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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 ViL (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 Vi. (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, 1/0O settings or contents of registers. A device is not initialized until the
reset signal is received. A reset operation must be executed immediately after power-on for devices
with reset functions.

POWER ON/OFF SEQUENCE

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

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

INPUT OF SIGNAL DURING POWER OFF STATE

Do not input signals or an I/O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or I/O pull-up power supply may cause malfunction and
the abnormal current that passes in the device at this time may cause degradation of internal elements.
Input of signals during the power off state must be judged separately for each device and according to
related specifications governing the device.
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Caution: uPD70F3731 and 70F3732 use SuperFlash® technology licensed from Silicon Storage
Technology, Inc.

MINICUBE is a registered trademark of NEC Electronics Corporation in Japan and Germany.

EEPROM is a trademark of NEC Electronics Corporation.

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

e The information contained in this document is being issued in advance of the production cycle for the
product. The parameters for the product may change before final production or NEC Electronics
Corporation, at its own discretion, may withdraw the product prior to its production.

¢ Not all products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

* 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.

o 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
products 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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Regional Information

Some information contained in this document may vary from country to country. Before using any NEC
Electronics product in your application, please contact the NEC Electronics office in your country to
obtain a list of authorized representatives and distributors. They will verify:

« Device availability
« Ordering information

» Product release schedule

« Availability of related technical literature

« Development environment specifications (for example, specifications for third-party tools and
components, host computers, power plugs, AC supply voltages, and so forth)

» Network requirements

In addition, trademarks, registered trademarks, export restrictions, and other legal issues may also vary

from country to country.

[GLOBAL SUPPORT]

http://www.necel.com/en/support/support.htmi

NEC Electronics America, Inc. (U.S.)
Santa Clara, California
Tel: 408-588-6000

800-366-9782

NEC Electronics (Europe) GmbH
Duesseldorf, Germany
Tel: 0211-65030

* Sucursal en Espana
Madrid, Spain
Tel: 091-504 27 87

« Succursale Francaise
Vélizy-Villacoublay, France
Tel: 01-30-67 5800

« Filiale Italiana
Milano, Italy
Tel: 02-66 75 41

« Branch The Netherlands
Eindhoven, The Netherlands
Tel: 040-2654010

» Tyskland Filial
Taeby, Sweden
Tel: 08-63 87 200

« United Kingdom Branch
Milton Keynes, UK
Tel: 01908-691-133
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Tel: 2886-9318
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Seoul, Korea
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NEC Electronics Shanghai Ltd.
Shanghai, P.R. China
Tel: 021-5888-5400

NEC Electronics Taiwan Ltd.
Taipei, Taiwan
Tel: 02-2719-2377

NEC Electronics Singapore Pte. Ltd.

Novena Square, Singapore
Tel: 6253-8311
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PREFACE

Readers This manual is intended for users who wish to understand the functions of the

V850ES/KG2 and design application systems using the V850ES/KG2.

Purpose This manual is intended to give users an understanding of the hardware functions of the
V850ES/KG2 shown in the Organization below.

Organization This manual is divided into two parts: Hardware (this manual) and Architecture (VB50ES
Architecture User’s Manual).

Hardware Architecture

Pin functions
CPU function
On-chip peripheral functions

Data types
Register set
Instruction format and instruction set

Flash memory programming
Electrical specifications (target)

Interrupts and exceptions
Pipeline operation

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

To find the details of a register where the name is known
— Refer to APPENDIX B REGISTER INDEX.

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

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

To understand the overall functions of the V850ES/KG2
— Read this manual according to the CONTENTS.

To know the electrical specifications of the VB50ES/KG2
— Refer to CHAPTER 28 ELECTRICAL SPECIFICATIONS (TARGET).

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

Related Documents

Data significance:

Active low representation:
Memory map address:
Note:

Caution:

Remark:

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

Numeric representation: Binary
Decimal
Hexadecimal

... XXXX Oor xxxxB
vee XXXX

... XxxxH

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

K (kilo): 2°=1,024
M (mega): 2°° = 1,024
G (giga): 2*=1,024°

The related documents indicated in this publication may include preliminary versions.

However, preliminary versions are not marked as such.

Documents related to V850ES/KG2

Document Name Document No.
V850ES Architecture User's Manual U15943E
V850ES/KG2 Hardware User’'s Manual This manual

Documents related to development tools (user’s manuals)

Document Name Document No.
CA850 Ver. 3.00 C Compiler Package Operation U17293E
C Language U17291E
Assembly Language U17292E
Link Directives U17294E
PM+ Ver. 6.00 Project Manager U17178E
ID850QB Ver. 3.10 Integrated Debugger Operation U17435E
SM850 Ver. 2.50 System Simulator Operation U16218E
SM850 Ver. 2.00 or Later System Simulator External Part User Open U14873E
Interface Specification
RX850 Ver. 3.20 or Later Real-Time OS Basics U13430E
Installation U17419E
Technical U13431E
Task Debugger U17420E
RX850 Pro Ver. 3.20 Real-Time OS Basics U13773E
Installation U17421E
Technical U13772E
Task Debugger U17422E
AZ850 Ver. 3.30 System Performance Analyzer U17423E
PG-FP4 Flash Memory Programmer U15260E
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CHAPTER 1 INTRODUCTION
1.1 V850ES/Kx2 Product Lineup
Product Name V850ES/KE2 V850ES/KF2 V850ES/KG2 V850ES/KJ2
Number of pins 64 pins 80 pins 100 pins 144 pins
Internal memory | Flash memory 128 128 256 128 256 128 256
(KB) RAM 4 6 12 6 16 6 16
Supply voltage 27t055V
Minimum instruction execution time | 50 ns @20 MHz
Clock X1 input 2to 10 MHz
Subclock 32.768 kHz
Port CMOS input 8 8 8 16
CMOS I/0 41 (4)"* 57 (6)"" 72 (8)"° 106 (12)"*
N-ch open-drain I/O 2 2 4 6
Timer 16-bit (TMP) 1ch 1ch 1ch 1ch
16-bit (TMO) 1ch 2ch 4ch 6 ch
8-bit (TM5) 2ch 2ch 2ch 2ch
8-bit (TMH) 2ch 2ch 2ch 2ch
Interval timer 1ch 1ch 1ch 1ch
Watch 1ch 1ch 1ch 1ch
WDT1 1ch 1ch 1ch 1ch
WDT2 1ch 1ch 1ch 1ch
RTO 6 bits x 1 ch 6 bits x 1 ch 6 bits x 1 ch 6 bits x 2 ch
Serial CsSl 2ch 2ch 2ch 3ch
interface | Aytomatic transmit/ - 1¢h 2 ¢ch 2¢ch
receive 3-wire CSI
UART 2ch 2ch 3ch 3ch
I’C 1ch 1ch 1ch 2ch
External | Address space - 128 KB 3 MB 15 MB
bus Address bus - 16 bits 22 bits 24 bits
Mode - Multiplex only Multiplex/separate
DMA controller - - 4 ch 4 ch
10-bit A/D converter 8ch 8ch 8ch 16 ch
8-bit D/A converter - - 2ch 2ch
Interrupt | External 9 9 9 9
Internal 26 29 41 47
Key return input 8ch 8 ch 8ch 8ch
Reset | RESET pin Provided
WDTH1 Provided
WDT2 Provided
Regulator None Provided
Standby function HALT/IDLE/STOP/sub-IDLE mode
Operating ambient temperature TA =-401t0 +85°C

Note Figures in parentheses indicate the number of pins for which the N-ch open-drain output can be selected.
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CHAPTER 1 INTRODUCTION

1.2 Features

O Minimum instruction execution time: 50 ns (operation at main clock (fxx) = 20 MHz)
O General-purpose registers: 32 bits x 32 registers
O CPU features:  Signed multiplication (16 x 16 — 32): 1 to 2 clocks
(Instructions without creating register hazards can be continuously executed in parallel)
Saturated operations (overflow and underflow detection functions are included)
32-bit shift instruction: 1 clock
Bit manipulation instructions
Load/store instructions with long/short format
O Memory space: 64 MB of linear address space
Memory block division function: 2 MB, 2 MB (Total of 2 blocks)
¢ Internal memory
#PD70F3732 (flash memory: 256 KB/RAM: 16 KB)
uPD70F3731 (flash memory: 128 KB/RAM: 6 KB)
e External bus interface
Separate bus/multiplex bus output selectable
8-/16-bit data bus sizing function
Wait function
e Programmable wait function
o External wait function
Idle state function
Bus hold function
O Interrupts and exceptions
Non-maskable interrupts: 3 sources

Maskable interrupts: 47 sources

Software exceptions: 32 sources

Exception trap: 1 source
O /O lines: Total: 84

O Key interrupt function
O Timer function
16-bit timer/event counter P: 1 channel
16-bit timer/event counter 0: 4 channels
8-bit timer/event counter 5: 2 channels
8-bit timer H: 2 channels
8-bit interval timer BRG: 1 channel
Watch timer/interval timer: 1 channel
Watchdog timers
Watchdog timer 1 (also usable as oscillation stabilization timer): 1 channel
Watchdog timer 2: 1 channel
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CHAPTER 1 INTRODUCTION

O Serial interface
Asynchronous serial interface (UART): 3 channels
3-wire serial 1/0 (CSI0): 2 channels
3-wire serial I/0 (with automatic transmit/receive function) (CSIA): 2 channels
I’C bus interface (I°C): 1 channel
O A/D converter: 10-bit resolution x 8 channels
O D/A converter: 8-bit resolution x 2 channels
O DMA controller: 4 channels
O Real-time output port: 6 bits x 1 channel
O Standby functions: HALT/IDLE/STOP modes, subclock/sub-IDLE modes
O Clock generator
Main clock oscillation (fx)/subclock oscillation (fxt)
CPU clock (fcpu) 7 steps (fxx, fxx/2, fxx/4, fxx/8, fxx/16, fxx/32, fxT)
Clock-through mode/PLL mode selectable
O Reset
¢ Reset by RESET pin
* Reset by overflow of watchdog timer 1 (WDTRES1)
¢ Reset by overflow of watchdog timer 2 (WDTRES2)
O Package: 100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)
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CHAPTER 1 INTRODUCTION

1.3 Applications

O Home audio, car audio
O AV equipment
O PC peripheral devices (keyboards, etc.)
O Household appliances
¢ Outdoor units of air conditioners
e Microwave ovens, rice cookers
O Industrial devices
e Pumps
¢ Vending machines
e FA

1.4 Ordering Information

Part Number Package
uPD70F3731GC-8EA-A 100-pin plastic LQFP (fine pitch) (14 x 14)
UuPD70F3732GC-8EA-A 100-pin plastic LQFP (fine pitch) (14 x 14)
H#PD70F3731GF-JBT-A 100-pin plastic QFP (14 x 20)
uPD70F3732GF-JBT-A 100-pin plastic QFP (14 x 20)

Remark Products with -A at the end of the part number are lead-free products.
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CHAPTER 1 INTRODUCTION
1.5 Pin Configuration (Top View)
100-pin plastic LQFP (fine pitch) (14 x 14)
UuPD70F3731GC-8EA-A
UPD70F3732GC-8EA-A
a
=
LI oA m
—rooONOANANAOAQAQ D DN O LB
I vO AN
zzzzzzzz$$$$$$§,§r§§§§229ﬁgg
<< <<IIIBVIAAr SR I 2T~ RNdD
SrEFANCTFTOLORIIIIII 333
~NNRNRNRNNNOOOOOOODOOODOOOODOOD
poooNoQoQNoOoAOoOOQOOAOOOQGOaAd
/ OCOONONITNAN-—ODONOITRAN=Q O ®N © \
QOO OO 0000 00 00 0 O OO MNDNININS
AVrero O— 1 75 PDL4/AD4
AVss O— 2 O 74 PDL3/AD3
P10/ANOO O=—1 3 73 PDL2/AD2
P11/ANO1 O=—=1 4 72 PDL1/AD1
AVrert O—1 5 71 PDLO/ADO
POO/TOHO O=—> 6 70 BVop
PO1/TOH1 O=—»~ 7 69 BVss
FLMDQNe**' O—+ 8 68 PCT6/ASTB
Voo O—— 9 67 PCT4/RD
REGCNee2 O—— 10 66 PCT1/WR1
Vss O—— 11 65 PCTO/WRO
X1 O—= 12 64 PCM3/HLDRQ
X2 O——13 63 PCM2/HLDAK
RESET O——~{ 14 62 PCM1/CLKOUT
XT1 O—{ 15 61 PCMO/WAIT
XT2 O——| 16 60 PCS1/CS1
PO2/NMI O=—= 17 59 PCS0/CS0
PO3/INTPO O=— 18 58 P915/A15/INTP6
PO4/INTP1 O=—= 19 57 P914/A14/INTP5
PO5/INTP2 O=—= 20 56 P913/A13/INTP4
PO6/INTP3 O=—= 21 55 P912/A12/SCKA1
P40/SI00/RXD2 O=—= 22 54 P911/A11/SOA1
P41/SO00/TXD2 O=—=1 23 53 P910/A10/SIA1
P42/SCK00 O=—= 24 52 P99/A9/SCKO1
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Notes 1.

P
P

Connect to Vss in normal operation mode.
2. When using a regulator, connect the REGC pin to Vss via a 10 uF capacitor.
When not using a regulator, connect the REGC pin directly to Vob.

Caution Make EVop the same potential as Vob.
BVob can be used when Vop = EVop > BVbb.
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CHAPTER 1 INTRODUCTION
100-pin plastic QFP (14 x 20)
4PD70F3731GF-JBT-A
#PD70F3732GF-JBT-A
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P71/ANI1 O—]1 O 80 |[=—=0O PDL7/AD7
P70/ANI0 O—=|2 79 |+~—=0O PDL6/AD6
AVrero O——13 78 f=—=0O PDL5/AD5/FLMD1
AVss O——14 77 |=—=0 PDL4/AD4
P10/ANOQ O=—»{5 76 |~—O PDL3/AD3
P11/ANO1 O=——=|6 75 |=—0O PDL2/AD2
AVRer1 O—7 74 |=—0O PDL1/AD1
POO/TOHO O=—{8 73 |=—=0O PDLO/ADO
P0O1/TOH1 O=—{9 721—OBVop
FLMDQNete ' 0——10 71 ——OBVss
Voo O—— 11 70 [=—=O PCT6/ASTB
REGCNte2 0112 69 [~—=0O PCT4/RD_
Vss O—13 68 |«—O PCT1/WRf1
X1 O—{14 67 |+=—O PCTO/WRO
X2 O0—15 66 |=—O PCM3/HLDRQ
RESET O—|16 65 |+—0O PCM2/HLDAK
XT1 O—={17 64 [«+—O PCM1/CLKOUT
XT2 O—|18 63 [«~—=~0 PCMO/WAIT
PO2/NMI O=—=]19 62 |=—O PCS1/CS1
PO3/INTPQ O=—>{20 61 |+~—=0O PCS0/CS0O
P0O4/INTP1 O=~—|21 60 [=—0O P915/A15/INTP6
PO5/INTP2 O=—»]22 59 [+—=0O P914/A14/INTP5
PO6/INTP3 O=—=23 58 [«—=0O P913/A13/INTP4
P40/SI100/RXD2 O=—{24 57 [=—0 P912/A12/SCKA1
P41/SO00/TXD2 O=—25 56 [=—0O P911/A11/SOA1
P42/SCK00 O=——{26 55 [=—=0O P910/A10/SIA1
P30/TXD0O/TO02 O=—=27 54 [=—=0O P99/A9/SCKO1
P31/RXDO/INTP7/TO03 O=—{28 53 [=—=0O P98/A8/SO01
P32/ASCKO/ADTRG/TO01 O=—~29 52 [=—=0O P97/A7/SI01
P33/T1000/TO00/TIPO0/TOPOQ O=—={30 51 [=—=0 P96/TI51/A6/TO51
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Notes 1.

Connect to Vss in normal operation mode.
2. When using a regulator, connect the REGC pin to Vss via a 10 uF capacitor.

When not using a regulator, connect the REGC pin directly to Vob.

Caution Make EVop the same potential as Vob.
BVbb can be used when Vop = EVbp > BVbb.
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CHAPTER 1

INTRODUCTION

Pin identification

AO to A21: Address bus PDLO to PDL15: Port DL

ADO to AD15: Address/data bus RD: Read strobe
ADTRG: A/D trigger input REGC: Regulator control
ANIO to ANI7: Analog input RESET: Reset

ANOO, ANO1: Analog output RTPOO to RTPO05: Real-time output port
ASCKO: Asynchronous serial clock RXDO0 to RXD2: Receive data

ASTB: Address strobe m, m,

AVREFo, AVREF1: Analog reference voltage SCKAO, SCKAT: Serial clock

AVss: Ground for analog SCLO: Serial clock

BVob: Power supply for bus interface SDAO: Serial data

BVss: Ground for bus interface SI00, SIo1,

CLKOUT: Clock output SIAO0, SIA1: Serial input

CS0, CS1: Chip select S000, SO01,

EVbb: Power supply for port SOAO, SOAT: Serial output

EVss: Ground for port TI000, TIOO01,

FLMDO, FLMD1 Flash programming mode TIO10, TIO11,

HLDAK: Hold acknowledge TI020, TI021,

HLDRQ: Hold request TI030, TI031,

INTPO to INTP7: External interrupt input TI50, TI51,

KRO to KR7: Key return TIPOO, TIPO1: Timer input

NMI: Non-maskable interrupt request TOO00 to TOO0S3,

P00 to PO6: Port 0 TO50, TO51,

P10, P11: Port 1 TOHO, TOH1,

P30 to P39: Port 3 TOPOO, TOPO1: Timer output

P40 to P42: Port 4 TXDO to TXD2: Transmit data

P50 to P55: Port 5 Vpb: Power supply

P70 to P77: Port 7 Vss: Ground

P90 to P915: Port 9 WAIT: Wait

PCMO to PCM3: Port CM WRO: Lower byte write strobe
PCS0, PCSH: Port CS WR1: Upper byte write strobe
PCTO, PCT1 X1, X2: Crystal for main clock
PCT4, PCT®6: Port CT XT1, XT2: Crystal for subclock
PDHO to PDH5: Port DH
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CHAPTER 1 INTRODUCTION

1.6 Function Block Configuration

(1) Internal block diagram

"] __ROM CPU
NMI INTC K=
INTPO to INTP7 ——>] Instruction
Note 1 PC 7 queue
lt— HLDRQ
TI000, TI001, TI010, TIO11 ,
3 ( j ’ 16-bit 32-bit barrel Multpli — HLDAK
TI020, TI021, TI030, TI031 = imerevent | RAM bitbarrel |, (Multpler A
TOO00 to TO03 <——]{counter 0: 4 ch 1 RD
Note2 |<f| System 1= BCU [ WAIT
registers — WRO0, WR1
TIP0O, TIPOT >y f6bitimer | | Generarpurpose| | | Cs0, CSt
TOP0O, TOPO1 <——  P:1ch registers A0 to A21
’ 32 bits x 32
[Lowe Jyolaes AD0 1 DTS

8-bit
TI50, TI51 ——X timer/event

TO50, TO51 <——]counter 5: 2 ch

TOHO, TOH{ <——] 8-bittimer H: | ]

2ch
\
@ @ @ = cLKOUT
S000, 5001 < | Port | | on AD -
S100, Slo1 ==>{ cslo: 2 ch k= converter| | converter X2
SCKO00, SCK01 <—> ‘ ] ce [~ XT1
mm&Ov—mmr\mNovv—@U H} — XT2
SOA0, SOA1 <— 553’2855&&&8&8 l«— RESET
SIAQ,SIA1 C—{CSIA2chi— | o s@afSeeeese g8 859
SCKAQ, SCKAT < egﬁz%gSES%%ES 52‘ §<<E - Voo
gf-oggooaa o 3 3
SDAO a E 3] o3 o) o Regulator |—— Vss
1 [ - o b4 z
2C:1¢ch K= = < < LA — REGC
SCLO ~— &
TXDO to TXD2 <— BVoo
RXDO to RXD2 C—>| UART: 3 ch kK—> — BVss
ASCKO ——=
— EVoo
— EVss

= k=] Keyi —— FLMDO, FLMD1
Watchdog Key interrupt ,
timer: 2 ch function . |<—— KRO to KR7 Ves

RTP0O to RTP05 <~ RTO:1ch K= [ Watch timer

;

Notes 1. 4PD70F3732: 256 KB (flash memory)
#PD70F3731: 128 KB (flash memory)
2. uPD70F3732: 16 KB
uPD70F3731: 6 KB
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CHAPTER 1 INTRODUCTION

(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 types of 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 starts a required external bus cycle based on the physical address obtained by the CPU.
When an instruction is fetched from external memory area and the CPU does not send a bus cycle start
request, the BCU generates a prefetch address and prefetches the instruction code. The prefetched
instruction code is stored in an internal instruction queue.

(c) ROM
This consists of a 256 KB or 128 KB flash memory mapped to the address spaces from 0000000H to
003FFFFH or 0000000H to 001FFFFH, respectively.
ROM can be accessed by the CPU in one clock cycle during instruction fetch.

(d) RAM
This consists of a 16 KB or 6 KB RAM mapped to the address spaces from 3FFBOOOH to 3FFEFFFH or
3FFD800H to 3FFEFFFH.
RAM can be accessed by the CPU in one clock cycle during data access.

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

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

(g9) Timer/counter
Four 16-bit timer/event counter 0 channels, one 16-bit timer/event counter P channel, and two 8-bit
timer/event counter 5 channels are incorporated, enabling measurement of pulse intervals and frequency
as well as programmable pulse output.
Two 8-bit timer/event counter 5 channels can be connected in cascade to configure a 16-bit timer.
Two 8-bit timer H channels enabling programmable pulse output are provided on chip.
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26

(h)

1)

(k)

U

(m)

(n)

Watch timer
This timer counts the reference time (0.5 seconds) for counting the clock from the subclock (32.768 kHz)
or fBre (32.768 kHz) from the clock generator. At the same time, the watch timer can be used as an
interval timer.

Watchdog timer

Two watchdog timer channels are provided on chip to detect program loops and system abnormalities.
Watchdog timer 1 can be used as an interval timer. When used as a watchdog timer, it generates a non-
maskable interrupt request signal (INTWDT1) or system reset signal (WDTRES1) after an overflow occurs.
When used as an interval timer, it generates a maskable interrupt request signal (INTWDTMT1) after an
overflow occurs.

Watchdog timer 2 operates by default following reset release.

It generates a non-maskable interrupt request signal (INTWDT2) or system reset signal (WDTRES2) after
an overflow occurs.

Serial interface (SIO)
The V850ES/KG2 includes four kinds of serial interfaces: an asynchronous serial interface (UARTnN), a
clocked serial interface (CSIOm), a clocked serial interface with an automatic transmit/receive function
(CSIAm), and an I°C bus interface (I°C0), and can simultaneously use up to seven channels.

For UARTN, data is transferred via the TXDn and RXDn pins.

For CSIOm, data is transferred via the SOOm, SI0m, and SCKOm pins.

For CSIAm, data is transferred via the SOAm, SIAm, and SCKAm pins.

For I°CO, data is transferred via the SDAQ and SCLO pins.

Remark n=0to2
m=0,1

A/D converter
This high-speed, high-resolution 10-bit A/D converter includes 8 analog input pins. Conversion is
performed using the successive approximation method.

D/A converter
Two 8-bit resolution D/A converter channels are included on chip. The D/A converter uses the R-2R
ladder method.

DMA controller

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

Key interrupt function

A key interrupt request signal (INTKR) can be generated by inputting a falling edge to the eight key input
pins.
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CHAPTER 1 INTRODUCTION

(o) Real-time output function
This function transfers 6-bit data set beforehand to output latches upon occurrence of a timer compare
register match signal.
A 1-channel 6-bit data real-time output function is provided on chip.

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

Port I/0 Alternate Function
PO 7-bit 110 NMI, external interrupt, timer output
P1 2-bit I/0 D/A converter analog output
P3 10-bit I/O Serial interface, timer 1/O, external interrupt, A/D converter trigger
P4 3-bit 110 Serial interface
P5 6-bit I/O Serial interface, timer 1/0, key interrupt function, real-time output function
P7 8-bit input A/D converter analog input
P9 16-bit I/0 External address bus, serial interface, timer 1/0, external interrupt, key interrupt function
PCM 4-bit I/O External bus control signal
PCS 2-bit 110 Chip select output
PCT 4-bit I/O External bus control signal
PDH 6-bit 110 External address bus
PDL 16-bit I/0 External address/data bus
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CHAPTER 1 INTRODUCTION
1.7 Overview of Functions
Part Number 1PD70F3732 1PD70F3731

Internal ROM 256 KB 128 KB
memory (single-power flash memory) (single-power flash memory)

High-speed RAM 16 KB 6 KB
Buffer RAM 64 bytes
Memory | Logical space 64 MB
space External memory 3 MB

area

External bus interface

Address bus: 22 bits
Data bus: 8/16 bits
Multiplex bus mode/separate bus mode

General-purpose registers

32 bits x 32 registers

Main clock

Ceramic/crystal/external clock

(oscillation frequency) When PLL not used: 2 to 10 MHz (2.7 to 5.5 V)
When REGC pin connected directly to Voo: 2to 5 MHz (4.5t0 5.5 V), 2 MHz (2.7 to 5.5 V)
E;:d 10 uF capacitor connected to REGC pin: 2 MHz (4.0 to 5.5 V)
Subclock Crystal/external clock
(oscillation frequency) (32.768 kHz)
Minimum instruction 50 ns (When main clock operated at (fxx) = 20 MHz)
execution time
DSP function 32 x 32 = 64: 200 to 250 ns (at 20 MHz)
32 x 32 + 32 = 32: 300 ns (at 20 MHz)
16 x 16 = 32: 50 to 100 ns (at 20 MHz)
16 x 16 + 32 = 32: 150 ns (at 20 MHz)
1/0 ports 84
e Input: 8
¢ |/O: 76 (among these, N-ch open-drain output selectable: 8, fixed to N-ch open-drain output: 4)
Timer 16-bit timer/event counter P: 1 channel

16-bit timer/event counter 0: 4 channels

8-bit timer/event counter 5: 2 channels

(16-bit timer/event counter: usable as 1 channel)
8-bit timer H: 2 channels

Watchdog timer: 2 channels

Watch timer: 1 channel

8-bit interval timer: 1 channel

Real-time output port

4 bits x 1, 2 bits x 1, or 6 bits x 1

A/D converter

10-bit resolution x 8 channels

D/A converter

8-bit resolution x 2 channels

Serial interface

CSI: 1 channel

CSI/UART: 1 channel

CSIA (with automatic transmit/receive function): 2 channels
UART: 2 channels

I’C bus: 1 channel

Dedicated baud rate generator: 3 channels

Interrupt sources

External: 9 (9)"", internal: 41

Power save function

STOP/IDLE/HALT/sub-IDLE mode

Operating supply voltage

45t05.5V (at 20 MHz)/2.7 to 5.5 V (at 10 MHz)

Package

100-pin plastic LQFP (fine pitch) (14 x 14 mm)
100-pin plastic QFP (14 x 20 mm)

Note The figure in parentheses indicates the number of external interrupts that can release STOP mode.
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CHAPTER 2 PIN FUNCTIONS

The names and functions of the pins of the VB50ES/KG2 are described below, divided into port pins and non-port

pins.

The pin I/O buffer power supplies are divided into three systems; AVrero/AVRer1, BVop, and EVop. The relationship

between these power supplies and the pins is shown below.

Table 2-1. Pin I/O Buffer Power Supplies

Power Supply Corresponding Pins
AVrero Port 7
AVREeF1 Port 1
BVoo Ports CM, CS, CT, DH, DL
EVoo 'RESET, ports 0,310 5, 9

2.1 List of Pin Functions

(1) Port pins
(1/3)
Pin Name Pin No. I/0 Pull-up Function Alternate Function
GC GF Resistor
P00 6 8 I/0 Yes Port 0 TOHO
PO 7 9 VO port TOH1
Input/output can be specified in 1-bit units.
P02 17 19 NMI
P03 18 20 INTPO
P04 19 21 INTP1
P05 20 22 INTP2
P06 21 23 INTP3
P10 3 5 I/0 Yes Port 1 ANOO
1/0 port
P11 4 6 Input/output can be specified in 1-bit units. ANO1
P30 25 27 I/0 Yes Port 3 TXDO0/TO02
P31 26 |28 /O port RXDO/INTP7/TO03
P32 5 29 Input/output can be specified in 1-bit units. ASCKO/ADTRG/TOOT
! P36 to P39 are fixed to N-ch open-drain
P33 28 30 output. TI000/TO00/TIPOO/TOPOO
P34 29 31 TI001/TO00/TIPO1/TOPO1
P35 30 32 TI010/TO01
P36 31 33 No -
P37 32 34 -
P38 35 37 SDAO
P39 36 38 SCLO

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
GF: 100-pin plastic QFP (14 x 20)
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(2/3
Pin Name Pin No. 1/0 Pull-up Function Alternate Function
Gc | &F Resistor
P40 22 24 I/0 Yes Port 4 SI00/RXD2
P41 23 |25 /O port SO00/TXD2
TENERE i o
drain output in 1-bit units.
P50 37 39 /0 Yes Port 5 TI011/RTP0O0/KRO
P51 38 |40 /O port TIS0/RTPO1/KR1
P52 39 " Input/output can be specifietd in 1-bit units. TO50/RTPO2/KR2
P54 and P55 can be specified as N-ch open-
P53 40 |42 drain output in 1-bit units. SIA0/RTPO3/KR3
P54 41 43 SOA0/RTP04/KR4
P55 42 |44 'SCKAO/RTPO5/KR5
P70 100 |2 Input No Port 7 ANIO
P71 99 |1 Input port ANI1
P72 98 100 ANI2
P73 97 99 ANI3
P74 96 98 ANI4
P75 95 97 ANI5
P76 94 96 ANI6
P77 93 95 ANI7
P90 43 45 /0 Yes Port 9 AO/TXD1/KR6
Pot 44 46 :fp))ft?orttput can be specified in 1-bit units. AT/RXD1/KRY
P92 45 | 47 P98, P99, P911, and P912 can be specified | A2/TI020/TO02
P93 46 48 as N-ch open-drain output in 1-bit units. A3/TI021
P94 47 |49 A4/TI030/TO03
P95 48 50 A5/TI031
P96 49 51 A6/T151/TO51
P97 50 52 A7/SI01
P98 51 53 A8/SO01
P99 52 |54 A9/SCKO1
P910 53 55 A10/SIA1
P911 54 56 A11/SOA1
P912 55 |57 A12/SCKAT
P913 56 58 A13/INTP4
P914 57 |59 A14/INTP5
P915 58 60 A15/INTP6

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
GF: 100-pin plastic QFP (14 x 20)
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CHAPTER 2 PIN FUNCTIONS

(3/3)
Pin Name Pin No. 110 Pull-up Function Alternate Function
GC GF Resistor
PCMO 61 63 /0 Yes Port CM ‘WAIT
PCM1 |62 |64 /O port CLKOUT
o 3 o Input/output can be specified in 1-bit units. TiDAK
PCM3 64 66 HLDRQ
PCS0 59 61 /0 Yes Port CS CSs0
PCS1 |60 |62 /O port Csi
Input/output can be specified in 1-bit units.
PCTO 65 67 /0 Yes Port CT WRO
PCT1 66 |68 /O port WR1
PCT4 67 69 Input/output can be specified in 1-bit units. D
PCT6 68 70 ASTB
PDHO 87 89 110 Yes Port DH A16
PDH1 88 90 I/ port A17
PDH2 89 91 Input/output can be specified in 1-bit units. A18
PDH3 90 92 A19
PDH4 91 93 A20
PDH5 92 94 A21
PDLO 71 73 110 Yes Port DL ADO
PDL1 72 74 /0 port AD1
PDL2 73 75 Input/output can be specified in 1-bit units. AD2
PDL3 74 76 AD3
PDL4 75 77 AD4
PDL5 76 78 AD5/FLMDA1
PDL6 77 79 AD6
PDL7 78 80 AD7
PDL8 79 81 AD8
PDL9 80 82 AD9
PDL10 81 83 AD10
PDL11 82 84 AD11
PDL12 83 85 AD12
PDL13 84 86 AD13
PDL14 85 87 AD14
PDL15 86 88 AD15

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
GF: 100-pin plastic QFP (14 x 20)
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(2) Non-port pins

(1/5)

Pin Name Pin No. 1/0 Pull-up Function Alternate Function

GC GF Resistor
A0 43 45 Output | Yes Address bus for external memory P90/TXD1/KR6
Al 44 46 (when using a separate bus) P91/RXD1/KR7
A2 45 47 P92/T1020/TO02
A3 46 48 P93/TI021
Ad 47 49 P94/T1030/TO03
A5 48 50 P95/TI1031
A6 49 51 P96/T151/TO51
A7 50 52 P97/SI101
A8 51 53 P98/SO01
A9 52 54 P99/SCKO1
A10 53 55 P910/SIA1
A1 54 56 P911/SOA1
A12 55 57 P912/SCKA1
A13 56 58 P913/INTP4
Al4 57 59 P914/INTP5
A15 58 60 P915/INTP6
A16 87 89 Output | Yes Address bus for external memory PDHO
A17 88 90 PDH1
A18 89 91 PDH2
A19 90 92 PDH3
A20 91 93 PDH4
A21 92 94 PDH5
ADO 71 73 I/0 Yes Address/data bus for external memory PDLO
AD1 72 74 PDL1
AD2 73 75 PDL2
AD3 74 76 PDL3
AD4 75 77 PDL4
AD5 76 78 PDL5/FLMD1
AD6 77 79 PDL6
AD7 78 80 PDL7
AD8 79 81 PDL8
AD9 80 82 PDL9
AD10 81 83 PDL10
AD11 82 84 PDL11
AD12 83 85 PDL12
AD13 84 86 PDL13
AD14 85 87 PDL14
AD15 86 88 PDL15

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
GF: 100-pin plastic QFP (14 x 20)
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(2/5)
Pin Name Pin No. I/0 Pull-up Function Alternate Function
GC GF Resistor
ADTRG 27 29 Input Yes A/D converter external trigger input P32/ASCK0/TOO01
ANIO 100 (2 Input No Analog voltage input for A/D converter P70
ANI1 99 1 P71
ANI2 98 100 P72
ANI3 97 99 P73
ANI4 96 98 P74
ANI5 95 97 P75
ANI6 94 96 P76
ANI7 93 95 P77
ANOO 5 Output | Yes Analog voltage output for D/A converter P10
ANO1 6 P11
ASCKO 27 29 Input | Yes UARTO serial clock input P32/ADTRG/TO01
ASTB 68 70 Output | Yes Address strobe signal output for external PCT6
memory
AVRero 1 3 - - Reference voltage for A/D converter and -
positive power supply for alternate-function
ports
AVReF1 5 7 - - Reference voltage for D/A converter and -
positive power supply for alternate-function
ports
AVss 2 4 - - Ground potential for A/D and D/A converters -
and alternate-function ports
BVop 70 72 - - Positive power supply for bus interface and -
alternate-function ports
BVss 69 73 - - Ground potential for bus interface and -
alternate-function ports
CLKOUT | 62 64 Output | Yes Internal system clock output PCM1
CS0 59 61 Output | Yes Chip select output PCS0
Cs1 60 62 PCS1
EVoo 34 36 - - Positive power supply for external -
EVss 33 35 - - Ground potential for external -
FLMDO 8 10 Input No Flash programming mode setting pin -
FLMD1 76 78 Yes PDL5/AD5
HLDAK |63 65 Output | Yes Bus hold acknowledge output PCM2
HLDRQ |64 66 Input | Yes Bus hold request input PCM3

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
GF: 100-pin plastic QFP (14 x 20)
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CHAPTER 2 PIN FUNCTIONS

(3/5)
Pin Name Pin No. I/0 Pull-up Function Alternate Function
GC GF Resistor
INTPO 18 20 Input Yes External interrupt request input P03
INTP1 19 21 (maskable, analog noise elimination) P04
INTP2 20 22 P05
INTP3 21 23 External interrupt request input P06
(maskable, digital + analog noise elimination)
INTP4 56 58 External interrupt request input P913/A13
INTP5 57 59 (maskable, analog noise elimination) P914/A14
INTP6 58 60 P915/A15
INTP7 26 28 P31/RXD0/TO03
KRO 37 39 Input | Yes Key return input P50/TI011/RTPO0O
KR1 38 40 P51/TI150/RTPO1
KR2 39 41 P52/TO50/RTP02
KR3 40 42 P53/SIA0/RTP03
KR4 41 43 P54/SOA0/RTP04
KR5 42 44 P55/SCKAO/RTP05
KR6 43 45 P90/A0/TXD1
KR7 44 46 P91/A1/RXD1
NMI 17 19 Input Yes External interrupt input P02
(non-maskable, analog noise elimination)
RD 67 69 Output | Yes Read strobe signal output for external memory | PCT4
REGC 10 12 - - Connecting capacitor for regulator output -
stabilization
RESET 14 16 Input - System reset input -
RTPOO 37 39 Output | Yes Real-time output port P50/TI011/KRO
RTPO1 38 40 P51/TI50/KR1
RTP02 39 41 P52/TO50/KR2
RTPO3 40 42 P53/SIA0/KR3
RTPO4 41 43 P54/SOA0/KR4
RTPO5 |42 44 P55/SCKAO/KR5
RXDO 26 28 Input | Yes Serial receive data input for UARTO P31/INTP7/TO03
RXD1 44 46 Serial receive data input for UART1 P91/A1/KR7
RXD2 22 25 Serial receive data input for UART2 P40/S100
SCKO00 24 26 1/0 Yes Serial clock I/0 for CSI00, CSI01, CSIAO, P42
SCKo1 |52 |54 CSIAT P99/A9
SCKAO 42 44 N-ch f)pen-drain output can be specified in 1- P55/RTPOS/KRS
bit units.
SCKA1 55 57 P912/A12

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
GF: 100-pin plastic QFP (14 x 20)
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CHAPTER 2 PIN FUNCTIONS

(4/5)
Pin Name Pin No. 1/0 Pull-up Function Alternate Function
GC GF Resistor
SCLO 36 38 1/0 No Serial clock 1/O for 1°CO P39
Fixed to N-ch open-drain output
SDAO 35 37 1/0 No Serial transmit/receive data I/O for I°CO P38
Fixed to N-ch open-drain output
SI00 22 24 Input | Yes Serial receive data input for CSI00 P40/RXD2
SI01 50 52 Serial receive data input for CSI01 P97/A7
SIA0 40 42 Serial receive data input for CSIA0 P53/RTPO3/KR3
SIA1 53 55 Serial receive data input for CSIA1 P910/A10
SO00 23 25 Output | Yes Serial transmit data output for CSI00, CSIO1, P41/TXD2
soot |51 |53 CSIAQ, CSIAT P98/AS
SOAD » 3 N-ch .open-drain output can be specified in 1- PE4/RTPO4/KRA
bit units.
SOA1 54 56 P911/A11
TI000 28 30 Input Yes Capture trigger input/external event input for TM0O | P33/TO00/TIPO0/TOP00
TI001 29 31 Capture trigger input for TM00 P34/TO00/TIPO1/TOPO1
TIO10 30 32 Capture trigger input/external event input for TM01 | P35/TO01
TIO11 37 39 Capture trigger input for TMO1 P50/RTPO0/KRO
TI020 45 47 Capture trigger input/external event input for TM02 | P92/A2/TO02
Ti021 46 48 Capture trigger input for TM02 P93/A3
TI030 47 49 Capture trigger input/external event input for TMI03 | P94/A4/TO03
TI031 48 50 Capture trigger input for TM03 P95/A5
TI50 38 40 External event input for TM50 P51/RTPO1/KR1
TI51 49 51 External event input for TM51 P96/A6/TO51
TIPOO 28 30 Capture trigger input/external event input for P33/T1000/TO00/TOPO0O
TMPO
TIPO1 29 31 Capture trigger input for TMPO P34/T1001/TO00/TOPO1

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
GF: 100-pin plastic QFP (14 x 20)
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CHAPTER 2 PIN FUNCTIONS

(5/5)
Pin Name Pin No. 110 Pull-up Function Alternate Function
GC GF Resistor
TOO00 28 30 Output | Yes Timer output for TM0O P33/TI000/TIPOO/TOPO0O
29 31 P34/T1001/TIPO1/TOPO1
TOO1 27 29 Timer output for TMO1 P32/ASCKO/ADTRG
30 32 P35/T1010
TOO02 25 27 Timer output for TM02 P30/TXD0
45 47 P92/A2/T1020
TOO03 26 28 Timer output for TM03 P31/RXD0O/INTP7
47 49 P94/A4/T1030
TO50 39 41 Timer output for TM50 P52/RTP02/KR2
TO51 49 51 Timer output for TM51 P96/A6/TI51
TOHO 6 8 Timer output for TMHO P00
TOH1 7 9 Timer output for TMH1 PO1
TOPOO 28 30 Timer output for TMPO P33/T1000/TO00/TIPOO
TOPO1 29 31 P34/T1001/TO00/TIPO1
TXDO 25 27 Output | Yes Serial transmit data output for UARTO P30/TO02
TXD1 43 45 Serial transmit data output for UART1 P90/A0/KR6
TXD2 23 25 Serial transmit data output for UART2 P41/SO00
Vop 9 11 - - Positive power supply pin for internal —
Vss 11 13 - - Ground potential for internal -
WAIT 61 63 Input Yes External wait input PCMO
WRO0 65 67 Qutput | Yes Write strobe for external memory (lower 8 bits) | PCTO
WR1 66 68 Write strobe for external memory (higher 8 bits) | PCT1
X1 12 14 Input No Connecting resonator for main clock -
X2 13 15 - No -
XT1 15 17 Input No Connecting resonator for subclock -
XT2 16 18 - No -

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
GF: 100-pin plastic QFP (14 x 20)
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CHAPTER 2 PIN FUNCTIONS

2.2 Pin Status

The address bus becomes undefined during accesses to the internal RAM and ROM. The data bus goes into the
high-impedance state without data output. The external bus control signal becomes inactive.
During peripheral 1/0O access, the address bus outputs the addresses of the on-chip peripheral 1/Os that are
accessed. The data bus goes into the high-impedance state without data output. The external bus control signal

becomes inactive.

Table 2-2. Pin Operation Status in Operation Modes

Operating Status Reset"™' HALT Mode IDLE Mode/ Idle State"*°? Bus Hold
Pin STOP Mode
ADO to AD15 (PDLO to PDL15) Hi-Z Note 3 Hi-Z Held Hi-Z
A0 to A15 (P90 to P915) Hi-Z Undefined"* Hi-Z Held Hi-Z
A16 to A21 (PDHO to PDH5) Hi-Z Undefined Hi-Z Held Hi-Z
WAIT (PCMO) Hi-z - - - -
CLKOUT (PCM1) Hi-Z Operating L Operating Operating
€S0, CS1 (PCS0, PCS1) Hi-z H H Held Hi-Z
'WRO, WR1 (PCTO, PCT1) Hi-Z H H H Hi-Z
RD (PCT4) Hi-Z H H H Hi-Z
ASTB (PCT6) Hi-Z H H H Hi-Z
HLDAK (PCM2) Hi-Z Operating H H L
HLDRQ (PCMB) Hi-Z Operating - - Operating

Notes 1. Since the bus control pin is also used as a port pin, it is initialized to the port mode (input) after reset.
2. The pin statuses in the idle state inserted after the T3 state in the multiplex bus mode and after the T2
state in the separate bus mode are listed.
3. In separate bus mode: Hi-Z
In multiplex bus mode: Undefined
4. Only in separate bus mode

Remark Hi-Z: High impedance
H:  High-level output
L:  Low-level output
— Input without sampling (input acknowledgment not possible)
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CHAPTER 2 PIN FUNCTIONS

2.3 Pin I/0 Circuits and Recommended Connection of Unused Pins

(1/2)
Pin Alternate Function Pin No. I/O Circuit Recommended Connection

GC GF Type
POO TOHO 6 8 5-A Input: Independently connect to EVop or
PO1 TOH1 7 9 EVss via a resistor.
P02 NMI 17 19 W Output: Leave open.
P03 to P06 INTPO to INTP3 18t021 | 20to 23
P10 ANOO 3 5 12-B Input: Independently connect to AVrer1 or

AVss via a resistor.
P11 ANOT1 4 6 Output: Leave open.
P30 TXD0/TO02 25 27 5-A Input: Independently connect to EVop or
P31 RXDO/INTP7/TO03 26 28 5-W EVes via a resistor.
P32 ASCKO/ADTRG/TOO01 27 29 Output: Leave open.
P33 TI000/TOO00/TIPOO/TOPOO 28 30
P34 TI001/TO00/TIPO1/TOPO1 29 31
P35 TI010/TOO01 30 32
P36, P37 - 31, 32 33, 34 13-AB
P38 SDAO 35 37 13-AD
P39 SCLO 36 38
P40 SI00/RXD2 22 24 5-W
P41 SO00/TXD2 23 25 10-E
P42 SCKO00 24 26 10-F
P50 TI011/RTPOO/KRO 37 39 8-A
P51 TI50/RTPO1/KR1 38 40
P52 TO50/RTP02/KR2 39 41
P53 SIA0/RTPO3/KR3 40 42
P54 SOA0/RTP04/KR4 41 43 10-A
P55 'SCKAO/RTPO5/KR5 42 44
P70 to P77 ANIO to ANI7 100t093 | 2,1, 9-C Connect to AVRrero or AVss.
100 to 95

P90 AO/TXD1/KR6 43 45 8-A Input: Independently connect to EVop or
POt A1/RXD1/KR7 44 46 EVss via a resistor.
P92 A2/T1020/TO02 45 47 Output: Leave open.
P93 A3/TI021 46 48 5-W
P94 A4/T1030/TO03 47 49 8-A
P95 A5/T1031 48 50 5-W
P96 A6/TI51/TO51 49 51 8-A
P97 A7/S101 50 52 5-W
P98 A8/S001 51 53 10-E

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
GF: 100-pin plastic QFP (14 x 20)

38

Preliminary User's Manual U17703EJ1VOUD

wwwe.DataSheetdl.com




CHAPTER 2 PIN FUNCTIONS

(2/2)
Pin Alternate Function Pin No. I/0 Circuit Recommended Connection
GC GF Type
P99 A9/SCKO1 52 54 10-F | Input: Independently connect to EVoo or
P910 A10/SIAT 53 55 5-W EVss via a resistor.
P911 A11/SOA1 54 56 10-E Output: Leave open.
P912 A12/SCKA1 55 57 10-F
P913 to P915 A13/INTP4 to A15/INTP6 56to 58 | 58 to 60 5-W
PCMO WAIT 61 63 5-A Input: Independently connect to BVop or
PCM1 CLKOUT 62 64 BVss via a resistor.
PCM2 TDAK 63 o5 Output: Leave open.
PCM3 HLDRQ 64 66
PCS0, PCS1 | CSO, CST 59,60 | 61,62 5-A
PCTO WRO0 65 67 5-A
PCT1 WR1 66 68
PCT4 RD 67 69
PCT6 ASTB 68 70
PDLO to PDL4 | ADO to AD4 71t075 |[73t077 5-A
PDL5 AD5/FLMD1 76 78
PDL6 to PDL15 | AD6 to AD15 77t086 |79to 88
PDHO to PDH5 | A16 to A21 87t092 |[89to94 5-A
AVRrerFo - 1 3 - Directly connect to Voo.
AVReF1 - 5 7 - Directly connect to Voo.
AVss — 2 4 - —
BVop - 70 72 - -
BVss - 69 71 - -
EVoo — 34 36 - —
EVss - 33 35 - —
RESET - 14 16 2 -
FLMDO - 8 10 - Directly connect to EVss or Vss or pull
down with a 10 kQ resistor.
Vob — 9 11 - —
Vss - 11 13 - -
X1 - 12 14 - -
X2 — 13 15 - -
XT1 - 15 17 16 Directly connect to Vss"*.
XT2 - 16 18 16 Leave open.
Note Be sure to set the PSMR.XTSTP bit to 1 when this pin is not used.

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
GF: 100-pin plastic QFP (14 x 20)
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CHAPTER 2 PIN FUNCTIONS

2.4 Pin I/O Circuits

(1/2)
Type 2 Type 9-C
P-ch ——
INO Comparator
IN
AVerero (threshold voltage)
Schmitt-triggered input with hysteresis characteristics
Type 5-A Type 10-A
yp! Vob yp Vob
Pull-up
Pull-up [>o | [~ pch enable {>O—| P-ch
enable | €
Vop Voo
Data 7:DO_| P-ch Data 7’:' b_l P-ch
IN/OUT
Open drain IN/OUT
Output N-ch P N-ch
disable Qutput
Vss disable Vss
Input 0@}
enable
Type 5-W Voo Type 10-E Voo
Pull-up Pull-up |
enable DO I P-ch enable >o | P-ch
Voo
Voo
Data ———
Data 4«:DD_| P-ch :' b—| P-ch
IN/OUT
IN/OUT Open drain Nech
-c
Output N-ch Output
disable disable Vss
Vss
d TS I
Input Input
enable enable
Type 8-A Voo Type 10-F Vop
Pull-up |
Pull-up Do—l enable DO | P-ch
enable P-ch
Vop
Da‘ag":Do—| P-ch _ INJOUT
Open drain
INJOUT Output N-ch
disable
Outpu N-ch Ves
disable
Vss @
°<} Input
7
enable
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CHAPTER 2 PIN FUNCTIONS

(2/2)
Type 12-B AVeeet Type 13-AD
Pull-up ,,E :
enable Do I= P-ch
AV
5 ol Data , O INJOUT
ata —{ |- P-ch
IN/OUT Qutpllﬂ N-ch
Output N-ch disable
disable AVss Vss
e a
Input enable Input
P p-ch = enable
Analog output voltage
N-ch T
Type 13-AB Type 16
Dat —IN/OUT Feedback cut-off
ata ;
Output disable :Do‘l N-ch P-ch
Vss
Vob DO
o [ >

Port read

Medium-voltage input buffer

XT1 XT2

Remark Read Vobp as EVbbp or BVop. Also, read Vss as EVss or BVss.
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CHAPTER 3 CPU FUNCTIONS

The CPU of the VB50ES/KG2 is based on the RISC architecture and executes most instructions in one clock cycle
by using 5-stage pipeline control.

3.1 Features

O Number of instructions: 83
O Minimum instruction execution time: 50.0 ns (@ 20 MHz operation: 4.51t0 5.5V, REGC = Vo)
62.5 ns (@ 16 MHz operation: 4.0t0 5.5V, REGC = 10 uF)
100 ns (@ 10 MHz operation: 2.7 to 5.5V, REGC = Vbp)
O Memory space  Program (physical address) space: 64 MB linear
Data (logical address) space: 4 GB linear
¢ Memory block division function: 2 MB, 2 MB, 4 MB, 8 MB/Total of 4 blocks
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
CLR1
e NOT1
TSTH
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CHAPTER 3 CPU FUNCTIONS

3.2 CPU Register Set

The CPU registers of the VB50ES/KG2 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
r11
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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CHAPTER 3 CPU FUNCTIONS

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. Program 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
PC Program counter Holds instruction address during program execution

(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.

PC

31 2625
I

1 1 T 1
Fixed to 0

. ) After reset
Instruction address under execution

00000000H

o
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CHAPTER 3 CPU FUNCTIONS

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. These registers can be accessed only during the interval between the execution of the DBTRAP
instruction or illegal opcode and the DBRET instruction.

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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CHAPTER 3 CPU FUNCTIONS

(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 (refer to 21.9 Period in Which Interrupts Are
Not Acknowledged by CPU).
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
R After reset
EIPC olololololo (PC contents saved) 0x3xxxxxH
(x: Undefined)

31 8 7 0

T T 1 T 11

After reset
EIPSW 0|0|0|0|0|0O|0|0|0|0|0|0|0|0|0|0|0|0|0|0|0[0|0|0|(PSW contents saved) 000000xxH

(x: Undefined)
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CHAPTER 3 CPU FUNCTIONS

(2) NMI status saving registers (FEPC, FEPSW)
There are two NMI status saving registers, FEPC and FEPSW.
Upon occurrence of a non-maskable interrupt (NMI), the contents of the program counter (PC) are saved to
FEPC and the contents of the program status word (PSW) are saved to FEPSW.
The address of the next instruction following the instruction executed when a non-maskable interrupt occurs is
saved to FEPC, except for some instructions.
The current PSW contents are saved to FEPSW.
Since there is only one set of NMI status saving registers, the contents of these registers must be saved by the
program when multiple interrupt servicing is performed.
Bits 31 to 26 of FEPC and bits 31 to 8 of FEPSW are reserved (fixed to 0) for future function expansion.
31 2625 0
I I B B B B B B B O B B Afier reset
FEPC 0|l0j0|0|0|0 (PC contents saved) 0x00000cxH
(x: Undefined)
i £ 7\ L N \O
FEPSW |o|ololo|o|o|o|o|o|o|o|o|olololo]o|o|o]o|o]o]oo](PSW contents saved) ()Aof(t)%rorgff:'

(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
o \\\\\\\FE\CC\\\\\\\\\\\\\\EI(\;C\\\\\\\ After reset
00000000H

Bit position | Bit name Description

31to 16 FECC Non-maskable interrupt (NMI) exception code

15t00 EICC Exception, maskable interrupt exception code
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CHAPTER 3 CPU FUNCTIONS

(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 |SATICY|OV|S | Z 00000020H
Bit position | Flag name Description
31t08 RFU Reserved field. Fixed to 0.
7 NP Indicates that non-maskable interrupt (NMI) servicing is in progress. This flag is set to 1 when
an NMI request is acknowledged, and disables multiple interrupts.
0: NMI servicing not in progress
1: NMI servicing in progress
6 EP Indicates that exception processing is in progress. This flag is set to 1 when an exception
occurs. Moreover, interrupt requests can be acknowledged even when this bit is set.
0: Exception processing not in progress
1: Exception processing in progress
5 ID Indicates whether maskable interrupt request acknowledgment is enabled.
0: Interrupt enabled
1: Interrupt disabled
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 cY Indicates whether carry or borrow occurred as the result of an operation.
0: No carry or borrow occurred
1: Carry or borrow occurred
2 oV Indicates whether overflow occurred during an operation.
0: No overflow occurred
1: Overflow occurred.
1 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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CHAPTER 3 CPU FUNCTIONS

@/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
B Bt B ) B B ) B ) ) B S ) B B B After reset
CTPC olololololo (PC contents saved) OxxxXxxxxH
(x: Undefined)
T T 1 T 11
After reset
CTPSW o|0|o|0|0O|O(0O|0O|O|O(0O|0O|0O|O(0O|0O|0O|O|0|0|0|0O|0]|0O](PSW contents saved) 000000xxH

(x: Undefined)
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CHAPTER 3 CPU FUNCTIONS

(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.

Bits 31 to 26 of DBPC and bits 31 to 8 of DBPSW are reserved (fixed to 0) for future function expansion.

31 2625 0
RS After reset
DBPC olololololo (PC contents saved) OxxxXxxxxH
(x: Undefined)
T T T T 11
After reset
DBPSW o/o|o|0|0O(O|O|O|O(O|O|O|0|0O|0O|0O|O|O|O|0O|0O|0O]|0|O|(PSW contents saved) 000000xxH

(x: Undefined)

(7) CALLT base pointer (CTBP)
The CALLT base pointer (CTBP) is used to specify table addresses and generate target addresses (bit O is
fixed to 0).
Bits 31 to 26 are reserved (fixed to 0) for future function expansion.

31 2625 0
I

! After reset
! OxxxxxxxH
(x: Undefined)

CTBP o|ojo|o|0|0 (Base address)
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CHAPTER 3 CPU FUNCTIONS

3.3 Operating Modes

The V850ES/KG2 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.

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

(a) Specifying operating mode

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 during the reset period.

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

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

external circuit.

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

during operation.

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

Remark H: High level
L: Low level

x: don’t care
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16 MB

3.4 Address Space

CHAPTER 3 CPU FUNCTIONS

3.4.1 CPU address space

For instruction addressing, up to a combined total of 16 MB of external memory area and internal ROM area, plus

an internal RAM area, are supported in a linear address space (program space) of up to 64 MB. For operand

addressing (data access), up to 4 GB of a linear address space (data space) is supported. The 4 GB address space,

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

Figure 3-1. Address Space Image

Program space

Reserved area

Internal RAM area

Access-prohibited area

External memory area

Internal ROM area

(external memory)

64

52

4GB

Image 63 ‘

Data space

7"~ |On-chip peripheral I/O area
Vv
Image 1

Internal RAM area

Access-prohibited area

64 MB

Image 0

External memory area
-

Internal ROM area
W (external memory)
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CHAPTER 3 CPU FUNCTIONS

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 lower-limit address of the program space, 00000000H, and the upper-limit address,
03FFFFFFH, 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 I/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
03FFFFFFH

03FFFFFEH
. Program space

(-) direction

(2) Data space

The result of an operand address calculation that exceeds 32 bits is ignored.

Therefore, the lower-limit address of the data space, address 00000000H, and the upper-limit address,
FFFFFFFFH, are contiguous addresses, and the data space is wrapped around at the boundary of these

addresses.

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

(-) direction
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3.4.3 Memory map

CHAPTER 3 CPU FUNCTIONS

The VB850ES/KG2 has reserved areas as shown below.

Figure 3-2. Data Memory Map (Physical Addresses)
SFFFFFFH On-chip peripheral I/O area SFFFFFFH
(4 KB) 3FFFO00H
(80 KB) 3FFEFFFH
3FecoooH| 1
3FEBFFFH
Internal RAM area
(60 KB)
3FFFO00H
3FFEFFFH
Access-prohibited area
3FEC000H
Access-prohibited area

0400000H
03FFFFFH
External memory area
(2 MB)
0200000H
01FFFFFH
(2 MB) CSo
0000000H _

External memory area

01FFFFFH
(1 MB)

Internal ROM area
(1 MB)

0100000H
00FFFFFH
Note

0000000H

Note Fetch access and read access to addresses 0000000H to OOFFFFFH is performed for the internal ROM
area, but in the case of data write access, it is performed for an external memory area.
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CHAPTER 3 CPU FUNCTIONS

Figure 3-3. Program Memory Map

03FFFFFFH

03FFFO00H
03FFEFFFH

03FFO000H
03FEFFFFH

00400000H
003FFFFFH

00200000H
001FFFFFH

00100000H
000FFFFFH

00000000H

Access-prohibited area
(Program fetch disabled area)

Internal RAM area (60 KB)

Access-prohibited area
(Program fetch disabled area)

External memory area
(2 MB)

cs1

External memory area
(1 MB

Internal ROM area
(1 MB)

€S0
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CHAPTER 3 CPU FUNCTIONS

3.4.4 Areas

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

(a) Internal ROM (256 KB)
A 256 KB area from 0000000H to 003FFFFH is provided in the following products.
Addresses 0040000H to OOFFFFFH are an access-prohibited area.

e uPD70F3732

Figure 3-4. Internal ROM Area (256 KB)

00FFFFFH
=~ Access-prohibited =~
area
0040000H
003FFFFH
Internal ROM area
(256 KB)
0000000H
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CHAPTER 3 CPU FUNCTIONS

(b) Internal ROM (128 KB)
A 128 KB area from 0000000H to 001FFFFH is provided in the following products.
Addresses 0020000H to 00OFFFFFH are an access-prohibited area.

e uPD70F3731

Figure 3-5. Internal ROM Area (128 KB)

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

(2) Internal RAM area

An area of 60 KB maximum from 3FFO000H to S3FFEFFFH is reserved for the internal RAM area.

(a) Internal RAM (16 KB)
A 16 KB area from 3FFBO0OH to 3FFEFFFH is provided as physical internal RAM.
Addresses 3FFO000H to 3FFAFFFH are an access-prohibited area.

e PD70F3732

Figure 3-6. Internal RAM Area (16 KB)

Physical address space Logical address space

3FFEFFFH FFFEFFFH

Internal RAM area (16 KB)

3FFBOOOH FFFBOOOH
3FFAFFFH FFFAFFFH

— Access-prohibited area =

((

3FF0000H FFFOOO0H

Preliminary User’'s Manual U17703EJ1VOUD

www.DalaShee?ZU.cum



CHAPTER 3 CPU FUNCTIONS

(b) Internal RAM (6 KB)
A 6 KB area from 3FFBO0OOH to 3FFC7FFH is provided as physical internal RAM.
Addresses 3FFO000H to 3FFAFFFH and 3FFC800H to 3FFEFFFH are an access-prohibited area.
e 1PD70F3731

Figure 3-7. Internal RAM Area (6 KB)

Physical address space Logical address space
3FFEFFFH FFFEFFFH
Access-prohibited area
3FFC800H FFFC800H
3FFC7FFH FFFC7FFH
Internal RAM area (6 KB)
3FFBOOOH FFFBOOOH
3FFAFFFH FFFAFFFH

[ (

— Access-prohibited area -

3FF0000H FFFOOOOH
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CHAPTER 3 CPU FUNCTIONS

(3) On-chip peripheral I/O area

A 4 KB area from 3FFFO00H to 3FFFFFFH is reserved as the on-chip peripheral I/0 area.

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

Physical address space

3FFFFFFH

3FFFOO0OH

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

Logical address space

FFFFFFFH

FFFFOOOH

Peripheral 1/O registers assigned with functions such as on-chip peripheral 1/0O operation mode specification

and state monitoring are mapped to the on-chip peripheral /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.

(4) External memory area

3 MB (0100000H to 03FFFFFH) are provided as the external memory area. For details, refer to CHAPTER 5

BUS CONTROL FUNCTION.
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CHAPTER 3 CPU FUNCTIONS

3.4.5 Recommended use of address space

The architecture of the VB850ES/KG2 requires that a register that serves as a pointer be secured for address
generation when operand data in the data space is accessed. The address stored in this pointer £32 KB can be
directly accessed by an instruction for operand data. Because the number of general-purpose registers that can be
used as a pointer is limited, however, by keeping the performance from dropping during address calculation when a
pointer value is changed, as many general-purpose registers as possible can be secured for variables, and the
program size can be reduced.

(1) Program space
Of the 32 bits of the PC (program counter), the higher 6 bits are fixed to 0, and only the lower 26 bits are valid.
Regarding the program space, therefore, a 64 MB space of contiguous addresses starting from 00000000H
unconditionally corresponds to the memory map.
To use the internal RAM area as the program space, access following addresses.

RAM Size Access Address
6 KB 3FFBO0OH to 3FFC7FFH
16 KB 3FFBO0OH to 3FFEFFFH

(2) Data space
With the VB50ES/KG2, 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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CHAPTER 3 CPU FUNCTIONS

(a) Application example of wraparound
If R = r0 (zero register) is specified for the LD/ST disp16 [R] instruction, a range of addresses 00000000H
132 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: ¢PD70F3732

0001FFFFH
00007FFFH f-----------------
Internal ROM area 32 KB
00000000H - -
On-chip peripheral 4 KB
FFFFFOOOH 1/0 area
FFFFEFFFH
Internal RAM 16 KB
area
FFFFBOOOH
FFFFAFFFH
Access-prohibited 12 KB

area

FFFFB8000H f----------------- —
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Figure 3-9. Recommended Memory Map

Program space Data space
FFFFFFFFH .

On-chip .
peripheral I/O K

FFFFFOOOH h
FFFFEFFFH "

Internal RAM

FFFEC000H
FFFEBFFFH

On-chip
peripheral 1/0

M

)]

~(
(

Internal RAM

04000000H | .
03FFFFFFH

N

On-chip
peripheral 1/ONote
03FFFOOOH
03FFEFFFH

03FFBOOOH
03FFAFFFH

Internal RAM

03FFF000H
03FFEFFFH

Use prohibited

Use prohibited
Program space A
64 MB e

01000000H e
00FFFFFFH

External memory

External ‘

Internal ROM

memory e

| internal Rom | |} Internal ROM | -

[N elele o)
[eNeleleNe)
OO0O0O —
owpTIO
o ToTmo
o oMo
o mMmomo
o mMmomo
IITITTT

'

1

'

'

'

'

'

'

'

'

'

'

'

'

'

!

T

'

'

"
S

FFFFOOOH to FFFFFFFH.

Remarks 1. # indicates the recommended area.
2. This figure is the recommended memory map of the xPD70F3732.

XFFFFFFFH

XFFFFO0O0H
xFFFEFFFH

>xX X X X
M
mMm T
M T
m->w
Mo Mo
Mo Mo
Mo Mo
ITTT

x0100000H
X00FFFFFH

x0000000H

Note Access to this area is prohibited. To access the on-chip peripheral 1/O in this area, specify addresses
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CHAPTER 3 CPU FUNCTIONS

3.4.6 Peripheral I/O registers
(1/171)

Address Function Register Name Symbol R/W | Operable Bit Unit| After Reset
1 8 | 16
FFFFF004H Port DL register PDL R/W \ | 0000H"™"
FFFFFO04H | Port DL register L PDLL RW | A | 00H™"
FFFFFOO5H | Port DL register H PDLH RW | v | + 00H""
FFFFFO06H Port DH register PDH RW | v | « O0H" "
FFFFFO08H | Port CS register PCS RW | v | O0H™"*
FFFFFOOAH | Port CT register PCT RW | v | « 00H™"
FFFFFOOCH | Port CM register PCM RW | + | O0H™"*
FFFFF024H Port DL mode register PMDL R/W \ | FFFFH
FFFFF024H | Port DL mode register L PMDLL RW | v | + FFH
FFFFF025H | Port DL mode register H PMDLH RW | A | FFH
FFFFF026H | Port DH mode register PMDH RW | v | + FFH
FFFFF028H Port CS mode register PMCS RW | v | « FFH
FFFFFO2AH | Port CT mode register PMCT RW | v | + FFH
FFFFFO2CH | Port CM mode register PMCM RW | A | FFH
FFFFF044H Port DL mode control register PMCDL R/W N | 0000H
FFFFF044H | Port DL mode control register L PMCDLL RW | A | 00H
FFFFF045H | Port DL mode control register H PMCDLH RW | v | V 00H
FFFFFO46H | Port DH mode control register PMCDH RW | ~ |+ 00H
FFFFF048H | Port CS mode control register PMCCS RW | v | + 00H
FFFFFO4AH | Port CT mode control register PMCCT RW | v | « 00H
FFFFFO4CH | Port CM mode control register PMCCM RW | v | + 00H
FFFFFO66H Bus size configuration register BSC R/W \ | 5555H
FFFFFOBEH | System wait control register VSWC RW | + | ¥ 77H
FFFFFO80H DMA source address register OL DSAOL R/W v | Undefined
FFFFFO82H DMA source address register OH DSAOH R/W v | Undefined
FFFFF084H DMA destination address register OL DDAOL R/W v | Undefined
FFFFFO86H DMA destination address register OH DDAOH R/W v | Undefined
FFFFFO88H DMA source address register 1L DSA1L R/W v | Undefined
FFFFFO8AH DMA source address register 1H DSA1H R/W v | Undefined
FFFFFO8CH DMA destination address register 1L DDA1L R/W v | Undefined
FFFFFO8EH DMA destination address register 1H DDA1H R/W v | Undefined
FFFFFO90H DMA source address register 2L DSA2L R/W v | Undefined
FFFFFO92H DMA source address register 2H DSA2H R/W v | Undefined
FFFFF094H DMA destination address register 2L DDA2L R/W v | Undefined
FFFFFO96H DMA destination address register 2H DDA2H R/W v | Undefined
FFFFFO98H DMA source address register 3L DSA3L R/W v | Undefined
FFFFFO9AH DMA source address register 3H DSA3H R/W v | Undefined
FFFFFO9CH DMA destination address register 3L DDA3L R/W v | Undefined
FFFFFO9EH DMA destination address register 3H DDA3H R/W v | Undefined

Note The output latch is 00H or 0000H. When input, the pin status is read.
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(2/11)
Address Function Register Name Symbol R/W | Operable Bit Unit| After Reset
1 8 16
FFFFFOCOH DMA byte count register O DBCO R/W v | Undefined
FFFFFOC2H DMA byte count register 1 DBCH1 R/W \ | Undefined
FFFFFOC4H DMA byte count register 2 DBC2 R/W v | Undefined
FFFFFOC6H DMA byte count register 3 DBC3 R/W \ | Undefined
FFFFFODOH DMA addressing control register 0 DADCO R/W \' | 0000H
FFFFFOD2H DMA addressing control register 1 DADCA1 R/W \' | 0000H
FFFFFOD4H DMA addressing control register 2 DADC2 R/W \' | 0000H
FFFFFOD6H DMA addressing control register 3 DADC3 R/W \' | 0000H
FFFFFOEOH | DMA channel control register 0 DCHCO RW | v | 00H
FFFFFOE2H | DMA channel control register 1 DCHCH RW | v | 00H
FFFFFOE4H | DMA channel control register 2 DCHC2 RW | v | O0H
FFFFFOE6H | DMA channel control register 3 DCHC3 RW | v | 00H
FFFFF100H Interrupt mask register 0 IMRO R/W \ | FFFFH
FFFFF100H | Interrupt mask register OL IMROL RW | + | FFH
FFFFF101H | Interrupt mask register OH IMROH RW | FFH
FFFFF102H Interrupt mask register 1 IMR1 R/W \' | FFFFH
FFFFF102H | Interrupt mask register 1L IMR1L RW | FFH
FFFFF103H | Interrupt mask register 1H IMR1H R/W FFH
FFFFF104H Interrupt mask register 2 IMR2 R/W \ | FFFFH
FFFFF104H | Interrupt mask register 2L IMR2L RW | FFH
FFFFF105H | Interrupt mask register 2H IMR2H RW | N | FFH
FFFFF106H Interrupt mask register 3 IMR3 R/W \' | FFFFH
FFFFF106H | Interrupt mask register 3L IMR3L RW | « | FFH
FFFFF107H | Interrupt mask register 3H IMR3H RW | + | FFH
FFFFF110H | Interrupt control register WDT1IC RW | + | 47H
FFFFF112H | Interrupt control register PICO RW | + | 47H
FFFFF114H | Interrupt control register PIC1 RW | + | 47H
FFFFF116H | Interrupt control register PIC2 RW | + | 47H
FFFFF118H | Interrupt control register PIC3 RW | + | 47H
FFFFF11AH | Interrupt control register PIC4 RW | + | 47H
FFFFF11CH | Interrupt control register PIC5 RW | + | 47H
FFFFF11EH | Interrupt control register PIC6 RW |+ | 47H
FFFFF120H | Interrupt control register TMOIC00 RW | + | ¥ 47H
FFFFF122H | Interrupt control register TMOICO1 RW | + | 47H
FFFFF124H Interrupt control register TMOIC10 RW | \ 47H
FFFFF126H | Interrupt control register TMOIC11 RW | + | 47H
FFFFF128H | Interrupt control register TM5ICO RW | + | 47H
FFFFF12AH | Interrupt control register TM5ICH RW | + | 47H
FFFFF12CH | Interrupt control register cslolco RW | + | 47H
FFFFF12EH | Interrupt control register CsloICH RW | + | 47H
FFFFF130H Interrupt control register SREICO RW | \ 47H
FFFFF132H | Interrupt control register SRICO RW | + | 47H
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(3/11
Address Function Register Name Symbol R/W | Operable Bit Unit| After Reset
1 8 16

FFFFF134H | Interrupt control register STICO RW | v | 47H
FFFFF136H | Interrupt control register SREIC1 RW | v | 47H
FFFFF138H | Interrupt control register SRICH1 RW | N | 47H
FFFFF13AH | Interrupt control register STIC1 RW | v | + 47H
FFFFF13CH | Interrupt control register TMHICO RW | ~ | 47H
FFFFF13EH | Interrupt control register TMHICA RW | A | 47H
FFFFF140H | Interrupt control register CSIAICO RW | « | 47H
FFFFF142H | Interrupt control register licico RW | v | v 47H
FFFFF144H | Interrupt control register ADIC RW | ~ | 47H
FFFFF146H | Interrupt control register KRIC RW | ~ | 47H
FFFFF148H | Interrupt control register WTIIC RW | « | 47H
FFFFF14AH | Interrupt control register WTIC RW | v | « 47H
FFFFF14CH | Interrupt control register BRGIC RW | ~ | 47H
FFFFF14EH | Interrupt control register TMOIC20 RW | ~ | 47H
FFFFF150H | Interrupt control register TMOIC21 RW | « | 47H
FFFFF152H | Interrupt control register TMOIC30 RW | v | v 47H
FFFFF154H | Interrupt control register TMOIC31 RW | ~ | 47H
FFFFF156H | Interrupt control register CSIAICH RW | ~ | 47H
FFFFF162H | Interrupt control register SREIC2 RW | « | 47H
FFFFF164H | Interrupt control register SRIC2 RW | v | 47H
FFFFF166H | Interrupt control register STIC2 RW | ~ | 47H
FFFFF172H | Interrupt control register PIC7 RW | A | 47H
FFFFF174H Interrupt control register TPOOVIC RW | J 47H
FFFFF176H | Interrupt control register TPOCCICO |RW | v | ¥ 47H
FFFFF178H | Interrupt control register TPOCCIC1 |[RW | | 47H
FFFFF17AH | Interrupt control register DMAICO RW | v | 47H
FFFFF17CH | Interrupt control register DMAICH RW | « | 47H
FFFFF17EH | Interrupt control register DMAIC2 RW | ~ | V 47H
FFFFF180H | Interrupt control register DMAIC3 RW | ~ | 47H
FFFFF1FAH In-service priority register ISPR R v \ O00H
FFFFF1FCH | Command register PRCMD W J Undefined
FFFFF1FEH | Power save control register PSC RW | + | O0H
FFFFF200H | A/D converter mode register ADM RW | A | 00H
FFFFF201H | Analog input channel specification register ADS RW | A | O0H
FFFFF202H | Power fail comparison mode register PFM RW | N | O0H
FFFFF203H Power fail comparison threshold register PFT R/W N 00H
FFFFF204H A/D conversion result register ADCR R \ | Undefined

FFFFF205H | A/D conversion result register H ADCRH R \ Undefined
FFFFF280H D/A conversion value setting register 0 DACSO0 R/W \ 00H
FFFFF282H D/A conversion value setting register 1 DACS1 R/W S 00H
FFFFF284H | D/A converter mode register DAM RW | A | 00H
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(4/11)
Address Function Register Name Symbol R/W | Operable Bit Unit| After Reset
1 8 | 16
FFFFF300H | Key return mode register KRM RW | + | 00H
FFFFF30AH | Selector operation control register 1 SELCNT1 RW | + | 00H
FFFFF318H | Digital noise elimination control register NFC RW |+ | 00H
FFFFF400H | Port O register PO RW | + | 00H""
FFFFF402H | Port 1 register P1 RW | V |V 00H" "
FFFFF406H Port 3 register P3 R/W N | 0000H""
FFFFF406H | Port 3 register L P3L RW | + | 00H""
FFFFF407H | Port 3 register H P3H RW | v |~ 00H""*
FFFFF408H | Port 4 register P4 RW | V |V 00H" "
FFFFF40AH | Port 5 register P5 RW | v | 00H™"*
FFFFF40EH | Port 7 register P7 R \ Undefined
FFFFF412H Port 9 register P9 R/W N | 0000H™"
FFFFF412H | Port 9 register L PIOL RW | v 00H""
FFFFF413H | Port 9 register H P9H RW | v | 00H™"*
FFFFF420H | Port 0 mode register PMO RW | + | FFH
FFFFF422H | Port 1 mode register PMA1 RW | v | ~ FFH
FFFFF426H Port 3 mode register PM3 R/W N | FFFFH
FFFFF426H | Port 3 mode register L PM3L RW | + | FFH
FFFFF427H | Port 3 mode register H PM3H RW |+ | ¥ FFH
FFFFF428H | Port 4 mode register PM4 RW | v | ~ FFH
FFFFF42AH | Port 5 mode register PM5 RW |+ | FFH
FFFFF432H Port 9 mode register PM9 R/W N | FFFFH
FFFFF432H | Port 9 mode register L PMIL RW | + | FFH
FFFFF433H | Port 9 mode register H PM9H RW | FFH
FFFFF440H | Port 0 mode control register PMCO RW | + | 00H
FFFFF446H Port 3 mode control register PMC3 R/W N | 0000H
FFFFF446H | Port 3 mode control register L PMC3L RW | + | 00H
FFFFF447H | Port 3 mode control register H PMC3H RW | v | ~ 00H
FFFFF448H | Port 4 mode control register PMC4 RW | + | 00H
FFFFF44AH | Port 5 mode control register PMC5 RW | + | 00H
FFFFF452H Port 9 mode control register PMC9 R/W \' | 0000H
FFFFF452H | Port 9 mode control register L PMC9L RW | v |~ 00H
FFFFF453H | Port 9 mode control register H PMCOH RW | + | 00H
FFFFF466H | Port 3 function control register PFC3 RW | + | 00H
FFFFF468H | Port 4 function control register PFC4 RW | + | ¥ 00H
FFFFF46AH | Port 5 function control register PFC5 RW | v |~ 00H
FFFFF472H Port 9 function control register PFC9 R/W \' | 0000H
FFFFF472H | Port 9 function control register L PFCOL RW | + | 00H
FFFFF473H | Port 9 function control register H PFC9H RW | + | 00H
FFFFF484H Data wait control register 0 DWCO R/W N | 7777H
FFFFF488H Address wait control register AWC R/W N | FFFFH

Note The output latch is 00H or 0000H. When input, the pin status is read.
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(5/11)
Address Function Register Name Symbol R/W | Operable Bit Unit| After Reset
1 8 | 16
FFFFF48AH Bus cycle control register BCC R/W \ | AAAAH
FFFFF580H | 8-bit timer H mode register 0 TMHMDO RW | v | « OOH
FFFFF581H | 8-bit timer H carrier control register 0 TMCYCO RW | + | 00H
FFFFF582H 8-bit timer H compare register 00 CMPO00 R/W S 00H
FFFFF583H 8-bit timer H compare register 01 CMPO1 R/W \ O0H
FFFFF590H 8-bit timer H mode register 1 TMHMD1 R/W S O00H
FFFFF591H | 8-bit timer H carrier control register 1 TMCYC1 RW | + | 00H
FFFFF592H 8-bit timer H compare register 10 CMP10 R/W S 00H
FFFFF593H 8-bit timer H compare register 11 CMP11 R/W \ O00H
FFFFF5A0H | TMPO control register 0 TPOCTLO RW | v | 00H
FFFFF5A1H | TMPO control register 1 TPOCTLA RW | + | 00H
FFFFF5A2H | TMPO I/O control register 0 TPOIOCO RW | v | + 00H
FFFFF5A3H | TMPO I/O control register 1 TPOIOCH RW | A | 00H
FFFFFS5A4H | TMPO I/O control register 2 TPOIOC2 RW | ~ |+ 00H
FFFFF5A5H | TMPO option register 0 TPOOPTO RW | v | « 00H
FFFFF5A6H TMPO capture/compare register 0 TPOCCRO R/W N | 0000H
FFFFF5A8H TMPO capture/compare register 1 TPOCCR1 R/W \ | 0000H
FFFFF5AAH TMPO counter read buffer register TPOCNT R \ | 0000H
FFFFF5COH 16-bit timer counter 5 TM5 R v | 0000H
FFFFF5COH | 8-bit timer counter 50 TM50 R J 00H
FFFFF5C1H | 8-bit timer counter 51 TM51 R \ O0H
FFFFF5C2H 16-bit timer compare register 5 CR5 R/W \ | 0000H
FFFFF5C2H | 8-bit timer compare register 50 CR50 R/W S 00H
FFFFF5C3H | 8-bit timer compare register 51 CR51 R/W S 00H
FFFFF5C4H Timer clock selection register 5 TCL5 R/W \ | 0000H
FFFFF5C4H | Timer clock selection register 50 TCL50 R/W S O00H
FFFFF5C5H | Timer clock selection register 51 TCL51 R/W S 00H
FFFFF5C6H 16-bit timer mode control register 5 TMC5 R/W N | 0000H
FFFFF5C6H | 8-bit imer mode control register 50 TMC50 RW | A | 00H
FFFFF5C7H | 8-bit imer mode control register 51 TMC51 RW | v | « 00H
FFFFF600H 16-bit timer counter 00 TMO0 R v | 0000H
FFFFF602H 16-bit timer capture/compare register 000 CRO000 R/W v | 0000H
FFFFF604H 16-bit timer capture/compare register 001 CRO001 R/W \' | 0000H
FFFFF606H | 16-bit timer mode control register 00 TMCO00 RW | v | « 00H
FFFFF607H | Prescaler mode register 00 PRMO0O RW | + | 00H
FFFFF608H | Capture/compare control register 00 CRCO00 RW | v | + 00H
FFFFFB09H | 16-bit timer output control register 00 TOCO00 RW | A | 00H
FFFFF610H 16-bit timer counter 01 TMO1 R \ | 0000H
FFFFF612H 16-bit timer capture/compare register 010 CRO10 R/W N | 0000H
FFFFF614H 16-bit timer capture/compare register 011 CRO11 R/W v | 0000H
FFFFF616H 16-bit timer mode control register 01 TMCO1 RW | \ O0H
FFFFF617H | Prescaler mode register 01 PRMO1 RW | v | « 00H
FFFFF618H | Capture/compare control register 01 CRCO1 RW | v | 00H
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(6/11)
Address Function Register Name Symbol R/W | Operable Bit Unit| After Reset
1 8 | 16
FFFFF619H | 16-bit timer output control register 01 TOCO1 RW | + | 00H
FFFFF620H 16-bit timer counter 02 TMO02 R N | 0000H
FFFFF622H 16-bit timer capture/compare register 020 CRO020 R/W v | 0000H
FFFFF624H 16-bit timer capture/compare register 021 CRO021 R/W v | 0000H
FFFFF626H 16-bit timer mode control register 02 TMCO02 RW | R O00H
FFFFF627H | Prescaler mode register 02 PRMO02 RW | v | O0H
FFFFF628H | Capture/compare control register 02 CRCO02 RW | v | « O0H
FFFFF629H | 16-bit timer output control register 02 TOC02 RW | v |~ 00H
FFFFF630H 16-bit timer counter 03 TMO3 R N | 0000H
FFFFF632H 16-bit timer capture/compare register 030 CR030 R/W N | 0000H
FFFFF634H 16-bit timer capture/compare register 031 CRO031 R/W N | 0000H
FFFFF636H 16-bit timer mode control register 03 TMCO03 RW | \ 00H
FFFFF637H | Prescaler mode register 03 PRMO03 RW | + | 00H
FFFFF638H | Capture/compare control register 03 CRCO03 RW | v | OO0H
FFFFF639H | 16-bit timer output control register 03 TOCO03 RW | + | 00H
FFFFF680H | Watch timer operation mode register WTM RW | v |~ 00H
FFFFF6COH Oscillation stabilization time selection register OSTS R/W v 01H
FFFFF6C1H Watchdog timer clock selection register WDCS R/W v 00H
FFFFF6C2H | Watchdog timer mode register 1 WDTM1 RW | + | 00H
FFFFF6DOH Watchdog timer mode register 2 WDTM2 R/W \ 67H
FFFFF6D1H Watchdog timer enable register WDTE R/W v 9AH
FFFFF6EOH | Real-time output buffer register LO RTBLO RW | v | OO0H
FFFFF6E2H | Real-time output buffer register HO RTBHO RW | v | 00H
FFFFF6E4H | Real-time output port mode register 0 RTPMO RW | v | 00H
FFFFF6E5SH | Real-time output port control register 0 RTPCO RW | + | 00H
FFFFF706H | Port 3 function control expansion register PFCE3 RW | + | 00H
FFFFF802H | System status register SYS RW | + | ¥ 00H
FFFFF806H | PLL control register PLLCTL RW | v | ~ 01H
FFFFF810H DMA trigger factor register 0 DTFRO RW | R O00H
FFFFF812H | DMA trigger factor register 1 DTFR1 RW | v | 00H
FFFFF814H | DMA trigger factor register 2 DTFR2 RW | V| O0H
FFFFF816H | DMA trigger factor register 3 DTFR3 RW | v | 00H
FFFFF820H | Power save mode register PSMR RW |+ | 00H
FFFFF828H | Processor clock control register PCC RW | + | 03H
FFFFF8BOH Interval timer BRG mode register PRSM R/W 3 00H
FFFFF8B1H Interval timer BRG compare register PRSCM R/W ol 00H
FFFFFAOOH Asynchronous serial interface mode register 0 ASIMO RW | J 01H
FFFFFAO2H Receive buffer register 0 RXBO R N FFH
FFFFFAO3H | Asynchronous serial interface status register 0 ASISO R v 00H
FFFFFA04H | Transmit buffer register 0 TXBO R/W v FFH
FFFFFAO5H | Asynchronous serial interface transmit status register 0 ASIFO R VoI 00H
FFFFFAO6H Clock select register 0 CKSRO R/W R 00H
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(7/11)
Address Function Register Name Symbol R/W | Operable Bit Unit| After Reset
1 8 | 16

FFFFFAO7H Baud rate generator control register 0 BRGCO R/W v FFH
FFFFFA10H Asynchronous serial interface mode register 1 ASIMA RW | v 01H
FFFFFA12H Receive buffer register 1 RXB1 R v FFH
FFFFFA13H Asynchronous serial interface status register 1 ASISH R v 00H
FFFFFA14H Transmit buffer register 1 TXB1 R/wW y FFH
FFFFFA15H | Asynchronous serial interface transmit status register 1 ASIF1 R Nl O0H
FFFFFA16H Clock select register 1 CKSR1 R/W y 00H
FFFFFA17H Baud rate generator control register 1 BRGCH1 R/W v FFH
FFFFFA20H Asynchronous serial interface mode register 2 ASIM2 RW | v 01H
FFFFFA22H Receive buffer register 2 RXB2 R v FFH
FFFFFA23H Asynchronous serial interface status register 2 ASIS2 R v O00H
FFFFFA24H Transmit buffer register 2 TXB2 R/W v FFH
FFFFFA25H Asynchronous serial interface transmit status register 2 ASIF2 R \ v O00H
FFFFFA26H Clock select register 2 CKSR2 R/W v 00H
FFFFFA27H Baud rate generator control register 2 BRGC2 R/W v FFH
FFFFFBOOH | TIPOO noise elimination control register PONFC RW | v |+ O0H
FFFFFB0O4H TIPO1 noise elimination control register PINFC RW | v O00H
FFFFFCOOH External interrupt falling edge specification register 0 INTFO RW | v O00H
FFFFFCO6H External interrupt falling edge specification register 3 INTF3 RW | v 00H
FFFFFC13H External interrupt falling edge specification register 9H INTFOH RW | v O00H
FFFFFC20H | External interrupt rising edge specification register 0 INTRO RW | v | 00H
FFFFFC26H External interrupt rising edge specification register 3 INTR3 RW | v O0H
FFFFFC33H | External interrupt rising edge specification register 9H INTROH RW | v | 00H
FFFFFC40H | Pull-up resistor option register 0 PUO RW | v | v 00H
FFFFFC42H | Pull-up resistor option register 1 PU1 RW | | 00H
FFFFFC46H | Pull-up resistor option register 3 PU3 RW | v | 00H
FFFFFC48H | Pull-up resistor option register 4 PU4 RW | N | 00H
FFFFFC4AH | Pull-up resistor option register 5 PU5 RW | | 00H
FFFFFC52H Pull-up resistor option register 9 PU9 R/W \ | 0000H

FFFFFC52H | Pull-up resistor option register 9L PUIL RW | | 00H

FFFFFC53H | Pull-up resistor option register 9H PU9H RW | v | 00H
FFFFFC67H | Port 3 function register H PF3H RW | | 00H
FFFFFC68H | Port 4 function register PF4 RW | v | 00H
FFFFFC6AH | Port 5 function register PF5 RW | N | 00H
FFFFFC73H | Port 9 function register H PFOH RW | v | 00H
FFFFFDOOH | Clocked serial interface mode register 00 CSIMO00 RW | v | 00H
FFFFFDO1H | Clocked serial interface clock selection register 0 CSICo RW | V| OOH
FFFFFDO2H | Clocked serial interface receive buffer register 0 SIRBO R v | 0000H
‘ FFFFFDO2H | Clocked serial interface receive buffer register OL SIRBOL R v 00H
FFFFFDO4H Clocked serial interface transmit buffer register 0 SOTBO R/W \' | 0000H
‘ FFFFFDO4H | Clocked serial interface transmit buffer register OL SOTBOL R/W v 00H
FFFFFDO6H Clocked serial interface read-only receive buffer register 0 SIRBEO R N | 0000H
‘ FFFFFDO6H | Clocked serial interface read-only receive buffer register OL | SIRBEOL R \ 00H
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Address Function Register Name Symbol R/W | Operable Bit Unit| After Reset
1 8 | 16

FFFFFDO8H Clocked serial interface initial transmit buffer register 0 SOTBFO R/W \' | 0000H
‘ FFFFFDO8H | Clocked serial interface initial transmit buffer register OL SOTBFOL R/W S 00H
FFFFFDOAH | Serial I/O shift register 0 S1000 R/W v | ooH
‘ FFFFFDOAH | Serial I/O shift register OL SIo00L R/W \ 0000H
FFFFFD10H | Clocked serial interface mode register 01 CSIMO1 RW | v | OOH
FFFFFD11H Clocked serial interface clock selection register 1 CSICH RW | \ 00H
FFFFFD12H | Clocked serial interface receive buffer register 1 SIRB1 R v | 0000H
‘ FFFFFD12H | Clocked serial interface receive buffer register 1L SIRB1L R J 00H
FFFFFD14H | Clocked serial interface transmit buffer register 1 SOTB1 R/W v | 0000H
‘ FFFFFD14H | Clocked serial interface transmit buffer register 1L SOTB1L R/W J 00H
FFFFFD16H Clocked serial interface read-only receive buffer register 1 SIRBE1 R \' | 0000H
‘ FFFFFD16H | Clocked serial interface read-only receive buffer register 1L | SIRBE1L R \ 00H
FFFFFD18H Clocked serial interface initial transmit buffer register 1 SOTBF1 R/W \' | 0000H
‘ FFFFFD18H | Clocked serial interface initial transmit buffer register 1L SOTBF1L R/W S 00H
FFFFFD1AH | Serial I/O shift register 1 SI001 R/W v | ooH
‘ FFFFFD1AH | Serial I/O shift register 1L SIO01L R/W v 0000H
FFFFFD40H Serial operation mode specification register 0 CSIMAO RW | \ 00H
FFFFFD41H | Serial status register 0 CSISo RW | v | 00H
FFFFFD42H | Serial trigger register 0 CsITo RW | v | 00H
FFFFFD43H Divisor selection register 0 BRGCAO R/W \ 03H
FFFFFD44H Automatic data transfer address point specification register 0 | ADTPO R/W S 00H
FFFFFD45H | Automatic data transfer interval specification register 0 ADTIO RW | v | 00H
FFFFFD46H Serial I/O shift register AO SIOAO0 R/W J 00H
FFFFFD47H Automatic data transfer address count register 0 ADTCO R S 00H
FFFFFD50H Serial operation mode specification register 1 CSIMA1 RW | N 00H
FFFFFD51H | Serial status register 1 CSISt RW | v | 00H
FFFFFD52H | Serial trigger register 1 CSIT1 RW | v | 00H
FFFFFD53H Divisor selection register 1 BRGCA1 R/W \ 03H
FFFFFD54H Automatic data transfer address point specification register 1 | ADTP1 R/W \ 00H
FFFFFD55H Automatic data transfer interval specification register 1 ADTH RW | \ 00H
FFFFFD56H Serial I/O shift register A1 SIOA1 R/W \ 00H
FFFFFD57H Automatic data transfer address count register 1 ADTCA1 R \ 00H
FFFFFD80H IIC shift register 0 lIco R/W J 00H
FFFFFD82H | IIC control register 0 lICCo RW | v | v 00H
FFFFFD83H Slave address register 0 SVAO R/W \ 00H
FFFFFD84H | IIC clock selection register 0 liccLo RW | v | v 00H
FFFFFD85H | IIC function expansion register 0 lICX0 RW | v | v 00H
FFFFFD86H | IIC status register 0 IICSo R N[ A 00H
FFFFFD8AH | IIC flag register 0 [ICFO RW | v | 00H
FFFFFEOOH CSIAO buffer RAM 0 CSIA0BO R/W V' | Undefined

FFFFFEOOH | CSIAO buffer RAM OL CSIA0BOL R/W \ Undefined

FFFFFEO1H | CSIAO buffer RAM OH CSIA0BOH R/W Undefined
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(9/11
Address Function Register Name Symbol R/W | Operable Bit Unit| After Reset
1 8 | 16
FFFFFEO2H CSIAO0 buffer RAM 1 CSIAOB1 R/W v | Undefined
FFFFFEO2H | CSIAO buffer RAM 1L CSIAOB1L R/W Undefined
FFFFFEO3H | CSIAO buffer RAM 1H CSIAOB1H R/W Undefined
FFFFFEO4H CSIAO0 buffer RAM 2 CSIA0B2 R/W v | Undefined
FFFFFEO4H | CSIAO buffer RAM 2L CSIAOB2L R/W Undefined
FFFFFEO5H | CSIAO buffer RAM 2H CSIAOB2H R/W Undefined
FFFFFEO6H CSIAO buffer RAM 3 CSIA0OB3 R/W v | Undefined
FFFFFEO6H | CSIAO buffer RAM 3L CSIAOB3L R/W Undefined
FFFFFEO7H | CSIAO buffer RAM 3H CSIAOB3H R/W Undefined
FFFFFEO8H CSIAO buffer RAM 4 CSIA0B4 R/W v | Undefined
FFFFFEO8H | CSIAO buffer RAM 4L CSIA0B4L R/W \ Undefined
FFFFFEQO9H | CSIAO buffer RAM 4H CSIA0B4H R/W S Undefined
FFFFFEOAH CSIAO0 buffer RAM 5 CSIAOB5 R/W v | Undefined
FFFFFEOAH | CSIAO buffer RAM 5L CSIAOB5L R/W \ Undefined
FFFFFEOBH | CSIAO buffer RAM 5H CSIAOB5H R/W N Undefined
FFFFFEOCH CSIAQ buffer RAM 6 CSIAOB6 R/W \ | Undefined
FFFFFEOCH | CSIAO buffer RAM 6L CSIAOB6L R/W v Undefined
FFFFFEODH | CSIAOQ buffer RAM 6H CSIAOB6H R/W v Undefined
FFFFFEOEH CSIAO buffer RAM 7 CSIA0B7 R/W v | Undefined
FFFFFEOEH | CSIAO buffer RAM 7L CSIAOB7L R/W \ Undefined
FFFFFEOFH | CSIAO buffer RAM 7H CSIAOB7H R/W v Undefined
FFFFFE10H CSIAO buffer RAM 8 CSIA0OB8 R/W v | Undefined
FFFFFE10H | CSIAO buffer RAM 8L CSIA0B8L R/W v Undefined
FFFFFE11H | CSIAO buffer RAM 8H CSIAOB8H R/W \ Undefined
FFFFFE12H CSIAO0 buffer RAM 9 CSIA0B9 R/W \ | Undefined
FFFFFE12H | CSIAO buffer RAM 9L CSIA0BIL R/W v Undefined
FFFFFE13H | CSIAO buffer RAM 9H CSIAOB9H R/W v Undefined
FFFFFE14H CSIAO buffer RAM A CSIAOBA R/W v | Undefined
FFFFFE14H | CSIAO buffer RAM AL CSIAOBAL R/W v Undefined
FFFFFE15H | CSIAO buffer RAM AH CSIAOBAH R/W v Undefined
FFFFFE16H CSIA0 buffer RAM B CSIAOBB R/W v | Undefined
FFFFFE16H | CSIAO buffer RAM BL CSIAOBBL R/W v Undefined
FFFFFE17H | CSIAO buffer RAM BH CSIA0BBH R/W \ Undefined
FFFFFE18H CSIAO buffer RAM C CSIA0BC R/W v | Undefined
FFFFFE18H | CSIAO buffer RAM CL CSIA0BCL R/W \ Undefined
FFFFFE19H | CSIAO buffer RAM CH CSIAOBCH R/W v Undefined
FFFFFE1AH CSIAO buffer RAM D CSIA0BD R/W v | Undefined
FFFFFE1AH | CSIAO buffer RAM DL CSIAOBDL R/W v Undefined
FFFFFE1BH | CSIAO buffer RAM DH CSIAOBDH R/W v Undefined
FFFFFE1CH CSIAO0 buffer RAM E CSIAOBE R/W v | Undefined
FFFFFE1CH | CSIAO buffer RAM EL CSIAOBEL R/W v Undefined
FFFFFE1DH | CSIAO buffer RAM EH CSIAOBEH R/W v Undefined
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(10/11)
Address Function Register Name Symbol R/W | Operable Bit Unit| After Reset
1 8 |16
FFFFFE1EH CSIAO0 buffer RAM F CSIAOBF R/W v | Undefined
FFFFFE1EH | CSIAO buffer RAM FL CSIAOBFL R/W N Undefined
FFFFFE1FH | CSIAO buffer RAM FH CSIAOBFH R/W v Undefined
FFFFFE20H CSIA1 buffer RAM 0 CSIA1BO R/W v | Undefined
FFFFFE20H | CSIA1 buffer RAM OL CSIA1BOL R/W N Undefined
FFFFFE21H | CSIA1 buffer RAM OH CSIA1BOH R/W N Undefined
FFFFFE22H CSIA1 buffer RAM 1 CSIA1B1 R/W v | Undefined
FFFFFE22H | CSIA1 buffer RAM 1L CSIA1B1L R/W N Undefined
FFFFFE23H | CSIA1 buffer RAM 1H CSIA1B1H R/W N Undefined
FFFFFE24H CSIA1 buffer RAM 2 CSIA1B2 R/W \' | Undefined
FFFFFE24H | CSIA1 buffer RAM 2L CSIA1B2L R/W N Undefined
FFFFFE25H | CSIA1 buffer RAM 2H CSIA1B2H R/W v Undefined
FFFFFE26H CSIA1 buffer RAM 3 CSIA1B3 R/W v | Undefined
FFFFFE26H | CSIA1 buffer RAM 3L CSIA1B3L R/W v Undefined
FFFFFE27H | CSIA1 buffer RAM 3H CSIA1B3H R/W N Undefined
FFFFFE28H CSIA1 buffer RAM 4 CSIA1B4 R/W \' | Undefined
FFFFFE28H | CSIA1 buffer RAM 4L CSIA1B4L R/W N Undefined
FFFFFE29H | CSIA1 buffer RAM 4H CSIA1B4H R/W N Undefined
FFFFFE2AH CSIA1 buffer RAM 5 CSIA1B5 R/W v | Undefined
FFFFFE2AH | CSIA1 buffer RAM 5L CSIA1B5L R/W N Undefined
FFFFFE2BH | CSIA1 buffer RAM 5H CSIA1B5H R/W N Undefined
FFFFFE2CH CSIA1 buffer RAM 6 CSIA1B6 R/W v | Undefined
FFFFFE2CH | CSIA1 buffer RAM 6L CSIA1B6L R/W N Undefined
FFFFFE2DH | CSIA1 buffer RAM 6H CSIA1B6H R/W N Undefined
FFFFFE2EH CSIA1 buffer RAM 7 CSIA1B7 R/W v | Undefined
FFFFFE2EH | CSIA1 buffer RAM 7L CSIA1B7L R/W N Undefined
FFFFFE2FH | CSIA1 buffer RAM 7H CSIA1B7H R/W v Undefined
FFFFFE30H | CSIA1 buffer RAM 8 CSIA1B8 R/W v | Undefined
FFFFFE30H | CSIA1 buffer RAM 8L CSIA1B8L R/W N Undefined
FFFFFE31H | CSIA1 buffer RAM 8H CSIA1B8H R/W v Undefined
FFFFFE32H CSIA1 buffer RAM 9 CSIA1B9 R/W v | Undefined
FFFFFE32H | CSIA1 buffer RAM 9L CSIA1BIL R/W N Undefined
FFFFFE33H | CSIA1 buffer RAM 9H CSIA1B9H R/W \/ Undefined
FFFFFE34H CSIA1 buffer RAM A CSIA1BA R/W v | Undefined
FFFFFE34H | CSIA1 buffer RAM AL CSIA1BAL R/W v Undefined
FFFFFE35H | CSIA1 buffer RAM AH CSIA1BAH R/W N Undefined
FFFFFE36H CSIA1 buffer RAM B CSIA1BB R/W \' | Undefined
FFFFFE36H | CSIA1 buffer RAM BL CSIA1BBL R/W v Undefined
FFFFFE37H | CSIA1 buffer RAM BH CSIA1BBH R/W N Undefined
FFFFFE38H CSIA1 buffer RAM C CSIA1BC R/W \' | Undefined
FFFFFE38H | CSIA1 buffer RAM CL CSIA1BCL R/W N Undefined
FFFFFE39H | CSIA1 buffer RAM CH CSIA1BCH R/W N Undefined
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(11/11)
Address Function Register Name Symbol R/W | Operable Bit Unit| After Reset
1 8 | 16
FFFFFE3AH | CSIA1 buffer RAM D CSIA1BD R/W v | Undefined
FFFFFE3AH | CSIA1 buffer RAM DL CSIA1BDL | R/W v Undefined
FFFFFE3BH | CSIA1 buffer RAM DH CSIA1BDH | R/'W v Undefined
FFFFFE3CH | CSIA1 buffer RAM E CSIA1BE R/W v | Undefined
FFFFFE3CH | CSIA1 buffer RAM EL CSIA1BEL R/W \ Undefined
FFFFFE3DH | CSIA1 buffer RAM EH CSIA1BEH | R/'W v Undefined
FFFFFE3EH | CSIA1 buffer RAM F CSIA1BF R/W v | Undefined
FFFFFE3EH | CSIA1 buffer RAM FL CSIA1BFL R/W \ Undefined
FFFFFE3FH | CSIA1 buffer RAM FH CSIA1BFH | R/W v Undefined
FFFFFF44H Pull-up resistor option register DL PUDL R/W \' | 0000H
FFFFFF44H | Pull-up resistor option register DLL PUDLL RW | v O00H
FFFFFF45H | Pull-up resistor option register DLH PUDLH RW | v | O0H
FFFFFF46H Pull-up resistor option register DH PUDH RW | v 00H
FFFFFF48H | Pull-up resistor option register CS PUCS RW | ~ | 00H
FFFFFF4AH | Pull-up resistor option register CT PUCT RW | v | 00H
FFFFFF4CH Pull-up resistor option register CM PUCM RW | v 00H
FFFFFFBEH | External bus interface mode control register EXIMC RW | ~ | 00H
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3.4.7 Special registers
Special registers are registers that prevent invalid data from being written when an inadvertent program loop
occurs. The V850ES/KG2 has the following three special registers.

e Power save control register (PSC)
e Processor clock control register (PCC)
e Watchdog timer mode register (WDTM1)

Moreover, there is also the PRCMD register, which is a protection register for write operations to the special
registers that prevents the application system from unexpectedly stopping due to an inadvertent program loop. Write
access to the special registers is performed with a special sequence and illegal store operations are notified to the
SYS register.

(1) Setting data to special registers
Setting data to a special register is done in the following sequence.

<1> Disable the DMA operation.

<2> Prepare the data to be set to the special register in a general-purpose register.
<3> Write the data prepared in step <2> to the PRCMD register.

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

e Store instruction (ST/SST instruction)

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

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

Caution To resume the DMA operation in the status before the DMA operation is disabled after a

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

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

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

Remark n=0to3
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[Description Example] When using PSC register (standby mode setting)
ST.B rll, PSMR[r0]
LD.B DCHCn[r0], rl2
ANDI Oxfe, rl2, rl3
ST.B rl3, DCHCn[rO]
MOV 0x02, rl0

ST.B rl0, PRCMD[r0]
ST.B rl0, PSC[r0]

<1>
<2>
<3>
<4>
<5>
<6>
<7>
<8>

<9>

<10>

Note 2

NOP
NOP
NOP
NOP
NOP
TST1 7

Note 2

Note 2

Note 2

Note 2

, DCHCn[r0]

BNE next
ST.B rl2, DCHCn[rO]

(next

instruction)

; PSMR register setting (IDLE, STOP mode setting)
; (a) DMA transfer status stored

Note 1

; (b) DMA operation stopped

; PRCMD register write
; PSC register setting
; Dummy instruction

; Dummy instruction

; Dummy instruction

; Dummy instruction

Dummy instruction

; Check whether DMA transfer is completed or not between (a) and (b)
(whether the DCHCn register status is updated or not)

If updated, DMA transfer completion processing (to next routine)

; If not updated, return to the status of (a) (DMA transfer enable)

No special sequence is required to read special registers.

Notes 1. A bit manipulation instruction is not used so as to prevent the DMA transfer completion status flag
(DCHCN.TCn bit) from being cleared to 0 via reading. The TCn bit cannot be cleared to 0 by

Remark

writing 0.
2. When switching to the IDLE mode or the STOP mode (PSC.STP bit = 1), 5 NOP instructions must
be inserted immediately after switching is performed.

n=0to3

Cautions 1. Interrupts are not acknowledged for the store instruction for the PRCMD register. This is
because continuous execution of store instructions by the program in steps <3> and <4>
above is assumed. If another instruction is placed between step <3> and <4>, the above
sequence may not be realized when an interrupt is acknowledged for that instruction,
which may cause malfunction.

The data written to the PRCMD register is dummy data, but use the same register as the
general-purpose register used for setting data to the special register (step <4>) when
writing to the PRCMD register (step <3>). The same applies to when using a general-
purpose register for addressing.
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(2) Command register (PRCMD)

The PRCMD register is an 8-bit register used to prevent data from being written to registers that may have a
large influence on the system, possibly causing the application system to unexpectedly stop, when an
inadvertent program loop occurs. Only the first write operation to the special register following the execution of
a previously executed write operation to the PRCMD register, is valid.

As a result, register values can be overwritten only using a preset sequence, preventing invalid write
operations.

This register can only be written in 8-bit units (if it is read, an undefined value is returned).

After reset: Undefined w Address: FFFFF1FCH

7 6 5 4 3 2 1 0
PRCMD | REG7 | REG6 | REG5 | REG4 | REG3 | REG2 | REG1 | REGO |

76
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(3) System status register (SYS)
This register is allocated with status flags showing the operating state of the entire system.
This register can be read or written in 8-bit or 1-bit units.

After reset: 00H R/W Address: FFFFF802H

7 5 3 2 1 <0>
sys | o | o | o | o | o | o | o |PRERR|
PRERR Detection of protection error
0 Protection error has not occurred
1 Protection error has occurred

The operation conditions of the PRERR flag are described below.

(a) Set conditions (PRERR = 1)
(i) When a write operation to the special register takes place without write operation being performed to
the PRCMD register (when step <3> is performed without performing step <2> as described in 3.4.7
(1) Setting data to special registers).
(i) When a write operation (including bit manipulation instruction) to an on-chip peripheral 1/O register
other than a special register is performed following write to the PRCMD register (when <3> in 3.4.7
(1) Setting data to special registers is not a special register).

Remark Regarding the special registers other than the WDTM register (PCC and PSC registers), even if
on-chip peripheral 1/O register read (except bit manipulation instruction) (internal RAM access,
etc.) is performed in between write to the PRCMD register and write to a special register, the
PRERR flag is not set and setting data can be written to the special register.

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

Cautions 1. If 0 is written to the PRERR bit of the SYS register that is not a special register
immediately following write to the PRCMD register, the PRERR bit becomes 0 (write
priority).

2. If data is written to the PRCMD register that is not a special register immediately
following write to the PRCMD register, the PRERR bit becomes 1.
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CHAPTER 3 CPU FUNCTIONS

3.4.8 Cautions

78

(1) Waits on register access
Be sure to set the following register before using the VB50ES/KG2.

¢ System wait control register (VSWC)

After setting the VSWC register, set the other registers as required.
When using an external bus, set the VSWC register and then set the various pins to the control mode by
setting the port-related registers.

(a) System wait control register (VSWC)
The VSWC register controls the bus access wait time for the on-chip peripheral 1/O registers.
Access to the on-chip peripheral I/O register lasts 3 clocks (during no wait), but in the VB50ES/KG2, waits
are required according to the internal system clock frequency. Set the values shown below to the VSWC
register according to the internal system clock frequency that is used.
This register can be read or written in 8-bit units (Address: FFFFFO6EH, After reset: 77H).

Operation Conditions Internal System Clock VSWC Register Setting | Number of Waits
Frequency (fck)

45V<REGC =V <55V 32 kHz < foik < 16.6 MHz 00H 0 (no waits)
16.6 MHz < feik < 20 MHz 01H 1

40V<REGC=Vop<45V 32 kHz < fek < 16 MHz 00H 0 (no waits)

REGC =10 uF, 32 kHz < feik < 8.3 MHz 00H 0 (no waits)

40V<Von<55V 8.3 MHz < foik < 16 MHz 01H 1

2.7V<REGC =V <4.0V 32 kHz < feik < 8.3 MHz 00H 0 (no waits)
8.3 MHz < feik< 10 MHz 01H 1

Remark fx: Main clock oscillation frequency

(b) Access to special on-chip peripheral I/O register
This product has two types of internal system buses.
One type is for the CPU bus and the other is for the peripheral bus to interface with low-speed peripheral
hardware.
Since the CPU bus clock and peripheral bus clock are asynchronous, if a conflict occurs during access
between the CPU and peripheral hardware, illegal data may be passed unexpectedly. Therefore, when
accessing peripheral hardware that may cause a conflict, the number of access cycles is changed so that
the data is received/passed correctly in the CPU. As a result, the CPU does not shift to the next
instruction processing and enters the wait status. When this wait status occurs, the number of execution
clocks of the instruction is increased by the number of wait clocks.
Note this with caution when performing real-time processing.
When accessing a special on-chip peripheral I/O register, additional waits may be required further to the
waits set by the VSWC register.
The access conditions at that time and the method to calculate the number of waits to be inserted
(number of CPU clocks) are shown below.

Number of waits to be inserted = (2 + m) x k (clocks)
Number of accesses to specific on-chip peripheral I/O register = 3 + m + (2 + m) x k (clocks)
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Peripheral Function

Register Name Access k

Watchdog timer 1 (WDT1)

WDTM1 Write 1t05

Note,

<Calculation of number of waits™ >
k = {(1/fx) x 2/((2 + m)/fcpu)} + 1
fx: Main clock oscillation frequency

Watchdog timer 2 (WDT2) WDTM2 Write 3 (fixed)
16-bit timer/event counter PO TPOCCRO, TPOCCR1, Read 1
(TMPO) TPOCNT

Note,

<Calculation of number of waits™ >
k = {(1/fxx)/((2 + m)/fcpu)} + 1

TPOCCRO, TPOCCR1 Write Oto2

Note,

<Calculation of number of waits™ >
k = {(1/fxx) x 5/((2 + m)/fcpu)}
A wait occurs when performing continuous write to same register

16-bit timer/event counters 00 to 03 TMCO0 to TMCO3 Read-modify-write 1 (fixed)

(TMOO0 to TMO03) A wait occurs during write
Clocked serial interfaces 0 and 1 with | CSIAOBO to CSIAOBF, Write 0 to 18 (when performing
automatic transmit/receive function CSIA1B0 to CSIA1BF continuous write via write
(CSIAQ, CSIAT1) instruction)

<Calculation of number of waits"**>

k = {(1/fscka) x 5 — (4 + m)/fcPu)}{((2 + m)/fcpu)}
However, 1 wait if fcPu = fxx if the CSISn.CKSANn1 and CSISn.CKSANO bits are 00.
fscka: CSIA selection clock frequency

CSIA0BO to CSIAOBF, Write 0 to 20 (when conflict
CSIA1B0 to CSIA1BF occurs between write
instruction and write via
receive operation)

Note,

<Calculation of number of waits™ >
k = {((1/fscka) x 5)/((2 + m)/fcpu)}
fscka: CSIA selection clock frequency

I’Co 1ICS0 Read 1 (fixed)
Asynchronous serial interfaces 0 to 2 | ASISO to ASIS2 Read 1 (fixed)
(UARTO to UART2)
Real-time output function 0 (RTOO) RTBLO, RTBHO Write (when RTPCO.RTPOEO | 1
bit = 0)
A/D converter ADM, ADS, PFM, PFT Write 1or2
ADCR, ADCRH Read 1or2

Note,

<Calculation of number of waits™ >
{(1/fxx) x 2/[(2 + m)/fcpul} + 1

Note In the calculation of number of waits, the fractional part of its result must be multiplied by (1/fcru) and

rounded down if (1/fcpu)/(2 + m) or lower, and rounded up if (1/fcru)/(2 + m) is exceeded.
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80

Cautions 1. If fetched from the internal ROM or internal RAM, the number of waits is as shown above.
If fetched from the external memory, the number of waits may be decreased below these.
The effect of the external memory access cycles varies depending on the wait settings
and the like. However, the number of waits shown above is the maximum value, so no
higher value is generated.
2. When the CPU operates on the subclock and no clock is input to the X1 pin, do not
access a register in which a wait occurs. If a wait occurs, it can only be released by a
reset.

Remarks 1. In the calculation for the number of waits:
fcru: CPU clock frequency
fxx:  Main clock frequency

m:  Set value of bits 2 to 0 of the VSWC register

When the VSWC register = 00H: m =0
When the VSWC register = 01H: m = 1

2.n=0,1
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(2) Restriction on conflict between sld instruction and interrupt request

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

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

Instruction <2>

mov reg1, reg2 not regi, reg2 satsubr reg1, reg2 satsub reg1, reg2
satadd reg1, reg2 satadd imm5, reg2 or regl, reg2 xor reg1, reg2
and reg1, reg2 tst regi, reg2 subr regi, reg2 sub reg1i, reg2
add reg1, reg2 add immb5, reg2 cmp regl, reg2 cmp immb, reg2
mulh reg1, reg2 shr immb5, reg2 sar immb5, reg2 shl imm5, reg2
<Example>
<i> Ild.w [r11],r10 If the decode operation of the mov instruction <ii> immediately before the sld
. instruction <iii> and an interrupt request conflict before execution of the Id
: instruction <i> is complete, the execution result of instruction <i> may not be

stored in a register.
<ii> mov r10, r28
<iii> sld.w 0x28, r10

(b) Countermeasure

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

<2> Countermeasure by assembler

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

e Insert a nop instruction immediately before the sld instruction.

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

O Input-only ports: 8 pins

O 1/O ports: 76 pins

o Fixed to N-ch open-drain output: 4 (medium: 2)

¢ Switchable to N-ch open-drain output: 8

O Input/output can be specified in 1-bit units

4.2 Basic Port Configuration

The VB50ES/KG2 incorporates a total of 84 1/O port pins consisting of ports 0, 1, 3to 5, 7, 9, CM, CS, CT, DH, and
DL (including 8 input-only port pins). The port configuration is shown below.

Port 0 { i

- ]

- ]

Port 3 { ;

- ]

Port 4 { ;

Port 5 { :

B ——_—

Port 7 {

Port 1 {

P00 P90 [+——
! }Portg
P06 P915 [«—
P10 PCMO [+—
! }Port CM
P11 PCM3 [+
P30 PCSO [+—
Port CS
P39 PCS1 f+—

PCTO [=—
PCT1 Port CT
PCT4 [«
PCT6 [=———

P50 PDHO [~—
' }Port DH

P40
P42

P55 PDH5 f«—

P70 PDLO "
! }Port DL

P717 PDL15 f+—

Table 4-1. Pin I/0 Buffer Power Supplies of V850ES/KG2

Power Supply Corresponding Pins
AVrero Port 7
AVReF1 Port 1
BVop Ports CM, CS, CT, DH, DL
EVoo 'RESET, ports 0, 310 5, 9
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CHAPTER 4 PORT FUNCTIONS

4.3 Port Configuration

Table 4-2. Port Configuration

ltem Configuration

Control registers Port n register (Pn: n=0, 1,310 5,7, 9, CM, CS, CT, DL, DH)

Port n mode register (PMn: n=0, 1, 3t0 5,9, CM, CS, CT, DL, DH)

Port n mode control register (PMCn: n=0, 3to0 5, 9, CM, CS, CT, DL, DH)
Port n function control register (PFCn: n=31t0 5, 9)

Port n function register (PFn: n=310 5, 9)

Port 3 function control expansion register (PFCE3)

Pull-up resistor option register (PUn: n =0, 1, 3t0 5,9, CM, CS, CT, DL, DH)

Ports Input only: 8
1/0: 76
Pull-up resistors Software control: 72

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

Adter reset: 00H""" (output latch) R/W

7 6 5 7 3 2 1 0
Pn | Pz | Pe | Pns | Pna | Pns | P2 | Pt | Pno |
Pnm Control of output data (in output mode)

0 0 is output

1 1 is output

Note Input-only port pins are undefined.

Writing to and reading from the Pn register are executed as follows depending on the setting of each register.
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Table 4-3. Reading to/Writing from Pn Register

Setting of PMCn Register

Setting of PMn Register

Writing to Pn Register

Reading from Pn Register

Port mode
(PMCnm bit = 0)

Qutput mode

Write to the output latch™".

The value of the output

(PMnm bit = 0) The contents of the output latch are output | latch is read.
from the pin.
Input mode Write to the output latch™*. The pin status is read.
(PMnm bit = 1) The status of the pin is not affected.

Alternate-function mode
(PMCnm bit = 1)

Qutput mode

Write to the output latch™".

e When alternate function is

(PMnm bit = 0) The status of the pin is not affected. output
The pin operates as an alternate-function The output status of the
pin. alternate function is read.
* When alternate function is
input
The output latch value is
read.
Input mode Write to the output latch™. The pin status is read.
(PMnm bit = 1) The status of the pin is not affected.

The pin operates as an alternate-function
pin.

Note The value written to the output latch is retained until a new value is written to the output latch.

(2) Port n mode register (PMn)
PMn specifies the input mode/output mode of the port.
Each bit of the PMn register corresponds to one pin of port n and can be specified in 1-bit units.

After reset: FFH

R/W

7 6

5

4 3 2 1

0

PMn [ PMn7 | PMn6 | PMn5 | PMn4 | PMn3 | PMn2 | PMn1 | Pmno |

PMnm

Control of /0 mode

0 Output mode

1 Input mode

84
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(3) Port n mode control register (PMCn)
PMCn specifies the port mode/alternate function.
Each bit of the PMCn register corresponds to one pin of port n and can be specified in 1-bit units.

After reset: 0OH

7

R/W

6 5 4 3 2

1 0

PMCn [ pMCn7 | PMCn6 | PMCn5 | PMCn4 | PMCn3 | PMCn2 | PMCn1 | PMCno |

PMCnm

Specification of operation mode

0

Port mode

1

Alternate function mode

(4) Port n function control register (PFCn)
PFCn is a register that specifies the alternate function to be used when one pin has two or more alternate

functions.

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

After reset: 0OH

7

R/W

6 5 4 3 2

1 0

PFCn [ PFCn7 | PFCn6 | PFCns | PFCnd | PFCn3 | PFCn2 | PFCn1 | PFCno |

PFCnm

Specification of alternate function

0

Alternate function 1

1

Alternate function 2
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(5) Port n function control expansion register (PFCEn)
PFCEn is a register that specifies the alternate function to be used when one pin has three or more alternate
functions.

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

After reset: 00H R/W

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

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

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

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

After reset: 00H R/W

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

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

0 Normal output (CMOS output)

1 N-ch open-drain output

Note The PFnm bit is valid only when the PMn.PMnm bit is O (output mode) regardless of the setting of the
PMCn register. When the PMnm bit is 1 (input mode), the set value in the PFn register is invalid.

Example <1> When the value of the PFn register is valid
PFnm bit = 1 ... N-ch open-drain output is specified.
PMnm bit = 0 ... Output mode is specified.
PMCnm bit=0 or 1
<2> When the value of the PFn register is invalid
PFnm bit = 0 ... N-ch open-drain output is specified.
PMnm bit = 1 ... Input mode is specified.
PMCnm bit =0 or 1

86
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(7) 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 PUn register corresponds to one pin of port n and can be specified in 1-bit units.

After reset: 00H R/W

7 6 5 4 3 2 1 0
Pun | Pun7 | Pun6 | Puns | Pun4 | PUn3 | PUn2 | PUn1 | PUnO |

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

Figure 4-1. Register Settings and Pin Functions

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

Alternate function
(when two alternate
functions are available)

Alternate function 1 “0”
PFCn register

Alternate function 2 “q”

Alternate function

(when three or more alternate wqn

functions are available)

Alternate function 1 (a)

Alternate function 2 — | (b) PFCn register

“Q”

PMCn register

PFCEnm | PFCnm

Alternate function 3 — | PFCERn register

(a)

(b)

(c)

Alternate function 4

(d)

0
0
1
1

= |O|=|O

\ J

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 or INTFn register (to specify an external interrupt pin).

If the PMCn register is set first, an unintended function may be set while the PFCn and PFCEn

registers are being set.
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4.3.1 Port0

Port 0 is a 7-bit I/O port for which 1/O settings can be controlled in 1-bit units.

Port 0 includes the following alternate functions.

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

Pin No. Pin Name Alternate Function 1/0 PULL"" Remark Block Type

GC | GF

6 8 P00 TOHO Qutput Yes - DoO-U

7 9 PO1 TOHA1 Output DO-U
17 19 P02 NMI Input Analog noise elimination D1-SUIL
18 20 P03 INTPO Input D1-SUIL
19 21 P04 INTP1 Input D1-SUIL
20 22 P05 INTP2 Input D1-SUIL
21 23 P06 INTP3 Input Analog/digital noise elimination | D1-SUIL

Note Software pull-up function

Caution P02 to P06 have hysteresis characteristics when the alternate function is input, but not in the
port mode.

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
GF: 100-pin plastic QFP (14 x 20)
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(1) Port 0 register (P0)

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

Address: FFFFF400H

7 6 5 4 3 2 1 0
PO [ o | Pos | Pos | Po4a | Pos | P2 | Pot | Poo |
POn Control of output data (in output mode) (n =0 to 6)

0 0 is output

1 1 is output

(2) Port 0 mode register (PMO0)

Atfter reset: FFH R/W  Address: FFFFF420H

7 6 5 4 3 2 1 0
PMo | 1 | Pmos | Pmos | Pmos | Pmo3 | Pmoz | PMo1 | PMoO |
PMOn Control of /0 mode (n =0 to 6)

0 Output mode

1 Input mode

90
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(3) Port 0 mode control register (PMCO0)

After reset: 00H

7

R/W

6

Address: FFFFF440H

5

4

3

2

1

0

PMco | o | PMCos | PMCos | PMCo4 | PMCO3 | PMCO2 | PMCO1 | PMCOO |

PMCO06 Specification of P06 pin operation mode
0 I/O port
1 INTP3 input

PMCO05 Specification of P05 pin operation mode
0 I/O port
1 INTP2 input

PMCO04 Specification of P04 pin operation mode
0 I/0 port
1 INTP1 input

PMCO03 Specification of P03 pin operation mode
0 I/O port
1 INTPO input

PMC02 Specification of P02 pin operation mode
0 I/O port
1 NMI input

PMCO1 Specification of PO1 pin operation mode
0 I/O port
1 TOH1 output

PMCO00 Specification of POO pin operation mode
0 I/O port
1 TOHO output

(4) Pull-up resistor option register 0 (PU0)

After reset: 00H R/W Address: FFFFFC40H
7 6 5 4 3 2 1 0
Puo [ o | Puos | Puos | Puos | Puos | Puoz | Puot | Puoo |
PUON Control of on-chip pull-up resistor connection (n = 0 to 6)
0 Not connected
1 Connected
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4.3.2 Port1
Port 1 is a 2-bit I/O port for which I/O settings can be controlled in 1-bit units.
Port 1 includes the following alternate functions.

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

Pin No. Pin Name Alternate Function 1/0 PULL"" Remark Block Type

GC | GF

3 5 P10 ANOO Output Yes - C-UA

4 6 P11 ANO1 Output C-UA
Note Software pull-up function
Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)

GF: 100-pin plastic QFP (14 x 20)
(1) Port 1 register (P1)
After reset: 00H (output latch) R/W Address: FFFFF402H
6 4 3 2 1 0
Pt | o | o | o | o | o | o | P11 | P |

Control of output data (in output mode) (n =0, 1)

0 0 is output

1 1 is output

(2) Port 1 mode register (PM1)

Caution When used as the ANOO and ANO1 pins, set PM1 = FFH all together.

After reset: FFH R/W Address: FFFFF422H
7 6 5 4 3 2 1 0
i |1 [ 1 [ 1 [ 1 ] 1 1 ] pmit | Pwio |

Control of I/0 mode (n =0, 1)

0 Output mode

1 Input mode
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(3) Pull-up resistor option register 1 (PU1)

After reset: 00H

R/W Address: FFFFFC42H

7 6 5 4 3 2 1 0
Put | o o | o | o | o | o |prutt| puro |
PU1n Control of on-chip pull-up resistor connection (n =0, 1)
0 Not connected

Connected
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4.3.3 Port 3
Port 3 is a 10-bit I/0 port for which 1/O settings can be controlled in 1-bit units.

Port 3 includes the following alternate functions.

Table 4-6. Alternate-Function Pins of Port 3

Pin No. Pin Name Alternate Function 1/0 PULL"" Remark Block Type
GC | GF

25 27 P30 TXDO/TO02 Output | Yes - E00-U

26 28 P31 RXDO/INTP7/TO03 I/0 E10-SUIHL

27 29 P32 ASCKO/ADTRG/TOO01 /0 E10-SUL

28 30 P33 TI000/TOO0O/TIPOO/ I/0 G1010-SUL
TOPOO

29 31 P34 TI001/TOO00/TIPO1/ /0 G1010-SUL
TOPO1

30 32 P35 TI010/TOO1 /0 E10-SUL

31 33 P36 - - No N-ch open-drain output C-N

32 34 P37 - - C-N

35 37 P38 SDAO I/0 D2-SNFH

36 38 P39 SCLO /0 D2-SNFH

Note Software pull-up function

Caution

Remark

94

not in the port mode.

GC: 100-pin plastic LQFP (fine pitch) (14 x 14)

GF: 100-pin plastic QFP (14 x 20)
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(1) Port 3 register (P3)

After reset: 00H (output latch) R/W Address: P3 FFFFF406H,
P3L FFFFF406H, P3H FFFFF407H

15 14 13 12 11 10 9 8
PapPaH™) [ o | o | o | o | o | o | Pa | pas |
7 6 5 4 3 2 1 0
PaL) | Paz | pPss | Pas | Psa | Pas | Ps2 | P31 | P30 |
P3n

Control of output data (in output mode) (n =0 to 9)

0 0 is output

1 1 is output

Note When reading from or writing to bits 8 to 15 of the P3 register in 8-bit or 1-bit units,
specify these bits as bits 0 to 7 of the P3H register.

Remark The P3 register can be read or written in 16-bit units.

However, when the higher 8 bits and the lower 8 bits of the P3 register are used as

the P3H register and as the P3L register, respectively, this register can be read or
written in 8-bit or 1-bit units.

(2) Port 3 mode register (PM3)

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

15 14 13 12 11 10 9 8
PMaPMaH™s | 1 | 1 [ 1 [ 1 | 1 | 1 | pvss | Pmss |
7 6 5 4 3 2 1 0

(PM3L) | Pma7 | PM3s | PM35 | Pm34 | PM33 | PM32 | PM31 | Pm3o |

PM3n Control of /O mode (n =010 9)
0 Output mode

1 Input mode

Note When reading from or writing to bits 8 to 15 of the PM3 register in 8-bit or 1-bit units,
specify these bits as bits 0 to 7 of the PM3H register.

Remark The PMS register can be read or written in 16-bit units.

When the higher 8 bits and the lower 8 bits of the PM3 register are used as the PM3H

register and as the PM3L register, respectively, this register can be read or written in
8-bit or 1-bit units.
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CHAPTER 4 PORT FUNCTIONS

(3) Port 3 mode control register (PMC3)

After reset: 0000H R/W Address: PMC3 FFFFF446H,
PMC3L FFFFF446H, PMC3H FFFFF447H

15 14 13 12 11 10 9 8
PMca(PMcaH™ | o | o | o | o | o | o |Pmcas | Pmcss |
7 6 5 4 3 2 1 0
Pmc3l) | o | o | pmcas | Pmca4 | Pmcas | Pmca2 | PMC31 | PMC3O |
PMC39 Specification of P39 pin operation mode
0 1/0 port
1 SCLO I/0
PMC38 Specification of P38 pin operation mode
0 1/0 port
1 SDAO I/O
PMC35 Specification of P35 pin operation mode
0 1/0 port

1 TI010 input/TOO01 output

PMC34 Specification of P34 pin operation mode
0 1/0 port
1 TI001 input/TO00 output/TIPO1 input/TOPO1 output

PMC33 Specification of P33 pin operation mode
0 1/0 port
1 TI000 input/TOOO output/TIPOO input/TOPOO output

PMC32 Specification of P32 pin operation mode
0 1/0 port
1 ASCKO input/ADTRG input/TO01 output

PMC31 Specification of P31 pin operation mode
0 1/0 port
1 RXDO input/INTP7 input/TO03 output

PMC30 Specification of P30 pin operation mode
0 1/0 port
1 TXDO output/TO02 output

Note When reading from or writing to bits 8 to 15 of the PMC3 register in 8-bit or 1-bit units,
specify these bits as bits 0 to 7 of the PMC3H register.

Remark The PMC3 register can be read or written in 16-bit units.
When the higher 8 bits and the lower 8 bits of the PMC3 register are used as the
PMCS3H register and as the PMCS3L register, respectively, this register can be read or
written in 8-bit or 1-bit units.
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CHAPTER 4 PORT FUNCTIONS

(4) Port 3 function register H (PF3H)

After reset: 00H R/W Address: FFFFFC67H

7 6 5 4 3 2 1 0
PFBH | o | o | o | o | o | o | prao | pras |
PF3n Specification of normal port/alternate function (n = 8, 9)
0 When used as normal port (N-ch open-drain output)
1 When used as alternate-function (N-ch open-drain output)

Caution When using P38 and P39 as N-ch open-drain-output alternate-function pins, set in
the following sequence.

Be sure to set the port latch to 1 before setting the pin to N-ch open-drain output.
P3n bit =1 — PF3n bit =1 —» PMC3n bit = 1

(5) Port 3 function control register (PFC3)

After reset: 00H R/W Address: FFFFF466H

6 5 4 3 2 1 0
PFca | o | o | PFcss | Prcas | prcas | PFes2 | PR3t | PFCao |

Remark For details of specification of alternate-function pins, refer to 4.3.3 (7) Specifying
alternate-function pins of port 3.

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

After reset: 00H R/W Address: FFFFF706H

6 5 4 3 2 1 0
PFCE3 [ o | o | o |prcess|prcess] o | o | o |

Remark For details of specification of alternate-function pins, refer to 4.3.3 (7) Specifying
alternate-function pins of port 3.
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CHAPTER 4 PORT FUNCTIONS

(7) Specifying alternate-function pins of port 3

98

Notes 1.

PFC35 Specification of Alternate-Function Pin of P35 Pin
0 TI010 input
1 TOO01 output

PFCE34 PFC34 Specification of Alternate-Function Pin of P34 Pin
0 0 TIOO1 input
0 1 TOO00 output
1 0 TIPO1 input
1 1 TOPO1 output

PFCE33 PFC33 Specification of Alternate-Function Pin of P33 Pin
0 0 TIO0O0 input
0 1 TOO00 output
1 0 TIPOO input
1 1 TOPOO output

PFC32 Specification of Alternate-Function Pin of P32 Pin
0 ASCKO/ADTRG™"" input
1 TOO01 output

PFC31 Specification of Alternate-Function Pin of P31 Pin
0 RXDO/INTP7""? input
1 TOO03 output

PFC30 Specification of Alternate-Function Pin of P30 Pin
0 TXDO output
1 TOO02 output

The ASCKO and ADTRG pins are alternate-function pins.

When using the pin as the ASCKO pin,

disable the trigger input of the alternate-function ADTRG pin (clear the ADS.TRG bit to O or set the
ADS.ADTMD bit to 1). When using the pin as the ADTRG pin, do not set the UARTO operation clock to
external input (set the CKSR0.TPS03 to CKSR0.TPSO00 bits to other than 1011).
The INTP7 and RXDO pins are alternate-function pins. When using the pin as the RXDO pin, disable
edge detection of the alternate-function INTP7 pin (clear the INTF3.INTF31 and INTR3.INTR31 bits to
0). When using the pin as the INTP7 pin, stop the UARTO receive operation (clear the ASIMO.RXEO bit

to 0).
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CHAPTER 4 PORT FUNCTIONS

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

After reset: 00H

R/wW Address: FFFFFC46H

6 5 4 3 2 1 0
P [ o o | Puss | Pus4 | PU33 | Pus | PU31 | PU30 |
PU3n Control of on-chip pull-up resistor connection (n = 0 to 5)
0 Not connected

Connected
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CHAPTER 4 PORT FUNCTIONS

4.3.4 Port4

Port 4 is a 3-bit I/O port for which I/O settings can be controlled in 1-bit units.
Port 4 includes the following alternate functions.

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

Pin No. Pin Name Alternate Function 1/0 PULL"" Remark Block Type
GC | GF
22 24 P40 SI00/RXD2 Input Yes - E11-SULH
23 25 P41 SO00/TXD2 Output N-ch open-drain output can E00-UF
24 |26 |Pa2 SCK00 7o} be selected. D2-SUFL

Note Software pull-up function

Caution P40 and P42 have hysteresis characteristics when the alternate function is input, but not in the
port mode.

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
GF: 100-pin plastic QFP (14 x 20)

(1) Port 4 register (P4)

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

4 3 2 1 0
o | o | o | o | o | Pa2 | Pst | pPao |
P4n Control of output data (in output mode) (n =0 to 2)
0 0 is output
1 1 is output

(2) Port 4 mode register (PM4)

After reset:

PM4 |

FFH RW  Address: FFFFF428H
7 6 5 4 3 2 1 0
1 1 ] 1 | 1 | 1 | pmaz | pmat | pmdo |
PM4n Control of I/O mode (n=0to 2)
0 Output mode

Input mode
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CHAPTER 4 PORT FUNCTIONS

(3) Port 4 mode control register (PMC4)

After reset: 00H R/W Address: FFFFF448H
6 5 4 3 2 1 0
Pmca [ o | o | o | o | o |[pPmcaz | Pmcat | Pmcao |
PMC42 Specification of P42 pin operation mode
0 I/O port

1 SCKO00 I/0

Specification of P41 pin operation mode

0 I/O port

1 SO00 output/TXD2 output

Specification of P40 pin operation mode

0 I/O port

1 SI100 input/RXD2 input

(4) Port 4 function control register (PFC4)

Atfter reset: 00H R/W  Address: FFFFF468H
6 3 2 1 0
PFC4 | 0 0 0 0 0 0 | PFC41 | PFC40 |
PFC41 Specification of alternate-function pin of P41 pin

0 SO00 output

1 TXD2 output

Specification of alternate-function pin of P40 pin

0 SI00 input

1 RXD2 input
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(5) Port 4 function register (PF4)

After reset: 00H R/W Address: FFFFFC68H

6 5 4 3 2 1 0
PF4 [ o | o | o | o | o | pPra2 | PFa1 | o |
PF4n Control of normal output/N-ch open-drain output (n =1, 2)
0 Normal output
1 N-ch open-drain output

Caution When using P41 and P42 as N-ch open-drain-output alternate-function pins, set in
the following sequence.

Be sure to set the port latch to 1 before setting the pin to N-ch open-drain output.
P4n bit = 1 — PF4n bit = 1 —» PMC4n bit = 1

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

After reset: O0H R/W Address: FFFFFC48H

6 5 4 3 2 1 0
Pus [ o | o | o | o | o | Pus | pust | puso |
PU4n Control of on-chip pull-up resistor connection (n = 0 to 2)
0 Not connected
1 Connected
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CHAPTER 4 PORT FUNCTIONS

4.3.5 Port5
Port 5 is a 6-bit I/O port for which 1/O settings can be controlled in 1-bit units.
Port 5 includes the following alternate functions.

Table 4-8. Alternate-Function Pins of Port 5

Pin No. Pin Name Alternate Function 1/0 PULL"™" Remark Block Type
GC | GF
37 39 P50 TI011/RTP0O0/KRO I/0 Yes - E10-SULT
38 40 P51 TI50/RTPO1/KR1 I/0 E10-SULT
39 41 P52 TO50/RTP02/KR2 1/0 E00-SUT
40 42 P53 SIAO0/RTPO3/KR3 I/0 E10-SULT
4 43 P54 SOAO0/RTP04/KR4 1/0 N-ch open-drain output can | EO0-SUFT
42 |44 |P55 SCKAO/RTPO5/KRS5 /o be selected. E20-SUFLT

Note Software pull-up function

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
GF: 100-pin plastic QFP (14 x 20)

(1) Port 5 register (P5)

After reset: 00H (output latch) R/W Address: FFFFF40AH
6 5 4 3 2 1 0
SR o | pPss | Psa | Ps3 | Ps2 | Pst | Pso |
P5n Control of output data (in output mode) (n = 0 to 5)
0 0 is output
1 1 is output
(2) Port 5 mode register (PM5)
After reset: FFH R/W Address: FFFFF42AH
7 6 5 4 3 2 1 0
Pms | 1 | 1 | Pwss | Pmsa | Pms3 | Pms2 | Pmst | Puso |

PM5n

Control of I/O mode (n =0 to 5)

0 Output mode

1 Input mode
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(3) Port 5 mode control register (PMC5)

After reset: 0OH R/W  Address: FFFFF44AH

7 6 5 4 3 2 1 0
PMC5 | 0 0 | PMCs5| PMC54 | PMC53 | PMC52 | PMC51 | PMC50 |

PMC55 Specification of P55 pin operation mode
0 1/0O port/KRS5 input
1 SCKAO I/O/RTPO05 output

PMC54 Specification of P54 pin operation mode
0 1/0O port/KR4 input
1 SOAO output/RTP04 output

PMC53 Specification of P53 pin operation mode
0 1/0O port/KR3 input
1 SIA0 input/RTP03 output

PMC52 Specification of P52 pin operation mode
0 1/0 port/KR2 input
1 TO50 output/RTP02 output

PMC51 Specification of P51 pin operation mode
0 1/0 port/KR1 input
1 TI50 input/RTPO1 output

PMC50 Specification of P50 pin operation mode
0 1/0O port/KRO input
1 TI011 input/RTPOO output

(4) Port 5 function register 5 (PF5)

After reset: O0H R/W Address: FFFFFC6AH

6 5 4 3 2 1 0
PFs | 0 0O | PFs5 | PFs4 | 0 0 0 o |
PF5n Control of normal output/N-ch open-drain output (n = 4, 5)
0 Normal output
1 N-ch open-drain output

Cautions 1. Always set bits 0 to 3, 6, and 7 of the PF5 register to 0.
2. When using P54 and P55 as N-ch open-drain-output alternate-function pins, set in
the following sequence.
Be sure to set the port latch to 1 before setting the pin to N-ch open-drain output.
P5n bit = 1 — PF5n bit =1 — PMC5n bit = 1

104 Preliminary User's Manual U17703EJ1VOUD www.DataSheet4U.com



CHAPTER 4 PORT FUNCTIONS

(5) Port 5 function control register (PFC5)

After reset: 00H R/W  Address: FFFFF46AH

6 5 4 3 2 1 0
PFcs | o | o | PFcss | PFcss | PFCss | PFes2 | PFCst | PFCsO |
PFC55 Specification of alternate-function pin of P55 pin

0 SCKAOQ I/O
1 RTPO5 output

PFC54 Specification of alternate-function pin of P54 pin
0 SOAO output
1 RTP04 output

PFC53 Specification of alternate-function pin of P53 pin
0 SIAO input
1 RTPO3 output

PFC52 Specification of alternate-function pin of P52 pin
0 TO50 output
1 RTPO2 output

PFC51 Specification of alternate-function pin of P51 pin

0 TI50 input
1 RTPO1 output

PFC50 Specification of alternate-function pin of P50 pin
0 TI011 input
1 RTPOO output

(6) Pull-up resistor option register 5 (PU5)

After reset: 00H R/W Address: FFFFFC4AH

6 5 4 3 2 1 0
Pus | o | o | puss | pusa | Puss | Pus2 | Pust | Puso |
PU5n Control of on-chip pull-up resistor connection (n = 0 to 5)
0 Not connected
1 Connected
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4.3.6 Port7
Port 7 is an 8-bit input-only port for which all the pins are fixed to input.

Port 7 includes the following alternate functions.

Table 4-9. Alternate-Function Pins of Port 7

Pin No. Pin Name Alternate Function 1/0 PULL"" Remark Block Type
GC | GF
100 |2 P70 ANIO Input No — A-A
99 1 P71 ANI1 Input A-A
98 100 | P72 ANI2 Input A-A
97 99 P73 ANI3 Input A-A
96 98 P74 ANI4 Input A-A
95 97 P75 ANI5 Input A-A
94 96 P76 ANI6 Input A-A
93 95 P77 ANI7 Input A-A
Note Software pull-up function
Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
GF: 100-pin plastic QFP (14 x 20)
(1) Port 7 register (P7)
After reset: Undefined R Address: FFFFF40EH
7 6 5 4 3 2 1 0
Pz | Pz | pe | prs | Pa | P73 | pr2 | P | Pro |
P7n Input data read (n =0 to 7)
0 Input low level
1 Input high level
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CHAPTER 4 PORT FUNCTIONS

4.3.7 Port9
Port 9 is a 16-bit I/0 port for which 1/O settings can be controlled in 1-bit units.
Port 9 includes the following alternate functions.

Table 4-10. Alternate-Function Pins of Port 9

Pin No. Pin Name Alternate Function I/0 PULL™" Remark Block Type
GC | GF
43 45 P90 AO/TXD1/KR6 110 Yes - E00-SUTZ
44 46 P91 A1/RXD1/KR7 1/0 E01-SUHTZ
45 47 P92 A2/T1020/TO02 1/0 E00-SUTZ
46 48 P93 A3/TI021 110 E01-SULZ
47 49 P94 A4/T1030/TO03 1/0 E00-SUTZ
48 50 P95 A5/TI031 /0 EO01-SULZ
49 51 P96 AB/TI51/TO51 1/0 E00-SUTZ
50 52 P97 A7/SI01 /0 E01-SUHTZ
51 53 P98 A8/SO01 Output N-ch open-drain output can E00-UFZ
52 |54 |P99 A9/SCKO1 110 be specified. E02-SUFLZ
53 55 P910 A10/SIA1 /0 - E01-SULZ
54 56 P911 A11/SOA1 Output N-ch open-drain output can E00-UFZ
55 |57 |P912 A12/SCKAT 110 be specified. E02-SUFLZ
56 58 P913 A13/INTP4 /0 Analog noise elimination E01-SUILZ
57 59 P914 A14/INTP5 110 E01-SUILZ
58 60 P915 A15/INTP6 /0 E01-SUILZ

Note Software pull-up function

Caution P93, P95, P97, P99, P910, and P912 to P915 have hysteresis characteristics when the alternate
function is input, but not in the port mode.

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
GF: 100-pin plastic QFP (14 x 20)
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(1) Port 9 register (P9)

After reset: 00H (output latch) R/W Address: P9 FFFFF412H,
POL FFFFF412H, POH FFFFF413H

15 14 13 12 11 10 9 8
Po (PoH"*) | Po15 | Po1a | Pot3 | Pot2 | Pot1 | Poto | Poo | Pos |
7 6 5 4 3 2 1 0
PoL) | Po7 | Pos | Pos | pPo4a | Pe3 | Po2 | pPot | Poo |
P9n Control of output data (in output mode) (n =0 to 15)

0 0 is output

1 1 is output

Note When reading from or writing to bits 8 to 15 of the P9 register in 8-bit or 1-bit units,
specify these bits as bits 0 to 7 of the P9H register.

Remark The P9 register can be read or written in 16-bit units.
However, when the higher 8 bits and the lower 8 bits of the P9 register are used as
the P9H register and as the POL register, respectively, these registers can be read or
written in 8-bit or 1-bit units.

(2) Port 9 mode register (PM9)

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

15 14 13 12 11 10 9 8
PM9 (PMOH"®) | PM915 | PMo14 | PM913 | PMo12 | PMot11 | PMoto | PMoo | Pmgs |

7 6 5 4 3 2 1 0
(PmoL) | Pmo7 | PMos | PMos | Pmo4 | PM93 | Pme2 | Pmet | Pmoo |

PM9n Control of I/O mode (n =0 to 15)

0 Output mode

1 Input mode

Note When reading from or writing to bits 8 to 15 of the PM9 register in 8-bit or 1-bit units,
specify these bits as bits 0 to 7 of the PM9H register.

Remark The PM9 register can be read or written in 16-bit units.
However, when the higher 8 bits and the lower 8 bits of the PM9 register are used as
the PM9H register and as the PMOIL register, respectively, this register can be read or
written in 8-bit or 1-bit units.

(3) Port 9 mode control register (PMC9)

Caution When using port 9 as the A0 to A15 pins, set the PMC9 register to FFFFH in 16-bit units.
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(1/2)

After reset: 0000H R/W Address: PMC9 FFFFF452H,
PMC9OL FFFFF452H, PMC9H FFFFF453H

15 14 13 12 1 10 9 8
PMC9 (PMCOH"") [ PMC915| PMC914 | PMC913| PMCo12 | PMCO11 | PMC10 | PMCo9 | PMCo8 |

7 6 5 4 3 2 1 0
(PMCOL) | PMC97 | PMC96 | PMC95 | PMCo4 | PMC93 | PMC92 | PMCO1 | PMCO0 |

PMC915 Specification of P915 pin operation mode
0 1/0 port
1 A15 output/INTP6 input

PMC914 Specification of P914 pin operation mode
0 1/0 port
1 A14 output/INTP5 input

PMC913 Specification of P913 pin operation mode
0 1/0 port
1 A13 output/INTP4 input

PMC912 Specification of P912 pin operation mode
0 1/0 port
1 A12 output/SCKA1 I/O

PMC911 Specification of P911 pin operation mode
0 1/0 port
1 A11 output/SOAT output

PMC910 Specification of P910 pin operation mode
0 1/0 port
1 A10 output/SIA1 input

PMC99 Specification of P99 pin operation mode
0 1/0 port
1 A9 output/SCKO1 I/0

PMC98 Specification of P98 pin operation mode
0 I/O port
1 A8 output/SOO01 output

Note When reading from or writing to bits 8 to 15 of the PMC9 register in 8-bit or 1-bit units,
specify these bits as bits 0 to 7 of the PMC9H register.

Remark The PMC9 register can be read or written in 16-bit units.
However, when the higher 8 bits and the lower 8 bits of the PMC9 register are used
as the PMCO9H register and as the PMCOL register, respectively, these registers can
be read or written in 8-bit or 1-bit units.
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2/2)

PMC97 Specification of P97 pin operation mode
0 1/0 port
1 A7 output/SIO1 input

PMC96 Specification of P96 pin operation mode
0 I/0 port/T151 input
1 A6 output/TO51 output

PMC95 Specification of P95 pin operation mode
0 1/O port
1 A5 output/TI031 input

PMC94 Specification of P94 pin operation mode
0 1/0 port/T1030 input
1 A4 output/TOO03 output

PMC93 Specification of P93 pin operation mode
0 1/0 port
1 A3 output/T1021 input

PMC92 Specification of P92 pin operation mode
0 1/0 port/T1020 input
1 A2 output/TOO02 output

PMC91 Specification of P91 pin operation mode
0 1/0 port/KR7 input
1 A1 output/RXD1 input

PMC90 Specification of P90 pin operation mode
0 1/0O port/KR6 input

A0 output/TXD1 output
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CHAPTER 4 PORT FUNCTIONS

(4) Port 9 function register H (PF9H)

After reset: 00H R/W Address: FFFFFC73H

7 6 5 4 3 2 1 0
PFoH | o | o | o | Pro12| pro11 | o | PFog | PFos |
PF9n Control of normal output/N-ch open-drain output (n =0, 1, 3, 4)
0 Normal output
1 N-ch open-drain output

Caution When using P98, P99, P911, and P912 as N-ch open-drain-output alternate-
function pins, set in the following sequence.

Be sure to set the port latch to 1 before setting the pin to N-ch open-drain
output.

P9n bit = 1 — PFC9n bit = 0/1 - PF9n bit = 1 —» PMC9n bit = 1

(5) Port 9 function control register (PFC9)

Caution When using port 9 as the A0 to A15 pins, set the PFC9 register to 0000H in 16-bit units.
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(1/2)

After reset: 0000H

15

R/W  Address: PFC9 FFFFF472H,
PFCOL FFFFF472H, PFCOH FFFFF473H

14 13 12 11 10 9

8

PFCO (PFCOH'®) | PFCO15 | PFC914 | PFC913 | PFCO12 | PFCO11 | PFC910 | PFC99 | PFCO8 |

7

6 5 4 3 2 1

0

(PFCoL) | PFCo7 | PFCos | PFCos | PFCoa | PFCes | PFCo2 | PFCot | PFCoo |

PFC915

Specification of alternate-function pin of P915 pin

0

A15 output

1

INTP6 input

PFC914

Specification of alternate-function pin of P914 pin

0

A14 output

1

INTP5 input

PFC913

Specification of alternate-function pin of P913 pin

0

A13 output

1

INTP4 input

PFC912

Specification of alternate-function pin of P912 pin

0

A12 output

1

SCKAT1 1/0

PFC911

Specification of alternate-function pin of P911 pin

0

A11 output

1

SOA1 output

PFC910

Specification of alternate-function pin of P910 pin

A10 output

SIA1 input

Specification of alternate-function pin of P99 pin

A9 output

SCKo1 1/0

Specification of alternate-function pin of P98 pin

A8 output

SOO01 output

Note When reading from or writing to bits 8 to 15 of the PFC9 register in 8-bit or 1-bit units,

specify these bits as bits 0 to 7 of the PFC9H register.

Remark The PFC9 register can be read or written in 16-bit units.

However, when the higher 8 bits and the lower 8 bits of the PFC9 register are used as
the PFCOH register and as the PFCOL register, respectively, these registers can be

read or written in 8-bit or 1-bit units.
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@/2)

PFC97 Specification of alternate-function pin of P97 pin
0 A7 output
1 SI01 input

PFC96 Specification of alternate-function pin of P96 pin
0 A6 output
1 TO51 output

PFC95 Specification of alternate-function pin of P95 pin
0 A5 output
1 TI031 input

PFC94 Specification of alternate-function pin of P94 pin
0 A4 output
1 TOO03 output

PFC93 Specification of alternate-function pin of P93 pin
0 A3 output
1 TI1021 input

PFC92 Specification of alternate-function pin of P92 pin
0 A2 output
1 TOO02 output

PFCO1 Specification of alternate-function pin of P91 pin
0 A1 output
1 RXD1 input

PFC90 Specification of alternate-function pin of P90 pin
0 A0 output

TXD1 output
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(6) Pull-up resistor option register 9 (PU9)

After reset: 0000H R/W Address: PU9 FFFFFC52H,
PU9L FFFFFC52H, PU9H FFFFFC53H

15 14 13 12 11 10 9 8
PU9 (PUSH"*) | Pu915 | PU914 | PU913 | PU912 | PU9Tt | PUgto | PUge | Pugs |

7 6 5 4 3 2 ! 0
(PuosL) | Pug7 | Puss | Puss | Puss | Pues | Pus2 | Pusr | Puso |

PU9N Control of on-chip pull-up resistor connection (n = 0 to 15)
0 Not connected
1 Connected

Note When reading from or writing to bits 8 to 15 of the PU9 register in 8-bit or 1-bit units,
specify these bits as bits 0 to 7 of the PU9H register.

Remark The PU9 register can be read or written in 16-bit units.
However, when the higher 8 bits and the lower 8 bits of the PU9 register are used as
the PU9H register and as the PUSL register, respectively, these registers can be read
or written in 8-bit or 1-bit units.
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CHAPTER 4 PORT FUNCTIONS

4.3.8 Port CM
Port CM is a 4-bit I/O port for which I/O settings can be controlled in 1-bit units.
Port CM includes the following alternate functions.

Table 4-11. Alternate-Function Pins of Port CM

Pin No. Pin Name Alternate Function I/0 PULL™" Remark Block Type
GC | GF
61 63 PCMO WAIT Input Yes - D1-UH
62 64 PCMA1 CLKOUT Output DO-U
63 65 PCM2 HLDAK Output DO-U
64 66 PCM3 HLDRQ Input D1-UH
Note Software pull-up function
Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
GF: 100-pin plastic QFP (14 x 20)
(1) Port CM register (PCM)
After reset: 00H (output latch) R/W Address: FFFFFOOCH
4 3 2 1 0
peM | o | o | o | o | Pcms | pom2 | Pomi | powmo |
PCMn Control of output data (in output mode) (n = 0 to 3)

0 0 is output

1 1 is output

(2) Port CM mode register (PMCM)

After reset: FFH R/W Address: FFFFF02CH

7 6 5 4 3 2 1

0

pmem |1 [ 1 | 1 [

| PMCM3 | PMCM2 | PMCM1 | PMCMO |

Control of I/0 mode (n =0 to 3)

0 Output mode

1 Input mode
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CHAPTER 4 PORT FUNCTIONS

(3) Port CM mode control reg

ister (PMCCM)

After reset: 00H

R/W Address: FFFFFO4CH

4 3 2 1 0
pmcem | o | o | o | o |pvmccmspmccmz Pmcemt|Pmcemol

PMCCM3 Specification of PCM3 pin operation mode

0 1/0 port

1 HLDRQ input
PMCCM2 Specification of PCM2 pin operation mode

0 1/0 port

1 HLDAK output
PMCCM1 Specification of PCM1 pin operation mode

0 1/0 port

1 CLKOUT output
PMCCMO Specification of PCMO pin operation mode

0 1/0 port

1 WAIT input

(4) Pull-up resistor option register CM (PUCM)

After reset: 00H

R/W  Address: FFFFFF4CH

7 6 5 4 3 2 1 0
pucM | o | o | o | o |pucms]|pPucme |Pucmi | PuCMoO |
PUCMnN Control of on-chip pull-up resistor connection (n = 0 to 3)

0 Not connected

Connected
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CHAPTER 4 PORT FUNCTIONS

4.3.9 Port CS

Port CS is a 2-bit I/0O port for which I/O settings can be controlled in 1-bit units.
Port CS includes the following alternate functions.

Table 4-12. Alternate-Function Pins of Port CS

Pin No. Pin Name Alternate Function I/0 PULL™" Remark Block Type
GC | GF
59 61 PCSO CSo Qutput Yes - D0-Uz
60 62 PCS1 Cst Output D0-Uz
Note Software pull-up function
Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
GF: 100-pin plastic QFP (14 x 20)
(1) Port CS register (PCS)
After reset: 00H (output latch) R/W Address: FFFFFO08H
7 6 5 4 3 2 1 0
pes [ o | o | o o | o | o [ rcst| Pcso |
PCSn Control of output data (in output mode) (n =0, 1)

0 0 is output

1 1 is output

(2) Port CS mode register (PMCS)

After reset: FFH R/W Address: FFFFF028H

7 6 5 4 3 2 1 0
Pmcs [ o | o | o | o | o | o [pmcst]|Pmcso |
PMCSn Control of I/O mode (n =0, 1)

0 Output mode

1 Input mode
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CHAPTER 4 PORT FUNCTIONS

(3) Port CS mode control register (PMCCS)

After reset: 00H R/W Address: FFFFF048H

4 3 2 1 0
PMCCS | 0 o | o | o | o | o |pmccst|pmcecsol
PMCCSn Specification of PCSn pin operation mode (n =0, 1)
0 1/0 port

1

CSn output

(4) Pull-up resistor option register CS (PUCS)

After reset: O0OH R/W  Address: FFFFFF48H

4 2 1 0
pucs [ o | o | o | o | o | o |Pucst|Pucso|
PUCSN Control of on-chip pull-up resistor connection (n =0, 1)

Not connected

Connected
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CHAPTER 4 PORT FUNCTIONS

4.3.10 Port CT
Port CT is a 4-bit I/0 port for which 1/O settings can be controlled in 1-bit units.
Port CT includes the following alternate functions.

Table 4-13. Alternate-Function Pins of Port CT

Pin No. Pin Name Alternate Function I/0 PULL™" Remark Block Type
GC | GF
65 67 PCTO WRO Output Yes - Do-Uz
66 68 PCT1 WR1 Output Do-Uz
67 |69 |PCT4 RD Output D0-UZ
68 70 PCT6 ASTB Output Do-Uz
Note Software pull-up function
Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
GF: 100-pin plastic QFP (14 x 20)
(1) Port CT register (PCT)
After reset: 00H (output latch) R/W Address: FFFFFOOAH
7 6 5 4 3 2 1 0
pcT [ o | pPete | o |peta| o | o | pemt | pcro |
PCTn Control of output data (in output mode) (n =0, 1, 4, 6)
0 0 is output
1 1 is output

(2) Port CT mode register (PMCT)

After reset: FFH R/W Address: FFFFF02AH
7 6 5 4 3 2 1 0
PMCT | o |PmcTe| o |PmcT4| o | o |PmcT1 | PmCTO |
PMCTn Control of I/O mode (n =0, 1, 4, 6)

0 Output mode

1 Input mode
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CHAPTER 4 PORT FUNCTIONS

(3) Port CT mode control register (PMCCT)

After reset: 00H R/W Address: FFFFFO4AH

7 6 5 4 3 2 1 0
pmcct | o |pmccts] o [PmccTa] o 0 |PmccT1|PmccTo|
PMCCT6 Specification of PCT6 pin operation mode
0 I/O port

1 ASTB output

PMCCT4 Specification of PCT4 pin operation mode

0 1/0 port
1 RD output

PMCCTA1 Specification of PCT1 pin operation mode
0 1/O port
1 WR1 output

PMCCTO Specification of PCTO pin operation mode
0 1/0 port
1 WRO output

(4) Pull-up resistor option register CT (PUCT)

After reset: 0OH R/W  Address: FFFFFF4AH

7 6 5 4 3 2 1 0
pucT | o |Pucte| o [pPucta| o | o |[Puctt | Puco|
PUCTnN Control of on-chip pull-up resistor connection (n =0, 1, 4, 6)
0 Not connected
1 Connected
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4.3.11 Port DH
Port DH is a 6-bit I/O port for which 1/O settings can be controlled in 1-bit units.
Port DH includes the following alternate functions.

Table 4-14. Alternate-Function Pins of Port DH

Pin No. Pin Name Alternate Function I/0 PULL™" Remark Block Type
GC | GF
87 89 PDHO A16 Output Yes - Do-UzZ
88 90 PDH1 A17 Output Do-Uz
89 91 PDH2 A18 Output Do-UzZ
90 92 PDH3 A19 Output D0-Uz
91 93 PDH4 A20 Output Do-Uz
92 94 PDH5 A21 Output D0-Uz

Note Software pull-up function

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
GF: 100-pin plastic QFP (14 x 20)

(1) Port DH register (PDH)

After reset: 00H (output latch) R/W Address: FFFFFO06H

6 5 4 3 2 1

0

POH [ o | o

| PDH5 | PDH4 | PDH3 | PDH2 | PDH1 | PDHO |

PDHn Control of output data (in output mode) (n = 0 to 5)

0 0 is output

1 1 is output

(2) Port DH mode register (PMDH)

After reset: FFH R/W Address: FFFFF026H

7 6 5 4 3 2 1

0

PMDH | 1 | 1

| PMDHS5 | PMDH4 | PMDH3 | PMDH2 | PMDH1 | PMDHO |

PMDHn Control of I/O mode (n =0 to 5)

0 Output mode

1 Input mode
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CHAPTER 4 PORT FUNCTIONS

(3) Port DH mode control register (PMCDH)

After reset: 00H R/W Address: FFFFF046H

7 6 5 4 3 2 1 0
PMCDH [ 0o | o |PMCDHs PMCDH4|PMCDH3|PMCDH2 |PMCDH1 |PMCDHo|
PMCDHn Specification of PDHn pin operation mode (n = 0 to 5)
0 1/0 port
1 Am output (address bus output) (m = 16 to 21)

Caution When specifying the port/alternate function for each bit, pay careful attention to
the operation of the alternate functions.

(4) Pull-up resistor option register DH (PUDH)

After reset: 00H R/W Address: FFFFFF46H
7 6 5 4 3 2 1 0
PUDH [ o | o | PUDHs| PUDH4 | PUDH3 | PUDH2 | PUDH1 | PUDHO |
PUDHN Control of on-chip pull-up resistor connection (n = 0 to 5)
0 Not connected
1 Connected
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4.3.12 Port DL
Port DL is a 16-bit I/O port for which 1/O settings can be controlled in 1-bit units.
Port DL includes the following alternate functions.

Table 4-15. Alternate-Function Pins of Port DL

Pin No. Pin Name Alternate Function 1/0 PULL™" Remark Block Type
GC | GF
71 73 PDLO ADO I/0 Yes - D2-ULZ
72 74 PDL1 AD1 I/0 D2-ULz
73 75 PDL2 AD2 I/0 D2-ULZ
74 76 PDL3 AD3 I/0 D2-ULz
75 77 PDL4 AD4 I/0 D2-ULz
76 78 PDL5 AD5 I/0 D2-ULz
77 79 PDL6 AD6 I/0 D2-ULz
78 80 PDL7 AD7 I/0 D2-ULZ
79 81 PDL8 AD8 I/0 D2-ULz
80 82 PDL9 AD9 I/0 D2-ULZ
81 83 PDL10 AD10 I/0 D2-ULz
82 84 PDL11 AD11 I/0 D2-ULz
83 85 PDL12 AD12 1/0 D2-ULz
84 86 PDL13 AD13 I/0 D2-ULz
85 87 PDL14 AD14 I/0 D2-ULZ
86 88 PDL15 AD15 I/0 D2-ULz

Note Software pull-up function

Remark GC: 100-pin plastic LQFP (fine pitch) (14 x 14)
GF: 100-pin plastic QFP (14 x 20)
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CHAPTER 4 PORT FUNCTIONS

(1) Port DL register (PDL)

After reset: 00H (output latch) R/W Address: PDL FFFFF004H,
PDLL FFFFF004H, PDLH FFFFFOO5H

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

7 6 5 4 3 2 i 0
(POLL) | PDL7 | PDL6 | PDLs | PDL4 | PDL3 | PDL2 | PDL1 | PDLO |

PDLn Control of output data (in output mode) (n = 0 to 15)

0 0 is output

1 1 is output

Note When reading from or writing to bits 8 to 15 of the PDL register in 8-bit or 1-bit units,
specify these bits as bits 0 to 7 of the PDLH register.

Remark The PDL register can be read or written in 16-bit units.
However, when the higher 8 bits and the lower 8 bits of the PDL register are used as
the PDLH register and as the PDLL register, respectively, these registers can be read
or written in 8-bit or 1-bit units.

(2) Port DL mode register (PMDL)

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

15 14 13 12 11 10 9 8
PMDL (PMDLH""®) [ PMDL15| PMDL14 | PMDL13| PMDL12 | PMDL11 | PMDL10 | PMDLY | PMDLS |

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

PMDLn Control of I/O mode (n =0 to 15)

0 Output mode

1 Input mode

Note When reading from or writing to bits 8 to 15 of the PMDL register in 8-bit or 1-bit units,
specify these bits as bits 0 to 7 of the PMDLH register.

Remark The PMDL register can be read or written in 16-bit units.
However, when the higher 8 bits and the lower 8 bits of the PMDL register are used
as the PMDLH register and as the PMDLL register, respectively, these registers can
be read or written in 8-bit or 1-bit units.
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CHAPTER 4 PORT FUNCTIONS

(3) Port DL mode control register (PMCDL)

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

15 14 13 12 11 10 9 8
PMCDL (PMCDLH"")  [PMCDL15PMCDL14PMCDL13PMCDL12/PMCDL11PMCDL10| PMCDL9 | PMCDLS |

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

PMCDLn Specification of PDLn pin operation mode (n = 0 to 15)
0 1/0 port

1 ADn I/O (address/data bus 1/0)

Note When reading from or writing to bits 8 to 15 of the PMCDL register in 8-bit or 1-bit units,
specify these bits as bits 0 to 7 of the PMCDLH register.

Caution When specifying the port/alternate function for each bit, pay careful attention to
the operation of the alternate functions.

Remark The PMCDL register can be read or written in 16-bit units.

However, when the higher 8 bits and the lower 8 bits of the PMCDL register are used
as the PMCDLH register and as the PMCDLL register, respectively, these registers
can be read or written in 8-bit or 1-bit units.

(4) Pull-up resistor option register DL (PUDL)

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

15 14 13 12 1 10 9 8
PUDL (PUDLH**) | PUDL15 | PUDL14 | PUDL13 | PUDL12 | PUDL11| PUDL10 | PUDLY | PUDLS |

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

PUDLN Control of on-chip pull-up resistor connection (n = 0 to 15)
0 Not connected
1 Connected

Note When reading from or writing to bits 8 to 15 of the PUDL register in 8-bit or 1-bit units,
specify these bits as bits 0 to 7 of the PUDLH register.

Remark The PUDL register can be read or written in 16-bit units.

However, when the higher 8 bits and the lower 8 bits of the PUDL register are used

as the PUDLH register and as the PUDLL register, respectively, these registers can
be read or written in 8-bit or 1-bit units.
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CHAPTER 4 PORT FUNCTIONS

4.4 Block Diagrams

Figure 4-2. Block Diagram of Type A-A
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Figure 4-3. Block Diagram of Type C-N
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CHAPTER 4 PORT FUNCTIONS

Figure 4-4. Block Diagram of Type C-UA

AVREF1

© Pmn

WRepu
M\
PUmMN {>o |- P-ch
WRpm
PMmn
WRPpoRT
)
>
2 Output latch .
g (Pmn)
2
£
5 .
(o]
(0] P
o) i)
@ 2
[
P
Address _\
~/ JC—/
RD DAM.DACER bit
P-chJ—

D/A output signal %
N-ch

-+

Preliminary User’'s Manual U17703EJ1VOUD

www.DalaSheL?ZU.cum



CHAPTER 4 PORT FUNCTIONS

Figure 4-5. Block Diagram of Type D0-U
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Note BVop in the case of PCM1 and PCM2
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CHAPTER 4 PORT FUNCTIONS

Figure 4-6. Block Diagram of Type D0-UZ
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Remark Output buffer off signal: Signal that is asserted in the IDLE or STOP mode, or when the bus is held.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-7. Block Diagram of Type D1-SUIL
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demnd
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Notes 1. Referto 21.4 External Interrupt Request Input Pins (NMI, INTPO to INTP7).

2. There are no hysteresis characteristics in the port mode.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-8. Block Diagram of Type D1-UH
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CHAPTER 4 PORT FUNCTIONS

Figure 4-9. Block Diagram of Type D2-SNFH
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Note There are no hysteresis characteristics in the port mode.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-10. Block Diagram of Type D2-SUFL
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Note There are no hysteresis characteristics in the port mode.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-11. Block Diagram of Type D2-ULZ
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Remark Output buffer off signal: Signal that is asserted in the IDLE or STOP mode, or when the bus is held.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-12. Block Diagram of Type E00-SUFT
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CHAPTER 4 PORT FUNCTIONS

Figure 4-13. Block Diagram of Type E00-SUT
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CHAPTER 4 PORT FUNCTIONS

Figure 4-14. Block Diagram of Type E00-SUTZ

Remark Output buffer off signal: Signal that is asserted in the IDLE or STOP mode, or when the bus is held.
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Figure 4-15. Block Diagram of Type E00-U
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Figure 4-16. Block Diagram of Type E00-UF
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Figure 4-17. Block Diagram of Type E00-UFZ
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Remark Output buffer off signal: Signal that is asserted in the IDLE or STOP mode, or when the bus is held.
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Figure 4-18. Block Diagram of Type E01-SUHTZ
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Remark Output buffer off signal: Signal that is asserted in the IDLE or STOP mode, or when the bus is held.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-19. Block Diagram of Type E01-SUILZ
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Notes 1. Referto 21.4 External Interrupt Request Input Pins (NMI, INTPO to INTP7).
2. There are no hysteresis characteristics in the port mode.
Remark Output buffer off signal: Signal that is asserted in the IDLE or STOP mode, or when the bus is held.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-20. Block Diagram of Type E01-SULZ
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Note There are no hysteresis characteristics in the port mode.
Remark Output buffer off signal: Signal that is asserted in the IDLE or STOP mode, or when the bus is held.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-21. Block Diagram of Type E02-SUFLZ
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Note There are no hysteresis characteristics in the port mode.
Remark Output buffer off signal: Signal that is asserted in the IDLE or STOP mode, or when the bus is held.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-22. Block Diagram of Type E10-SUIHL
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Note There are no hysteresis characteristics in the port mode.

Remark Alternate-function 1-1: RXDO pin
Alternate-function 1-2: INTP7 pin

Input signal of
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CHAPTER 4 PORT FUNCTIONS

Figure 4-23. Block Diagram of Type E10-SUL
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Note There are no hysteresis characteristics in the port mode.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-24. Block Diagram of Type E10-SULT
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CHAPTER 4 PORT FUNCTIONS

Figure 4-25. Block Diagram of Type E11-SULH

EVop
M\
WRpu
PUmMnN {>o H P-ch
WRerc
PFCmn
WRpmc
2 PMCmn
Ko}
o WRpm
I}
£
PMmn
WRPpoRT
Output latch _
(Pmn) © Pmn
S
S =
= o
@ ] Note
0 $ Ve ﬂ | |
Address
RD : (O—e
Input signal of
alternate-function 1
Input signal of
alternate-function 2
Note There are no hysteresis characteristics in the port mode.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-26. Block Diagram of Type E20-SUFLT

EVoo
WRru
PUmn >C { P-ch
WRerF
PFmn >o
WReprc
PFCmn L )
WRenc Output enable signal B \
of alternate-function 1 L | /
] PMCmn
o)
© WRem
£
Q
=
PMmn
EVoo
Output signal of N
WRPORT ajternate-function 2 2
S -~
Output signal of © S —
alternate-function 1 @ 9 : }| P-ch
©
Output latch @ © Pmn
(Pmn)
| N-ch
5
S f=—-s
@
? 5
5 EVss
<@
RD 3 ﬂl
U T |
Address
%ﬂ
A
Input signal of
alternate-function 1
Alternate-function input
signal in port mode

Preliminary User’'s Manual U17703EJ1VOUD

www.DalaSheEfla?U.cum



CHAPTER 4 PORT FUNCTIONS

Figure 4-27. Block Diagram of Type G1010-SUL
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Note There are no hysteresis characteristics in the port mode.
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CHAPTER 4 PORT FUNCTIONS

4.5 Port Register Setting When Alternate Function Is Used

Table 4-16 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 description of each pin.

Preliminary User's Manual U17703EJ1VOUD vvew.DataSherPU.com



ANOALrIE0LLIN [enuely sJasn Areulwaid 2S1

WO M F13YSEIEd Mk

Table 4-16. Settings When Port Pins Are Used for Alternate Functions (1/6)

Pin Name Alternate Function Pnx Bit of Pn Register PMnx Bit of PMn Register PMCnx Bit of PFCEnx Bit of | PFCnx Bit of PFCn |Other Bits (Registers)
Function Name e PMCn Register | PFCEn Register Register
P00 TOHO Output P00 = Setting not required PMOO = Setting not required PMCO00 = 1 - - -
PO1 TOHA1 Output P01 = Setting not required PMO1 = Setting not required PMCO1 =1 - - -
P02 NMI Input P02 = Setting not required PMO2 = Setting not required PMCO02 = 1 - - -
P03 INTPO Input P03 = Setting not required PMO3 = Setting not required PMCO03 = 1 - PFC03=0 -
P04 INTP1 Input P04 = Setting not required PMO04 = Setting not required PMCO04 = 1 - - -
P05 INTP2 Input P05 = Setting not required PMO5 = Setting not required PMCO05 = 1 - - -
P06 INTP3 Input P06 = Setting not required PMO06 = Setting not required PMCO06 = 1 - - -
P10 ANOO Output P10 = Setting not required PM1 register = FFH""" - - - -
P11 ANO1 Output P11 = Setting not required PM1 register = FFH""" - - - -
P30 TXDO Output P30 = Setting not required PM30 = Setting not required PMC30 =1 - PFC30=0 -
TOO02 Output P30 = Setting not required PMB30 = Setting not required PMC30 =1 - PFC30 =1 -
P31 RXDO Input P31 = Setting not required PM31 = Setting not required PMC31 =1 - Note 2, PFC31 =0 -
INTP7 Input P31 = Setting not required PM31 = Setting not required PMC31 =1 - Note 2, PFC31 =0 -
TO03 Output P31 = Setting not required PM31 = Setting not required PMC31 =1 - PFC31 =1 -
P32 ASCKO Input P32 = Setting not required PM32 = Setting not required PMC32 =1 - Note 3, PFC32 =0 -
ADTRG Input P32 = Setting not required PM32 = Setting not required PMC32 =1 - Note 3, PFC32 =0 -
TOO1 Output P32 = Setting not required PM32 = Setting not required PMC32 =1 - PFC32 =1 -
Notes 1. When using the P10 and P11 pins as an alternate function (ANOO and ANO1 pins), set the PM1 register to FFH.
2. The INTP7 and RXDO pins are alternate-function pins. When using the pin as the RXDO pin, disable edge detection of the alternate-function INTP7 pin (clear
the INTF3.INTF31 and INTR3.INTR31 bits to 0). When using the pin as the INTP7 pin, stop the UARTO receive operation (clear the ASIM0.RXEO bit to 0).
3. The ASCKO and ADTRG pins are alternate-function pins. When using the pin as the ASCKO pin, disable the trigger input of the alternate-function ADTRG

pin (clear the ADS.TRG bit to 0 or set the ADS.ADTMD bit to 1). When using the pin as the ADTRG pin, do not set the UARTO operation clock to external
input (set the CKSRO0.TPS03 to CKSR0.TPS00 bits to other than 1011).
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Table 4-16. Settings When Port Pins Are Used for Alternate Functions (2/6)

Pin Name Alternate Function Pnx Bit of Pn Register PMnx Bit of PMn Register PMCnx Bit of | PFCEnx Bit of | PFCnx Bit of Other Bits (Registers)
Function Name /o PMCn Register |PFCEn Register| PFCn Register
P33 TI000 Input P33 = Setting not required PM33 = Setting not required PMC33 =1 PFCE33=0 PFC33=0 -
TOO00 Output P33 = Setting not required PM33 = Setting not required PMC33 =1 PFCE33 =0 PFC33 =1 -
TIPOO Input P33 = Setting not required PM33 = Setting not required PMC33 =1 PFCE33 =1 PFC33=0 -
TOPOO Qutput P33 = Setting not required PM33 = Setting not required PMC33 = 1 PFCE33 =1 PFC33 =1 -
P34 TI0O1 Input P34 = Setting not required PM34 = Setting not required PMC34 =1 PFCE34 =0 PFC34=0 -
TOO00 Output P34 = Setting not required PM34 = Setting not required PMC34 =1 PFCE34 =0 PFC34 =1 -
TIP10 Input P34 = Setting not required PM34 = Setting not required PMC34 =1 PFCE34 =1 PFC34 =0 -
TOP10 Output P34 = Setting not required PM34 = Setting not required PMC34 =1 PFCE34 = 1 PFC34 =1 -
P35 TIO10 Input P35 = Setting not required PM35 = Setting not required PMC35 = 1 - PFC35=0 -
TOO1 Output P35 = Setting not required PM35 = Setting not required PMC35 = 1 - PFC35 =1 -
P38 SDAO I/0 P38 = Setting not required PM38 = Setting not required PMC38 = 1 - - PF38 (PF3H) =1
P39 SCLO I/0 P39 = Setting not required PM39 = Setting not required PMC39 =1 - - PF39 (PF3H) =1
P40 SI00 Input P40 = Setting not required PM40 = Setting not required PMC40 = 1 - PFC40=0 -
RXD2 Input P40 = Setting not required PM40 = Setting not required PMC40 =1 - PFC40 =1 -
P41 SO00 Output P41 = Setting not required PM41 = Setting not required PMC41 =1 - PFC41 =0 PF41 (PF4) = Don’t care
TXD2 Output P41 = Setting not required PM41 = Setting not required PMC41 =1 - PFC41 =1 PF41 (PF4)=0
P42 ISCK00 110 P42 = Setting not required  |PM42 = Setting not required ~ |PMC42 = 1 - - PF42 (PF4) = Don't care
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Table 4-16. Settings When Port Pins Are Used for Alternate Functions (3/6)

Pin Name Alternate Function Pnx Bit of Pn Register PMnx Bit of PMn Register | PMCnx Bit of | PFCnx Bit of PFCn Register Other Bits (Registers)
Function Name 110 PMCn Register
P50 TIO11 Input P50 = Setting not required [PM50 = Setting not required |PMC50 = 1 PFC50 =0 -
RTP0OO Output P50 = Setting not required [PM50 = Setting not required |PMC50 = 1 PFC50 =1 -
KRO Input P50 = Setting not required [PM50 = 1 PMC50 =0 PFC50 = Setting not required |[KRMO (KRM) = 1
P51 TI50 Input P51 = Setting not required [PM51 = Setting not required |PMC51 =1 PFC51 =0 -
RTPO1 Qutput P51 = Setting not required [PM51 = Setting not required |PMC51 =1 PFC51 =1 -
KR1 Input P51 = Setting not required [PM51 =1 PMC51 =0 PFC51 = Setting not required |[KRM1 (KRM) =1
P52 TO50 Output P52 = Setting not required [PM52 = Setting not required |PMC52 = 1 PFC52 =0 -
RTPO2 Output P52 = Setting not required [PM52 = Setting not required [PMC52 = 1 PFC52 =1 -
KR2 Input P52 = Setting not required [PM52 =1 PMC52 =0 PFC52 = Setting not required |KRM2 (KRM) = 1
P53 SIA0 Input P53 = Setting not required [PM53 = Setting not required |PMC53 = 1 PFC53 =0 -
RTPO3 Output P53 = Setting not required [PM53 = Setting not required |PMC53 = 1 PFC53 =1 -
KR3 Input P53 = Setting not required [PM53 = 1 PMC53=0 PFC53 = Setting not required |KRM3 (KRM) = 1
P54 SOA0 Output P54 = Setting not required [PM54 = Setting not required |PMC54 = 1 PFC54 =0 PF54 (PF5) = Don’t care
RTPO4 Output P54 = Setting not required [PM54 = Setting not required |PMC54 = 1 PFC54 =1 PF54 (PF5) =0
KR4 Input P54 = Setting not required [PM54 =1 PMC54 =0 PFC54 = Setting not required |PF54 (PF5) = 0, KRM4 (KRM) = 1
P55 SCKAO 1/0 P55 = Setting not required [PM55 = Setting not required |PMC55 = 1 PFC55 =0 PF55 (PF5) = Don't care
RTPO5 Qutput P55 = Setting not required [PM55 = Setting not required |PMC55 = 1 PFC55 =1 PF55 (PF5) =0
KR5 Input P55 = Setting not required |PM55 = 1 PMC55 =0 PFC55 = Setting not required |PF55 (PF5) = 0, KRM5 (KRM) = 1
P70 ANIO Input P70 = Setting not required - - - -
P71 AN Input P71 = Setting not required - - - -
P72 ANI2 Input P72 = Setting not required - - - -
P73 ANI3 Input P73 = Setting not required - - - -
P74 ANI4 Input P74 = Setting not required - - - -
P75 ANI5 Input P75 = Setting not required - - - -
P76 ANI6 Input P76 = Setting not required - - - -
P77 ANI7 Input P77 = Setting not required - - - -
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Table 4-16. Settings When Port Pins Are Used for Alternate Functions (4/6)

Pin Name Alternate Function Pnx Bit of Pn Register PMnx Bit of PMn Register PMCnx Bit of | PFCnx Bit of PFCn Register Other Bits (Registers)
Function Name 110 PMCn Register PFCn Register
P90 A0 Output P90 = Setting not required [PM90 = Setting not required [PMC90 = 1 PFC90=0 Note
TXD1 Qutput P90 = Setting not required [PM90 = Setting not required |PMC90 = 1 PFC90 =1 -
KR6 Input P90 = Setting not required [PM90 = 1 PMC90 =0 PFC90 = Setting not required [KRM6 (KRM) = 1
P91 Al Qutput P91 = Setting not required [PM91 = Setting not required |PMC91 =1 PFC91 =0 Note
RXD1 Input P91 = Setting not required [PM91 = Setting not required |PMC91 =1 PFC91 =1 -
KR7 Input P91 = Setting not required [PM91 =1 PMC91 =0 PFC91 = Setting not required [KRM7 (KRM) = 1
P92 A2 Output P92 = Setting not required [PM92 = Setting not required |PMC92 = 1 PFC92=0 Note
TI020 Input P92 = Setting not required [PM92 = 1 PMC92 =0 PFC92 = Setting not required -
TO02 Output P92 = Setting not required [PM92 = Setting not required |PMC92 = 1 PFC92 =1 -
P93 A3 Output P93 = Setting not required [PM93 = Setting not required |PMC93 = 1 PFC93 =0 Note
Tio21 Input P93 = Setting not required [PM93 = Setting not required |PMC93 = 1 PFC93 =1 -
P94 A4 Qutput P94 = Setting not required [PM94 = Setting not required |PMC94 = 1 PFC94 =0 Note
TI030 Input P94 = Setting not required [PM94 = 1 PMC94 =0 PFC94 = Setting not required -
TOO03 Qutput P94 = Setting not required [PM94 = Setting not required |PMC94 = 1 PFC94 =1 -
P95 A5 Output P95 = Setting not required [PM95 = Setting not required |PMC95 = 1 PFC95 =0 Note
TI031 Input P95 = Setting not required [PM95 = Setting not required |PMC95 = 1 PFC95 =1 -
P96 A6 Output P96 = Setting not required [PM96 = Setting not required |PMC96 = 1 PFC96 =0 Note
TI51 Input P96 = Setting not required [PM96 = 1 PMC96 =0 PFC96 = Setting not required -
TO51 Output P96 = Setting not required [PM96 = Setting not required |PMC96 = 1 PFC96 =1 -
P97 A7 QOutput P97 = Setting not required [PM97 = Setting not required |PMC97 =1 PFC97 =0 Note
SIo1 Input P97 = Setting not required [PM97 = Setting not required |PMC97 =1 PFC97 =1 -
P98 A8 Output P98 = Setting not required [PM98 = Setting not required |PMC98 = 1 PFC98 =0 Note, PF98 (PF9) =0
SO01 Output P98 = Setting not required [PM98 = Setting not required [PMC98 = 1 PFC98 =1 PF98 (PF9) = Don't care
P99 A9 Output P99 = Setting not required [PM99 = Setting not required [PMC99 = 1 PFC99 =0 Note, PF99 (PF9) =0
SCKo1 I/0 P99 = Setting not required [PM99 = Setting not required |PMC99 = 1 PFC99 =1 PF99 (PF9) = Don't care

Note When setting the AO to A15 pins, set the PFC9 register to 0000H and the PMC9 register to FFFFH in 16-bit units.
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Table 4-16. Setting_]s When Port Pins Are Used for Alternate Functions (5/6)

Pin Name Alternate Function Pnx Bit of Pn Register PMnx Bit of PMn Register PMCnx Bit of | PFCnx Bit of Other Bits (Registers)

Function Name /0 PMCn Register [PFCn Register
P910 A10 Output P910 = Setting not required PM910 = Setting not required  |PMC910 = 1 PFC910=0 |Note

SIA1 Input P910 = Setting not required PM910 = Setting not required  |PMC910 = 1 PFC910 =1 -
P911 A1 Output P911 = Setting not required PM911 = Setting not required  |PMC911 =1 PFC911 =0 |Note, PF911 (PF9) =0

SOA1 Output P911 = Setting not required PM911 = Setting not required  [PMC911 =1 PFC911 =1 |PF911 (PF9) = Don't care
P912 A12 Output P912 = Setting not required PM912 = Setting not required [PMC912 =1 PFC912=0 |Note, PF912 (PF9) =0

SCKA1 1/0 P912 = Setting not required PM912 = Setting not required |PMC912 =1 PFC912=1 |PF912 (PF9) = Don't care
P913 A13 Output P913 = Setting not required PM913 = Setting not required |PMC913 = 1 PFC913=0 [Note

INTP4 Input P913 = Setting not required PM913 = Setting not required  |PMC913 =1 PFC913 =1 -
P914 A14 Output P914 = Setting not required PM914 = Setting not required [PMC914 =1 PFC914=0 |Note

INTP5 Input P914 = Setting not required PM914 = Setting not required [PMC914 =1 PFC914 =1 -
P915 A15 Output P915 = Setting not required PM915 = Setting not required  |PMC915 = 1 PFC915=0 |Note

INTP6 Input P915 = Setting not required PM915 = Setting not required  |PMC915 = 1 PFC915 =1 -
PCMO WAIT Input PCMO = Setting not required PMCMO = Setting not required |PMCCMO = 1 - -
PCM1 CLKOUT Output PCM1 = Setting not required PMCM1 = Setting not required [PMCCM1 =1 - -
PCM2 HLDAK Output PCM2 = Setting not required PMCM2 = Setting not required [PMCCM2 = 1 - -
PCM3 HLDRQ Input PCMS3 = Setting not required PMCM3 = Setting not required |PMCCMS3 = 1 - -
PCSO CSo Output PCSO0 = Setting not required PMCSO0 = Setting not required |PMCCSO0 = 1 - -
PCS1 cs1 Output PCS1 = Setting not required PMCS1 = Setting not required |PMCCS1 =1 - -
PCTO WRO Output PCTO = Setting not required PMCTO = Setting not required [PMCCTO = 1 - -
PCT1 WR1 Output PCT1 = Setting not required PMCT1 = Setting not required |PMCCT1 =1 - -
PCT4 RD Output PCT4 = Setting not required PMCT4 = Setting not required |PMCCT4 = 1 - -
PCT6 ASTB Output PCT6 = Setting not required PMCT®6 = Setting not required |PMCCT6 = 1 - -

Note When setting the A0 to A15 pins,

set the PFC9 register to 0000H and the PMC9 register to FFFFH in 16-bit units.
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Table 4-16. Settings When Port Pins Are Used for Alternate Functions (6/6)

Pin Name Alternate Function Pnx Bit of Pn Register PMnx Bit of PMn Register PMCnx Bit of | PFCnx Bit of Other Bits (Registers)
Function Name I/0 PMCn Register [PFCn Register
PDHO A16 Output PDHO = Setting not required PMDHO = Setting not required |PMCDHO = 1 - -
PDH1 A17 Output PDH1 = Setting not required PMDH1 = Setting not required |PMCDH1 =1 - -
PDH2 A18 Output PDH2 = Setting not required PMDH2 = Setting not required |PMCDH2 =1 - -
PDH3 A19 Output PDHS3 = Setting not required PMDH3 = Setting not required |PMCDH3 =1 - -
PDH4 A20 Output PDH4 = Setting not required PMDH4 = Setting not required |PMCDH4 =1 - -
PDH5 A21 Output PDHS5 = Setting not required PMDHS5 = Setting not required |PMCDH5 = 1 - -
PDLO ADO 1/0 PDLO = Setting not required PMDLO = Setting not required |PMCDLO = 1 - -
PDLA AD1 110 PDL1 = Setting not required PMDL1 = Setting not required |PMCDL1 =1 - -
PDL2 AD2 110 PDL2 = Setting not required PMDL2 = Setting not required |PMCDL2 =1 - -
PDL3 AD3 110 PDL3 = Setting not required PMDLS3 = Setting not required |PMCDL3 =1 - —
PDL4 AD4 110 PDL4 = Setting not required PMDL4 = Setting not required [PMCDL4 =1 - -
PDL5 AD5 1/0 PDLS5 = Setting not required PMDLS5 = Setting not required |PMCDLS5 = 1 - -
PDL6 AD6 110 PDL6 = Setting not required PMDL6 = Setting not required |PMCDL6 = 1 - —
PDL7 AD7 110 PDL7 = Setting not required PMDL?7 = Setting not required [PMCDL7 =1 - -
PDL8 AD8 1/0 PDL8 = Setting not required PMDL8 = Setting not required |PMCDLS8 = 1 - -
PDL9 AD9 110 PDL9 = Setting not required PMDL9 = Setting not required |PMCDL9 =1 - -
PDL10  |AD10 110 PDL10 = Setting not required  [PMDL10 = Setting not required |PMCDL10 =1 - -
PDL11 AD11 110 PDL11 = Setting not required |PMDL11 = Setting not required [PMCDL11 =1 - -
PDL12 |AD12 /0 PDL12 = Setting not required  [PMDL12 = Setting not required |PMCDL12 =1 - -
PDL13  |AD13 110 PDL13 = Setting not required  [PMDL13 = Setting not required |PMCDL13 =1 - -
PDL14 |AD14 110 PDL14 = Setting not required  |PMDL14 = Setting not required [PMCDL14 =1 - -
PDL15 |AD15 /0 PDL15 = Setting not required  [PMDL15 = Setting not required |PMCDL15 =1 - -
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CHAPTER 4 PORT FUNCTIONS

4.6 Cautions

4.6.1 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 P90 is an output port, P91 to P97 are input ports (all pin statuses are high level), and the
value of the port latch is O0H, if the output of output port P90 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 VB50ES/KG2.

<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 P90, which is an output port, is read, while the pin
statuses of P91 to P97, which are input ports, are read. If the pin statuses of P91 to P97 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 4-28. Bit Manipulation Instruction (P90)

Bit manipulation

P90 instruction P90
@ Low-level output (set1 0, POL[rO]) @
is executed for P90

Low-level output

bit.
P91 to P97 @ I::> P91 to P97 @
Pin status: High level Pin status: High level
Port 9L latch Port 9L latch
ofofofofofofofo] EEEAERERERERERER

Bit manipulation instruction for P90 bit

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

<2> Set P90 bit to 1.

<3> Write the results of <2> to the output latch of the PIL register in 8-bit units.
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CHAPTER 4 PORT FUNCTIONS

4.6.2 Hysteresis characteristics
In port mode, the following ports do not have hysteresis characteristics.

P02 to P06

P31 to P35, P38, P39

P40, P42

P93, P95, P97, P99, P910, P912 to P915

Preliminary User's Manual U17703EJ1VOUD vvew.DataSherPRU.com



CHAPTER 5 BUS CONTROL FUNCTION

The V850ES/KG2 is provided with an external bus interface function by which external memories such as ROM
and RAM, and I/O can be connected.

5.1 Features

O 16-bit data bus

O Output is selectable from a multiplex bus with a minimum of 3 bus cycles and a separate bus with a minimum of
2 bus cycles

O Chip select function for up to 2 spaces

O 8-bit/16-bit data bus selectable (for each area selected by chip select function)

O Wait function
¢ Programmable wait function of up to 7 states (selectable for each area selected by chip select function)
o External wait function using WAIT pin

O Idle state function

O Bus hold function

O The bus can be controlled using a different voltage from the operating voltage by setting BVop < Vop = EVbp
(however, only in multiplex bus mode).

O Can be connected to the external device with port alternate-function pins.

O Misalign access possible
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CHAPTER 5 BUS CONTROL FUNCTION

5.2 Bus Control Pins

The pins used to connect an external device are listed in the table below.

Table 5-1. Bus Control Pins (When Multiplex Bus Selected)

Bus Control Pin Alternate-Function Pin 110 Function Register to Switch Between Port Mode/

Alternate-Function Mode
ADO to AD15 PDLO to PDL15 1/0 Address/data bus PMCDL register
A16 to A21 PDHO to PDH5 Output | Address bus PMCDH register
WAIT PCMO Input External wait control PMCCM register
CLKOUT PCM1 Output | Internal system clock output | PMCCM register
CSo0, CS1 PCS0, PCS1 Output | Chip select PMCCS register
'WRO, WR1 PCTO, PCT1 Output | Write strobe signal PMCCT register
RD PCT4 Output | Read strobe signal PMCCT register
ASTB PCT6 Output | Address strobe signal PMCCT register
HLDRQ PCM3 Input Bus hold control PMCCM register
HLDAK PCM2 Output

Table 5-2. Bus Control Pins (When Separate Bus Selected)

Bus Control Pin Alternate-Function Pin 110 Function Register to Switch Between Port Mode/
Alternate-Function Mode

ADO to AD15 PDLO to PDL15 110 Data bus PMCDL register

A0 to A15 P90 to P915 Output | Address bus PMC9 register

A16 to A21 PDHO to PDH5 Output | Address bus PMCDH register

WAIT PCMO Input | External wait control PMCCM register

CLKOUT PCMA1 Output | Internal system clock output | PMCCM register

CS0, CS1 PCS0, PCS1 Output | Chip select PMCCS register

WRO, WR1 PCTO, PCT1 Output | Write strobe signal PMCCT register

RD PCT4 Output | Read strobe signal PMCCT register

HLDRQ PCM3 Input Bus hold control PMCCM register

HLDAK PCM2 Output
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CHAPTER 5 BUS CONTROL FUNCTION

5.2.1 Pin status when internal ROM, internal RAM, or on-chip peripheral I/O is accessed
When the internal ROM, internal RAM, or on-chip peripheral I/O are accessed, the status of each pin is as follows.

Table 5-3. Pin Statuses When Internal ROM, Internal RAM, or On-Chip Peripheral I/O Is Accessed

Separate Bus Mode Multiplex Bus Mode
Address bus (A21 to AQ) Undefined Address bus (A21 to A16) Undefined
Data bus (AD15 to ADO) Hi-Z Address/data bus (AD15 to ADO) | Undefined
Control signal Inactive Control signal Inactive

Caution When a write access is performed to the internal ROM area, address, data, and control signals
are activated in the same way as access to the external memory area.

5.2.2 Pin status in each operation mode
For the pin status of the VB50ES/KG2 in each operation mode, refer to 2.2 Pin Status.
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5.3 Memory Block Function

The 64 MB memory space is divided into chip select areas of (lower) 2 MB and 2 MB. The programmable wait
function and bus cycle operation mode for each of these chip select areas can be independently controlled.

Figure 5-1. Data Memory Map: Physical Address
SFFFFFFH On-chip peripheral I/O area SFFFFFFH
(4 KB) 3FFFO00H
(80 KB) 3FFEFFFH
3FECOOOH| | ‘
3FEBFFFH '
Internal RAM area
' (16 KBNote 1)
3FFBOOOH
3FFAFFFH
‘\ Access-prohibited area
[ 3FECO00H
Access-prohibited area

o400000H| 1
03FFFFFH 01FFFFFH
External memory area CS1 External memory area
(2 MB) (1 MB)
0200000H 0100000H
01FFFFFH 00FFFFFH
~an Internal ROM areaN°t¢ 2
(2MB) €S0 (1 MB)
0000000H B S 0000000H
Notes 1. 4PD70F3731: 6 KB (3FFBOOOH to 3FFC7FFH)
2. This area is an external memory area in the case of a data write access.
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5.3.1 Chip select control function

functions, CS0 and CS1. The areas that can be selected by CS0 and CS1 are fixed.

select areas is shown in the table below.

CSo 0000000H to 01FFFFFH (2 MB)
cs1 0200000H to 03FFFFFH (2 MB)

5.4 External Bus Interface Mode Control Function

The VB50ES/KG2 includes the following two external bus interface modes.

Multiplex bus mode

e Separate bus mode

These two modes can be selected by using the EXIMC register.

(1) External bus interface mode control register (EXIMC)

This register can be read or written in 8-bit or 1-bit units.
Reset sets EXIMC to O0H.

Of the 64 MB (linear) address space, the lower 4 MB (0000000H to O3FFFFFH) include two chip select control

By using these chip select control functions, the memory space can be used effectively. The allocation of the chip

After reset: 00H R/W Address: FFFFFFBEH

4 2 1 0
exmc [ o | o | o | o | o | o | o |swse]
SMSEL Mode selection
0 Multiplex bus mode
1 Separate bus mode

Caution Set the EXIMC register from the internal ROM or internal RAM
area before external access.
After setting the EXIMC register, be sure to set a NOP
instruction.
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CHAPTER 5 BUS CONTROL FUNCTION

5.5 Bus Access

5.5.1 Number of clocks for access
The following table shows the number of basic clocks required for accessing each resource.

Area (Bus Width) Internal ROM Internal RAM External Memory  |On-Chip Peripheral 1/0
Bus Cycle Type (32 Bits) (32 Bits) (16 Bits) (16 Bits)
Instruction fetch (normal access) 1 e 3+ n"? -
Instruction fetch (branch) 2 ot 3+ n'oe? -
Operand data access 3 1 3 +n"? 3hores

Notes 1. If the access conflicts with a data access, the number of clock is increased by 1.
2. Value when the multiplexed bus is selected. 2 + n clocks (n: Number of wait states) when the separate
bus mode is selected.
3. This value varies depending on the setting of the VSWC register.

Remark Unit: Clocks/access

5.5.2 Bus size setting function

The bus size of each external memory area selected by CSn can be set to 8 bits or 16 bits by using the BSC
register.

The external memory area of the VB50ES/KG2 is selected by CS0 and CS1.

(1) Bus size configuration register (BSC)
This register can be read or written in 16-bit units.
Reset sets BSC to 5555H.

Caution Write to the BSC register after reset, and then do not change the set values. Also, do not
access an external memory area until the initial settings of the BSC register are complete.

After reset: 5555H R/W Address: FFFFF066H

15 14 13 12 11 10 9 8
Bsc| o | 1+ | o | 1+ | o | 1+ | o | 1 |
6 5 4 3 2 1 0
[ o [ot]| o ot | o |Bso| o | Bsoo |
. L L
CSn signal Cst CSo
BSnO Data bus width of CSn space (n =0, 1)
0 8 bits
1 16 bits

Note Changing the value does not affect the operation.

Caution Be sure to set bits 14, 12, 10, and 8 to “1”, and clear bits 15,
13,11,9,7,5,3,and 1 to “0”.
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5.5.3 Access by bus size

The V850ES/KG2 accesses the on-chip peripheral 1/0 and external memory in 8-bit, 16-bit, or 32-bit units. The
bus size is as follows.

e The bus size of the on-chip peripheral I/O is fixed to 16 bits.

¢ The bus size of the external memory is selectable from 8 bits or 16 bits (by using the BSC register).

The operation when each of the above is accessed is described below. All data is accessed starting from the lower
side.

The V850ES/KG2 supports only the little endian format.

Figure 5-2. Little Endian Address in Word

31 24 23 16 15 87 0
 oo0BH | o0oAH | ooosH | oo0sH
ooo7H 0006H 0005H 0004H
0003H 0002H 0001H _ 0000H

(1) Data space
The VB850ES/KG2 has an address misalign function.
With this function, data can be placed at all addresses, regardless of the format of the data (word data or

halfword data). However, if the word data or halfword data is not aligned at the boundary, a bus cycle is

generated at least twice, causing the bus efficiency to drop.

(a) Halfword-length data access

A byte-length bus cycle is generated twice if the least significant bit of the address is 1.

(b) Word-length data access

(i) A byte-length bus cycle, halfword-length bus cycle, and byte-length bus cycle are generated in that
order if the least significant bit of the address is 1.

(i) A halfword-length bus cycle is generated twice if the lower 2 bits of the address are 10.
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CHAPTER 5 BUS CONTROL FUNCTION

(2) Byte access (8 bits)

(a) 16-bit data bus width

<1> Access to even address (2n)

Address
15470
8!
7 7
2n
0 0
Byte data  External
data bus

<2> Access to odd address (2n + 1)

Address
15
2n +1
8
7 7.
0 0
Byte data External
data bus

(b) 8-bit data bus width

<1> Access to even address (2n)
Address

2n
0 0

Byte data External
data bus

<2> Access to odd address (2n + 1)

Address
7 7
2n + 1
0 0
Byte data  External
data bus
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BUS CONTROL FUNCTION

(3) Halfword access (16 bits)

(a) With 16-bit data bus width

<1> Access to even address (2n)

First access

<2> Access to odd address (2n + 1)

Second access

Address Address Address
15 [ ] 15 [ ] 15 15 15 15177
2n + 1 2n + 1 [~ . :
8 8 8 8 8 8, !
71 7 7 7. 7 7
2n : i 2n 2n+2
o] o] 0 0.t 0 0
Half Ext I Halfword External Halfword External
daataword d;(taerggs data data bus data data bus
(b) 8-bit data bus width
<1> Access to even address (2n) <2> Access to odd address (2n + 1)
First access Second access First access Second access
15 15 15 15
8 Address 8 Address 8 Address 8 Address
7 7 7 7 7 7 7 7
2n 2n +1 2n + 1 2n + 2
0 0 0 0 0 0 0 0
Halfword External Halfword External Halfword External Halfword External
data data bus data data bus data data bus data data bus
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CHAPTER 5 BUS CONTROL FUNCTION

(4) Word access (32 bits)

(a) 16-bit data bus width (1/2)

<1> Access to address (4n)
First access

31

24
23

16
15

0

Word data

Address
15 [

4n +1
8 —
7

4n
(O
External
data bus

<2> Access to address (4n + 1)
First access

31

24
23

16
15

0
Word data

Address
15

4n + 1

~ ©

0

External
data bus

Second access

31
24 | |
23
16 Address
15 [ | 15[ ]
4n + 3
81 | 8 |
7 7
4n + 2
0| 0|
Word data  External
data bus
Second access
31 [ ]
24 | |
23
16| . Address
15 15
4n+3
8| 8 |
7 7
4n + 2
0| 0|
Word data External
data bus

31

24
23

16
15

0

Word data

Third access

Address

15

~ ©

4n + 4
0

External
data bus
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CHAPTER 5 BUS CONTROL FUNCTION

(a) 16-bit data bus width (2/2)

31

24
23

16
15

0

31

24
23

16
15

0

<3> Access to address (4n + 2)

First access

Address
- 15
4n + 3
8 —
7
4n+2
|| oL

Word data  External

data bus

<4> Access to address (4n + 3)

First access

Address
| 15
4n+ 3
|| 8
7. 3
oLt

Word data  External

data bus

31

24
23

16
15

0

Second access

Address
| 15
4n+5
8 —
7
in + 4
|| 0L

Word data  External

31

24
23

16
15

0

data bus

Second access

Address
| 15 [
4n+5
— 8 —
7
4n + 4
|| 0L

Word data External

data bus

Third access

31
24| |
23
16 [ _"Address
15 15 ' '
8| | I
7 7
4n + 6

0l | 0
Word data External

data bus

170

Preliminary User's Manual U17703EJ1VOUD

wwwe.DataSheetdl.com
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(b) 8-bit data bus width (1/2)

<1> Access to address (4n)

First access

31

24

23 [

16 ||

15
8 Address
711 7

4n

0| 0

Word data  External

data bus

Second access

31
24
23 [
16 ||
15
8 Address
711 7
4n +1
0| 0
Word data External
data bus

<2> Access to address (4n + 1)

First access

31 [ ]

24

23 [ |

16 ||

15
8 | Address
7 7

4n +1

0L | 0

Word data  External

data bus

Second access

31 [ ]
24
23 [
16 ||
15
81 | Address
7
4n + 2
0| 0
Word data External
data bus

Third access

31
24
23 [ |
16 ||
15
8 Address
711 7
4n + 2
0[] 0
Word data External
data bus
Third access
31 [ ]
24
23 [
16 ||
15
8 | Address
7 7
4n + 3
0L_| 0
Word data  External
data bus

Fourth access

31 [ ]
24
23 [ |
16 ||
15
8 Address
71 7
4n + 3
0| 0
Word data  External
data bus
Fourth access
31 [ ]
24
23 [ |
16 ||
15
8l | Address
7 7
in+4
0L | 0
Word data  External
data bus
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(b) 8-bit data bus width (2/2)

<3> Access to address (4n + 2)

First access

Second access

Third access

Fourth access

31 [ ] 31 [ ] 31 [ ] 31 [ ]
24 24 24 24
23 [ 23 [ 23 [ 23 [
16 || 16 || 16 || 16 ||
15 15 15 15
8 Address 8 Address 8 Address 8 Address
711 7 711 7 711 7 711 7
4n + 2 4n+3 4n + 4 4n +5
0| 0 0| 0 0L | 0 0| 0
Word data  External Word data  External Word data  External Word data  External
data bus data bus data bus data bus
<4> Access to address (4n + 3)
First access Second access Third access Fourth access
31 [ ] 31 [ ] 31 [ ] 31 [ ]
24 24 24 24
23 [ 23 [ 23 [ 23 [
16 || 16 || 16 || 16 ||
15 15 15 15
8 Address 8 Address 8 Address 8 Address
711 7 711 7 71 1 7 711 7
4n +3 4n+ 4 4n +5 4n +6
0L_| 0 0| 0 0| 0 0L_| 0
Word data  External Word data External Word data  External Word data  External
data bus data bus data bus data bus
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5.6 Wait Function

5.6.1 Programmable wait function

(1) Data wait control register 0 (DWCO)
To realize interfacing with a low-speed memory or I/O, up to seven data wait states can be inserted in the bus
cycle that is executed for each CS space.
The number of wait states can be programmed by using the DWCO register. Immediately after system reset, 7
data wait states are inserted for all the chip select areas.
The DWCO register can be read or written in 16-bit units.
Reset sets DWCO to 7777H.

Cautions 1. The internal ROM and internal RAM areas are not subject to programmable wait, and are
always accessed without a wait state. The on-chip peripheral I/O area is also not subject
to programmable wait, and only wait control from each peripheral function is performed.

2. Write to the DWCO register after reset, and then do not change the set values. Also, do
not access an external memory area until the initial settings of the DWCO register are
complete.

After reset: 7777H R/W Address: FFFFF484H

15 14 13 12 11 10 9 8
pweo [ o | oM | opmee | gimee | g | gt | oo | gt
7 6 5 4 3 2 1 0
[ o | owi2 | owrt [owio| o | pwo2 | owor | pwoo |
CSn signal cst CS0
DWn2 DWn1 DWnO | Number of wait states inserted in CSn space (n =0, 1)
0 0 0 None
0 0 1|1
0 1 I
0 1 1 |3
1 0 o |4
1 0 1 |5
1 1 o |6
1 1 1|7

Note Changing the value does not affect the operation.

Caution Be sure to clear bits 15, 11, 7, and 3 to “0”.
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5.6.2 External wait function

To synchronize an extremely slow memory, I/O, or asynchronous system, any number of wait states can be
inserted in the bus cycle by using the external wait pin (W).

Access to each area of the internal ROM, internal RAM, and on-chip peripheral 1/O is not subject to control by the
external wait function, in the same manner as the programmable wait function.

The WAIT signal can be input asynchronously to CLKOUT, and is sampled at the falling edge of the clock in the T2
and TW states of the bus cycle in the multiplex bus mode. In the separate bus mode, it is sampled at the rising edge
of the clock immediately after the T1 and TW states of the bus cycle. If the setup/hold time of the sampling timing is

not satisfied, a wait state is inserted in the next state, or not inserted at all.
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5.6.3 Relationship between programmable wait and external wait
Wait cycles are inserted as the result of an OR operation between the wait cycles specified by the set value of the
programmable wait and the wait cycles controlled by the WAIT pin.

Programmable wait
Wait control
Wait via WAIT pin

For example, if the timing of the programmable wait and the WAIT pin signal is as illustrated below, three wait
states will be inserted in the bus cycle.

Figure 5-3. Example of Inserting Wait States

(a) In separate bus mode
‘ T ‘ TW ‘ T™W ‘ ™ ‘ T2 ‘

aor [ L[ L LT LT LT L
WATT pin [ A [ ]

Wait via WAIT pin / \

Programmable wait / \

Wait control j \

Remark The circles indicate the sampling timing.

(b) In multiplex bus mode

| |
Ckout _[ L[ LI LI LI LI L_L_TI
WAIT pin / __\~ /[ / \ _
Wait via WAIT pin / \
Programmable wait / \
Wait control / \

Remark The circles indicate the sampling timing.
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5.6.4 Programmable address wait function

Address-setup or address-hold waits to be inserted in each bus cycle can be set by using the AWC register.
Address wait insertion is set for each chip select area (CS0 and @).

If an address setup wait is inserted, it seems that the high-clock period of T1 state is extended by 1 clock. If an
address hold wait is inserted, it seems that the low-clock period of T1 state is extended by 1 clock.

(1) Address wait control register (AWC)
This register can be read or written in 16-bit units.
Reset sets AWC to FFFFH.

Cautions 1. The internal ROM, internal RAM, and on-chip peripheral I/O areas are not subject to
address setup wait or address hold wait insertion.
2. Write the AWC register after reset, and then do not change the set values. Also, do not
access an external memory area until the initial settings of the AWC register are
complete.

After reset: FFFFH R/W  Address: FFFFF488H

15 14 13 12 11 10 9 8
awe| 1+ | 1 0 0 o o 1 |
7 6 5 4 3 2 1 0
[ oo | oy | ogipnee | ogipnee | anwt | Aswi | AHwo | Aswo |
. L L
CSn signal Cst CSo
AHWnR Specifies insertion of address hold wait (n = 0, 1)
0 Not inserted
1 Inserted
ASWn Specifies insertion of address setup wait (n =0, 1)
0 Not inserted
1 Inserted

Note Changing the value does not affect the operation.

Caution Be sure to set bits 15to 8 to 1.
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5.7 Idle State Insertion Function

To facilitate interfacing with low-speed memories, one idle state (Tl) can be inserted after the T3 state in the bus
cycle that is executed for each space selected by CSn in the multiplex address/data bus mode. In the separate bus
mode, one idle state (TI) can be inserted after the T2 state. By inserting idle states, the data output float delay time of
the memory can be secured during read access (an idle state cannot be inserted during write access).

Whether the idle state is to be inserted can be programmed by using the BCC register.

An idle state is inserted for all the areas immediately after system reset.

(1) Bus cycle control register (BCC)
This register can be read or written in 16-bit units.
Reset sets BCC to AAAAH.

Cautions 1. The internal ROM, internal RAM, and on-chip peripheral I/0 areas are not subject to idle
state insertion.

2. Write to the BCC register after reset, and then do not change the set values. Also, do not

access an external memory area until the initial settings of the BCC register are complete.

After reset: AAAAH R/W  Address: FFFFF48AH

15 14 13 12 11 10 9 8
Becl 1+ | o | 1 | o | 1+ | o | 1 | o |
7 6 5 4 3 2 1 0
[om | o Jome| o |t | o |Boot | o |
. L L
CSn signal CS1 CSo
BCn1 Specifies insertion of idle state (n =0, 1)
0 Not inserted
1 Inserted

Note Changing the value does not affect the operation.

Caution Be sure to set bits 15, 13, 11, and 9 to “1”, and clear bits 14,
12,10, 8, 6, 4, 2, and 0 to “0”.
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5.8 Bus Hold Function

5.8.1 Functional outline
The HLDRQ and HLDAK functions are valid if the PCM2 and PCMS3 pins are set to their alternate functions.
When the HLDRQ pin is asserted (low level), indicating that another bus master has requested bus mastership, the

external address/data bus goes into a high-impedance state and is released (bus hold status). If the request for the
bus mastership is cleared and the HLDRQ pin is deasserted (high level), driving these pins is started again.

During the bus hold period, execution of the program in the internal ROM and internal RAM is continued until a
peripheral I/O register or the external memory is accessed.

The bus hold status is indicated by assertion (low level) of the HLDAK pin. The bus hold function enables the
configuration of multi-processor type systems in which two or more bus masters exist.

Note that the bus hold request is not acknowledged during a multiple-access cycle initiated by the bus sizing
function or a bit manipulation instruction.

Status Data Bus Access Type Timing in Which Bus Hold Request Not
Width Acknowledged
CPU bus lock 16 bits Word access to even address Between first and second access
Word access to odd address Between first and second access

Between second and third access

Halfword access to odd address Between first and second access

8 bits Word access Between first and second access

Between second and third access

Between third and fourth access

Halfword access Between first and second access
Read-modify-write access of bit - - Between read access and write access
manipulation instruction
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5.8.2 Bus hold procedure

The bus hold status transition procedure is shown below.

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

<5>

<6>
<7>
<8>

<9>

Low-level input to HLDRQ pin acknowledged
All bus cycle start requests inhibited

End of current bus cycle

Shift to bus idle status.

Normal status

Output low level from HLDAK pin

High-level input to HLDRQ pin acknowledged

Bus hold status

Output high level from HLDAK pin
Bus cycle start request inhibition released
Bus cycle starts

HLDRAQ (input)

Normal status

HLDAK (output)

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

<5>

<6>

<7><8><9>

5.8.3 Operation in power save mode
Because the internal system clock is stopped in the STOP and IDLE modes, the bus hold status is not entered
even if the HLDRQ pin is asserted.
In the HALT mode, the HLDAK pin is asserted as soon as the HLDRQ pin has been asserted, and the bus hold
status is entered. When the HLDRQ pin is later deasserted, the HLDAK pin is also deasserted, and the bus hold
status is cleared.

Preliminary User’'s Manual U17703EJ1VOUD

www.DalaSheH@U.cum



CHAPTER 5 BUS CONTROL FUNCTION

5.9 Bus Priority

Bus hold, instruction fetch (branch), instruction fetch (successive), operand data access, and DMA transfer are

executed in the external bus cycle.

Bus hold has the highest priority, followed by DMA transfer, operand data access, instruction fetch (branch), and

instruction fetch (successive).

An instruction fetch may be inserted between the read access and write access in a read-modify-write access.

If an instruction is executed for two or more accesses, an instruction fetch and bus hold are not inserted between

accesses due to bus size limitations.

Table 5-4. Bus Priority

Priority

External Bus Cycle

Bus Master

High

Low

Bus hold External device
DMA transfer DMAC
Operand data access CPU
Instruction fetch (branch) CPU
Instruction fetch (successive) CPU

180

Preliminary User's Manual U17703EJ1VOUD

wwwe.DataSheetdl.com



CHAPTER 5 BUS CONTROL FUNCTION

5.10 Bus Timing

Figure 5-4. Multiplex Bus Read Timing (Bus Size: 16 Bits, 16-Bit Access)

T15T25T35 5T15T25TW5TW5T35TI5T1

eworr T ML MMM L L L

A21toA16:EX Al X::X A2 X A3
: : : : ’_'_\ : : : : : : :

WAIT' E/* \ : /f

Programmable External ‘Idle state’
wait wait

8-bit access | Odd address | Even address
AD15 to AD8 Active Hi-Z
AD7 to ADO Hi-Z2 Active

Remark The broken lines indicate high impedance.

Figure 5-5. Multiplex Bus Read Timing (Bus Size: 8 Bits)

LTt T2 T Tt T2 boTw oTw T b T T

cwour || | L L L L O L O L o LJ |

A21 to A16, :X ——t X: \ 5 5 : -
AD15 to AD8 __ : i j

ASTB

A2§ XA3

WAIT _‘_‘/ t \ / f \ ' / f \ /
AD7 to ADO _ ------- C:}( A2y D2 > ....... ........
LR W A S S VN SN S A e S W

P I '
-

Programmable External "Idle state

wait wait

Remark The broken lines indicate high impedance.
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CHAPTER 5 BUS CONTROL FUNCTION
Figure 5-6. Multiplex Bus Write Timing (Bus Size: 16 Bits, 16-Bit Access)

CLKOUT
A21 to A16

ASTB

*

X

D1

WAIT
AD15 to ADO ]( At X

Cs1, CSo

WR1, WR0O

wait

Programmable External V
wait

Active

Even address
Undefined

10

Active
Undefined

Odd address
01

WR1, WR0O
Figure 5-7. Multiplex Bus Write Timing (Bus Size: 8 Bits)

8-bit access
AD15 to AD8
AD7 to ADO

CLKOUT
A21 to A16,
AD15 to AD8

ASTB

CS1, CSo

t

WAIT
AD7 to ADO ]( At X

X

D1

Programmable External V

WR1, WR0O
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CHAPTER 5 BUS CONTROL FUNCTION

Figure 5-8. Multiplex Bus Hold Timing (Bus Size: 16 Bits, 16-Bit Access)

CLKOUT

A21 to A16

PR T

AD15 to ADO

CS1,CS0

Note This idle state (TI) does not depend on the BCC register settings.

Remarks 1. Refer to Table 2-2 Pin Operation Status in Operation Modes for the pin statuses in the bus

hold mode.
2. The broken lines indicate high impedance.
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CHAPTER 5 BUS CONTROL FUNCTION
Figure 5-9. Separate Bus Read Timing (Bus Size: 16 Bits, 16-Bit Access)

CLKOUT J |

A3
Idle state

wait

wait

Programmable External

Active

Even address
Hi-Z

Hi-Z

Active
Figure 5-10. Separate Bus Read Timing (Bus Size: 8 Bits)
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A1

8-bit access
AD15 to AD8
AD7 to ADO

Remark The broken lines indicate high impedance.
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CHAPTER 5 BUS CONTROL FUNCTION
Figure 5-11. Separate Bus Write Timing (Bus Size: 16 Bits, 16-Bit Access)
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CHAPTER 5 BUS CONTROL FUNCTION

Figure 5-13. Separate Bus Hold Timing (Bus Size: 8 Bits, Write)

DTt T2 0 T 0 T2 TRl TH L TH L TH L TH | TRl T1 T2
owour [T LML L
HORQ | \\\ ! 5 5 5 5 i

WR1,WR0 11 {10/ 11 \10/ .11 \ -------- SRCEPEEE ------- ------- J 11 {10/ 111
SN GRS (NS LTI SO SIS NS e s b

Note This idle state (TI) does not depend on the BCC register settings.

Remark The broken lines indicate high impedance.

Figure 5-14. Address Wait Timing (Separate Bus Read, Bus Size: 16 Bits, 16-Bit Access)

T T2 ' TASW | TH TAHW !

CLZZi %j# °“ZZH P AN
2110 A0 :%é § :

—
N

L

_\__/__
:
:

Remarks 1. TASW (address setup wait): Image of high-level width of T1 state expanded.
2. TAHW (address hold wait): Image of low-level width of T1 state expanded.
3. The broken lines indicate high impedance.
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CHAPTER 5 BUS CONTROL FUNCTION

5.11 Cautions
With the external bus function, signals may not be output at the correct timing under the following conditions.

<Operating conditions>
O Multiplex bus mode
<1> CLKOUT asynchronous (2.7 V < Vbb = EVop = AVRero < 5.5V, 2.7V <BVbp < 5.5 V)
When 1/fcpu < 84 ns
O Separate bus mode
<1> Read cycle, CLKOUT asynchronous (4.0 V < Vbp = BVbb = EVpp = AVRero < 5.5 V)
When 1/fcpu < 100 ns
<2> Write cycle, CLKOUT asynchronous (4.0 V < Vop = BVbb = EVbb = AVRerFo < 5.5 V)
When 1/fcpu < 60 ns
<3> Read cycle, CLKOUT asynchronous (2.7 V < Vob = BVbb = EVop = AVRero < 5.5 V)
When 1/fcpu < 200 ns
<4> Write cycle, CLKOUT asynchronous (2.7 V < Vob = BVop = EVbp = AVRerFo < 5.5 V)
When 1/fcpu < 100 ns

<Countermeasure>
When used under the above conditions, be sure to insert an address setup/hold wait using the AWC register (n

=0, 1).

O When used in multiplex bus mode and under condition <1>
e 70 ns < 1/fcru < 84 ns
Set an address setup wait (ASWn bit = 1).
e 62.5ns < 1/fcru <70 ns
Set an address setup wait (ASWn bit = 1) and address hold wait (AHWn bit = 1).
O When used in separate bus mode and under conditions <1> to <4>
Set an address setup wait (ASWn bit = 1).
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CHAPTER 6 CLOCK GENERATION FUNCTION

6.1 Overview

The following clock generation functions are available.

O Main clock oscillator
<In PLL (x4) mode>
e fx =2 to 5 MHz (fxx = 8 to 20 MHz: 4.5V < Vbp < 5.5 V, REGC = Vbp)
e fx=21t04 MHz (fxx =8 to 16 MHz: 4.0 V < Vop < 5.5 V, REGC = VD)
o fx=21t0 4 MHz (fxx =81to 16 MHz: 4.0 V < Vbop < 5.5V, REGC = 10 uF)
e fx=2102.5 MHz (fxx =8 to 10 MHz: 2.7 V < Vbp < 5.5 V, REGC = VbD)

<In clock through mode>
e fx =210 10 MHz (fxx =2 to 10 MHz: 2.7 V < Vpp < 5.5 V, REGC = Vbb)
e fx=21t0 10 MHz (fxx =2 to 10 MHz: 4.0 V < Vpp £ 5.5 V, REGC = 10 uF)

O Subclock oscillator
o fx1=32.768 kHz
O Multiplication (x4) function by PLL (Phase Locked Loop)
¢ Clock-through mode/PLL mode selectable
e Usable voltage: Voo =2.7t05.5V
O Internal system clock generation
o 7 steps (fxx, fxx/2, fxx/4, fxx/8, fxx/16, fxx/32, fxT)
O Peripheral clock generation
O Clock output function

Remark fx: Main clock oscillation frequency
fxx: Main clock frequency
fxt: Subclock frequency
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CHAPTER 6 CLOCK GENERATION FUNCTION

6.2 Configuration

Figure 6-1. Clock Generator

FRC bit

!

Subclock

XT1 0O~

fxr Watch timer clock,

oscillator

XT20—

MCK MFRC
bit bit

b

X101
X20—

Main clock
oscillator

fBRG = fx/2 to fx/2'2

watchdog timer clock

Watch timer clock

1

Main clock
oscillator
stop control

f

STOP mode

CLKOUTO={ Port CM

Interval timer
BRG ¢7 IDLE mode
IDLE
control
PLLON bit IDLE mode
i CK2 to CKO bits| CLS bit, CK3 bit
x IDLE | fxx
PLL 5 ™l control [ 7| Prescaler 2

[&]

2 fxx/32 HALT mode

» 16 L |
LC: N 2 HALTHCPU _ 5515 clock
fxx/4 % % control
fux/2 | &9 € fok  Internal

SELPLL bit fxx system clock
DLEmode —  L~f  Prescaler 1 oo ponoas
Peripheral clock,
watchdog timer 2 clock
IDLE fxw
control Watchdog timer 1 clock

Remark fx:
fxx:
fork:
fx:
fepu:
fBRG:

fxw:

Main clock oscillation frequency
Main clock frequency

Internal system clock frequency
Subclock frequency

CPU clock frequency

Watch timer clock frequency
Watchdog timer 1 clock frequency
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CHAPTER 6 CLOCK GENERATION FUNCTION

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

e fx=2105 MHz (REGC = Vop =4.5t0 5.5V, in PLL mode)

fx =2 to 4 MHz (REGC = Vpp = 4.0 t0 5.5 V, in PLL mode)

e fx=2104 MHz (REGC = 10 uF, Voo =4.0t0 5.5V, in PLL mode)

fx =2 t0 2.5 MHz (REGC = Vop = 2.7 to 5.5 V, in PLL mode)

e fx=210 10 MHz (REGC = Vbp = 2.7 t0 5.5 V, in clock through mode)

fx =2to 10 MHz (REGC = 10 uF, Vob = 4.0 to 5.5 V, in clock through mode)

(2) Subclock oscillator
The subclock oscillator oscillates a frequency of 32.768 kHz (fxT).

(3) Main clock oscillator stop control
This circuit generates a control signal that stops oscillation of the main clock oscillator.
Oscillation of the main clock oscillator is stopped in the STOP mode or when the PCC.MCK bit = 1 (valid only
when the PCC.CLS bit = 1).

(4) Prescaler 1
This prescaler generates the clock (fxx to fxx/1024) to be supplied to the following on-chip peripheral functions:
TMPO, TMOO to TM03, TM50, TM51, TMHO, TMH1, CSI00, CSI01, CSIA0, CSIA1, UARTO to UART2, I°CO,
ADC, DAC, and WDT2

(5) Prescaler 2
This circuit divides the main clock (fxx).
The clock generated by prescaler 2 (fxx to fxx/32) is supplied to the selector that generates the CPU clock
(fcpu) and internal system clock (fcLk).
fcik is the clock supplied to the INTC, DMA controller, ROM, and RAM blocks, and can be output from the
CLKOUT pin.

(6) Interval timer BRG
This circuit divides the clock (fx) generated by the main clock oscillator to a specific frequency (32.768 kHz)
and supplies that clock to the watch timer block.
For details, refer to CHAPTER 11 INTERVAL TIMER, WATCH TIMER.

(7) PLL
This circuit multiplies the clock (fx) generated by the main clock oscillator.
It operates in two modes: clock-through mode in which fx is output as is, and PLL mode in which a multiplied
clock is output. These modes can be selected by using the PLLCTL.SELPLL bit.
Operation of the PLL can be started or stopped by the PLLCTL.PLLON bit.
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CHAPTER 6 CLOCK GENERATION FUNCTION

6.3 Registers

(1) Processor clock control register (PCC)

The PCC register is a special register.

sequences (refer to 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.

Data can be written to this register only in combination of specific

(1/2)

After reset: 03H

R/W After reset: FFFFF828H

7 <6> 5 <4> <3> 2 1 0
pcc | FRC | Mck | MFRC | cLs™e | cks | ck2 | cki | cko |

FRC Use of subclock on-chip feedback resistor

0 Used

1 Not used
MCK Control of main clock oscillator

0 Oscillation enabled

1 Oscillation stopped

the CPU

* Even if the MCK bit is set to 1 while the system is operating with the main clock as

clock has been changed to the subclock.

* When the main clock is stopped and the device is operating on the subclock, clear
the MCK bit to 0 and wait until the oscillation stabilization time has been secured by
the program before switching back to the main clock.

clock, the operation of the main clock does not stop. It stops after the CPU

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

CLGNoe Status of CPU clock (fcpu)
0 Main clock operation

Subclock operation

Note The CLS bit is a read-only bit.
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CHAPTER 6 CLOCK GENERATION FUNCTION

(2/2)

CK3 CK2 CK1 CKO Clock selection (fcx/fcpu)

0 0 0 0 fxx

0 0 0 1 fxx/2

0 0 1 0 fxx/4

0 0 1 1 fxx/8 (default value)

0 1 0 0 fxx/16

0 1 0 1 fxx/32

0 1 1 X Setting prohibited

1 X X X fxr

Cautions 1. Do not change the CPU clock (by using the CK3 to CKO bits) while CLKOUT is being
output.

2. Use a bit manipulation instruction to manipulate the CK3 bit. When using an 8-bit
manipulation instruction, do not change the set values of the CK2 to CKO bits.

3. When the CPU operates on the subclock and no clock is input to the X1 pin, do not
access a register in which a wait occurs (refer to 3.4.8 (1) (b) Access to special on-chip
peripheral /O register for details of the access methods). If a wait occurs, it can only be
released by a reset.

Remark x: don’t care
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CHAPTER 6 CLOCK GENERATION FUNCTION

(a) Example of setting main clock operation — subclock operation
<1> CKS3 bit « 1: Use of a bit manipulation instruction is recommended. Do not change the CK2
to CKO bits.
<2> Subclock operation: Read the CLS bit to check if subclock operation has started. It takes the
following time after the CKS3 bit is set until subclock operation is started.

Max.: 1/fxt (1/subclock frequency)
<3> MCK bit « 1: Set the MCK bit to 1 only when stopping the main clock.
Cautions 1. When stopping the main clock, stop the PLL.
2. If the following conditions are not satisfied, change the CK2 to CKO bits so that the
conditions are satisfied, then change to the subclock operation mode.

Internal system clock (fck) > Subclock (fxt: 32.768 kHz) x 4

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

CKO
[Description example]
<1> _SET_SUB_RUN :
st.b r0, PRCMD[rO0]
setl 3, PCC[r0] -- CK3 bit « 1
<2> _CHECK_CLS
tstl 4, PCC[rO0] -- Wait until subclock operation starts.
bz _CHECK_CLS
<3> _STOP_MAIN_CLOCK :
st.b r0, PRCMD[r0]
setl 6, PCC[rO0] -- MCK bit «- 1, main clock is stopped

Remark The above description is an example. Note with caution that the CLS bit is read in a closed
loop in <2>.
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CHAPTER 6 CLOCK GENERATION FUNCTION

194

(b) Example of setting subclock operation — main clock operation
Main clock starts oscillating

<1>
<2>

<3>

<4> Main clock operation:

MCK bit « 0:

Insert waits by the program and wait until the oscillation stabilization time of the main clock elapses.

CK3 bit « 0:

Use of a bit manipulation instruction is recommended. Do not change the

CK2 to CKO bits.
It takes the following time after the CK3 bit is set until main clock operation
is started.

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

Therefore, insert one NOP instruction immediately after setting the CK3 bit

to 0 or read the CLS bit to check if main clock operation has started.

[Description example]
_START_MAIN_OSC

<1>

<2>

<3>

<4>

st.b

clrl
movea
_WAIT_OST
nop

nop

nop

addi

mp

bne

st.b

clrl
_CHECK_CLS
tstl

bnz

r0, PRCMDI[rO0]
6, PCC[rO0]
0x55, r0, rl1l

-1, rll, rl1
r0, rill
_PROGRAM_WAIT
r0, PRCMD[rO0]

3, PCC[rO0]
4, PCC[r0]
_CHECK_CLS

-- Release of protection of special registers
-- Main clock starts oscillating
-- Wait for oscillation stabilization time

--CK3« 0

-- Wait until main clock operation starts

Remark The above description is an example. Note with caution that the CLS bit is read in a closed

loop in <4>.
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CHAPTER 6 CLOCK GENERATION FUNCTION

6.4 Operation

6.4.1 Operation of each clock
The following table shows the operation status of each clock.

Table 6-1. Operation Status of Each Clock

Register Setting and PCC Register
Operation Status | ¢| g pit = 0, CLS bit=1, CLS bit=1,
MCK bit = 0 MCK bit =0 MCK bit = 1
During | During | HALT IDLE | STOP |Subclock |Sub-IDLE | Subclock |Sub-IDLE
oscillation
reset |gapilization] Mode mode mode mode mode mode mode
Target Clock time count
Main clock oscillator (fx) X (©) @) @) X (©) ©) X X
Subclock oscillator (fxr) O o O O O o O O o
CPU clock (fceu) X X X X X o X O X
Internal system clock (fci) X X @) X X ©) X @) X
Peripheral clock (fxx to fxx/1024) X X O X X o X X X
WT clock (main) X @) @) @) X @) @) X X
WT clock (sub) O @] (@) (@) (@) @] o O @]
WDT1 clock (fxw) X (©) @) @) X (©) ©) X X
WDT2 clock (main) X X O X X o X X X
WDT?2 clock (sub) (@) o (@) (@) (@) o O ©) ©)

Remark O: Operable
x: Stopped

6.4.2 Clock output function

The clock output function is used to output the internal system clock (fcLk) from the CLKOUT pin.
The internal system clock (fcik) is selected by using the PCC.CK3 to PCC.CKO bits.
The CLKOUT pin functions alternately as the PCM1 pin and functions as a clock output pin if so specified by the

control register of port CM.

The status of the CLKOUT pin is the same as the internal system clock in Table 6-1 and the pin can output the
clock when it is in the operable status. It outputs a low level in the stopped status. However, the port mode (PCM1:

input mode) is selected until the CLKOUT pin output is set after reset. Consequently, the CLKOUT pin goes into a

high-impedance state.

6.4.3 External clock input function
An external clock can be directly input to the oscillator. Input the clock to the X1 pin and its inverse signal to the X2
pin. Set the PCC.MFRC bit to 1 (on-chip feedback resistor not used). Note, however, that oscillation stabilization time

is inserted even in the external clock mode. Connect Vop directly to the REGC pin.
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CHAPTER 6 CLOCK GENERATION FUNCTION

6.5 PLL Function

6.5.1 Overview
The PLL function is used to output the operating clock of the CPU and on-chip peripheral function at a frequency 4
times higher than the oscillation frequency, and select the clock-through mode.

When PLL function is used: Input clock = 2 to 5 MHz (fxx: 8 to 20 MHz)
Clock-through mode: Input clock = 2 to 10 MHz (fxx: 2 to 10 MHz)

6.5.2 Register

(1) PLL control register (PLLCTL)
The PLLCTL register is an 8-bit register that controls the security function of PLL and RTO.
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: FFFFF806H

7 6 5 4 3 <2> <1> <0>

PLLeTL [ o | o | o | o | o [|rrosTo*|sELPLL | PLLON |

PLLON PLL operation control
0 PLL stopped
1 PLL operating

SELPLL PLL clock selection

0 Clock-through operation

1 PLL operation

Note Forthe RTOSTO bit, refer to CHAPTER 13 REAL-TIME OUTPUT FUNCTION (RTO).

Caution Be sure to clear bits 4 to 7 to “0”. Changing bit 3 does not affect the operation.
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6.5.3 Usage

(1) When PLL is used

o After reset has been released, the PLL operates (PLLCTL.PLLON bit = 1), but because the default mode is
the clock-through mode (PLLCTL.SELPLL bit = 0), select the PLL mode (SELPLL bit = 1).

e To set the STOP mode in which the main clock is stopped, or to set the IDLE mode, first select the clock-
through mode and then stop the PLL. To return from the IDLE or STOP mode, first enable PLL operation
(PLLON bit = 1), and then select the PLL mode (SELPLL bit = 1).

e To enable the PLL operation, first set the PLLON bit to 1, wait for 200 s, and then set the SELPLL bit to 1.
To stop the PLL, first select the clock-through mode (SELPLL bit = 0), wait for 8 clocks or more, and then
stop the PLL (PLLON bit = 0).

(2) When PLL is not used
e The clock-through mode (SELPLL bit = 0) is selected after reset has been released, but the PLL is

operating (PLLON bit = 1) and must therefore be stopped (PLLON bit = 0).

Remark The PLL is operable in the IDLE mode. To realize low power consumption, stop the PLL. Be sure
to stop the PLL when shifting to the STOP mode.
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

Timer P (TMP) is a 16-bit timer/event counter.

7.1 Overview

An outline of TMPO is shown below.

Clock selection: 8 ways

Capture trigger input pins: 2

External event count input pins: 1

External trigger input pins: 1

Timer/counters: 1

Capture/compare registers: 2

Capture/compare match interrupt request signals: 2
Timer output pins: 2

7.2 Functions

TMPO has the following functions.

198

Interval timer

External event counter
External trigger pulse output
One-shot pulse output

PWM output

Free-running timer

Pulse width measurement
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

7.3 Configuration
TMPO includes the following hardware.

Table 7-1. Configuration of TMPO

Item Configuration
Timer register 16-bit counter
Registers TMPO capture/compare registers 0, 1 (TPOCCRO, TPOCCR1)

TMPO counter read buffer register (TPOCNT)
CCRO, CCRH1 buffer registers

Timer inputs 2 (TIPOO™*, TIPO1 pins)
Timer outputs 2 (TOPOQO, TOPO1 pins)
Control registers TMPO control registers 0, 1 (TPOCTLO, TPOCTL1)

TMPO 1/O control registers 0 to 2 (TPOIOCO to TP0IOC2)
TMPO option register 0 (TPOOPTO)

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

Figure 7-1. Block Diagram of TMPO

S Internal bus S
fxx —» TPOCNT

fxx/2 —=]

fxd/d —= 5 ﬁ

fxx/8 —=| g —
/16 — 5 ] 16-bit counter INTTPOOV
fxx/32 —= P 3 Clear
bod64 ] — & L | =& [HOTOPOO

fxx/128 —*] ﬁ AV 23 OToPO1
3 c
CCRO ‘ ‘ 8
Edge || buffer
detector register CCR1 —=——= INTTPOCCO
{? buffer INTTPOCCH1
register
TIPOO Digital [ TPOCCRO
ngise Edge ﬁ
TIPO1 ©—{eliminator|| detector TPOCCR1
| |
S Internal bus S
Remark fxx: Main clock frequency
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

(1) 16-bit counter
This 16-bit counter can count internal clocks or external events.
The count value of this counter can be read by using the TPOCNT register.
When the TPOCTLO.TPOCE bit = 0, the value of the 16-bit counter is FFFFH. If the TPOCNT register is read at
this time, 0000H is read.
Reset sets the TPOCE bit to 0. Therefore, the 16-bit counter is set to FFFFH.

(2) CCRO buffer register
This is a 16-bit compare register that compares the count value of the 16-bit counter.
When the TPOCCRO register is used as a compare register, the value written to the TPOCCRO 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 (INTTPOCCO) is generated.
The CCRO buffer register cannot be read or written directly.
The CCRO buffer register is cleared to 0000H after reset, as the TPOCCRO register is cleared to 0000H.

(3) CCRT1 buffer register
This is a 16-bit compare register that compares the count value of the 16-bit counter.
When the TPOCCR1 register is used as a compare register, the value written to the TPOCCR1 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 (INTTPOCC1) is generated.
The CCR1 buffer register cannot be read or written directly.
The CCR1 buffer register is cleared to 0000H after reset, as the TPOCCR1 register is cleared to 0000H.

(4) Edge detector
This circuit detects the valid edges input to the TIPOO and TIP01 pins. No edge, rising edge, falling edge, or
both the rising and falling edges can be selected as the valid edge by using the TPOIOC1 and TP0OIOC2
registers.

(5) Output controller
This circuit controls the output of the TOP0O0O and TOPO1 pins. The output controller is controlled by the
TPOIOCO register.

(6) Selector
This selector selects the count clock for the 16-bit counter. Eight types of internal clocks or an external event
can be selected as the count clock.

(7) Digital noise eliminator
This circuit is valid only when the TIPOa pin is used as a capture trigger input pin.

This circuit is controlled by the TIPOa noise elimination register (PaNFC).

Remark a=0,1
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7.4 Registers

(1) TMPO control register 0 (TP

0CTLO)

The TPOCTLO register is an 8-bit register that controls the operation of TMPO.
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 TPOCTLO register by software.

After reset: 00H

R/W  Address: FFFFF5A0H

<7> 5 4 3 2 1 0
TPOCTLO | TPOCE| o | o | o | o |TPocKS2|TPOCKS1|TPOCKSO|
TPOCE TMPO operation control
0 TMPO operation disabled (TMPO reset asynchronouslyM°®).
1 TMPO operation enabled. TMPO operation started.
TPOCKS2| TPOCKS1| TPOCKSO 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

Cautions

Remark

Note TPOOPTO.TPOOVF bit, 16-bit counter, timer output (TOP00, TOPO1 pins)

1. Set the TPOCKS2 to TPOCKSO0 bits when the TPOCE bit = 0.
When the value of the TPOCE bit is changed from 0 to 1, the
TPOCKS2 to TPOCKSO bits can be set simultaneously.

2. Be sure to clear bits 3 to 6 to “0”.

fxx: Main clock frequency
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(2) TMPO control register 1 (TPOCTL1)
The TPOCTL1 register is an 8-bit register that controls the operation of TMPO.
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: FFFFF5A1H

<6> <5> 4 3 2 1 0
TPOCTL1 | 0 |TPOEST|TPOEEE| 0 | 0 |TPOMD2 |TPOMD1 | TPOMDO|
TPOEST Software trigger control
0 _
1 Generate a valid signal for external trigger input.
 In one-shot pulse output mode: A one-shot pulse is output with writing
1 to the TPOEST bit as the trigger.

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

TPOEEE Count clock selection
0 Disable operation with external event count input.

(Perform counting with the count clock selected by the TPOCTLO.TPOCKO

to TPOCTLO.TPOCK?2 bits.)

1 Enable operation with external event count input.

(Perform counting at the valid edge of the external event count input

signal.)

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

TPOMD2 | TPOMD1 | TPOMDO Timer mode selection
0 0 0 Interval timer mode
0 0 1 External event count mode
0 1 0 External trigger pulse output mode
0 1 1 One-shot pulse output mode
1 0 0 PWM output mode
1 0 1 Free-running timer mode
1 1 0 Pulse width measurement mode
1 1 1 Setting prohibited

Cautions 1. The TPOEST 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 TPOEEE bit.

3. Set the TPOEEE and TPOMD2 to TPOMDO bits when the
TPOCTLO.TPOCE bit = 0. (The same value can be written when the
TPOCE bit = 1.) The operation is not guaranteed when rewriting is
performed with the TPOCE bit = 1. If rewriting was mistakenly
performed, clear the TPOCE 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) TMPO I/O control register 0 (TPOIOCO)
The TPOIOCO register is an 8-bit register that controls the timer output (TOP00, TOPO01 pins).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF5A2H

7 6 5 4 3 <2> 1 <0>
trooco | o | o | o | o |TPooLt|TPoOE1 ] TPOOLO | TPOOEO |
TPOOLA TOPO1 pin output level setting
0 TOPO1 pin output inversion disabled
1 TOPO1 pin output inversion enabled
TPOOEH1 TOPO1 pin output setting

0 Timer output disabled
e When TPOOL1 bit = 0: Low level is output from the TOPO1 pin
e When TPOOL1 bit = 1: High level is output from the TOPO1 pin

1 Timer output enabled (a square wave is output from the TOPO1 pin).

TPOOLO TOPOO pin output level setting

0 TOPOQO pin output inversion disabled

1 TOPOO pin output inversion enabled

TPOOEO TOPOO pin output setting

0 Timer output disabled
e When TPOOLO bit = 0: Low level is output from the TOPOQO pin
e When TPOOLO bit = 1: High level is output from the TOPOO pin

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

Cautions 1. Rewrite the TPOOL1, TPOOE1, TPOOLO, and TPOOEO bits
when the TPOCTLO.TPOCE bit = 0. (The same value can be
written when the TPOCE bit = 1.) If rewriting was
mistakenly performed, clear the TPOCE bit to 0 and then
set the bits again.

2. Even if the TPOOLa bit is manipulated when the TPOCE
and TPOOEa bits are 0, the TOPOa pin output level varies (a
=0,1).
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(4) TMPO I/O control register 1 (TPOIOC1)
The TPOIOCH1 register is an 8-bit register that controls the valid edge of the capture trigger input signals (TIPOO,

TIPO1 pins).

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

Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF5A3H

7

4 3 2 1 0

TPOIOCT | 0 |

o | o | o |Tpoiss| Trois2 | TPoiS1 | TPOISO |

TPOIS3 | TPOIS2 Capture trigger input signal (TIPO1 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

TPOIS1 | TPOISO Capture trigger input signal (TIPOO 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 TPOIS3 to TPOISO bits when the

TPOCTLO.TPOCE bit = 0. (The same value can be written
when the TPOCE bit = 1.) If rewriting was mistakenly
performed, clear the TPOCE bit to 0 and then set the bits
again.

. The TPOIS3 to TPOISO bits are valid only in the free-

running timer mode and the pulse width measurement
mode. In all other modes, a capture operation is not
possible.
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(5) TMPO I/O control register 2 (TP0IOC2)
The TPOIOC2 register is an 8-bit register that controls the valid edge of the external event count input signal
(TIPOO pin) and external trigger input signal (TIPOO pin).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

After reset: O0H R/W Address: FFFFF5A4H

4 3 2 1 0
trooc2 | o | o | o | o |TPoEES|TPOEESO|TPOETS1|TPOETSO|

TPOEES1| TPOEESO| External event count input signal (TIPOO 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

TPOETS1| TPOETSO| External trigger input signal (TIPOO 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 TPOEES1, TPOEESO, TPOETS1, and TPOETSO
bits when the TPOCTLO.TPOCE bit = 0. (The same value
can be written when the TPOCE bit = 1.) If rewriting was
mistakenly performed, clear the TPOCE bit to 0 and then
set the bits again.

2. The TPOEES1 and TPOEESO bits are valid only when the
TPOCTL1.TPOEEE bit = 1 or when the external event count
mode (TPOCTL1.TPOMD2 to TPOCTL1.TPOMDO bits = 001)
has been set.

3. The TPOETS1 and TPOETSO bits are valid only when the
external trigger pulse output mode (TPOMD2 to TPOMDO
bits = 010) or the one-shot pulse output mode (TPOMD2 to
TPOMDO bits = 011) is set.
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(6) TMPO option register 0 (TPOOPTO)

The TPOOPTO register is an 8-bit register used to set the capture/compare operation and detect an overflow.
This register can be read or written in 8-bit or 1-bit units.

Reset sets this register to 00H.

After reset: 00H R/W Address: FFFFF5A5H
6 5 4 3 2 1 <0>
TPOOPTO [ o | o |TPoccsiTPoccso)l o | o | o |TPOOVF|
TPOCCSH1 TPOCCRI1 register capture/compare selection
0 Compare register selected
1 Capture register selected
The TPOCCSH1 bit setting is valid only in the free-running timer mode.
TPOCCSO TPOCCRO register capture/compare selection
0 Compare register selected
1 Capture register selected

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

TPOOVF TMPO overflow detection flag
Set (1) Overflow occurred
Reset (0) TPOOVF bit 0 written or TPOCTLO.TPOCE bit =0

* The TPOOVF bit is reset when the 16-bit counter count value overflows from
FFFFH to 0000H in the free-running timer mode or the pulse width measurement
mode.

* An interrupt request signal (INTTPOOV) is generated at the same time that the
TPOOVF bit is setto 1. The INTTPOOV signal is not generated in modes other
than the free-running timer mode and the pulse width measurement mode.

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

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

Cautions 1. Rewrite the TPOCCS1 and TPOCCSO0 bits when the TPOCE
bit = 0. (The same value can be written when the TPOCE
bit = 1.) If rewriting was mistakenly performed, clear the
TPOCE bit to 0 and then set the bits again.

2. Be sure to clear bits 1 to 3, 6, and 7 to “0”.
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(7) TMPO capture/compare register 0 (TPOCCRO)
The TPOCCRO register can be used as a capture register or a compare register depending on the mode.
This register can be used as a capture register or a compare register only in the free-running timer mode,
depending on the setting of the TPOOPTO0.TPOCCSO bit. In the pulse width measurement mode, the TPOCCRO
register can be used only as a capture register. In any other mode, this register can be used only as a
compare register.
The TPOCCRO register can be read or written during operation.
This register can be read or written in 16-bit units.
Reset sets this register to 0000H.

Caution Accessing the TPOCCRO register is disabled during subclock operation with the main clock
stopped. For details, refer to 3.4.8 (1) (b).

After reset: 0000H R/W Address: FFFFF5A6H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
woccro | | | | [ | [ [ [ T[]
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(C)

(b)

Function as compare register

The TPOCCRO register can be rewritten even when the TPOCTLO.TPOCE bit = 1.

The set value of the TPOCCRO 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
(INTTPOCCO) is generated. If TOPOO pin output is enabled at this time, the output of the TOPOQO pin is
inverted.

When the TPOCCRO register is used as a cycle register in the interval timer mode, external event count
mode, external trigger pulse output mode, one-shot pulse output mode, or PWM output mode, the value of
the 16-bit counter is cleared (0000H) if its count value matches the value of the CCRO buffer register.

Function as capture register

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

Even if the capture operation and reading the TPOCCRO register conflict, the correct value of the
TPOCCRO register can be read.

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

the compare register.

Table 7-2. Function of Capture/Compare Register in Each Mode and How to Write Compare Register

Operation Mode

Capture/Compare Register

How to Write Compare Register

Interval timer

Compare register

Anytime write

External event counter

Compare register

Anytime write

External trigger pulse output

Compare register

Batch write

One-shot pulse output

Compare register

Anytime write

PWM output

Compare register

Batch write

Free-running timer

Capture/compare register

Anytime write

Pulse width measurement

Capture register
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(8) TMPO capture/compare register 1 (TPOCCR1)
The TPOCCR1 register can be used as a capture register or a compare register depending on the mode.
This register can be used as a capture register or a compare register only in the free-running timer mode,
depending on the setting of the TPOOPTO.TPOCCSH1 bit. In the pulse width measurement mode, the TPOCCR1
register can be used only as a capture register. In any other mode, this register can be used only as a
compare register.
The TPOCCR1 register can be read or written during operation.
This register can be read or written in 16-bit units.
Reset sets this register to 0000H.

Caution Accessing the TPOCCR1 register is disabled during subclock operation with the main clock
stopped. For details, refer to 3.4.8 (1) (b).

After reset: 0000H R/W Address: FFFFF5A8H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
wocort | [ | 0 [ [ [ [ [ [ T
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(C)

(b)

Function as compare register

The TPOCCR1 register can be rewritten even when the TPOCTLO.TPOCE bit = 1.

The set value of the TPOCCR1 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
(INTTPOCCH1) is generated. If TOPO1 pin output is enabled at this time, the output of the TOPO1 pin is
inverted.

Function as capture register

When the TPOCCRT1 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 TPOCCR1 register if the valid edge of the capture trigger input pin
(TIPO1 pin) is detected. In the pulse width measurement mode, the count value of the 16-bit counter is
stored in the TPOCCR1 register and the 16-bit counter is cleared (0000H) if the valid edge of the capture
trigger input pin (TIPO1 pin) is detected.

Even if the capture operation and reading the TPOCCR1 register conflict, the correct value of the
TPOCCR1 register can be read.

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

the compare register.

Table 7-3. Function of Capture/Compare Register in Each Mode and How to Write Compare Register

Operation Mode

Capture/Compare Register

How to Write Compare Register

Interval timer

Compare register

Anytime write

External event counter

Compare register

Anytime write

External trigger pulse output

Compare register

Batch write

One-shot pulse output

Compare register

Anytime write

PWM output

Compare register

Batch write

Free-running timer

Capture/compare register

Anytime write

Pulse width measurement

Capture register
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(9) TMPO counter read buffer register (TPOCNT)
The TPOCNT register is a read buffer register that can read the count value of the 16-bit counter.
If this register is read when the TPOCTLO.TPOCE 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 TPOCNT register is cleared to 0000H when the TPOCE bit = 0. If the TPOCNT 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 TPOCNT register is cleared to 0000H after reset, as the TPOCE bit is cleared to 0.

Caution Accessing the TPOCNT register is disabled during subclock operation with the main clock
stopped. For details, refer to 3.4.8 (1) (b).

After reset: 0000H R Address: FFFFF5AAH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
oot | | 0 L [ L PP P
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7.5 Operation

TMPO can perform the following operations.

Operation TPOCTL1.TPOEST Bit TIPOO Pin Capture/Compare | Compare Register
(Software Trigger Bit) |(External Trigger Input)| Register Setting Write
Interval timer mode Invalid Invalid Compare only Anytime write
External event count mode"*" Invalid Invalid Compare only Anytime write
External trigger pulse output mode"™** | Valid Valid Compare only Batch write
One-shot pulse output mode"** Valid Valid Compare only Anytime write
PWM output mode Invalid Invalid Compare only Batch write
Free-running timer mode Invalid Invalid Switching enabled | Anytime write
Pulse width measurement mode"*** Invalid Invalid Capture only Not applicable

Notes 1. To use the external event count mode, specify that the valid edge of the TIP0O pin capture trigger input is
not detected (by clearing 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).
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7.5.1 Interval timer mode (TPOMD2 to TPOMDO bits = 000)

In the interval timer mode, an interrupt request signal (INTTPOCCO) is generated at the specified interval if the
TPOCTLO.TPOCE bit is set to 1. A square wave whose half cycle is equal to the interval can be output from the TOP0O
pin.

Usually, the TPOCCR1 register is not used in the interval timer mode.

Figure 7-2. Configuration of Interval Timer

Clear
Count clock . Output .
selection >— 16-bit counter controller ©TOPO0O pin
Match signal
& atch signa INTTPOCCO signal
TPOCE bit CCRO buffer register

il

TPOCCRO register

Figure 7-3. Basic Timing of Operation in Interval Timer Mode

FFFFH

Do — Do — Do — Do N
16-bit counter

0000H

TPOCE bit

TPOCCRO register Do

=1

TOPOO pin output

INTTPOCCO signal —l _| —l _|

Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1) | Interval (Do + 1)
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When the TPOCE 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 TOPOQO pin is inverted. Additionally,
the set value of the TPOCCRO 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 O000H, the output of the TOPOO pin is inverted, and a compare match interrupt request signal
(INTTPOCCO) is generated.

The interval can be calculated by the following expression.

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

Figure 7-4. Register Setting for Interval Timer Mode Operation (1/2)

(a) TMPO control register 0 (TPOCTLO)

TPOGE TPOCKS2 TPOCKS1 TPOCKS0
tocTo[ ot | o | o | o | o | ot | o1 | on |

——  Select count clock

0: Stop counting
1: Enable counting

(b) TMPO control register 1 (TPOCTL1)

TPOEST TPOEEE TPOMD2 TPOMD1 TPOMDO
TPOCTL1| 0 ‘ 0 ‘ 0/qNote

o | o [ of o] o]
| |

0,0,0:
Interval timer mode

0: Operate on count clock selected
by TPOCKSO0 to TPOCKS?2 bits

1: Count with external event count
input signal

(c) TMPO I/O control register 0 (TPOIOCO0)
TPOOL1 TPOOE1 TPOOLO TPOOEO
TPOIOCOl 0 \ 0 \ 0 \ 0 \ 0/1 \ 0/1 \ 0/1 \ 0/1 |

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

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

1: High level

0: Disable TOPO1 pin output
1: Enable TOPO1 pin output

Setting of output level with
operation of TOPO1 pin disabled
0: Low level

1: High level

Note This bit can be set to 1 only when the interrupt request signals (INTTPOCCO and INTTPOCC1) are masked by
the interrupt mask flags (TPOCCMKO and TPOCCMK1) and timer output (TOPO1) is performed at the same
time. However, set the TPOCCRO and TPOCCRH1 registers to the same value (refer to 7.5.1 (2) (d) Operation
of TPOCCR1 register).
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Figure 7-4. Register Setting for Interval Timer Mode Operation (2/2)

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

(e) TMPO capture/compare register 0 (TPOCCRO0)
If the TPOCCRO register is set to Do, the interval is as follows.

Interval = (Do + 1) x Count clock cycle

(f) TMPO capture/compare register 1 (TPOCCR1)
Usually, the TPOCCR1 register is not used in the interval timer mode. However, the set value of the
TPOCCR1 register is transferred to the CCR1 buffer register. A compare match interrupt request signal
(INTTPOCCH1) is generated when the count value of the 16-bit counter matches the value of the CCR1
buffer register.
Therefore, mask the interrupt request by using the corresponding interrupt mask flag (TPOCCMK1).

Remark TMPO I/O control register 1 (TPOIOC1), TMPO I/O control register 2 (TP0IOC2), and TMPO
option register 0 (TPOOPTO) are usually not used in the interval timer mode.
However, set the TPOIOC2 register to use the external event count input.
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(1) Interval timer mode operation flow

Figure 7-5. Software Processing Flow in Interval Timer Mode

FFFFH
. Do — Do — Do —
16-bit counter
0000H
TPOCE bit
TPOCCRO register x Do

TOPOO pin output

INTTPOCCO signal —| —| —|

<1> <2>

<1> Count operation start flow

Cor D

Register initial setting Initial setting of these registers is performed
TPOCTLO register before setting the TPOCE bit to 1.
(TPOCKSO0 to TPOCKS2 bits)
TPOCTLI1 register,
TPOIOCO register,
TPOCCRO register

The TPOCKSO to TPOCKS2 bits can be
set at the same time when counting has
been started (TPOCE bit = 1).

TPOCE bit =1

<2> Count operation stop flow

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

=
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(2) Interval timer mode operation timing

(a) Operation if TPOCCRO register is cleared to 0000H
If the TPOCCRO register is cleared to 0000H, the INTTPOCCO 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
TPOCE bit
TPOCCRO register 0000H

TOPOO pin output

INTTPOCCO signal

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

Preliminary User's Manual U17703EJ1VOUD vvew.DataSheRtdU.com



CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

(b) Operation if TPOCCRO register is set to FFFFH
If the TPOCCRO 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 INTTPOCCO signal is generated and the
output of the TOPOO pin is inverted. At this time, an overflow interrupt request signal (INTTPOOV) is not
generated, nor is the overflow flag (TPOOPTO.TPOOVF bit) set to 1.

FFFFH

16-bit counter

0000H

TPOCE bit

TPOCCRO register

TOPOO pin output

INTTPOCCO signal

count clock cycle

count clock cycle

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

count clock cycle
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

(c) Notes on rewriting TPOCCRO register
To change the value of the TPOCCRO register to a smaller value, stop counting once and then change the
set value.
If the value of the TPOCCRO register is rewritten to a smaller value during counting, the 16-bit counter may

overflow.
FFFFH
D1 D1 /
16-bit counter
D2 D2—— D2—(H
0000H
TPOCE bit
TPOCCRO register D1 D2
TPOOLO bit L
TOPOO pin output
INTTPOCCO signal —| —| —|
Interval time (1) Interval time (NG) Interval
time (2)
Remark Interval time (1): (D1 + 1) x Count clock cycle
Interval time (NG): (10000H + D2 + 1) x Count clock cycle
Interval time (2): (D2 + 1) x Count clock cycle

If the value of the TPOCCRO 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 TPOCCRO 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 INTTPOCCO
signal is generated and the output of the TOPOQO pin is inverted.

Therefore, the INTTPOCCO signal may not be generated at the interval time “(D1 + 1) x Count clock cycle”
or “(D2 + 1) x Count clock cycle” originally expected, but may be generated at an interval of “(10000H + D2
+ 1) x Count clock period”.
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(d) Operation of TPOCCR1 register

Figure 7-6. Configuration of TPOCCR1 Register

Count clock
selection

TPOCCRT1 register

iy

CCR1 buffer register

{} Match signal

Output

——
controller

—(©) TOPO1 pin

Clear

INTTPOCCH1 signal

16-bit counter

Output
controller

—(©) TOPO0O pin

{} Match signal
ﬁ

TPOCE bit

CCRO buffer register

i

TPOCCRO register

INTTPOCCO signal
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

If the set value of the TPOCCR1 register is less than the set value of the TPOCCRO register, the
INTTPOCCH1 signal is generated once per cycle. At the same time, the output of the TOPO1 pin is inverted.
The TOPO1 pin outputs a square wave with the same cycle as that output by the TOPOQO pin.

Figure 7-7. Timing Chart When Do1 > D11

FFFFH
Dot Do1 — Dot — Dot —
16-bit counter Di; Z D1t / D11 Z D11 Z

0000H

TPOCE bit

TPOCCRO register Do1

TOPOO pin output

INTTPOCCO signal —l _| —l _|

TPOCCRH1 register D11

TOPO1 pin output

INTTPOCC1 signal —| —| —| —|
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If the set value of the TPOCCR1 register is greater than the set value of the TPOCCRO register, the count
value of the 16-bit counter does not match the value of the TPOCCR1 register. Consequently, the
INTTPOCCH1 signal is not generated, nor is the output of the TOPO1 pin changed.

Figure 7-8. Timing Chart When Do1 < D11

FFFFH

16-bit counter

0000H

TPOCE bit

TPOCCRO register

TOPOO pin output

INTTPOCCO signal

TPOCCRH1 register

TOPO1 pin output

INTTPOCC1 signal
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7.5.2 External event count mode (TPOMD2 to TPOMDO bits = 001)

In the external event count mode, the valid edge of the external event count input is counted when the
TPOCTLO.TPOCE bit is set to 1, and an interrupt request signal (INTTPOCCO) is generated each time the specified
number of edges have been counted. The timer output (TOP0O, TOPO1 pins) cannot be used.

Usually, the TPOCCR1 register is not used in the external event count mode.

Figure 7-9. Configuration in External Event Count Mode

Clear
TIPOO pin Edge
(external event O— detector 16-bit counter
count input)
Match signal
# alch signa INTTPOCCO signal
TPOCE bit CCRO buffer register

il

TPOCCRO register

Figure 7-10. Basic Timing in External Event Count Mode

FFFFH ’/“)//—\

Do Do 4 “\ Do
16-bit counter ! \
0000H ; '; 16-bit counter Do — 1 X Do X 0000 X 0001
] . External event
TPOCE bit | i ! count input | | | | | |

! i (TIPOO pin input)

TPOCCRO register :X Dol‘. TPOCCRO register Do

INTTPOCCO signal —| ‘\\ —| /' | INTTPOCCO signal |

External | External 1° External

event event event
count count count
interval interval interval

(Do+ 1) (Do+1) (Do+1)

Remark This figure shows the basic timing when the rising edge is specified as the valid edge of the
external event count input.
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When the TPOCE 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 TPOCCRO
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 (INTTPOCCO) is generated.

The INTTPOCCO signal is generated each time the valid edge of the external event count input has been detected
(set value of TPOCCRO register + 1) times.

Figure 7-11. Register Setting for Operation in External Event Count Mode (1/2)

(a) TMPO control register 0 (TPOCTLO)

TPOCE TPOCKS2 TPOCKS1 TPOCKSO
TPOCTLO | 0/1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 |

‘ 0: Stop counting
1: Enable counting

(b) TMPO control register 1 (TPOCTL1)

TPOEST TPOEEE TPOMD2 TPOMD1 TPOMDO
TPOCTL1|O‘O‘O‘O‘O‘O‘O‘1|

0,0,1:
External event count mode

(c) TMPO I/O control register 0 (TPOIOCO0)
TPOOL1 TPOOE1 TPOOLO TPOOEO
TPOIOCOlO‘O‘O‘O‘O‘O‘O‘Ol
L 0: Disable TOPOO pin output

0: Disable TOPO1 pin output

(d) TMPO I/O control register 2 (TP0OIOC2)

TPOEES1 TPOEESO TPOETS1 TPOETSO

TPOIOC2| 0 ‘ 0 ‘ 0 ‘ 0 ‘ on ‘ on ‘ 0 ‘ 0 |
Select valid edge
of external event
count input
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

Figure 7-11. Register Setting for Operation in External Event Count Mode (2/2)

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

(f) TMPO capture/compare register 0 (TPOCCRO0)
If Do is set to the TPOCCRO register, the counter is cleared and a compare match interrupt request
signal (INTTPOCCO) is generated when the number of external event counts reaches (Do + 1).

(g) TMPO capture/compare register 1 (TPOCCR1)
Usually, the TPOCCR1 register is not used in the external event count mode. However, the set value of
the TPOCCRT1 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
(INTTPOCCH1) is generated.
Therefore, mask the interrupt signal by using the interrupt mask flag (TPOCCMKT).

Remark TMPO I/O control register 1 (TPOIOC1) and TMPO option register 0 (TPOOPTO0) are not used
in the external event count mode.
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(1) External event count mode operation flow

Figure 7-12. Flow of Software Processing in External Event Count Mode

FFFFH

Do — Do — Do —
16-bit counter

0000H

TPOCE bit

TPOCCRO register x Do

INTTPOCCO signal _| —l —l

<1> <2>

<1> Count operation start flow

(o )

Register initial setting Initial setting of these registers
TPOCTLO register ) is performed before setting the
(TPOCKSO to TPOCKS2 bits) TPOCE bit to 1.

TPOCTLI1 register,
TPOIOCO register,
TPOIOC2 register,
TPOCCRO register

The TPOCKSO to TPOCKS2 bits can
be set at the same time when counting
has been started (TPOCE bit = 1).

TPOCE bit =1

<2> Count operation stop flow

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

C=
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(2) Operation timing in external event count mode

Cautions 1.

In the external event count mode, do not set the TPOCCRO and TPOCCR1 registers to
0000H.

In the external event count mode, use of the timer output is disabled. If performing timer
output using external event count input, set the interval timer mode, and select the
operation enabled by the external event count input for the count -clock
(TPOCTL1.TPOMD?2 to TPOCTL1.TPOMDO bits = 000, TPOCTL1.TPOEEE bit = 1).

(a) Operation if TPOCCRO register is set to FFFFH
If the TPOCCRO 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 INTTPOCCO signal is generated. At this time, the
TPOOPTO.TPOOVF bit is not set.

TPOCCRO register FFFFH

INTTPOCCO signal _| —l —l

FFFFH

16-bit counter

0000H

TPOCE bit

External event | External event | External event
count signal count signal count signal
interval interval interval
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(b) Notes on rewriting the TPOCCRO register
To change the value of the TPOCCRO register to a smaller value, stop counting once and then change the
set value.
If the value of the TPOCCRO register is rewritten to a smaller value during counting, the 16-bit counter may
overflow.

FFFFH
D1 D1

16-bit counter
I ! D2 Do D2

0000H

TPOCE bit

TPOCCRO register D1 D2
INTTPOCCO signal —l —l —l

External event External event count signal |External event

count signal interval (NG) count signal
interval (1) (10000H + D2 + 1) interval (2)
(D1 + 1) (D2 + 1)

228

If the value of the TPOCCRO 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 TPOCCRO 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 INTTPOCCO
signal is generated.

Therefore, the INTTPOCCO 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 TPOCCR1 register

Figure 7-13. Configuration of TPOCCR1 Register

TPOCCRT register

iy

CCR1 buffer register

1 meteh signa INTTPOCCH signal
Clear
TIPOO pin ©— d;g%for >—~ 16-bit counter
Match signal
Jw}7 9 INTTPOCCO signal
TPOCE bit CCRO buffer register

il

TPOCCRO register

If the set value of the TPOCCR1 register is smaller than the set value of the TPOCCRO register, the
INTTPOCCH1 signal is generated once per cycle.

Figure 7-14. Timing Chart When Do1 = D11

FFFFH

16-bit counter Di: Z /
0000H / / / /

TPOCE bit
TPOCCRO register Do1
INTTPOCCO signal —| —| —| —|
TPOCCRT1 register D11

INTTPOCC1 signal —| —| _| —|
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If the set value of the TPOCCRI1 register is greater than the set value of the TPOCCRO register, the
INTTPOCC1 signal is not generated because the count value of the 16-bit counter and the value of the
TPOCCRT1 register do not match.

Figure 7-15. Timing Chart When Do1 < D11

FFFFH

16-bit counter

0000H /

TPOCE bit
TPOCCRO register Dot
INTTPOCCO signal —| —| —| —|
TPOCCRT1 register D11

INTTPOCC1 signal L
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7.5.3 External trigger pulse output mode (TPOMD2 to TPOMDO bits = 010)
In the external trigger pulse output mode, 16-bit timer/event counter P waits for a trigger when the
TPOCTLO.TPOCE bit is set to 1. When the valid edge of an external trigger input signal is detected, 16-bit timer/event
counter P starts counting, and outputs a PWM waveform from the TOPO1 pin.
Pulses can also be output by generating a software trigger instead of using the external trigger. When using a
software trigger, a square wave that has one cycle of the PWM waveform as half its cycle can also be output from the

TOPOO pin.
Figure 7-16. Configuration in External Trigger Pulse Output Mode
TPOCCRT1 register
in © Edge ‘ Transfer
TIPOO pin detector {}
| .|o Output
CCR1 buffer register l:‘controller —(© TOPO1 pin
(RS-FF)
Software trigger {} Match sianal
generation atch signal | | INTTPOCCH signal
Clear
Count Count Outout
clock } start 16-bit counter = L; p” —(© TOPO0O pin
selection control controfier
@ Match signal
ﬁ alch signa INTTPOCCO signal
TPOCE bit CCRO buffer register
{ } Transfer

TPOCCRO register
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Figure 7-17. Basic Timing in External Trigger Pulse Output Mode

FFFFH
Do Do Do Do

16-bit counter D+ D+ Z D+ Z D+ Z

0000H

TPOCE bit

External trigger input _| _|
(TIPOO pin input)

TPOCCRO register x Do
INTTPOCCO signal —| —| —| —|

TOPOO pin output
(software trigger)

TPOCCRH1 register x D1
INTTPOCCH signal —| —| —| —|

TOPO1 pin output

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

16-bit timer/event counter P waits for a trigger when the TPOCE 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 TOPO1 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 TOPO1 pin outputs a high level regardless of the status
(high/low) when a trigger occurs.)

The active level width, cycle, and duty factor of the PWM waveform can be calculated as follows.

Active level width = (Set value of TPOCCR1 register) x Count clock cycle
Cycle = (Set value of TPOCCRO register + 1) x Count clock cycle
Duty factor = (Set value of TPOCCR1 register)/(Set value of TPOCCRO register + 1)

The compare match interrupt request signal INTTPOCCO 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 INTTPOCC1 is generated when the count value of the 16-bit counter matches
the value of the CCR1 buffer register.

The value set to the TPOCCRa 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 signal, or setting the software trigger (TPOCTL1.TPOEST bit) to 1 is used
as the trigger.

Remark a=0,1
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Figure 7-18. Setting of Registers in External Trigger Pulse Output Mode (1/2)

(a) TMPO control register 0 (TPOCTLO)

TPOCE TPOCKS2 TPOCKS1 TPOCKSO
TPOCTLO|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 TPOCTL1.TPOEEE bit = 1.

(b) TMPO control register 1 (TPOCTL1)

TPOEST TPOEEE TPOMD2 TPOMD1 TPOMDO
TPOCTL1|0‘O/1‘O/1‘O‘O‘O‘1‘O|

0,1,0:
External trigger pulse
output mode

0: Operate on count
clock selected by
TPOCKSO0 to TPOCKS?2 bits
1: Count with external
event input signal

Generate software trigger
when 1 is written

(c) TMPO I/O control register 0 (TP0IOCO0)

TPOOL1 TPOOE1 TPOOLO TPOOEO
TPOIOCOlO \ 0\0\0\0/1\0/1\0/1\0/1|

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

Settings of output level while
operation of TOPQO pin is disabled
0: Low level

1: High level

0: Disable TOPO1 pin output
1: Enable TOPO1 pin output

Specifies active level of TOPO1

pin output
0: Active-high
1: Active-low
e When TPOOL1 bit=0 e When TPOOL1 bit =1
16-bit counter /I/I/I/I/ 16-bit counter /I/I/I/I/
TOPO1 pinoutput _ L I L I — TOPO1 pinoutput —_ 1L I L I 1
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Figure 7-18. Setting of Registers in External Trigger Pulse Output Mode (2/2)

(d) TMPO I/O control register 2 (TPOIOC2)

TPOEES1 TPOEESO TPOETS1 TPOETSO
TPOIOC2 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 01 ‘ (4 ‘ 01 ‘ 01 |

Select valid edge of

external trigger input

Select valid edge of
external event count input

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

(f) TMPO capture/compare registers 0 and 1 (TPOCCRO and TPOCCR1)

If Do is set to the TPOCCRO register and D1 to the TPOCCR1 register, the cycle and active level of the
PWM waveform are as follows.

Cycle = (Do + 1) x Count clock cycle
Active level width = D1 x Count clock cycle

Remark TMPO I/O control register 1 (TPOIOC1) and TMPO option register 0 (TPOOPTO) are not used
in the external trigger pulse output mode.
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(1) Operation flow in external trigger pulse output mode

Figure 7-19. Software Processing Flow in External Trigger Pulse Output Mode (1/2)

FFFFH

16-bit counter

0000H

TPOCE bit

External trigger input
(TIPOO pin input)

TPOCCRO register

CCRO buffer register

INTTPOCCO signal

TOPOO pin output
(software trigger)

TPOCCRH1 register

CCR1 buffer register

INTTPOCCH1 signal

TOPO1 pin output

Dot Dot Dot
Doo Doo D11 D11 Doo
D1o D1o D1o Do

X Doo Dot Doo

X Doo X Dot Doo
X D1o D1o D11 X D1o

X Do X Dio X D11 Do

<1> <2> <3> <4> <5>
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Figure 7-19. Software Processing Flow in External Trigger Pulse Output Mode (2/2)

<1> Count operation start flow <3> TPOCCRO, TPOCCRHT register
setting change flow
Only writing of the TPOCCR1
START | register must be performed when
‘ the set duty factor is changed.

When the counter is cleared after

Setting of TPOCCR1 register setting, the value of the
TPOCCRa register is transferred

Register initial setting Initial setting of these ‘ to the CCRa buffer register.
TPOCTLO register registers is performed !
(TPOCKSO to TPOCKS?2 bits) before setting the :
TPOCTLI1 register, TPOCE bitto 1.

TPOIOCO register,
TPOIOC2 register,
TPOCCRO register,

TPOCCR1 register <4> TPOCCRO, TPOCCR1 register

setting change flow

The TPOCKSO to \
TPOCKS2 bits can be
set at the same time ‘

TPOCE bit =1

when counting is When the counter is
enabled (TPOCE bit = 1). Setting of TPOCCRO register cleared after setting,
Trigger wait status the value of the TPOCCRa

register is transferred to
the CCRa buffer register.

Setting of TPOCCR1 register

<2> TPOCCRO0 and TPOCCRH1 register
setting change flow

TPOCCRHT register write TPOCE bit = 0
Setting of TPOCCRO register processing is necessary
only when the set
cycle is changed.

When the counter is STOP
Settlng of TPOCCR1 register cleared after Setting’
the value of the TPOCCRa

register is transferred to
! the CCRa buffer register.

<5> Count operation stop flow

Counting is stopped.

Remark 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 TPOCCR1 register last.
Rewrite the TPOCCRa register after writing the TPOCCR1 register after the INTTPOCCO signal is detected.

FFFFH

— D D11

16-bit counter Doo
10

Z*DDOOZ*DDOOZ

10 10

0000H

TPOCE bit

External trigger input
(TIPOO pin input)

TPOCCRO register x Doo X Dot

CCRO buffer register Doo Dot

INTTPOCCO signal 1 1 1 1 1

TOPOQO pin output
(software trigger)

TPOCCRH1 register x D1o X D11

CCR1 buffer register D1o D11

INTTPOCCH1 signal 1 1 1 1 1

TOPO1 pin output
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In order to transfer data from the TPOCCRa register to the CCRa buffer register, the TPOCCR1 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
TPOCCRO register and then set the active level width to the TPOCCR1 register.

To change only the cycle of the PWM waveform, first set the cycle to the TPOCCRO register, and then write
the same value to the TPOCCR1 register.

To change only the active level width (duty factor) of the PWM waveform, only the TPOCCR1 register has
to be set.

After data is written to the TPOCCR1 register, the value written to the TPOCCRa 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 TPOCCRO or TPOCCRH1 register again after writing the TPOCCR1 register once, do so after the
INTTPOCCO signal is generated. Otherwise, the value of the CCRa buffer register may become undefined
because the timing of transferring data from the TPOCCRa register to the CCRa buffer register conflicts
with writing the TPOCCRa register.

Remark a=0,1
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(b) 0%/100% output of PWM waveform
To output a 0% waveform, clear the TPOCCR1 register to 0000H. If the set value of the TPOCCRO register
is FFFFH, the INTTPOCC1 signal is generated periodically.

Count clock ||||||||||||||||||
16-bit counter  FFFF X 0000 :XD0—1X Do 0000X0001x ::XDO—1X Do 0000*

)
TPOCE bit

{ {(
)] )]

TPOCCRO register Do Do Do
R )
)] )]

TPOCCRT1 register 0000H 0000H 0000H
{ {(
)] )]

INTTPOCCO signal

INTTPOCCH1 signal

TOPO1 pin output

To output a 100% waveform, set a value of (set value of TPOCCRO register + 1) to the TPOCCR1 register.
If the set value of the TPOCCRO register is FFFFH, 100% output cannot be produced.

Count clock |||||||||||||||||||
16-bit counter  FFFF X 0000 ::XDO_1X Do OOOOXOOO1X ::XDO—1X Do 0000*

) 95
TPOCE bit
{ {(
)] )]
TPOCCRQO register Do Do Do
} ]
)] )]
TPOCCRT1 register Do + 1 B Do + 1 N Do + 1
INTTPOCCO signal | |

INTTPOCCH1 signal

TOPO1 pin output
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(c) Conflict between trigger detection and match with TPOCCR1 register
If the trigger is detected immediately after the INTTPOCC1 signal is generated, the 16-bit counter is
immediately cleared to 0000H, the output signal of the TOPO1 pin is asserted, and the counter continues
counting. Consequently, the inactive period of the PWM waveform is shortened.

16-bit counter  FFFF X 0000 x Di-1 0000 x
— )

External trigger input
(TIPOO pin input)

TPOCCRT1 register D+

INTTPOCCH1 signal _l

TOPO1 pin output

Shortened

If the trigger is detected immediately before the INTTPOCCH signal is generated, the INTTPOCC1 signal is
not generated, and the 16-bit counter is cleared to 0000H and continues counting. The output signal of the
TOPO1 pin remains active. Consequently, the active period of the PWM waveform is extended.

16-bit counter  FFFF |[X 0000 x D1 - 2X X 0000 X 0001 x xD1 -1

External trigger input
(TIPOO pin input)

TPOCCRT1 register D+

INTTPOCC1 signal _l

TOPO1 pin output

Extended
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(d) Conflict between trigger detection and match with TPOCCRO register
If the trigger is detected immediately after the INTTPOCCO signal is generated, the 16-bit counter is
cleared to 0000H and continues counting up. Therefore, the active period of the TOPO1 pin is extended by
time from generation of the INTTPOCCO signal to trigger detection.

16-bit counter  FFFF .OOOO x Do — 1X Do

External trigger input
(TIPOO pin input)

TPOCCRO register

INTTPOCCO signal

TOPO1 pin output

0000

0000 X:

s

Do

{ |
)]

Extended

If the trigger is detected immediately before the INTTPOCCO signal is generated, the INTTPOCCO signal is
not generated. The 16-bit counter is cleared to 0000H, the TOPO1 pin is asserted, and the counter
continues counting. Consequently, the inactive period of the PWM waveform is shortened.

16-bit counter ~ FFFF .OOOO x o — 1X Do

External trigger input
(TIPOO pin input)

TPOCCRO register

INTTPOCCO signal

TOPO1 pin output

|
0000 X 0001 X:

s

Do

||

Shortened
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

(e) Generation timing of compare match interrupt request signal (INTTPOCC1)
The timing of generation of the INTTPOCC1 signal in the external trigger pulse output mode differs from
the timing of other INTTPOCC1 signals; the INTTPOCC1 signal is generated when the count value of the
16-bit counter matches the value of the TPOCCR1 register.

Count clock
16-bit counter D1 -1 X Di-1 D1 X Di+1 X D1+2
TPOCCRT register D1

TOPO1 pin output

INTTPOCCH1 signal

Usually, the INTTPOCC1 signal is generated in synchronization with the next count up, after the count
value of the 16-bit counter matches the value of the TPOCCR1 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 TOPO01 pin.
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

7.5.4 One-shot pulse output mode (TPOMD2 to TPOMDO bits = 011)

In the one-shot pulse output mode, 16-bit timer/event counter P waits for a trigger when the TPOCTLO.TPOCE bit is
set to 1. When the valid edge of an external trigger input is detected, 16-bit timer/event counter P starts counting, and
outputs a one-shot pulse from the TOPO1 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 7-20. Configuration in One-Shot Pulse Output Mode

TPOCCRH1 register

in © Edge tiTransfer
TIPOO pin detector {
| .| Output
CCR1 buffer register n Rcontroller —(© TOPO1 pin
(RS-FF)
Software trigger {} Match sianal
generation ateh signa INTTPOCCH signal
Clear
Output
Count clock Count start *1S .
: — —1 16-bit counter controller Q) TOPOO pin
selection control 1 R (RS-FF)
1 atoh signa INTTPOCCO signal
TPOCE bit CCRO buffer register
{ } Transfer
|
TPOCCRO register
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

Figure 7-21. Basic Timing in One-Shot Pulse Output Mode

FFFFH
Do — Do Do
16-bit counter Z Z
D1 D1 D1
0000H
TPOCE bit

External trigger input _| _| _|
(TIPOO pin input)

TPOCCRO register x Do

INTTPOCCO signal —l —l —l

TOPOO pin output
(software trigger)

TPOCCRH1 register x D1
INTTPOCCH1 signal —| —| —|

TOPO1 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 TPOCE 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 TOPO1 pin.
After the one-shot pulse is output, the 16-bit counter is set to FFFFH, stops counting, and waits for a trigger. If a
trigger is generated again while the one-shot pulse is being output, it is ignored.

The output delay period and active level width of the one-shot pulse can be calculated as follows.

Output delay period = (Set value of TPOCCR1 register) x Count clock cycle
Active level width = (Set value of TPOCCRO register — Set value of TPOCCR1 register + 1) x Count clock cycle

The compare match interrupt request signal INTTPOCCO 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 INTTPOCCA1
is generated when the count value of the 16-bit counter matches the value of the CCR1 buffer register.

The valid edge of an external trigger input or setting the software trigger (TPOCTL1.TPOEST bit) to 1 is used as the
trigger.
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Figure 7-22. Setting of Registers in One-Shot Pulse Output Mode (1/2)

(a) TMPO control register 0 (TPOCTLO)
TPOCE TPOCKS2 TPOCKS1 TPOCKSO
TPOCTLO | o ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ o ‘ 0/1 ‘ o |

L———— Select count clockN°*®

0: Stop counting
1: Enable counting

Note The setting is invalid when the TPOCTL1.TPOEEE bit = 1.

(b) TMPO control register 1 (TPOCTL1)
TPOEST TPOEEE TPOMD2 TPOMD1 TPOMDO
TPOCTLA | 0 \ 0/1 \ 0/ \ 0 \ 0 \ 0 \ 1 \ 1 |
| |

0,1, 1:
One-shot pulse output mode

0: Operate on count clock
selected by TPOCKSO to
TPOCKS?2 bits

1: Count external event
input signal

Generate software trigger
when 1 is written

(c) TMPO I/O control register 0 (TPOIOCO0)
TPOOL1 TPOOE1 TPOOLO TPOOEO
TPOIOCO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0o ‘ 01 ‘ 01 |

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

Setting of output level while
operation of TOPQO pin is disabled

0: Low level

1: High level

0: Disable TOPO1 pin output
1: Enable TOPO1 pin output

Specifies active level of
TOPO1 pin output

0: Active-high
1: Active-low
e When TPOOL1 bit =0 ¢ When TPOOL1 bit = 1
16-bit counter v | e | 16-bit counter d | d |
TOPO1 pin output 1 1 TOPO1 pin output L1 LI
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Figure 7-22. Setting of Registers in One-Shot Pulse Output Mode (2/2)

(d) TMPO I/O control register 2 (TPOIOC2)

TPOEES1 TPOEESO TPOETS1 TPOETSO
TPOIOC2 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 01 ‘ 01 ‘ 0/ ‘ 0/1 |

Select valid edge of

external trigger input

Select valid edge of
external event count input

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

(f) TMPO capture/compare registers 0 and 1 (TPOCCRO and TPOCCR1)
If Do is set to the TPOCCRO register and D1 to the TPOCCR1 register, the active level width and output
delay period of the one-shot pulse are as follows.
Active level width = (D1 — Do + 1) x Count clock cycle
Output delay period = D1 x Count clock cycle

Remark TMPO I/O control register 1 (TPOIOC1) and TMPO option register 0 (TPOOPTO) are not used
in the one-shot pulse output mode.
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(1) Operation flow in one-shot pulse output mode

Figure 7-23. Software Processing Flow in One-Shot Pulse Output Mode

FFFFH
Doo ——
Dot ——
16-bit counter 7
D1o D11
0000H
TPOCE bit
External trigger input _| _|
(TIPOO pin input)
TPOCCRO register x Doo Dot
INTTPOCCO signal
TPOCCRT1 register x D1o D1
INTTPOCCH1 signal —| —|
TOPO1 pin output
<1> <2> <3>
<1> Count operation start flow <2> TPOCCRO, TPOCCR1 register setting change flow
3 As rewriting the
C START ) ‘ TPOCCRm register
immediately forwards
. to the CCRm bulffer
Setting of TPO(_)Ct)RO, TPOCCR1 register, rewriting
] N ] registers immediately after
Register initial setting Initial setting of these ‘ the generation of the
TPOCTLO register registers is performed ! INTTPOCCRO signal
(TPOCKSO0 to TPOCKS?2 bits) before setting the ! is recommended.
TPOCTLI1 register, TPOCE bit to 1.
TPOIOCO register,
TPOIOC2 register,
TPOCCRO register, <3> Count operation stop flow
TPOCCRT1 register
. Count operation is
The TPOCKSO to TPOCE bit = 0 stopped
TPOCKS?2 bits can be
TPOCE bit =1 set at the same time
when counting has been
started (TPOCE bit = 1).
Trigger wait status STOP
Remark m=0, 1
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(2) Operation timing in one-shot pulse output mode

(a) Note on rewriting TPOCCRa register
To change the set value of the TPOCCRa register to a smaller value, stop counting once, and then change
the set value.
If the value of the TPOCCRa register is rewritten to a smaller value during counting, the 16-bit counter may
overflow.

FFFFH

16-bit counter Do / Do / Do Z Dot
D11 Z

0000H

TPOCE bit
External trigger input _| _| _|
(TIPOO pin input)
TPOCCRO register x Doo X Dot
INTTPOCCO signal —l —l _|

TOPOO pin output
(software trigger)

TPOCCRH1 register x D1o X D

INTTPOCC1 signal —| —|

—

TOPO1 pin output

Delay Delay Delay

(Do) (Do) (10000H + D11) e
Active level width Active level width Active level width
(Doo — D10 + 1) (Doo — D10 + 1) (Dot — D11 + 1)

When the TPOCCRO register is rewritten from Doo to Do1 and the TPOCCR1 register from D1o to D11 where
Doo > Do1 and D1o > D11, if the TPOCCR1 register is rewritten when the count value of the 16-bit counter is
greater than D11 and less than D10 and if the TPOCCRO register is rewritten when the count value is greater
than Dot and less than Doo, each set value is reflected as soon as the register has been rewritten and
compared with the count value. The counter counts up to FFFFH and then counts up again from 0000H.
When the count value matches D11, the counter generates the INTTPOCC1 signal and asserts the TOPO1
pin. When the count value matches Do1, the counter generates the INTTPOCCO signal, deasserts the
TOPO1 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=0,1
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(b) Generation timing of compare match interrupt request signal (INTTPOCC1)
The generation timing of the INTTPOCC1 signal in the one-shot pulse output mode is different from other
INTTPOCC1 signals; the INTTPOCC1 signal is generated when the count value of the 16-bit counter
matches the value of the TPOCCR1 register.

Count clock
16-bit counter D1-2 X Di—-1 D1 X Di+1 X D1 +2
TPOCCRH1 register D+

TOPO1 pin output

INTTPOCCH1 signal

Usually, the INTTPOCC1 signal is generated when the 16-bit counter counts up next time after its count
value matches the value of the TPOCCR1 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 TOPO1 pin.
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7.5.5 PWM output mode (TPOMD2 to TPOMDO bits = 100)
In the PWM output mode, a PWM waveform is output from the TOP01 pin when the TPOCTLO.TPOCE bit is set to 1

In addition, a pulse with one cycle of the PWM waveform as half its cycle is output from the TOPOQO pin.

Figure 7-24. Configuration in PWM Output Mode

Count
clock
selection

Count
start
control

TPOCE bit

TPOCCRT1 register

CCR1 buffer register

{} Match signal

\ Transfer
15
Output

controller [—~@©) TOPO1 pin
(RS-FF)

INTTPOCC1 signal

Clear
— 16-bit counter || Output —©O) TOPOO pin
controller
% Match signal INTTPOCCO signal
CCRO buffer register
{ } Transfer
TPOCCRO register

250

Preliminary User's Manual U17703EJ1VOUD

wwwe.DataSheetdl.com



CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

Figure 7-25. Basic Timing in PWM Output Mode

FFFFH
Dot —4— Dot 71—
16-bit counter DEOOZ? DEOOZ? DEOOZ? D11 / D11 /
0000H
TPOCE bit
TPOCCRQO register X Doo X Dot
CCRO buffer register Doo Dot
INTTPOCCO signal —| —| —| —| —|
TOPOO pin output
TPOCCRT1 register X Dio X D11
CCRH1 buffer register D1o D11
INTTPOCCH signal —| —| —| —| —|
TOPO1 pin output || | ||
Active period  Cycle Inactive period
(D10)  (Doo + 1) (Doo — D1o + 1)

When the TPOCE bit is set to 1, the 16-bit counter is cleared from FFFFH to 0000H, starts counting, and outputs a
PWM waveform from the TOPO1 pin.
The active level width, cycle, and duty factor of the PWM waveform can be calculated as follows.

Active level width = (Set value of TPOCCR1 register ) x Count clock cycle
Cycle = (Set value of TPOCCRO register + 1) x Count clock cycle
Duty factor = (Set value of TPOCCR1 register)/(Set value of TPOCCRO register + 1)

The PWM waveform can be changed by rewriting the TPOCCRa 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 INTTPOCCO 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 INTTPOCC1 is generated when the count value of the 16-bit counter matches
the value of the CCR1 buffer register.

The value set to the TPOCCRa 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 a=0,1
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Figure 7-26. Register Setting in PWM Output Mode (1/2)

(a) TMPO control register 0 (TPOCTLO)

TPOCE TPOCKS2 TPOCKS1 TPOCKSO
TPOCTLO | 0N ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 |

Select count clockNe®

0: Stop counting
1: Enable counting

Note The setting is invalid when the TPOCTL1.TPOEEE bit = 1.

(b) TMPO control register 1 (TPOCTL1)

TPOEST TPOEEE TPOMD2 TPOMD1 TPOMDO

TPOCTL1|O‘0‘0/1‘O‘O‘1‘O‘0|

1,0,0:
PWM output mode

0: Operate on count clock
selected by TPOCKSO to
TPOCKS?2 bits

1: Count with external event
count input signal

(c) TMPO I/O control register 0 (TPOIOCO)

TPOOL1 TPOOE1 TPOOLO TPOOEO

TPOIOCO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 01 ‘ 01 ‘ 01 |

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

Setting of output level while
operation of TOPOO pin is disabled
0: Low level

1: High level

0: Disable TOPO1 pin output
1: Enable TOPO1 pin output

Specifies active level of TOPO1

pin output
0: Active-high
1: Active-low
e When TPOOL1 bit =0 e When TPOOL1 bit = 1
16-bit counter /I/I/I/I/ 16-bit counter /I/I/I/I/
TOPO1 pinoutput _ 1™ LT L_T TOPO1 pinoutput —1_ ™ T L T L
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Figure 7-26. Register Setting in PWM Output Mode (2/2)

(d) TMPO I/O control register 2 (TP0IOC2)

TPOEES1 TPOEESO TPOETS1 TPOETSO
TPOIOC2 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 01 ‘ 0 ‘ 0 |

Select valid edge
of external event
count input.

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

(f) TMPO capture/compare registers 0 and 1 (TPOCCRO and TPOCCR1)

If Do is set to the TPOCCRO register and D1 to the TPOCCR1 register, the cycle and active level of the
PWM waveform are as follows.

Cycle = (Do + 1) x Count clock cycle
Active level width = D1 x Count clock cycle

Remark TMPO I/O control register 1 (TPOIOC1) and TMPO option register 0 (TPOOPTO) are not used
in the PWM output mode.
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(1) Operation flow in PWM output mode

Figure 7-27. Software Processing Flow in PWM Output Mode (1/2)

FFFFH

16-bit counter

0000H

TPOCE bit

TPOCCRO register

CCRO buffer register

INTTPOCCO signal

TOPOO pin output

TPOCCRT1 register

CCR1 buffer register

INTTPOCCH1 signal

TOPO1 pin output

Dot Dot Dot
Doo Doo D11 D11 Doo
D1o D1o D1o Do

x Doo X Dot X Doo

Doo X Dot X Doo
x D1o D1o D11 D1o

Dio X D1o X D11 X Dio
<1> <2> <3> <4> <5>
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Figure 7-27. Software Processing Flow in PWM Output Mode (2/2)

<1> Count operation start flow <3> TPOCCRO, TPOCCR1 register
setting change flow
Only writing of the TPOCCR1
START ! register must be performed
‘ when the set duty factor is

changed. When the counter is

Setting of TPOCCR1 register cleared after setting, the
value of compare register a

Register initial setting Initial setting of these ‘ is transferred to the CCRa
TPOCTLO register registers is performed ‘ buffer register.
(TPOCKSO0 to TPOCKS2 bits) before setting the |
TPOCTLI1 register, TPOCE bit to 1.

TPOIOCO register,
TPOIOC2 register,
TPOCCRO register,

TPOCCRH register <4> TPOCCRO, TPOCCRH1 register

setting change flow

The TPOCKSO to |

TPOCKS?2 bits can be }

) set at the same time ‘

TPOCE bit = 1 when counting is When the counter is

enabled (TPOCE bit = 1). Setting of TPOCCRO register cleared after setting,

the value of compare

register a is transferred to the
CCRa buffer register.

Setting of TPOCCR1 register

<2> TPOCCRO, TPOCCR1 register
setting change flow

TPOCCRT1 write i

. . TPOCE bit=0
Setting of TPOCCRO register processing is necessary
only when the set cycle
is changed.

When the counter is STOP
Settlng of TPOCCR1 register cleared after Setﬁng’
the value of the TPOCCRa

register is transferred to the
CCRa bulffer register.

<5> Count operation stop flow

Counting is stopped.

Remark a=0,1
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(2) PWM output mode operation timing

(a) Changing pulse width during operation
To change the PWM waveform while the counter is operating, write the TPOCCR1 register last.
Rewrite the TPOCCRa register after writing the TPOCCR1 register after the INTTPOCC1 signal is detected.

FFFFH
Dot —— Dot —1—
16-bit counter DwDOOZ, DwDOOZ, DEOOZ? D11 / D11 /
0000H
TPOCE bit
TPOCCRO register X Doo X Do1
CCRO buffer register Doo Dot
TPOCCRT1 register X D1o X D11
CCR1 buffer register D1o D1
TOPO1 pin output a || ||
INTTPOCCO signal —l —l —l —l —l

To transfer data from the TPOCCRa register to the CCRa buffer register, the TPOCCR1 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
TPOCCRO register and then set the active level to the TPOCCR1 register.

To change only the cycle of the PWM waveform, first set the cycle to the TPOCCRO register, and then write
the same value to the TPOCCR1 register.

To change only the active level width (duty factor) of the PWM waveform, only the TPOCCR1 register has
to be set.

After data is written to the TPOCCR1 register, the value written to the TPOCCRa 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 TPOCCRO or TPOCCRH1 register again after writing the TPOCCR1 register once, do so after the
INTTPOCCO signal is generated. Otherwise, the value of the CCRa buffer register may become undefined
because the timing of transferring data from the TPOCCRa register to the CCRa buffer register conflicts
with writing the TPOCCRa register.

Remark a=0,1
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(b) 0%/100% output of PWM waveform
To output a 0% waveform, set the TPOCCR1 register to 0000H. If the set value of the TPOCCRO register is
FFFFH, the INTTPOCC1 signal is generated periodically.

Count clock | | | | | | | | | | | | | | | | | |
16-bit counter  FFFF X 0000 ::XDOO_ 1X Doo OOOOX 0001 x ::XDOO_ 1X Doo 0000 x
§

)
TPOCE bit
{ {(
)] )]
TPOCCRQO register Dao Doo Doo
s .
)] )]
TPOCCRT1 register 0000H B 0000H B 0000H
INTTPOCCO signal

INTTPOCCH1 signal

TOPO1 pin output

To output a 100% waveform, set a value of (set value of TPOCCRO register + 1) to the TPOCCR1 register.
If the set value of the TPOCCRO register is FFFFH, 100% output cannot be produced.

Count clock | | | | | | | | | | | | | |
16-bit counter  FFFF X 0000 :XDoo— 1X Doo OOOOX 0001 x :XDoo— 1X Doo 0000 X
)T

:

)

)
TPOCE bit

{ {(
1) )]

TPOCCRO register Doo Doo Doo
1 )
1) )]

TPOCCRT1 register Doo + 1 Doo + 1 Doo + 1
{ {(
1) )]

INTTPOCCO signal N | N |
1) )]

INTTPOCCH signal

TOPO1 pin output
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(c) Generation timing of compare match interrupt request signal (INTTPOCC1)
The timing of generation of the INTTPOCC1 signal in the PWM output mode differs from the timing of other
INTTPOCC1 signals; the INTTPOCC1 signal is generated when the count value of the 16-bit counter
matches the value of the TPOCCR1 register.

Count clock
16-bit counter D1-2 X Di—-1 D1 X D1+ 1 X Di1+2
TPOCCRT1 register D1

TOPO1 pin output

INTTPOCC1 signal

Usually, the INTTPOCC1 signal is generated in synchronization with the next counting up after the count
value of the 16-bit counter matches the value of the TPOCCR1 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 TOPO1 pin.
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7.5.6 Free-running timer mode (TPOMD2 to TPOMDO bits = 101)
In the free-running timer mode, 16-bit timer/event counter P starts counting when the TPOCTLO.TPOCE bit'is set to

1. At this time, the TPOCCRa register can be used as a compare register or a capture register, depending on the
setting of the TPOOPTO.TPOCCS0 and TPOOPTO.TPOCCSH1 bits.

Figure 7-28. Configuration in Free-Running Timer Mode

Internal count clock —=

TIPOO pin
(external event

TPOCCR1 register
(compare)

95

TPOCCRO register
(compare)

2y

Output )
contrgller ——=O TOPO1 pin output

Output )
contrzller ——~O TOP0O pin output

ﬁ

TPOCCSO0, TPOCCS1 bits
(capture/compare selection)

16-bit counter

s

count input/

capture
trigger input)

TIPO1 pin ©—=

(capture

trigger input)

TPOCCRO register
(capture)

Count

clock [
Edge [7| selection
detector

TPOCE bit
Dig?tal || Edge
hoise detector
eliminator
Dig.ital [ | Edge
noise detector
eliminator

Remark a=0,1

INTTPOOQV signal

o

— INTTPOCC1 signal

INTTPOCCO signal

TPOCCRT1 register
(capture)
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When the TPOCE bit is set to 1, 16-bit timer/event counter P starts counting, and the output signals of the TOP0O

and TOPO1 pins are inverted. When the count value of the 16-bit counter later matches the set value of the TPOCCRa

register, a compare match interrupt request signal (INTTPOCCa) is generated, and the output signal of the TOPOa pin

is inverted.

The 16-bit counter continues counting in synchronization with the count clock. When it counts up to FFFFH, it

generates an overflow interrupt request signal (INTTPOOV) at the next clock, is cleared to 0000H, and continues
counting. At this time, the overflow flag (TPOOPTO.TPOOVF bit) is also set to 1. Clear the overflow flag to 0 by
executing the CLR instruction by software.

The TPOCCRa register can be rewritten while the counter is operating. If it is rewritten, the new value is reflected at

that time, and compared with the count value.

Figure 7-29. Basic Timing in Free-Running Timer Mode (Compare Function)

FFFFH

16-bit counter

0000H

TPOCE bit

TPOCCRO register

INTTPOCCO signal

TOPOQO pin output

TPOCCRT1 register

INTTPOCCH signal

TOPO1 pin output

INTTPOOV signal

TPOOVF bit

Remark a=0,1

Doo Doo
/ / Dot Dot
Dro Dro D11/ D11/ D11/

=l

=l

Clearedto 0 by Clearedto0by ClearedtoOby Cleared to 0 by
CLRinstruction CLR instruction CLR instruction CLR instruction
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When the TPOCE bit is set to 1, the 16-bit counter starts counting. When the valid edge input to the TIPOa pin is
detected, the count value of the 16-bit counter is stored in the TPOCCRa register, and a capture interrupt request
signal (INTTPOCCa) 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 (INTTPOOV) at the next clock, is cleared to 0000H, and continues
counting. At this time, the overflow flag (TPOOPTO.TPOOVF bit) is also set to 1. Clear the overflow flag to 0 by
executing the CLR instruction by software.

Figure 7-30. Basic Timing in Free-Running Timer Mode (Capture Function)

FFFFH
D1o
Doo Z D”Z D12 D1s /
16-bit counter Dot Z /
Doz
Dos

0000H

TPOCE bit

TIPOO pin input

TPOCCRQO register Doo Do1 Doz Dos
INTTPOCCO signal | | | |

TIPO1 pin input —l —l —l —|_
TPOCCRT1 register D1o D11 D12 D13

INTTPOCCH signal —| —| —| —|
INTTPOOV signal —| —| —|

TPOOVF bit

Clearedto 0 by Clearedto 0 by Cleared to 0 by
CLR instruction CLR instruction CLR instruction
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Figure 7-31. Register Setting in Free-Running Timer Mode (1/2)

(a) TMPO control register 0 (TPOCTLO)

TPOCE TPOCKS2 TPOCKS1 TPOCKSO
TPOCTLO|O/1‘0‘0‘0‘0‘0/1‘0/1‘0/1'

Select count clockNe*®

0: Stop counting
1: Enable counting

Note The setting is invalid when the TPOCTL1.TPOEEE bit = 1

(b) TMPO control register 1 (TPOCTL1)

TPOEST TPOEEE TPOMD2 TPOMD1 TPOMDO
TPOCTL1|O‘0‘O/1‘O‘O‘1‘O‘1|

1,0, 1:
Free-running mode

0: Operate with count
clock selected by
TPOCKSO0 to TPOCKS2 bits
1: Count on external
event count input signal

(c) TMPO I/O control register 0 (TPOIOCO)

TPOOL1 TPOOE1 TPOOLO TPOOEO
TPOIOCOl 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 01 ‘ 0/1 ‘ 01 |

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

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

1: High level

0: Disable TOPO1 pin output
1: Enable TOPO1 pin output

Setting of output level with
operation of TOPO1 pin disabled
0: Low level

1: High level
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Figure 7-31. Register Setting in Free-Running Timer Mode (2/2)

(d) TMPO I/O control register 1 (TPOIOC1)

TPOIS3 TPOIS2 TPOIST  TPOISO
TPOIOC1| 0 \ o\o‘ 0\0/1\0/1\0/1\0/1|

Select valid edge

of TIPOO pin input

Select valid edge
of TIPO1 pin input

(e) TMPO I/O control register 2 (TP0IOC2)

TPOEES1 TPOEESO TPOETS1 TPOETSO
TPOIOC2 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0 ‘ 0 |

Select valid edge of
external event count input

(f) TMPO option register 0 (TPOOPTO)

TPOCCS1 TPOCCSO0 TPOOVF
TPOOPTO | 0 ‘ 0 ‘ 01 ‘ 01 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 |

L Overflow flag

Specifies if TPOCCRO
register functions as
capture or compare register

Specifies if TPOCCR1
register functions as
capture or compare register

(g) TMPO counter read buffer register (TPOCNT)
The value of the 16-bit counter can be read by reading the TPOCNT register.

(h) TMPO capture/compare registers 0 and 1 (TPOCCR0 and TPOCCR1)
These registers function as capture registers or compare registers depending on the setting of the
TPOOPTO.TPOCCSa 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 TIPOa pin is detected.
When the registers function as compare registers and when Da is set to the TPOCCRa register, the
INTTPOCCa signal is generated when the counter reaches (Da + 1), and the output signal of the
TOPOa pin is inverted.

Remark 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 7-32. Software Processing Flow in Free-Running Timer Mode (Compare Function) (1/2)

FFFFH
Doo Doo

Dot Dot

16-bit counter
Do Do D11 D11 D11/

0000H
TPOCE bit

TPOCCRQO register :X Doo Dot

INTTPOCCO signal —| —| —| —|

TOPOQO pin output

TPOCCRT1 register :X Do D

INTTPOCC1 signal —| —| —| —| —|

TOPO1 pin output

INTTPOOV signal —| —| _| —|

TPOOVF bit

<1> Clearedto 0 by Clearedto O by Cleared to 0 by <3>
CLR instruction CLR instruction CLR instruction

f ! f

<2> <2> <2>
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Figure 7-32. Software Processing Flow in Free-Running Timer Mode (Compare Function) (2/2)

<1> Count operation start flow

(o)

Register initial setting Initial setting of these registers
TPOCTLO register is performed before setting the
(TPOCKSO0 to TPOCKS2 bits) TPOCE bitto 1.

TPOCTLI1 register,
TPOIOCO register,
TPOIOC2 register,
TPOOPTO register,
TPOCCRQO register,
TPOCCRT1 register

The TPOCKSO to TPOCKS?2 bits
TPOCE bit = 1 can be set at the same time
when counting has been started
(TPOCE bit = 1).

<2> Overflow flag clear flow

Read TPOOPTO register
(check overflow flag).

TPOOVF bit = 1

Execute instruction to clear
TPOOVF bit (CLR TPOOVF).

<3> Count operation stop flow

Counter is initialized and
TPOCE bit=0 counting is stopped by

clearing TPOCE bit to 0.
C s )
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(b) When using capture/compare register as capture register

Figure 7-33. Software Processing Flow in Free-Running Timer Mode (Capture Function) (1/2)

FFFFH

16-bit counter

0000H

TPOCE bit

TIPOO pin input

TPOCCRO register

INTTPOCCO signal

TIPO1 pin input

TPOCCRT1 register

INTTPOCCH1 signal

INTTPOOV signal

TPOOVF bit

D1o
Doo /] D”Z D12
Dot Z
Doz

Dos /

0000 Doo Dot

DosX 0000

0000 Dio D11

D12 0000

Cleared to 0 by Cleared to 0 by
CLR instruction CLR instruction

f f

<2> <2>

<3>
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Figure 7-33. 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
TPOCTLO register is performed before setting the
(TPOCKSO0 to TPOCKS2 bits) TPOCE bit to 1.

TPOCTLI1 register,
TPOIOCH1 register,
TPOOPTO register

The TPOCKSO0 to TPOCKS2 bits can
TPOCE bit = 1 be set at the same time when counting
has been started (TPOCE bit = 1).

<2> Overflow flag clear flow

Read TPOOPTO register
(check overflow flag).

TPOOVF bit = 1

Execute instruction to clear
TPOOVF bit (CLR TPOOVF).

<3> Count operation stop flow

Counter is initialized and
TPOCE bit=0 counting is stopped by

clearing TPOCE bit to 0.
C STOP >
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(2) Operation timing in free-running timer mode

(a) Interval operation with compare register
When 16-bit timer/event counter P is used as an interval timer with the TPOCCRa 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 INTTPOCCa signal has been detected.

FFFFH

16-bit counter

0000H

TPOCE bit

TPOCCRO register

INTTPOCCO signal

TOPOQO pin output

TPOCCRT1 register

INTTPOCC1 signal

TOPO1 pin output

D Doz
Doo102 D / b
11 03
Dot / D12 Z D
D13 *
Doo Dot X Doz X Dos X Dos X Dos

|

Interval period Interval period Interval period Interval pe

riod Interval period

(Doo + 1) (10000H + (Doz — Do) (10000H + (10000H +
Dot — Doo) Dos — Do2) Dos — Dos)
D1o X D11 X D12 X D13 X D14

:

L]

Interval period Interval period Interval period Interval period

(Do + 1)

(10000H +
D11 - Do)

(10000H +
D12-D11)

(10000H +
D13 - D12)

268

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 TPOCCRa register must be re-set in the
interrupt servicing that is executed when the INTTPOCCa signal is detected.
The set value for re-setting the TPOCCRa 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 a=0,1
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(b) Pulse width measurement with capture register
When pulse width measurement is performed with the TPOCCRa register used as a capture register,
software processing is necessary for reading the capture register each time the INTTPOCCa signal has
been detected and for calculating an interval.

FFFFH
Dio Doz
Doo / /
16-bit counter [)11/ Dan
D D12
o1 D
D 04
0000H N
TPOCE bit
TIPOO pin input —| —| —| —|
TPOCCRQO register 0000H Doo Do1 Doz Dos Do4
INTTPOCCO signal —l —l —l —l
Pulse interval Pulse interval Pulse interval Pulse interval Pulse interval
(Do) (10000H+  (Dez—Dot)  (10000H+  (10000H +
Dot — Doo) Dos — Doz) Dos — Dos)
TIPO1 pin input ] ] ] ]
TPOCCR1 register 0000H D1o D D12 X D13
INTTPOCC1 signal

Pulse interval Pulse interval Pulse interval Pulse interval

(Do) (10000H +  (10000H +  (10000H +
D11 — Do) D12 — D11) D13 — D12)
INTTPOOV signal _| _| _|

TPOOVF bit

Clearedto 0 by Clearedto 0 by Cleared to 0 by
CLR instruction CLR instruction CLR instruction

When executing pulse width measurement in the free-running timer mode, two pulse widths can be
measured with one channel.

To measure a pulse width, the pulse width can be calculated by reading the value of the TPOCCRa register
in synchronization with the INTTPOCCa signal, and calculating the difference between the read value and
the previously read value.

Remark a=0,1
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(c) Processing of overflow when two capture registers are used
Care must be exercised in processing the overflow flag when two capture registers are used. First, an
example of incorrect processing is shown below.

Example of incorrect processing when two capture registers are used

FFFFH

D11
16-bit counter Df /
Do1

0000H

TPOCE bit

TIPOO pin input -| -|

TPOCCRO register Doo Dot

TIPO1 pin input _| _|

TPOCCRT1 register D1o D11

INTTPOOV signal -| -|

TPOOVF 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 TPOCCRO register (setting of the default value of the TIPOO pin input).
<2> Read the TPOCCR1 register (setting of the default value of the TIPO1 pin input).
<3> Read the TPOCCRO 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 TPOCCR1 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 — D1o) (incorrect).

When two capture registers are used, and if the overflow flag is cleared to O 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 D; /
Doo Do1

0000H

TPOCE bit

INTTPOOV signal

TPOOVF bit —| —|

TPOOVFO flagh®®

TIPOO pin input

TPOCCRO register Doo Do+

TPOOVF1 flagh°t

TIPO1 pin input

TPOCCRT1 register D10 D11

<1> <2> <3> <4> <5> <6>

Note The TPOOVFO and TPOOVF1 flags are set on the internal RAM by software.

<1> Read the TPOCCRO register (setting of the default value of the TIPOO pin input).

<2> Read the TPOCCRT register (setting of the default value of the TIPO1 pin input).

<3> An overflow occurs. Set the TPOOVFO and TPOOVF1 flags to 1 in the overflow interrupt servicing,
and clear the overflow flag to 0.

<4> Read the TPOCCRO register.
Read the TPOOVFO flag. If the TPOOVFO flag is 1, clear it to 0.
Because the TPOOVFO flag is 1, the pulse width can be calculated by (10000H + Do1 — Doo).

<5> Read the TPOCCR1 register.
Read the TPOOVF1 flag. If the TPOOVF1 flag is 1, clear it to 0 (the TPOOVFO flag is cleared in
<4>, and the TPOOVF1 flag remains 1).
Because the TPOOVF1 flag is 1, the pulse width can be calculated by (10000H + D11 — D1o)
(correct).

<6> Same as <3>
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2/2)

Example when two capture registers are used (without using overflow interrupt)

FFFFH

D11
16-bit counter Df /
Doo Dot

0000H

TPOCE bit

INTTPOOV signal -| -|

TPOOVF bit

TPOOVFO flagh®®®

TIPOO pin input

TPOCCRQO register Doo Dot

TPOOVF1 flagh°'

TIPO1 pin input

TPOCCRT1 register D1o D11

<1> <2> <3> <4> <5> <6>

Note The TPOOVFO and TPOOVF1 flags are set on the internal RAM by software.

<1>
<2>
<3>

<4>

Read the TPOCCRO register (setting of the default value of the TIPOO pin input).

Read the TPOCCR1 register (setting of the default value of the TIPO1 pin input).

An overflow occurs. Nothing is done by software.

Read the TPOCCRO register.

Read the overflow flag. If the overflow flag is 1, set only the TPOOVF1 flag to 1, and clear the
overflow flag to 0.

Because the overflow flag is 1, the pulse width can be calculated by (10000H + Dot — Doo).

<5> Read the TPOCCR1 register.

Read the overflow flag. Because the overflow flag is cleared in <4>, 0 is read.

Read the TPOOVF1 flag. If the TPOOVF1 flag is 1, clear it to 0.

Because the TPOOVF1 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

Da/

0000H

TPOCE bit

TIPOa pin input |
D

TPOCCRa register Dao

a1

INTTPOOV signal

TPOOVF 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 TPOCCRa register (setting of the default value of the TIPOa 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 TPOCCRa 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.

If an overflow occurs twice or more when the capture trigger interval is long, the correct pulse width may
not be obtained.

If the capture trigger interval is long, slow the count clock to lengthen one cycle of the 16-bit counter, or
use software. An example of how to use software is shown next.
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Example when capture trigger interval is long

FFFFH o

16-bit counter

0000H

TPOCE bit

TIPOa pin input

TPOCCRa register Dao Dai

INTTPOOV signal -|

TPOOVF bit —|

oS —

Overflow OH X 1H
countere®

2HxOH

1 cycle of 16-bit counter

Pulse width

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

Note The overflow counter is set arbitrarily by software on the internal RAM.

<1>

<2>

<3>

<4>

Read the TPOCCRa register (setting of the default value of the TIPOa 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 TPOCCRa register.
Read the overflow counter.
— When the overflow counter is “N”, the pulse width can be calculated by (N x 10000H + Dat —
DaO).
In this example, the pulse width is (20000H + Da1 — Dao) because an overflow occurs twice.
Clear the overflow counter (OH).
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(e) Clearing overflow flag
The overflow flag can be cleared to 0 by clearing the TPOOVF bit to 0 with the CLR instruction and by
writing 8-bit data (bit O is 0) to the TPOOPTO register. To accurately detect an overflow, read the TPOOVF
bit when it is 1, and then clear the overflow flag by using a bit manipulation instruction.

(i) Operation to write 0 (without conflict with setting) (iii) Operation to clear to 0 (without conflict with setting)
Overflow Overflow
set signal L set signal

0 write signal | 0 write signal |
Overflow flag Register )
(TPOOVF bit) \ access signal Read Write
Overflow flag —\—
(TPOOVF bit)

(if) Operation to write 0 (conflict with setting) (iv) Operation to clear to 0 (conflict with setting)
Overflow Overflow
set signal set signal

0 write signal | 0 write signal |
Overflow flag Register -
(TPOOVF bit) \ access signal Read | | Write

Overflow flag N
(TPOOVF bit)

To clear the overflow flag to 0, read the overflow flag to check if it is set to 1, and clear it with the CLR
instruction. If 0 is written to the overflow flag without checking if the flag is 1, the set information of
overflow may be erased by writing O ((ii) in the above chart). Therefore, software may judge that no
overflow has occurred even when an overflow actually has occurred.

If execution of the CLR instruction conflicts with occurrence of an overflow when the overflow flag is
cleared to 0 with the CLR instruction, the overflow flag remains set even after execution of the clear
instruction.
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7.5.7 Pulse width measurement mode (TPOMD2 to TPOMDO bits = 110)
In the pulse width measurement mode, 16-bit timer/event counter P starts counting when the TPOCTLO.TPOCE bit

is set to 1. Each time the valid edge input to the TIPOa pin has been detected, the count value of the 16-bit counter is
stored in the TPOCCRa register, and the 16-bit counter is cleared to 0000H.
The interval of the valid edge can be measured by reading the TPOCCRa register after a capture interrupt request

signal (INTTPOCCa) occurs.

Select either the TIPOO or TIPO1 pin as the capture trigger input pin. Specify “No edge detected” by using the

TPOIOCH1 register for the unused pins.

When an external clock is used as the count clock, measure the pulse width of the TIPO1 pin because the external
clock is fixed to the TIPOO pin. At this time, clear the TPOIOC1.TPOIS1 and TPOIOC1.TPOISO bits to 00 (capture
trigger input (TIPOO pin): No edge detected).

Figure 7-34. Configuration in Pulse Width Measurement Mode

Internal count clock —»]

-]

Clear
Count
cloc!< | 16-bit counter
selection
TPOCE bit

. Edge
TIPOO pin detector
(external
event count
input/capture —
trigger input) Digital | I Eqge
noise detector
eliminator
Digital
TIPO1 pin ©— noise [~ Edge
(capture eliminator | [detector

trigger input)

Remark a=0,1

TPOCCRO register
(capture)

INTTPOOV signal

TPOCCRT1 register
(capture)

INTTPOCCO signal

t+— INTTPOCC1 signal
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Figure 7-35. Basic Timing in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TPOCE bit

TIPOa pin input k \

TPOCCRa register 0000H Do D1 D2 Ds

INTTPOCCa signal _| —l _| —l

INTTPOOV signal

Cleared to 0 by
TPOOVF bit CLR instruction

Remark a=0,1

When the TPOCE bit is set to 1, the 16-bit counter starts counting. When the valid edge input to the TIPOa pin is
later detected, the count value of the 16-bit counter is stored in the TPOCCRa register, the 16-bit counter is cleared to
0000H, and a capture interrupt request signal (INTTPOCCa) 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 TIPOa pin even when the 16-bit counter counted up to FFFFH, an overflow
interrupt request signal (INTTPOOV) is generated at the next count clock, and the counter is cleared to 0000H and
continues counting. At this time, the overflow flag (TPOOPTO.TPOOVF 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 TPOOVF bit set (1) count + Captured value) x Count clock cycle

Remark a=0,1
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Figure 7-36. Register Setting in Pulse Width Measurement Mode (1/2)

(a) TMPO control register 0 (TPOCTLO)

TPOCE TPOCKS2 TPOCKS1 TPOCKSO

TPOCTLOl o ‘ 0

Select count clockNe®

0: Stop counting
1: Enable counting

Note Setting is invalid when the TPOEEE bit = 1.

(b) TMPO control register 1 (TPOCTL1)

TPOEST TPOEEE TPOMD2 TPOMD1 TPOMDO
0|

1

TPOCTL1| 0 0 ‘ o ‘ 0 ‘

1,1,0:
Pulse width measurement mode

0: Operate with count
clock selected by
TPOCKSO0 to TPOCKS?2 bits
1: Count external event
count input signal

(c) TMPO I/O control register 1 (TPOIOC1)

TPOIS3 TPOIS2 TPOIS1 TPOISO

0\0/1\0/1\0/1\0/1|

T T
Select valid edge

of TIPOO pin input

TPOIOCH | 0

Select valid edge
of TIPO1 pin input

(d) TMPO I/O control register 2 (TP0OIOC2)

TPOEES1 TPOEESO TPOETS1 TPOETSO
0|

TPOIOC2| 0 \ 0 0 \ 0/1 \ o \ 0

Select valid edge of
external event count input
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Figure 7-36. Register Setting in Pulse Width Measurement Mode (2/2)

(e) TMPO option register 0 (TPOOPTO)

TPOCCS1 TPOCCSO TPOOVF
TPOOPTOlO‘0‘0‘0‘0‘0‘0‘0/1'

L

Overflow flag

(f) TMPO counter read buffer register (TPOCNT)
The value of the 16-bit counter can be read by reading the TPOCNT register.

(g) TMPO capture/compare registers 0 and 1 (TPOCCRO0 and TPOCCR1)
These registers store the count value of the 16-bit counter when the valid edge input to the TIPOa pin is
detected.

Remarks 1. TMPO I/O control register 0 (TPOIOCO) is not used in the pulse width measurement mode.
2. a=0,1
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(1) Operation flow in pulse width measurement mode

Figure 7-37. Software Processing Flow in Pulse Width Measurement Mode

FFFFH

16-bit counter

0000H

TPOCE bit

TIPOO pin input

TPOCCRO register

0000H

Do

D

DzX 0000H

INTTPOCCO signal

<1> Count operation start flow

<1>
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Register initial setting
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(TPOCKSO to TPOCKS?2 bits),
TPOCTLI1 register,
TPOIOCH register,
TPOIOC2 register,
TPOOPTO register

Set TPOCTLO register
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<2> Count operation stop flow

TPOCE bit=0

C=
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TPOCE bit to 1.
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<2>
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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 TPOOVF bit to 0 with the CLR instruction and by
writing 8-bit data (bit 0 is 0) to the TPOOPTO register. To accurately detect an overflow, read the TPOOVF
bit when it is 1, and then clear the overflow flag by using a bit manipulation instruction.

(i) Operation to write 0 (without conflict with setting) (iii) Operation to clear to 0 (without conflict with setting)
Overflow Overflow
set signal L set signal

0 write signal | 0 write signal |
Overflow flag Register -
(TPOOVF bit) \ access signal Read Write
Overflow flag —\—
(TPOOVF bit)

(i) Operation to write 0 (conflict with setting) (iv) Operation to clear to 0 (conflict with setting)
Overflow Overflow
set signal set signal

0 write signal | 0 write signal |
Overflow flag Register -
(TPOOVF bit) \ access signal Read | | Write

Overflow flag H
(TPOOVF bit)

To clear the overflow flag to 0, read the overflow flag to check if it is set to 1, and clear it with the CLR
instruction. If 0 is written to the overflow flag without checking if the flag is 1, the set information of
overflow may be erased by writing O ((ii) in the above chart). Therefore, software may judge that no
overflow has occurred even when an overflow actually has occurred.

If execution of the CLR instruction conflicts with occurrence of an overflow when the overflow flag is
cleared to 0 with the CLR instruction, the overflow flag remains set even after execution of the clear
instruction.
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7.5.8 Timer output operations
The following table shows the operations and output levels of the TOP00 and TOPO1 pins.

Table 7-4. Timer Output Control in Each Mode

Operation Mode

TOPO1 Pin

TOPOO Pin

Interval timer mode

Square wave output

External event count mode

Square wave output

External trigger pulse output mode

External trigger pulse output

Square wave output

One-shot pulse output mode

One-shot pulse output

PWM output mode

PWM output

Free-running timer mode

Square wave output (only when compare function is used)

Pulse width measurement mode

Table 7-5. Truth Table of TOP00 and TOPO1 Pins Under Control of Timer Output Control Bits

TPOIOCO0.TPOOLa Bit TPOIOCO0.TPOOEa Bit TPOCTLO.TPOCE Bit Level of TOPOa Pin
0 0 X Low-level output
1 0 Low-level output
1 Low level immediately before counting, high
level after counting is started
1 0 X High-level output
1 0 High-level output

High level immediately before counting, low level

after counting is started

Remark a=0,1
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER P (TMP)

7.6 Eliminating Noise on Capture Trigger Input Pin (TIPOa)

The TIPOa pin has a digital noise eliminator.

However, this circuit is valid only when the pin is used as a capture trigger input pin; it is invalid when the pin is
used as an external event count input pin or external trigger input pin.

Digital noise can be eliminated by specifying the alternate function of the TIPOa pin using the PMC3, PFC3, and
PFCES registers.

The number of times of sampling can be selected from three or two by using the PaNFC.PaNFSTS bit. The
sampling clock can be selected from fxx, fxx/2, fxx/4, fxx/16, fxx/32, or fxx/64, by using the PaNFC.PaNFC2 to
PaNFC.PaNFCO bits.

(1) TIPOa noise elimination control register (PaNFC)
This register is used to select the sampling clock and the number of times of sampling for eliminating digital
noise.
This register can be read or written in 8-bit or 1-bit units.
Reset input clears this register to O0H.

After reset: 00H R/W  Address: PONFC FFFFFBOOH, PINFC FFFFFB04H
7 6 5 4 3 2 1 0
PaNFC | 0 |[PaNFSTS 0 | o | o |PaNFC2 |PaNFC1 | PaNFCO |
(@=0,1)
PaNFSTS Setting of number of times of sampling for eliminating digital noise
0 Number of times of sampling = 3
1 Number of times of sampling = 2
PaNFC2 | PaNFC1 | PaNFCO Sampling clock selection
0 0 0 fxx
0 0 1 fxx/2
0 1 0 fxx/4
0 1 1 fxx/16
1 0 0 fxx/32
1 0 1 fxx/64
Other than above Setting prohibited
Cautions 1. Enable starting the 16-bit counter of TMPO (TPOCTL.TPOCE bit = 1) after the lapse of the
sampling clock period x number of times of sampling.
2. Be sure to clear bits 7, 5 to 3 to “0”.
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<Setting procedure>
<1> Select the number of times of sampling and the sampling clock by using the PaNFC register.
<2> Select the alternate function (of the TIPOa pin) by using the PMCS3, PFC3, and PFCES registers.
<3> Set the operating mode of TMPO (such as the capture mode or the valid edge of the capture trigger).
<4> Enable the TMPO count operation.

<Noise elimination width>
The digital noise elimination width (twtira) is as follows, where T is the sampling clock period and M is the
number of times of sampling.

e twrmipa < (M - 1)T: Accurately eliminated as noise
e (M- 1)T <twmra<MT: Eliminated as noise or detected as valid edge
o twripa > MT: Accurately detected as valid edge

Therefore, a pulse width of MT or longer must be input so that the valid edge of the capture trigger input can be
accurately detected.
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7.7 Cautions

(1) Capture operation

When the capture operation is used and fxx/8, fxx/16, fxx/32, fxx/64, fxx/128, or the external event counter
(TPOCLT1.TPOEEE bit = 1) is selected as the count clock, FFFFH, not 0000H, may be captured in the

TPOCCRn register if the capture trigger is input immediately after the TPOCE bit is set to 1.

(a) Free-running timer mode

FFFFH

)

16-bit counter =

7
/

Count clock

Sampling clock (fxx)

TPOCCRO register

X

0000H >< FFFFH 0001H

TPOCE bit

T

TIPOO pin input

/|

Capture
trigger input

[

Capture
trigger input

(b) Pulse width measurement mode

FFFFH

[ (

16-bit counter

0000H

Count clock

Sampling clock (fxx)

(I

TPOCCRO register ~ 0000H X FFFFH X 0002H
TPOCE bit | : |
TIPOO pin input | | | |

A A

Capture
trigger input

Capture
trigger input
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CHAPTER 8 16-BIT TIMER/EVENT COUNTER 0

In the VB50ES/KG2, four channels of 16-bit timer/event counter 0 are provided.
8.1 Functions
16-bit timer/event counter On has the following functions (n = 0 to 3).

(1) Interval timer
16-bit timer/event counter On generates an interrupt request at the preset time interval.

(2) Square-wave output
16-bit timer/event counter On can output a square wave with any selected frequency.

(3) External event counter
16-bit timer/event counter On can measure the number of pulses of an externally input signal.

(4) One-shot pulse output
16-bit timer/event counter On can output a one-shot pulse whose output pulse width can be set freely.

(5) PPG output
16-bit timer/event counter On can output a rectangular wave whose frequency and output pulse width can be set
freely.

(6) Pulse width measurement
16-bit timer/event counter On can measure the pulse width of an externally input signal.
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8.2 Configuration

16-bit timer/event counter On includes the following hardware.

Table 8-1. Configuration of 16-Bit Timer/Event Counter On

ltem

Configuration

Time/counter

16-bit timer counter On (TMOn)

Register 16-bit timer capture/compare registers: 16-bit x 2 (CROn0, CROn1)
Timer input 2 (TIONnO, TION1 pins)
Timer output 1 (TOOnN pin), output controller

Note

Control registers

16-bit timer mode control register On (TMCOn)
Capture/compare control register On (CRCOn)
16-bit timer output control register On (TOCON)
Prescaler mode register On (PRMON)
Selector operation control register 1 (SELCNT1)

Note To use the TIOnO, TIOn1, and TOON pin functions, refer to Table 4-16 Settings When Port Pins Are

Used for Alternate Functions.

The block diagram is shown below.

Figure 8-1. Block Diagram of 16-Bit Timer/Event Counter On

2 Internal bus 8

Capture/compare control
register On (CRCOn)

| Selectorl

| | INTTMONO
3 ‘% r,:o; 16-bit timer capture/compare
Tion1 © SE |3 register On0 (CRONO)
= %]
[
U Match
Count clock 16-bit timer counter On :l
<—|C|ear
(TMOn) Output
controller [——=@TO0Nn
® ag Match
fxx/4— -3 E 3
=2
< .
o
J 3 .| |_|16-bit timer capture/compare
Tion0 © 5 :E register On1 (CRON1)
< L5
‘ ‘ 3 INTTMON1
3
(2]
[
PRMOn1|PRNON0 [rvcong[TMConaTMCOnt OVFon|  [oPTon|0SPEDA[TOCOR|LVSOR LVRON TOCOR! TOEON|
Seletcto‘r opgrtatiz)1n PreleaIeor mode 16-bit ltime( mo%e Timer output control
control register register On .
SELONT) i ?‘?I?AtEoOr:;BQISter n register On (TOCON)
8 Internal bus 8

2.n=0to 3

Remarks 1. fxx: Main clock frequency
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CHAPTER 8 16-BIT TIMER/EVENT COUNTER 0

(1) 16-bit timer counter On (TMOn)
The TMOn register is a 16-bit read-only register that counts count pulses.
The counter is incremented in synchronization with the rising edge of the count clock.

After reset: 0000H R Address: TMOO FFFFF600H, TMO1 FFFFF610H,
TM02 FFFFF620H, TMO3 FFFFF630H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
won | [ [ [P ]
(n=0to 3)

The count value of the TMOn register can be read by reading the TMOn register when the values of the
TMCONn.TMCOn3 and TMCOn.TMCOn2 bits are other than 00. The value of the TMOn register is 0000H if it is read
when the TMCOn3 and TMCON2 bits are 00.

The count value is reset to 0000H in the following cases.

At reset signal generation

e If the TMCON3 and TMCON2 bits are cleared to 00

e [f the valid edge of the TIOnO pin is input in the mode in which the clear & start occurs when inputting the valid
edge to the TIONO pin

e If the TMOn register and the CRONO register match in the mode in which the clear & start occurs when the
TMOn register and the CRONO register match

e The TOCON.OSPTON bit is set to 1 in one-shot pulse output mode or the valid edge is input to the TIOnO pin

Remark n=0to 3

(2) 16-bit timer capture/compare register 0n0 (CROn0), 16-bit timer capture/compare register On1 (CROn1)
The CRON0 and CRON1 registers are 16-bit registers that are used with a capture function or comparison function
selected by using the CRCOn register.
Change of the value of the CRONO register while the timer is operating (TMCOn.TMCOn3 and TMCOn.TMCOn2
bits = other than 00) is prohibited.
The value of the CRONn1 register can be changed during operation if the value has been set in a specific way. For
details, see 8.5.1 Rewriting CRONO register during TMOn operation.
These registers can be read or written in 16-bit units.
Reset sets these registers to 0000H.

(a) 16-bit timer capture/compare register 0n0 (CRON0)

After reset: 0000H ~ R/W  Address: CRO00 FFFFF602H, CRO10 FFFFF612H,
CR020 FFFFF622H, CRO30 FFFFF632H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
croro | | [ [ [ I [ [ [ [ [ [ [ [ 1 1|
(n=0to 3)
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CHAPTER 8 16-BIT TIMER/EVENT COUNTER 0

(i) When the CRONO register is used as a compare register
The value set in the CRONO register is constantly compared with the TMOn register count value, and an

interrupt request signal (INTTMONO) is generated if they match. The value is held until the CRONO register
is rewritten.

(ii) When the CRONO register is used as a capture register
The count value of the TMOn register is captured to the CRONO register when a capture trigger is input.
As the capture trigger, an edge of a phase reverse to that of the TIOnO pin or the valid edge of the TIOn1
pin can be selected by using the CRCOn or PRMOn register.

(b) 16-bit timer capture/compare register On1 (CROn1)

After reset: 0000H ~ R/W  Address: CRO01 FFFFF604H, CRO11 FFFFF614H,
CRO021 FFFFF624H, CRO31 FFFFF634H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ot | | | [ PP

(n=0to3)

(i) When using the CRONn1 register as a compare register
The value set to the CROn1 register and the count value of the TMOn register are always compared and
when these values match, an interrupt request signal (INTTMOnN1) is generated.

(i) When using the CRONn1 register as a capture register
The TMOn register count value is captured to the CROn1 register by inputting a capture trigger.
The valid edge of the TIOnO pin can be selected as the capture trigger. The valid edge of the TIOnO pin
is set with the PRMOn register.

Cautions 1. When the P33, P35, P92, and P94 pins are used as the valid edges of TI000, TI010, TI020, and
TI030, and the timer output function is used, set the P34, P32, P30, and P31 pins as the timer
output pins (TO00 to TO03).

2. If clearing of the TMCOn3 and TMCONn2 bits to 00 and input of the capture trigger conflict,
then the captured data is undefined.

3. To change the mode from the capture mode to the comparison mode, first clear the TMCOn3
and TMCON2 bits to 00, and then change the setting.
A value that has been once captured remains stored in the CROn0 and CROn1 registers
unless the device is reset. If the mode has been changed to the comparison mode, be sure
to set a comparison value.
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(c) Setting range when used as compare register
When the CRON0 or CRON1 register is used as a compare register, set it as shown below.

Operation CRONO Register CRON1 Register
¢ Operation as interval timer 0000H < N < FFFFH 0000H"" < M < FFFFH
¢ Operation as square-wave output Normally, this setting is not used. Mask the

« Operation as external event counter match interrupt signal (INTTMOn1).

o Operation in the clear & start mode 0000H""* < N < FFFFH 0000H""* < M < FFFFH
entered by TIOnO pin valid edge input
o Operation as free-running timer

o Operation as PPG output M < N < FFFFH 0000H"™ <M< N

« Operation as one-shot pulse output 0000H"" < N < FFFFH (N = M) 0000H"" <M < FFFFH (M = N)

Note When 0000H is set, a match interrupt immediately after the timer operation does not occur and timer output
is not changed, and the first match timing is as follows. A match interrupt occurs at the timing when the
timer counter (TMOn register) is changed from 0000H to 0001H.

e When the timer counter is cleared due to overflow

e When the timer counter is cleared due to TIOnO pin valid edge (when clear & start mode is entered by
TIONO pin valid edge input)

e When the timer counter is cleared due to compare match (when clear & start mode is entered by match
between TMOn and CROn0 (CRONO = other than 0000H, CROn1 = 0000H))

Timer counter clear —,

TMOn register

Compare register set value
(000OH)

) . .. Operation Operation enabled
Timer operation enable bit  §isapied (00) (other than 00)

Interrupt request signal

|

Interrupt signal Interrupt signal
is not generated is generated

Remarks 1. N: CRONO register set value
M: CROnN1 register set value
2. For details of operation enable bits (TMCOn.TMCOn3, TMCOn.TMCONn2 bits), refer to 8.3 (1) 16-bit
timer mode control register On (TMCOn).
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Table 8-2. Capture Operation of CROn0 and CROn1 Registers

External Input
Signal TI0NO Pin Input I | | | TIOn1 Pin Input I | I |
Capture '
Operation
Capture operation of | CRCOn1 bit =1 Set values of ESn01 and | CRCOn1 bit=0 Set values of ESn11 and
CRONO register TIONO pin input ESn00 TION1 pin input ESn10
(reverse phase) Position of edge to be Position of edge to be
captured captured
01: Rising | | | | 01: Rising
00: Falling 00: Falling
11: Both edges 11: Both edges
(cannot be captured) | t I Y
Interrupt signal INTTMONO signal is not | Interrupt signal INTTMONO signal is
generated even if value generated each time
is captured. value is captured.
Capture operation of | TIONnO pin input**® Set values of ESn01 and
CRON1 register ESn00

Position of edge to be

I—I _I_ captured
! 01: Rising

-

00: Falling

-
7|

11: Both edges

1

Interrupt signal INTTMON1 signal is
generated each time
value is captured.

=

Note The capture operation of the CRONn1 register is not affected by the setting of the CRCOn1 bit.

Caution To capture the count value of the TMOn register to the CRONnO register by using the phase
reverse to that input to the TIOnO pin, the interrupt request signal (INTTMONO) is not generated
after the value has been captured. If the valid edge is detected on the TIOn1 pin during this
operation, the capture operation is not performed but the INTTMONO signal is generated as an
external interrupt signal. To not use the external interrupt, mask the INTTMONO signal.

Remarks 1. CRCOn1: See 8.3 (2) Capture/compare control register On (CRCOn).

ESn11, ESn10, ESn01, ESn00: See 8.3 (4) Prescaler mode register On (PRMOn).
2.n=0to3
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8.3 Registers
Registers used to control 16-bit timer/event counter On are shown below.

e 16-bit timer mode control register On (TMCOn)

e Capture/compare control register On (CRCOn)

¢ 16-bit timer output control register On (TOCOn)

e Prescaler mode register On (PRMOn)

e Selector operation control register 1 (SELCNT1)

Remark To use the TIONnO, TIOn1, and TOON pin functions, refer to Table 4-16 Settings When Port Pins Are
Used for Alternate Functions.

(1) 16-bit timer mode control register On (TMCOn)
TMCOn is an 8-bit register that sets the 16-bit timer/event counter On operation mode, the TMOn register clear
mode, and output timing, and detects an overflow.
Rewriting TMCOn is prohibited during operation (when the TMCOn3 and TMCON2 bits = other than 00). However,
it can be changed when the TMCOn3 and TMCON2 bits are cleared to 00 (stopping operation) and when the
OVFOn bit is cleared to 0.
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to O0OH.

Cautions 1. 16-bit timer/event counter On starts operation at the moment TMCOn2 and TMCOn3 are set to
values other than 00 (operation stop mode), respectively. Set TMCOn2 and TMCOn3 to 00 to
stop the operation.

2. Do not access the TMCOn register when the main clock is stopped and the subclock is
operating.
For details, refer to 3.4.8 (1) (b).

Remark n=01t03
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After reset: 00H R/W Address: TMCO00 FFFFF606H, TMCO1 FFFFF616H, TMC02 FFFFF626H
TMCO03 FFFFF636H

7 6 5 4 3 2 1 <0>
TMCOn | 0 0 0 0 TMCONn3 TMCONn2 TMCOn1 OVFOn
(n=0to0 3)
TMCOn3 TMCOn2 Enable operation of 16-bit timer/event counter On
0 0 Disables TMOn operation. Stops supplying operating clock. Clears 16-bit
timer counter (TMOn).
0 1 Free-running timer mode
1 0 Clear & start mode entered by TIONO pin valid edge input"™"
1 1 Clear & start mode entered upon a match between TMOn and CROn0O
TMCOn1"*? Condition to reverse timer output (TOON)
0 ¢ Match between TMOn and CRONO or match between TMOn and CRONn1
1 e Match between TMOn and CRONO or match between TMOn and CRONn1

o Trigger input of TIONO pin valid edge

OVFOn TMOn register overflow flag

Clear (0) | Clears OVFOn to 0 or TMCON.TMCONn3 and TMCOn.TMCONn2 = 00

Set (1) Overflow occurs.

OVFOn is set to 1 when the value of TMOn changes from FFFFH to 0000H in all the operation modes
(free-running timer mode, clear & start mode entered by TIONnO pin valid edge input, and clear & start mode
entered upon a match between TMOn and CRONO).

It can also be set to 1 by writing 1 to the OVFOn bit.

Notes 1. The TIOnO pin valid edge is set by the PRMOn register.
2. Be sure to clear the TMCOm1 bit to 0 when the TOOm pin and TIOmO pin are used alternately (m =0
to 3).
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(2) Capture/compare control register On (CRCOn)
The CRCOnN register is the register that controls the operation of the CROn0 and CROn1 registers.
Changing the value of the CRCOn register is prohibited during operation (when the TMCOn.TMCOn3 and
TMCON.TMCON2 bits = other than 00).
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: CRCO00 FFFFF608H, CRC0O1 FFFFF618H, CRC02 FFFFF628H
CRCO03 FFFFF638H

7 6 5 4 3 2 1 0
CRCOn | 0 0 0 0 0 CRCON2 CRCOn1 CRCONnO
(n=0to0 3)
CRCOn2 CRON1 register operating mode selection
0 Operates as compare register
1 Operates as capture register
CRCOn1 CRONO register capture trigger selection
0 Captures on valid edge of TIOn1 pin
1 Captures on valid edge of TIONO pin by reverse phase"™*®

The valid edge of the TIOn1 and TIONO pin is set by the PRMOn register.
If PRMONn.ESn01 and PRMON.ESn00 are set to 11 (both edges) when CRCOn1 is 1, the valid edge of the
TIONO pin cannot be detected.

CRCONn0O CRONO register operating mode selection
0 Operates as compare register
1 Operates as capture register

If TMCON3 and TMCON2 are set to 11 (clear & start mode entered upon a match between TMOn and
CRONO), be sure to set the CRCONO bit to 0.

Note When the valid edge is detected from the TIOn1 pin, the capture operation is not performed but the
INTTMONO signal is generated as an external interrupt signal.

Caution To ensure that the capture operation is performed properly, the capture trigger requires a
pulse two cycles longer than the count clock selected by the PRMOn or SELCNT1 register.
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(3) 16-bit timer output control register On (TOCOn)
The TOCON register is an 8-bit register that controls the TOOn pin output.
The TOCON register can be rewritten while only the OSPTOn bit is operating (when the TMCOn.TMCOn3 and
TMCOn.TMCOnN2 bits = other than 00). Rewriting the other bits is prohibited during operation.
However, TOCONn4 can be rewritten during timer operation as a means to rewrite the CROn1 register (see 8.5.1
Rewriting CRON1 register during TMOn operation).
This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

Caution Be sure to set the TOCOn register using the following procedure.
<1> Set the TOCONn4 and TOCON1 bits to 1.
<2> Set only the TOEON bit to 1.
<3> Set either the LVSOn bit or LVRON bit to 1.

(1/2)
After reset: 00H R/W Address: TOC00 FFFFF609H, TOCO1 FFFFF619H, TOC02 FFFFF629H,
TOCO03 FFFFF639H
7 <6> <5> 4 <3> <2> 1 <0>
TOCON | 0 OSPTON OSPEON TOCOn4 LVSOn LVROn TOCON1 TOEON
(n=0to 3)
OSPTON One-shot pulse output trigger via software
0 —
1 One-shot pulse output

The value of this bit is always “0” when it is read.
If it is set to 1, TMOn is cleared and started.

OSPEON One-shot pulse output operation control
0 Successive pulse output
1 One-shot pulse output

One-shot pulse output operates correctly in the free-running timer mode or clear & start mode entered by
TIONO pin valid edge input.

The one-shot pulse cannot be output in the clear & start mode entered upon a match between the TMOn
and CRONO registers.

TOCONn4 TOON pin output control on match between CROn1 and TMOn registers
0 Disables inversion operation
1 Enables inversion operation

The interrupt signal (INTTMON1) is generated even when the TOCOn4 bit = 0.
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(2/2)
LVSOn LVROn Setting of TOON pin output status
0 0 No change
0 1 Initial value of TOON pin output is low level (TOON pin output is cleared to 0).
1 0 Initial value of TOON pin output is high level (TOOnN pin output is set to 1).

1

1

Setting prohibited

e The LVSOn and LVRON bits can be used to set the initial value of the output level of the TOOn pin. If
the initial value does not have to be set, leave the LVSOn and LVROnN bits as 00n.

e Be sure to set the LVSOn and LVROnN bits when TOEOn = 1.

The LVSOn, LVRON, and TOEON bits being simultaneously set to 1 is prohibited.

e The LVSOn and LVRON bits are trigger bits. By setting these bits to 1, the initial value of the output
level of the TOON pin can be set. Even if these bits are cleared to 0, output of the TOON pin is not
affected.

e The values of the LVSOn and LVROnN bits are always 0 when they are read.

e For how to set the LVSOn and LVRON bits, see 8.5.2 Setting LVSOn and LVRON bits.

TOCON1

TOON pin output control on match between CRON0O and TMOn registers

0

Disables inversion operation

1

Enables inversion operation

The interrupt signal (INTTMONO) is generated even when the TOCOn1 bit = 0.

TOEON

TOON pin output control

0

Disables output (TOON pin output fixed to low level)

1

Enables output
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CHAPTER 8 16-BIT TIMER/EVENT COUNTER 0

(4) Prescaler mode register On (PRMON)
The PRMOn register is the register that sets the TMOn register count clock and TIOnO and TIOn1 pin input valid
edges. The PRMOn1 and PRMONO bits are set in combination with the SELCNT1.ISEL1n bit. Refer to 8.3 (6)
Count clock setting for 16-bit timer/event counter On for details.
Rewriting the PRMOn register is prohibited during operation (when the TMCOn.TMCONn3 and TMCOn.TMCOn2 bits

= other than 00).

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

Cautions 1. Do not apply the following setting when setting the PRMOn1 and PRMONnO bits to 11 (to
specify the valid edge of the TIOnO pin as a count clock).
e Clear & start mode entered by the TIOnO pin valid edge
o Setting the TIONO pin as a capture trigger
2. If the operation of the 16-bit timer/event counter On is enabled when the TIOnO or TIOn1 pin
is at high level and when the valid edge of the TIOnO or TIOn1 pin is specified to be the rising
edge or both edges, the high level of the TIOnO or TIOn1 pin is detected as a rising edge.
Note this when the TIOnO or TIOn1 pin is pulled up. However, the rising edge is not detected
when the timer operation has been once stopped and is then enabled again.
3. When the P33, P35, P92, and P94 pins are used as the valid edges of TI000, TI010, TI020, and
TI030, and the timer output function is used, set the P34, P32, P30, and P31 pins as the timer
output pins (TO00 to TO03).

After reset: OOH R/W

Address: PRMO00 FFFFF607H, PRMO1 FFFFF617H, PRM02 FFFFF627H,

PRMO03 FFFFF637H

7 6 5 4 3 2 1 0
PRMOn ESn11 ESn10 ESnO1 ESn00 0 0 PRMON1 PRMONO
(n=0to 3)
ESn11 ESn10 TIOn1 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ESnO01 ESn00 TIONO pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
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CHAPTER 8 16-BIT TIMER/EVENT COUNTER 0

(5)

Selector operation control register 1 (SELCNT1)

The SELCNT1 register sets the count clock of 16-bit timer/event counter On.

The SELCNT1 register is set in combination with the PRMOn.PRMn01 and PRMOn.PRMn0O bits. Refer to 8.3 (6)
Count clock setting for 16-bit timer/event counter On for details.

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: FFFFF30AH
7 6 5 4 3 2 1 0
SELeNTt | o | o | o | o [iseut3|isELi2 | IsEL11 | ISEL10 |

(6)

Count clock setting for 16-bit timer/event counter On
The count clock for 16-bit timer/event counter On is set by using the PRMOn.PRMOn1, PRMOn.PRMONO, and
SELCNT1.ISEL1n bits in combination.

(@) Count clock for 16-bit timer/event counters 00 and 02

SELCNT1 Register PRMOn Register Selection of Count Clock™*"
ISEL1n Bit PRMONn1 Bit | PRMONO Bit Count Clock fxx = 20 MHz fxx = 16 MHz fxx =10 MHz

0 0 0 fxx/2 100 ns 125 ns 200 ns
0 0 1 fxx/4 200 ns 250 ns 400 ns
0 1 0 fxx/8 400 ns 500 ns 800 ns
0 1 1 Valid edge of TIOnQ"*°* - - -

1 0 0 fxx/32 1.6 us 2.0 us 3.2 us
1 0 1 fxx/64 3.2 us 4.0 us 6.4 us
1 1 0 fxx/128 6.4 us 8.0 us 12.8 us
1 1 1 Setting prohibited

Notes 1. When the internal clock is selected, set so as to satisfy the following conditions:

Vob = REGC = 4.0 to 5.5 V: Count clock < 10 MHz
Vop =4.0t0 5.5V, REGC = 10 uF: Count clock <5 MHz
Voo = REGC = 2.7 to 4.0 V: Count clock <5 MHz
2. The external clock requires a pulse longer than two cycles of the internal clock (fxx/4).

Remark n=0o0r2

298 Preliminary User's Manual U17703EJ1VOUD

wwwe.DataSheetdl.com



CHAPTER 8 16-BIT TIMER/EVENT COUNTER 0

(b) Count clock for 16-bit timer/event counter 01

SELCNT1 Register

PRMO1 Register

Selection of Count Clock

Note 1

ISEL11 Bit PRMO11 Bit | PRMO010 Bit Count Clock fxx = 20 MHz fxx =16 MHz fxx = 10 MHz
0 0 0 fxx Setting prohibited | Setting prohibited 100 ns
0 0 1 fxx/4 200 ns 250 ns 400 ns
0 1 0 INTWT - - -
0 1 1 Valid edge of TIO10""? - - -
1 0 0 fxx/2 100 ns 125 ns 200 ns
1 0 1 fxx/8 400 ns 500 ns 800 ns
1 1 0 fxx/16 800 ns 1.0 us 1.6 us
1 1 1 Setting prohibited
Notes 1. When the internal clock is selected, set so as to satisfy the following conditions:
Vob = REGC = 4.0 to 5.5 V: Count clock < 10 MHz
Vob =4.0t0 5.5V, REGC = 10 xF: Count clock < 5 MHz
Vop = REGC = 2.7 to 4.0 V: Count clock <5 MHz
2. The external clock requires a pulse longer than two cycles of the internal clock (fxx/4).
(c) Count clock for 16-bit timer/event counter 03
SELCNT1 Register PRMO3 Register Selection of Count Clock"*"
ISEL13 Bit PRMO031 Bit | PRMO030 Bit Count Clock fxx = 20 MHz fxx =16 MHz fxx = 10 MHz
0 0 0 fxx/4 200 ns 250 ns 400 ns
0 0 1 fxx/16 800 ns 1.0 us 1.6 us
0 1 0 fxx/512 25.6 us 32.0 us 51.2 us
0 1 1 Valid edge of TI030""* - - -
1 0 0 fxx Setting prohibited | Setting prohibited 100 ns
1 0 1 fxx/2 100 ns 125 ns 200 ns
1 1 0 fxx/8 400 ns 500 ns 800 ns
1 1 1 Setting prohibited
Notes 1. When the internal clock is selected, set so as to satisfy the following conditions:

Vob = REGC = 4.0 to 5.5 V: Count clock < 10 MHz
Vop =4.0t0 5.5V, REGC = 10 u4F: Count clock < 5 MHz
Voo = REGC = 2.7 to 4.0 V: Count clock < 5 MHz
2. The external clock requires a pulse longer than two cycles of the internal clock (fxx/4).
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CHAPTER 8 16-BIT TIMER/EVENT COUNTER 0

8.4 Operation

8.4.1 Interval timer operation

If the TMCON.TMCONn3 and TMCOn.TMCOn2 bits are set to 11 (clear & start mode entered upon a match between
the TMOn register and the CRONO register), the count operation is started in synchronization with the count clock.

When the value of the TMOn register later matches the value of the CRONO register, the TMOn register is cleared to
0000H and a match interrupt signal (INTTMONO) is generated. This INTTMONO signal enables the TMOn register to

operate as an interval timer.

Remarks 1. For the alternate-function pin settings, refer to Table 4-16 Settings When Port Pins Are Used for

Alternate Functions.

2. For enabling the INTTMONO interrupt, refer to CHAPTER 21 INTERRUPT/EXCEPTION PROCESSING

FUNCTION.

Figure 8-2. Block Diagram of Interval Timer Operation

Clear ﬁ

16-bit counter (TMON)

Count clock _>q

Operable bits

{} Match signal
i

TMCOn3, TMCOn2

CRONO register

Remark n=0to3

INTTMONO signal

Figure 8-3. Basic Timing Example of Interval Timer Operation

N
TMOn register

0000H

— N

— N

Operable bits

(TMCOn3, TMCon2) 0

11

Compare register
(CRONO)

Compare match interrupt
(INTTMONO)

Interval
(N+1)

Remark n=0to 3

Interval
(N+1)

Interval
(N+1)

Interval
(N+1)

300 Preliminary User's Manual U17703EJ1VOUD

wwwe.DataSheetdl.com



CHAPTER 8 16-BIT TIMER/EVENT COUNTER 0

Figure 8-4. Example of Register Settings for Interval Timer Operation

(a) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 TMCOn1 OVFOn
Lo [ ol ol ol «+ [+ [ ol o]

LH

(b) Capture/compare control register On (CRCOn)

Clears and starts on match
between TMOn and CRONO.

CRCOn2 CRCOn1 CRCONO
Lo [ o[ o] ol of o o] o]

\— CRONO used as
compare register

(c) 16-bit timer output control register On (TOCOn)

OSPTOn OSPEOn TOCONn4 LVSOn LVROn TOCOn1 TOEONn

Lol ofofo]ofofofeo]

(d) Prescaler mode register On (PRMOn), selector operation control register 1 (SELCNT1)

ESn11 ESn10  ESn0O1 ESn00 PRMOn1 PRMONO ISEL1n
PRMOnl 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 01 ‘ 01 |SELCNT1 01

Selects count clock.

(e) 16-bit timer counter On (TMOnN)
By reading the TMOn register, the count value can be read.

(f) 16-bit capture/compare register 0On0 (CRONn0)
If M is set to the CRONO register, the interval time is as follows.

o Interval time = (M + 1) x Count clock cycle
Setting the CRONO register to 0000H is prohibited.
(g) 16-bit capture/compare register On1 (CROn1)
Usually, the CRON1 register is not used for the interval timer function. However, a compare match interrupt
(INTTMOnN1) is generated when the set value of the CROn1 register matches the value of the TMOn register.

Therefore, mask the interrupt request by using the interrupt mask flag (TMOMKn1).

Remark n=0to 3
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Figure 8-5. Example of Software Processing for Interval Timer Function

TMOn register

0000H

Operable bits
(TMCon3, TMCon2) . ° " 00

Compare register N
(CRONO)

Compare match interrupt _| _| _|
(INTTMONO)

<1> <2>

<1> Count operation start flow

(s )

Register initial settin - . . .
FgIIRMOr: |!e|gister,l 9 Initial setting of these registers is performed before

SELCNT1 register, setting the TMCONn3 and TMCON2 bits to 11.
CRCOn register,
CRONO register,

port setting

TMCOn3, TMCON2 bits = 11 Starts count operation

<2> Count operation stop flow

The counter is initialized and counting is stopped

TMCOn3, TMCON2 bits = 00 by clearing the TMCOn3 and TMCON2 bits to 00.

=

Remark n=0to3
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8.4.2 Square wave output operation

When 16-bit timer/event counter On operates as an interval timer (see 8.4.1), a square wave can be output from the

TOON pin by setting the TOCON register to 03H.

When the TMCOn.TMCOn3 and TMCOn.TMCOnN2 bits are set to 11 (count clear & start mode entered upon a match
between the TMOn register and the CRONO register), the counting operation is started in synchronization with the

count clock.

When the value of the TMOn register later matches the value of the CRONO register, the TMOn register is cleared to
0000H, an interrupt signal (INTTMONO) is generated, and output of the TOOn pin is inverted. This TOOn pin output

that is inverted at fixed intervals enables TOOn to output a square wave.

Remarks 1. For the alternate-function pin settings, refer to Table 4-16 Settings When Port Pins Are Used for

Alternate Functions.

2. For enabling the INTTMONO interrupt, refer to CHAPTER 21 INTERRUPT/EXCEPTION PROCESSING

FUNCTION.

Figure 8-6. Block Diagram of Square Wave Output Operation

Operable bits
TMCOn3, TMCOn2

CRONO register

Remark n=0t0o3

Clear ¢—
Count clock ; y | Output —=©) TOON pin
16-bit counter (TMON) controller P
r {} Match signal )
INTTMONO signal

Figure 8-7. Basic Timing Example of Square Wave Output Operation

TMOn register

N — N — N —

0000H

Operable bits
(TMCON3, TMCOn2) 90 11

Compare register N
(CRONO)

TOON pin output

Compare match interrupt _| _| _|
(INTTMONO)

‘

Interval Interval Interval
(N+1) (N+1) (N+1)

Remark n=0t0o3

Interval
(N+1)
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Figure 8-8. Example of Register Settings for Square Wave Output Operation

(a) 16-bit timer mode control register On (TMCOn)

TMCON3 TMCOn2 TMCOn1 OVFOn
1 1 | o o |

Clears and starts on match

between TMOn and CRONO.

(b) Capture/compare control register On (CRCOn)

CRCOn2 CRCOn1 CRCON0
Lo [ o[ o] ol of o o o]

\— CRONO used as
compare register

(c) 16-bit timer output control register On (TOCOn)

OSPTOn OSPEOn TOCOR4 LVSOn LVROn TOCOni TOEON
|o\o\o\o\0/1\0/1\1\1|

\— Enables TOON pin output.

Inverts TOON pin output on match
between TMOn and CRONO.

Specifies the initial value of
TOON output F/F.

(d) Prescaler mode register On (PRMON), selector operation control register 1 (SELCNT1)

ESn11 ESn10 ESn01 ESn00 PRMOn1 PRMONO ISEL1n
PRMon| o | o | o | o | o | o | ot | on |[sEonTi| on

Selects count clock.

(e) 16-bit timer counter On (TMOn)
By reading the TMOn register, the count value can be read.

(f) 16-bit capture/compare register 0On0 (CRON0)
If M is set to the CRONO register, the square wave frequency is as follows.

1/[2x (M + 1) x Count clock cycle]
Setting the CRONO register to 0000H is prohibited.

(g) 16-bit capture/compare register On1 (CROn1)
Usually, the CRON1 register is not used for the square wave output function. However, a compare match
interrupt (INTTMON1) is generated when the set value of the CRONn1 register matches the value of the
TMOn register.
Therefore, mask the interrupt request by using the interrupt mask flag (TMOMKn1).

Remark n=0to3
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Figure 8-9. Example of Software Processing for Square Wave Output Function

TMOn register

0000H

Operable bits 00 )

(TMCOnR3, TMCON2)

11

00

Compare register
(CRONO) x

TOON pin output

Compare match interrupt

(INTTMONO)

TOON output control bit |
(TOCON1, TOEON)

<1>

<1> Count operation start flow

C START

)

PRMOn register,
CRCOn register,

CRONO register,
port setting

Register initial setting
SELCNTT1 register,

TOCON registertte,

Initial setting of these registers is performed before
setting the TMCONn3 and TMCON2 bits to 11.

<2>

TMCONn3, TMCON2 bits = 11

<2> Count operation stop flow

TMCONn3, TMCON2 bits = 00

Starts count operation.

The counter is initialized and counting is stopped
by clearing the TMCONn3 and TMCON2 bits to 00.

< STOP

)

Note Care must be exercised when setting the TOCOn register. For details, see 8.3 (3) 16-bit timer output

control register On (TOCOnN).

Remark n=0to3
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8.4.3 External event counter operation

When the PRMOn.PRMOn1 and PRMONn.PRMONO bits are set to 11 (for counting up with the valid edge of the TIOnO
pin) and the TMCOn.TMCOn3 and TMCOn.TMCOn2 bits are set to 11, the valid edge of an external event input is
counted, and a match interrupt signal indicating matching between the TMOn register and the CRONnO register
(INTTMONO) is generated.

To input the external event, the TIOnO pin is used. Therefore, the timer/event counter cannot be used as an
external event counter in the clear & start mode entered by the TIOnO pin valid edge input (when the TMCONn3 and
TMCOn2 bits = 10).

The INTTMONO signal is generated with the following timing.

¢ Timing of generation of INTTMONO signal (second time or later)
= Number of times of detection of valid edge of external event x (Set value of the CRONO register + 1)

However, the first match interrupt immediately after the timer/event counter has started operating is generated with
the following timing.

e Number of times of detection of valid edge of external event input x (Set value of the CRONO register + 2)

To detect the valid edge, the signal input to the TIOnO pin is sampled during the clock cycle of frrs. The valid edge
is not detected until it is detected two times in a row. Therefore, a noise with a short pulse width can be eliminated.

Remarks 1. For the alternate-function pin (TIOnO) settings, refer to Table 4-16 Settings When Port Pins Are
Used for Alternate Functions.
2. For enabling the INTTMONO interrupt, refer to CHAPTER 21 INTERRUPT/EXCEPTION PROCESSING
FUNCTION.

Figure 8-10. Block Diagram of External Event Counter Operation

fxx/4

Clear l—

Output .
. Edge ) > —©) TOON pin
TI0nO pin ©— detection 16-bit counter (TMOn) controller

r {} Match signal
i

Operable bits
TMCOn3, TMCOn2

INTTMONO signal

CRONO register

Remark n=0to 3
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Figure 8-11. Example of Register Settings in External Event Counter Mode

(a) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 TMCOn1 OVFOn
Lo [ ol of ol «+ [+ [ of o]

Clears and starts on match

between TMOn and CRONO.

(b) Capture/compare control register On (CRCOn)

CRCOn2 CRCOn1 CRCONO
Lo [ o[ o] ol of o o] o]

\— CRONO used as
compare register

(c) 16-bit timer output control register On (TOCOn)

OSPTOn OSPEOn TOCONn4 LVSOn LVROn TOCOn1 TOEONn
| 0 ‘ 0 ‘ 0 ‘ 01 ‘ 01 ‘ 0N ‘ (V4] ‘ 01 |

L]

\— 0: Disables TOOn output.
1: Enables TOOn output.

Specifies initial value of
TOON output F/F.

‘ 00: Does not invert TOOn output on match

between TMOn and CRON0O/CRON1.

01: Inverts TOON output on match between
TMOn and CRONO.

10: Inverts TOON output on match between
TMOn and CRON1.

11: Inverts TOON output on match between
TMONn and CRON0/CRON1.

(d) Prescaler mode register On (PRMON), selector operation control register 1 (SELCNT1)

ESni1  ESn10  ESnO1  ESn00 PRMOn1 PRMONO ISEL1n
PRMOnl 0 ‘ 0 ‘ o ‘ 0/1 ‘ 0 ‘ 0 ‘ 1 ‘ 1 |SELCNT1|I|
\—|—‘— Selects count clock

(specifies valid edge of TIONO).

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection

(e) 16-bit timer counter On (TMOnN)
By reading the TMOn register, the count value can be read.

(f) 16-bit capture/compare register On0 (CRONn0)
If M is set to the CRONO register, the interrupt signal (INTTMONO) is generated when the number of external
events reaches (M + 1).
Setting the CRONO register to 0000H is prohibited.

(g) 16-bit capture/compare register On1 (CROn1)
When this register’s value matches the count value of the TMOn register, an interrupt signal (INTTMOn1) is
generated. The count value of the TMOn register is not cleared.

Remark n=0to 3
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Figure 8-12. Example of Software Processing in External Event Counter Mode

TMOn register

(TMCOn3, TMCOn2)

Compare register

TOON pin output

Compare match interrupt

TOON output control bit
(TOCONn4, TOCON1, TOEON)

0000H

ble bit
Operable bits 00

11 ) 00

X

(CRONO)

(INTTMONO)

_

<1>

<1> Count operation start flow

START

C )

Register initial setting
PRMOn register,
SELCNT1 register,
CRCOn register,
TOCON registernote,
CRONO register,
port setting

TMCON3, TMCON2 bits = 11

<2> Count operation stop flow

TMCONn3, TMCON2 bits = 00

Note Care must be exercised when setting the TOCOnN register. For details, see 8.3 (3) 16-bit timer output

control reg

Remark n=01t0 3

STOP

C )

ister On (TOCOn).

<2>

Initial setting of these registers is performed before
setting the TMCONn3 and TMCON2 bits to 11.

Starts count operation.

The counter is initialized and counting is stopped
by clearing the TMCONn3 and TMCON2 bits to 00.
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8.4.4 Operation in clear & start mode entered by TIOn0 pin valid edge input

When the TMCONn.TMCONn3 and TMCOn.TMCOnN2 bits are set to 10 (clear & start mode entered by the TIOnO pin
valid edge input) and the count clock (set by the PRMOn, SELCNT1 registers) is supplied to the timer/event counter,
the TMOn register starts counting up. When the valid edge of the TIOnO pin is detected during the counting operation,
the TMOn register is cleared to 0000H and starts counting up again. If the valid edge of the TIOnO pin is not detected,
the TMOn register overflows and continues counting.

The valid edge of the TIOnO pin is a cause to clear the TMOn register. Starting the counter is not controlled
immediately after the start of the operation.

The CROn0 and CRON1 registers are used as compare registers and capture registers.

(a) When the CROn0 and CRONn1 registers are used as compare registers
Signals INTTMONO and INTTMOn1 are generated when the value of the TMOn register matches the value of
the CRONO and CRON1 registers.

(b) When the CROn0 and CRON1 registers are used as capture registers
The count value of the TMOn register is captured to the CRONO register and the INTTMONO signal is
generated when the valid edge is input to the TIOn1 pin (or when the phase reverse to that of the valid edge
is input to the TIONO pin).
When the valid edge is input to the TIOnO pin, the count value of the TMOn register is captured to the CROn1
register and the INTTMON1 signal is generated. As soon as the count value has been captured, the counter
is cleared to 0000H.

Caution Do not set the count clock as the valid edge of the TIOn0 pin (RPMOn.PRMOn1 and
RPMONn.PRMONO bits = 11). When the PRMOn1 and PRMOnO bits = 11, the TMOn register is
cleared.

Remarks 1. For the alternate-function pin settings, refer to Table 4-16 Settings When Port Pins Are Used for
Alternate Functions.
2. For enabling the INTTMONO interrupt, refer to CHAPTER 21 INTERRUPT/EXCEPTION PROCESSING
FUNCTION.
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(1) Operation in clear & start mode entered by TIOnO pin valid edge input
(CRONO register: compare register, CROn1 register: compare register)

Figure 8-13. Block Diagram of Clear & Start Mode Entered by TIOnO0 Pin Valid Edge Input
(CRONO register: Compare Register, CROn1 register: Compare Register)

Count clock

TIONO pin @—+

Edge

detection

Clear

16-bit counter
(TMOn)

D

Operable bits
TMCOn3, TMCOn2

Remark n=0to 3

& Match signal

Interrupt signal

{}

!

(INTTMONO)

Compare register

(CRONO)

Match signal

Output
controller

—(©) TOON pin

i

Interrupt signal

ﬁ

Compare register
(CRON1)

(INTTMOR1)
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Figure 8-14. Timing Example of Clear & Start Mode Entered by TIOnO Pin Valid Edge Input
(CRONO Register: Compare Register, CROn1 Register: Compare Register)

(a) TOCONn = 13H, PRMOn = 10H, CRCOn = 00H, TMCOn = 08H

v M_~T M, 1 M_1

; M
TMOn register N A N~ N~ N

N

0000H

Operable bits <
(TMCONn3, TMCONn2) 00 10

Count clear input | _l
(TIONO pin input)

Compare register M
(CRONO) > (

Compare match interrupt .|

(INTTMONO)

Compare register

(CRON1) :X N

Compare match interrupt
(INTTMONT) -| -| -| -|

TOON pin output

(b) TOCON = 13H, PRMONn = 10H, CRCOn, = 00H, TMCOn = OAH

v M_~T M1 M_1

; M
TMOn register N A N~ N~ N

N

0000H

Operable bits 00 <
(TMCONn3, TMCONn2)

Count clear input | _l
(TIONO pin input)

Compare register >< M
(CRON0)
Compare match interrupt .|

(INTTMONO)

Compare register

(CRON1) :X N

Compare match interrupt
(INTTMONT) -| -| -|

—

TOON pin output

(a) and (b) differ as follows depending on the setting of the TMCOn register (TMCOn1 bit).
(a) The output level of the TOON pin is inverted when the TMOn register matches a compare register.
(b) The output level of the TOOn pin is inverted when the TMOn register matches a compare register or
when the valid edge of the TIOnO pin is detected.

Remark n=0t03
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(2) Operation in clear & start mode entered by TIOn0 pin valid edge input

(CRONO register: compare register, CROn1 register: capture register)

Figure 8-15. Block Diagram of Clear & Start Mode Entered by TIOnO Pin Valid Edge Input

(CRONO Register: Compare Register, CROn1 Register: Capture Register)

TIONO pin O—

Count clock

Edge

detector

Clear

N

16-bit counter
(TMOn)

r J

Operable bits
TMCOn3, TMCOn2

Remark n=0to3

Capture signal

{} Match signal

Interrupt signal

ﬁ

I

(INTTMONO)

Compare register

(CRONO)

]

Capture register

Output
controller

—=©) TOON pin

Interrupt signal

(CRON1)

(INTTMON1)
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CHAPTER 8 16-BIT TIMER/EVENT COUNTER 0

Figure 8-16. Timing Example of Clear & Start Mode Entered by TIOnO Pin Valid Edge Input
(CRONO Register: Compare Register, CROn1 Register: Capture Register) (1/2)

(a) TOCONn = 13H, PRMOn = 10H, CRCOn, = 04H, TMCOn = 08H, CROn0 = 0000H

M

TMOn register

0000H

N

P

Operable bits 00 >
(TMCONn3, TMCONn2)

10

Capture & count clear input
(TIONO pin input)

Compare register
(CRONO) 0000H

Compare match interrupt
(INTTMONO)

Capture register
(CRON1) 0000H

T
[o]

Capture interrupt
(INTTMOnN1)

TOON pin output

This is an application example where the output level of the TOOn pin is inverted when the count value has

been captured & cleared.

The count value is captured to the CROn1 register and the TMOn register is cleared (to 0000H) when the valid
edge of the TIONO pin is detected. When the count value of the TMOn register is 0000H, a compare match
interrupt signal (INTTMONO) is generated, and the output level of the TOOn pin is inverted.

Remark n=0to 3
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Figure 8-16. Timing Example of Clear & Start Mode Entered by TIOnO Pin Valid Edge Input
(CRONO Register: Compare Register, CROn1 Register: Capture Register) (2/2)

(b) TOCON = 13H, PRMOn = 10H, CRCOn = 04H, TMCOn = 0AH, CROn0 = 0003H

M N P

TMOn register

0003H

0000H

(0] ble bit
perable bits 00 >

(TMCON3, TMCON2) 10

Capture & count clear input —l _l

(TIONO pin input)

Compare register
(CRONO) X 0003H

Compare match interrupt _| _| _| _| _|
(INTTMONO)

Capture register
(CRON1) 0000H M > N

Capture interrupt '| '| '| '|
(INTTMOn1)

o)

TOON pin output

This is an application example where the width set to the CRONO register (4 clocks in this example) is to be

output from the TOOnN pin when the count value has been captured & cleared.

The count value is captured to the CROn1 register, a capture interrupt signal (INTTMOn1) is generated, the
TMOn register is cleared (to 0000H), and the output level of the TOON pin is inverted when the valid edge of the
TIONO pin is detected. When the count value of the TMOn register is 0003H (four clocks have been counted), a
compare match interrupt signal (INTTMONO) is generated and the output level of the TOOnN pin is inverted.

Remark n=0to3
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(3) Operation in clear & start mode entered by TIOnO pin valid edge input

(CRONO register: capture register, CROn1 register: compare register)

Figure 8-17. Block Diagram of Clear & Start Mode Entered by TIOn0 Pin Valid Edge Input
(CRONO Register: Capture Register, CROn1 Register: Compare Register)

TIONO pin O— Edge

detection

Count clock

Clear

Operable bits
TMCONn3, TMCOn2

Capture signal

Remark n=0to3

16-bit counter
(TMOn)

{} Match signal

Interrupt signal

ﬁ

!

(INTTMON1)

Compare register

(CROn1)

]

Capture register

Output
controller

——(@© TOON pin

Interrupt signal

(CRONO)

(INTTMONO)
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Figure 8-18. Timing Example of Clear & Start Mode Entered by TIOn0 Pin Valid Edge Input
(CRONO Register: Capture Register, CROn1 Register: Compare Register) (1/2)

(a) TOCOn = 13H, PRMOn = 10H, CRCOn = 03H, TMCOn = 08H, CROn1 = 0000H

7

TMOn register

0000H

Operable bits
(TMCON3, TMCON2)

Capture & count clear input
(TIONO pin input)

Capture register
(CRONO)

Capture interrupt
(INTTMONO)

Compare register
(CROn1)

Compare match interrupt
(INTTMONT)

TOON pin output

Remark n=0to3

v

N

v

00

10

0000H M

X

0000H

L

This is an application example where the output level of the TOOn pin is to be inverted when the count value
has been captured & cleared.
The TMOnN register is cleared at the rising edge detection of the TIOnO pin and it is captured to the CROnO
register at the falling edge detection of the TIOnO pin.
When the CRCOn.CRCON1 bit is set to 1, the count value of the TMOn register is captured to CRONO in the
phase reverse to that of the signal input to the TIONO pin, but the capture interrupt signal (INTTMOnNO) is not
generated. However, the INTTMONO signal is generated when the valid edge of the TIOn1 pin is detected.
Mask the INTTMONO signal when it is not used.
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Figure 8-18. Timing Example of Clear & Start Mode Entered by TIOnO Pin Valid Edge Input
(CRONO Register: Capture Register, CROn1 Register: Compare Register) (2/2)

(b) TOCON = 13H, PRMONn = 10H, CRCOn = 03H, TMCOn = 0AH, CROn1 = 0003H

yd

TMOn register

0003H
0000H

Operable bits
(TMCONn3, TMCONn2)

Capture & count clear input
(TIONO pin input)

Compare register
(CRONO)

Compare match interrupt
(INTTMOnNO)

Capture register
(CRON1)

Capture interrupt
(INTTMON1)

TOON pin output

Remark n=0t03

w "]

/

N

00 > 10

0000H M

L

X

0003H

output from the TOOnN pin when the count value has been captured & cleared.

The TMOn register is cleared (to 0000H) at the rising edge detection of the TIOnO pin and captured to the
CRONO register at the falling edge detection of the TIOnO pin. The output level of the TOOnN pin is inverted when
the TMOn register is cleared (to 0000H) because the rising edge of the TIOnO pin has been detected or when
the value of the TMOn register matches that of a compare register (CROn1).

When the CRCOn.CRCOnN1 bit is 1, the count value of the TMOn register is captured to the CRONO register in
the phase reverse to that of the input signal of the TIOnO pin, but the capture interrupt signal (INTTMONO) is not

This is an application example where the width set to the CROn1 register (4 clocks in this example) is to be

generated. However, the INTTMONO interrupt is generated when the valid edge of the TIOn1 pin is detected.
Mask the INTTMONO signal when it is not used.
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(4) Operation in clear & start mode entered by TIOnO pin valid edge input
(CRONO register: capture register, CROn1 register: capture register)

Figure 8-19. Block Diagram of Clear & Start Mode Entered by TIOnO Pin Valid Edge Input
(CRONO0 Register: Capture Register, CROn1 Register: Capture Register)

TI0NO pin ©

TIon1 pin ©

Operable bits
TMCONn3, TMCONn2

Clear

.
|

16-bit counter
(TMOn)

iy

Capture register
(CRON1)

I (INTTMON1)

Count clock
Capture signal
Edge L
detection ]
3
Edge © Capture
detection @ signal

Remark n=0to 3

Capture register

controller

Output ——(@© TOON pin

Interrupt signal

Interrupt signal

(CRONO)

(INTTMONO)
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Figure 8-20. Timing Example of Clear & Start Mode Entered by TIOn0 Pin Valid Edge Input
(CRONO0 Register: Capture Register, CROn1 Register: Capture Register) (1/3)

(a) TOCONn = 13H, PRMONn = 30H, CRCOn = 05H, TMCOn = 0AH

L_—
TMOnN register N__ Q
M_ O p_ 1 Brs_ Tx
0000H
Operable bits 00 10

(TMCOn3, TMCOn2)

Capture & count clear input
(TIONO pin input)

Capture register

(CRONO) 0000H

Capture interrupt
(INTTMono) L

Capture register [\
(CRON1) 0000H @( M @@ P

Capture interrupt
(INTTMONT) -| -|

||

(RXs
1

|

I

TOON pin output

This is an application example where the count value is captured to the CRONn1 register, the TMOn register is
cleared, and the TOOnN pin output is inverted when the rising or falling edge of the TIOnO pin is detected.
When the edge of the TIOn1 pin is detected, an interrupt signal (INTTMONO) is generated. Mask the INTTMOnO

signal when it is not used.

Remark n=0to 3
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Figure 8-20. Timing Example of Clear & Start Mode Entered by TIOnO Pin Valid Edge Input

(CRONO0 Register: Capture Register, CROn1 Register: Capture Register) (2/3)

(b) TOCON = 13H, PRMONn = COH, CRCOn = 05H, TMCOn = OAH

FFFFH
L] } R T
TMOn register N Q / /
M| P s

0000H

Operable bits

(TMCon3, TMCon2) _ 20 10

Capture trigger input
(TION1 pin input)

Capture register

(CRONO) 0000H L > M @@@ Q X R S
P TV L o | | O

=

Capture & count clear input
(Tlono) L

Capture register
(CRON1) 0000H

Capture interrupt
(INTTMOn1) L

TOON pin output

This is a timing example where an edge is not input to the TIOnO pin, in an application where the count value is

captured to the CRONO register when the rising or falling edge of the TIOn1 pin is detected.

Because the TOONO pin does not detect any edges, the TOOnN pin output is not inverted and remains low level.

Remark n=0to3
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Figure 8-20. Timing Example of Clear & Start Mode Entered by TIOn0 Pin Valid Edge Input
(CRONO0 Register: Capture Register, CROn1 Register: Capture Register) (3/3)

(c) TOCOn = 13H, PRMOn = 00H, CRCOn = 07H, TMCOn = OAH

M O S W

TMOn register . / N / o n / - /

0000H P

Operable bits
(TMCONn3, TMCON2)

00 10

Capture & count clear input
(TIONO pin input) -

Capture register
(CRONO)

0000H L N P R T

Capture register
(CRoN1) 0000H M O Q S

Capture interrupt _| -| -| _|
(INTTMONT)

TOON pin output

I— =1

Capture input
(Tion1) L

Capture interrupt
(INTTMOn0) L

This is an application example where the pulse width of the signal input to the TIOnO pin is measured.

By setting the CRCOn register, the count value can be captured to the CRONO register in the phase reverse to
the falling edge of the TIONnO pin (i.e., rising edge) and to the CRONn1 register at the falling edge of the TIOnO pin.
The high- and low-level widths of the input pulse can be calculated by the following expressions.

 High-level width = [CRON1 register value] — [CRONO register value] x [Count clock cycle]
¢ Low-level width = [CRONO register value] x [Count clock cycle]

If the reverse phase of the TIOnO pin is selected as a trigger to capture the count value to the CRONO register,
the INTTMONO signal is not generated. Read the values of the CRON0O and CRONn1 registers to measure the
pulse width immediately after the INTTMON1 signal is generated.

However, if the valid edge specified by the PRMOn.ESn11 and PRMONn.ESn10 bits is input to the TIOn1 pin, the
count value is not captured but the INTTMONO signal is generated. To measure the pulse width of the TIOnO pin,
mask the INTTMONO signal when it is not used.

Remark n=0t0o3
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Figure 8-21. Example of Register Settings in Clear & Start Mode Entered by TIOn0 Pin Valid Edge Input (1/2)

(a) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 TMCOni OVFOn
[ o [ o [ o | o | 1 ] o | on | o |

L]

0: Inverts TOON output on match
between CRONO and CRON1.

1: Inverts TOON output on match
between CRONO and CRON1
and valid edge of TIOnO pin.

Clears and starts at valid
edge input of TIONO pin.

(b) Capture/compare control register On (CRCOn)

CRCOn2 CRCON1 CRCONO
[ o | o [ o | o | o [ ot | on | on |

—— 0: CRONO used as compare register
1: CRONO used as capture register

0: TIOn1 pin is used as capture
trigger of CRONO.

1: Reverse phase of TIOnO pin is
used as capture trigger of CRONO.

0: CRONn1 used as compare register
1: CRON1 used as capture register

(c) 16-bit timer output control register On (TOCOn)

OSPTOn OSPEOn TOCOn4 LVSOn LVROn TOCOn1 TOEOn
[ o | o | o [ on [ on | on | on | o1 |

L]

\— 0: Disables TOOn output
1: Enables TOOn output

Specifies initial value of
TOON output F/F

‘ 00: Does not invert TOOn output on match

between TMOn and CRON0O/CRON1.

01: Inverts TOON output on match between
TMOn and CRONO.

10: Inverts TOON output on match between
TMOn and CRON1.

11: Inverts TOON output on match between
TMOn and CRONO/CRON1.

Remark n=0to 3
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Figure 8-21. Example of Register Settings in Clear & Start Mode Entered by TIOn0 Pin Valid Edge Input (2/2)

(d) Prescaler mode register On (PRMON), selector operation control register 1 (SELCNT1)

ESn11 ESn10  ESnO1 ESn00 PRMOn1 PRMONO ISEL1n
PRMOnl 01 ‘ 0/1 ‘ 01 ‘ 01 ‘ 0 ‘ 0 ‘ 01 ‘ 01 |SELCNT1 01

L L | |

L Count clock selection

(setting TIONO valid edge is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited
11: Both edges detection
(setting prohibited when CRCONn1 = 1)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection

(e) 16-bit timer counter On (TMOn)
By reading the TMOn register, the count value can be read.

(f) 16-bit capture/compare register 0On0 (CRONnO0)
When this register is used as a compare register and when its value matches the count value of the TMOn
register, an interrupt signal (INTTMONO) is generated. The count value of the TMOn register is not cleared.
To use this register as a capture register, select either the TIOnO or TIOn1 pin input as a capture trigger.
When the valid edge of the capture trigger is detected, the count value of the TMOn register is stored in the
CRONO register.

(g) 16-bit capture/compare register On1 (CROn1)
When this register is used as a compare register and when its value matches the count value of the TMOn
register, an interrupt signal (INTTMOnN1) is generated. The count value of the TMOn register is not cleared.
When this register is used as a capture register, the TIOnO pin input is used as a capture trigger. When the
valid edge of the capture trigger is detected, the count value of the TMOn register is stored in the CROn1
register.

Remark n=0to3
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Figure 8-22. Example of Software Processing in Clear & Start Mode Entered by TIOn0 Pin Valid Edge Input

TMOn register N /M,/ N }/ N /M,/ N }

0000H —/ / / l/ /

Operable bits
(TMCON3, TMCON2) 00 < 10 ( 00

Count clear input
(TIONO pin input)

Compare register > ( M
(CRONO)

Compare match interrupt

(INTTMONO)

Compare register
(CRON1) >< N
Compare match interrupt '| '| ‘|
(INTTMON1)

1

|
—

—

TOON pin output

<1> <2> <2> <2> <2> <3>
<1> Count operation start flow <3> Count operation stop flow
) The counter is initialized
START TMCOn3, TMCON2 bits =00 | and counting is stopped
by clearing the TMCONn3

and TMCON2 bits to 00.

Register initial setting Initial setting of these
PRMOn register, “ n9

. registers is performed
Sg'ﬁ%’gﬁ register, before setting the STOP
nregsto, TMCON3 and TMCON2
TOCON register"®'e, _ a
CRONO, CRON1 registers, bits to 10.
TMCONn.TMCOn1 bit,
port setting

TMCOn3, TMCON2 bits = 10 Starts count operation

<2> TMOn register clear & start flow

|

Edge input to TIONO pin

l

When the valid edge is input to the TIONnO pin,
the value of the TMOn register is cleared.

Note Care must be exercised when setting the TOCOn register. For details, see 8.3 (3) 16-bit timer output
control register On (TOCOn).

Remark n=0to3
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8.4.5 Free-running timer operation

When the TMCOn. TMCOn3 and TMCOn.TMCOn2 bits are set to 01 (free-running timer mode), 16-bit timer/event
counter On continues counting up in synchronization with the count clock. When it has counted up to FFFFH, the
overflow flag (TMCOn.OVFOn bit) is set to 1 at the next clock, and the TMOn register is cleared (to 0000H) and
continues counting. Clear the OVFOn bit to 0 by executing the CLR instruction via software.

The following three types of free-running timer operations are available.

e Both the CRON0 and CRON1 registers are used as compare registers.

o Either the CRONO register or CRONn1 register is used as a compare register and the other is used as a capture
register.

¢ Both the CRON0 and CRON1 registers are used as capture registers.

Remarks 1. For the alternate-function pin (TOOn) settings, refer to Table 4-16 Settings When Port Pins Are
Used for Alternate Functions.
2. For enabling the INTTMONO and INTTMOnN1 interrupts, refer to CHAPTER 21 INTERRUPT/EXCEPTION
PROCESSING FUNCTION.

(1) Free-running timer mode operation
(CRONO register: compare register, CROn1 register: compare register)

Figure 8-23. Block Diagram of Free-Running Timer Mode
(CRONO Register: Compare Register, CROn1 Register: Compare Register)

Count clock 16-bit counter
r (TMOnN)

- {} Match signal _ Interrupt signal
Operable bits ﬁ I (INTTMONO)
TMCOn3, TMCOn2
Compare register Output

(CRONO) controller ©TOo0n pin

Match signal i Interrupt signal

ﬁ * (INTTMON1)

Compare register
(CRON1)

Remark n=0to3
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Figure 8-24. Timing Example of Free-Running Timer Mode
(CRONO Register: Compare Register, CROn1 Register: Compare Register)

* TOCOn = 13H, PRMOn = 00H, CRCOn = 00H, TMCOn = 04H

FFFFH
L~ ] v v

. A AT AT A
TMOn register
0000H

Operable bits ><
(TMCOn3, TMCONn2) 00 o 00

Compare register M
(CRONO) x

Compare match interrupt
(INTTMONO) -l -l _l -l

Compare register
(CRON1) X N

Compare match interrupt
(INTTMONn1) -| -| -| -|

TOON pin output

Overtow feg | 1 _1 _1_

0 write clear 0 write clear 0 write clear 0 write clear

This is an application example where two compare registers are used in the free-running timer mode.

The output level of the TOON pin is reversed each time the count value of the TMOn register matches the set
values of the CROn0O and CRON1 registers. When the count value matches the register value, the INTTMONO or
INTTMON1 signal is generated.

Remark n=0to3

(2) Free-running timer mode operation
(CRONO register: compare register, CROn1 register: capture register)

Figure 8-25. Block Diagram of Free-Running Timer Mode
(CRONO Register: Compare Register, CROn1 Register: Capture Register)

Count clock 16-bit counter
r (TMOn)

. {} Match signal _ Interrupt signal

Operable bits ﬁ I (INTTMONO)

TMCOn3, TMCOn2
Compare register Output .
(CRONO) controller ©TO0n pin

. Edge Capture register Interrupt signal

TI0n0 pin ©—=| 4gtection Capture signal (CRON1) (INTTMON1)

Remark n=0t03
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Figure 8-26. Timing Example of Free-Running Timer Mode
(CRONO0 Register: Compare Register, CROn1 Register: Capture Register)

¢ TOCONn = 13H, PRMOn = 10H, CRCOn = 04H, TMCOn = 04H

FFFFH M ] y / ] / . / P

TMOn register Q

0000H

Operable bits 00 01
(TMCOn3, TMCONn2)

Capture trigger input
(TIONO)

Compare register >< 0000H
(CRONO)

Compare match interrupt
(INTTMONO)

Compare register

(CRONY) 0000H M N S P @

Capture interrupt
(INTTMON1) -| -| -| -|
TOON pin output
Overflow flag
(OVFOn) _l _|

T T T T

0 write clear 0 write clear 0 write clear 0 write clear

This is an application example where a compare register and a capture register are used at the same time in
the free-running timer mode.

In this example, the INTTMONO signal is generated and the output level of the TOOn pin is reversed each time
the count value of the TMOn register matches the set value of the CRONO register (compare register). In
addition, the INTTMON1 signal is generated and the count value of the TMOn register is captured to the CROn1
register each time the valid edge of the TIOnO pin is detected.

Remark n=0to3
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(3) Free-running timer mode operation
(CRONO register: capture register, CROn1 register: capture register)

Figure 8-27. Block Diagram of Free-Running Timer Mode
(CRONO0 Register: Capture Register, CROn1 Register: Capture Register)

TIONO pin ©

TIon1 pin ©

2.

Operable bits
TMCOn3, TMCOn2

L

)

16-bit counter
(TMOn)

iy

Capture register
(CRON1)

Capture register

(CRONO)

Count clock
Capture signal
Edge .
detection 2
3
Edge g Capture
detection signal

Remarks 1. If both the CROn0 and CRONn1 registers are used as capture registers in the free-running timer

mode, the output level of the TOON pin is not inverted.

However, it can be inverted each time the valid edge of the TIOnO pin is detected if the

TMCON. TMCOn1 bit is set to 1.

n=0to5

Interrupt signal
(INTTMONT)

Interrupt signal
(INTTMONO)
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Figure 8-28. Timing Example of Free-Running Timer Mode

(CRONO0 Register: Capture Register, CROn1 Register: Capture Register) (1/2)

(a) TOCOn = 13H, PRMOn = 0 to 50H, CRCOn = 05H, TMCOn = 04H

FFFFH

TMOn regjist u| N S P
n register /
AL B/ e D/

0000H

Operable bits

(TMCOn3, TMCOn2) _ 20 of

Capture trigger input —l
(TIONO)

Capture register

(CROnT) 0000H M N s

Capture interrupt -
(INTTMON1) -| -| -|

— el

(TIon1)

Capture trigger input —|

Capture register
(CRono) 0000H A B C D

Capture interrupt
(INTTMONO) -| -| -| -|

Overflow flag |

(OVFOn)
f f l

0 write clear 0 write clear 0 write clear

This is an application example where the count values that have been captured at the valid edges of separate

capture trigger signals are stored in separate capture registers in the free-running timer mode.

The count value is captured to the CROn1 register when the valid edge of the TIOnO pin input is detected and to

the CRONO register when the valid edge of the TIOn1 pin input is detected.

Remark n=0to 3

T

0 write clear
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Figure 8-28. Timing Example of Free-Running Timer Mode
(CRONO Register: Capture Register, CROn1 Register: Capture Register) (2/2)

(b) TOCON = 13H, PRMONn = COH, CRCOn = 05H, TMCOn = 04H

i 4//ji7‘ T
TMOn register N Q /
M / P / S

0000H

Operable bits
(TMCONn3, TMCONn2)

FFFFH

\f?

00 01

Capture trigger input
(TIon1)

T 000006000
R

Capture interrupt
(INTTMONO)

—
—

Capture trigger input
(tiono) L

Capture register
(CRON1) 0000H

Capture interrupt
(INTTMONn1) L

This is an application example where both the edges of the TIOn1 pin are detected and the count value is
captured to the CRONO register in the free-running timer mode.

When both the CROn0 and CRON1 registers are used as capture registers and when the valid edge of only the
TIONn1 pin is to be detected, the count value cannot be captured to the CROn1 register.

Remark n=0to3
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Figure 8-29. Example of Register Settings in Free-Running Timer Mode (1/2)

(a) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 TMCOni OVFOn
[ o | o [ o | o | o | 1 | on | o |

L]

0: Inverts TOON pin output on match
between CROn0 and CRON1.

1: Inverts TOON pin output on match
between CROn0 and CRONn1 and
valid edge of TIOnO pin.

Free-running timer mode

(b) Capture/compare control register On (CRCOn)

CRCOn2 CRCON1_CRCONO
[ o [ o [ o | o | o [ ot | on | on |

—— 0: CRONO used as compare register
1: CRONO used as capture register

0: TIOn1 pin is used as capture
trigger of CRONO.

1: Reverse phase of TIOnO pin is
used as capture trigger of CROn0.

0: CRONn1 used as compare register
1: CRON1 used as capture register

(c) 16-bit timer output control register On (TOCOn)

OSPTOn OSPEOn TOCOn4 LVSOn LVROn TOCOn1 TOEONn
| 0 ‘ 0 ‘ 0 ‘ (4] ‘ 01 ‘ 01 ‘ (V4] ‘ (4] |

L]

\— 0: Disables TOOn output
1: Enables TOOnN output

Specifies initial value of
TOON output F/F

‘ 00: Does not invert TOOn output on match

between TMOn and CRON0O/CRON1.

01: Inverts TOON output on match between
TMOn and CRONO.

10: Inverts TOON output on match between
TMOn and CRON1.

11: Inverts TOON output on match between
TMONn and CRON0/CRON1.

Remark n=0to 3
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CHAPTER 8 16-BIT TIMER/EVENT COUNTER 0

Figure 8-29. Example of Register Settings in Free-Running Timer Mode (2/2)

(d) Prescaler mode register On (PRMON), selector operation control register 1 (SELCNT1)

ESn11 ESn10  ESnO1 ESn00 PRMOn1 PRMOnO ISEL1n

PRMOnl 0/ ‘ 0/ ‘ 0/ ‘ 0/ ‘ 0 ‘ 0 ‘ 0 ‘ 0/ |SELCNT1 0/

L] L] | |

L Count clock selection

(setting TIONO valid edge is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited
11: Both edges detection
(setting prohibited when CRCOn1 = 1)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection

(e) 16-bit timer counter On (TMOn)
By reading the TMOn register, the count value can be read.

(f) 16-bit capture/compare register 0On0 (CRON0)
When this register is used as a compare register and when its value matches the count value of the TMOn
register, an interrupt signal (INTTMONO) is generated. The count value of the TMOn register is not cleared.
To use this register as a capture register