To our customers,

Old Company Name in Catalogs and Other Documents

On April 1!, 2010, NEC Electronics Corporation merged with Renesas Technology
Corporation, and Renesas Electronics Corporation took over all the business of both
companies. Therefore, although the old company name remains in this document, it is a valid
Renesas Electronics document. We appreciate your understanding.

Renesas Electronics website: http://www.renesas.com

April 1%, 2010
Renesas Electronics Corporation

Issued by: Renesas Electronics Corporation (http://www.renesas.com)

Send any inquiries to http://www.renesas.com/inquiry.

LENESAS



8.

10.

11.

12.

Notice

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

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

(@ VOLTAGE APPLICATION WAVEFORM AT INPUT PIN

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the
CMOS device stays in the area between Vi (MAX) and Vit (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, I/O settings or contents of registers. A device is not initialized until the
reset signal is received. A reset operation must be executed immediately after power-on for devices
with reset functions.

INPUT OF SIGNAL DURING POWER OFF STATE

Do not input signals or an 1/0O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or 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.

All (other) product, brand, or trade names used in this pamphlet are the trademarks or
registered trademarks of their respective owners.

Product specifications are subject to change without notice. To ensure that you have
the latest product data, please contact your local NEC Electronics sales office.
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The information in this document is current as of April, 2006. The information is subject to change
without notice. For actual design-in, refer to the latest publications of NEC Electronics data sheets or
data books, etc., for the most up-to-date specifications of NEC Electronics products. Not all
products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

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.

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.

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.

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.

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

"Specific".

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

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

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

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

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

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

The quality grade of NEC Electronics products is "Standard" unless otherwise expressly specified in NEC

Electronics data sheets or data books, etc. If customers wish to use NEC Electronics products in applications

not intended by NEC Electronics, they must contact an NEC Electronics sales representative in advance to
determine NEC Electronics' willingness to support a given application.

(Note)

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

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

M8E 02.11-1
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[Europe]
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Tel: 040 265 40 10
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NEC Electronics (China) Co., Ltd
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District, Beijing 100083, P.R.China

TEL: 010-8235-1155

http://www.cn.necel.com/

NEC Electronics Shanghai Ltd.

Room 2509-2510, Bank of China Tower,
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Pudong New Area, Shanghai P.R. China P.C:200120
Tel: 021-5888-5400

http://www.cn.necel.com/

NEC Electronics Hong Kong Ltd.
12/F., Cityplaza 4,

12 Taikoo Wan Road, Hong Kong
Tel: 2886-9318
http://www.hk.necel.com/

Seoul Branch

11F., Samik Lavied’or Bldg., 720-2,
Yeoksam-Dong, Kangnam-Ku,
Seoul, 135-080, Korea

Tel: 02-558-3737

NEC Electronics Taiwan Ltd.

7F, No. 363 Fu Shing North Road
Taipei, Taiwan, R. O. C.

Tel: 02-2719-2377

NEC Electronics Singapore Pte. Ltd.
238A Thomson Road,

#12-08 Novena Square,

Singapore 307684

Tel: 6253-8311
http://www.sg.necel.com/
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Readers

Purpose

Organization

Legend

Preface

This User’'s Document is intended for users who want to understand the func-
tions of the V850E/RS11.

This User's Document presents the hardware manual of VB50E/RS1.

This system specification describes the following sections:

Pin function

CPU function

Internal peripheral function
Flash memory

Target Electrical Specification
Package Drawing

Recommended Soldering Conditions

Symbols and notation are used as follows:

Weight in data notation : Left is high-order column, right is low order column

Active low notation : xxx (pin or signal nhame is over-scored) or

/xxx (slash before signal name)

Memory map address: : High order at high stage and low order at low stage

Note . Explanation of (Note) in the text
Caution : Item deserving extra attention
Remark . Supplementary explanation to the text
Numeric notation : Binary... XXXX or XxxB

Decimal... XXXX
Hexadecimal... XXXXH or 0x XXXX

Prefixes representing powers of 2 (address space, memory capacity)

K (kilo): 210 = 1024
M (mega): 220 = 10242 = 1,048,576
G (giga): 220 = 10248 = 1,073,741,824
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Chapter 1 Introduction

The V850E/RS1 is a product in the V850 Series of NEC Electronics Corporation single-chip microcon-
trollers. This chapter provides an overview of the V850E/RS1.

1.1 Outline

The V850E/RS1single chip microcontroller is a member of NEC's V850 32-bit RISC family, which match
the performance gains attainable with RISC-based controllers to the needs of embedded control appli-
cations. The V850E CPU offers easy pipeline handling and programming, resulting in compact code
size comparable to 16-bit CISC CPUs.

The V850E/RS1 offers an excellent combination of general purpose peripheral functions, like serial
communication interfaces (UART, clocked Sl, clocked Sl with translation buffer), timers and measure-
ment inputs (A/D converter), with dedicated CAN network support. The device offers power-saving
modes to manage the power consumption effectively under varying conditions. Thus equipped, the
V850E/RS1 is ideally suited for automotive applications.

(1) Implementation of V850E CPU
The V850E CPU supports a RISC instruction set in which instruction execution speeds are
increased greatly through the use of basic instructions that execute one instruction per clock and
optimized pipelines.
Object code efficiency is increased in the C compiler by using 2-byte length basic instructions and
instructions corresponding to high-level languages, which makes a program compact.
Furthermore, since interrupt response time including processing by the on-chip interrupt controller
also is fast, this CPU is suited to the realm of advanced real-time control.

(2) Peripheral I/0 function

The V850E/RS1 includes various function Timer (TMQ, TMP, TMM) and, Serial interface (CSI3,
CSIB, UART) and CAN controller. CSI3 includes translation buffer (20 bits x 16 depth).

(8) External bus interface function (WPD70F3403 and pPD70F3403A)

The pPD70F3403 and pPD70F3403A are provided with an external bus interface function by
which external memories such as ROM and RAM, and I/O can be connected.

Cautions: 1. Do not set up any external bus interface configuration to the yPD70F3402.

2. External bus interface functions are only described for the pyPD70F3403 and
HPD70F3403A microcontrollers.

(4) On-chip flash memory

The yPD70F3402, yPD70F3403 and pPD70F3403A have on-chip an high speed flash memory,
which is able to fetch one instruction within one clock cycle. It is possible to program the user
application directly on the target board, on which the V850E/RS1 is mounted. In such case, sys-
tem development time can be reduced and system maintainability after shipping can be markedly
improved.

(5) A full range of development environment products

A development environment system that includes an optimized C compiler, debugger, in-circuit
emulator, simulator, system performance analyzer, and other elements is also available.
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1.2 Features

e CPU
- core : VB50E
- Number of instructions : 83
- Minimum instruction execution time : 31.25 ns (during 32 MHz operations) for 3402
: 25 ns (during 40 MHz operations) for 3403 and 3403A
- General purpose registers : 32 bits x 32 registers

¢ Instruction set optimized for control operations:
- VB50E
- Signed multiplication
(16 bits x 16 bits— 32 bits or 32 bits x 32 bits — 64 bits): 1 to 2 clocks
- Saturated operation instructions (with overflow/underflow detection function)
- 32-bit shift instructions: 1 clock
- Bit manipulation instructions
- Load/store instructions with long/short format
- Signed load instructions

¢ Internal memory

Table 1-1: Product Versions

Internal Memory
Part Number CAN Interface (ch) CPU speed
Flash Memory (KB) RAM (KB)
uPD70F3402 128 10 2 32 MHz (max.)
UPD70F3403
256 16 2 40 MHz (max.)
pPD70F3403A

e Power saving function
- 2 x IDLE (IDLE1/IDLE2), HALT, and STOP

¢ Clock generator
- fyx = fx (fx = 4 to 8 MHz) : direct mode
- fxx = fpLL = 24 MHz, 32 MHz : PLL mode for yPD70F3402
- fyx = fpLL = 24 MHz, 32 MHz, 40 MHz : PLL mode for yPD70F3403 and uPD70F34033A

* Power supply voltage range
-40Vto55V : 24 MHz and 32 MHz max. for yPD70F3402
-40Vto55V : 24 MHz, 32 MHz and 40 MHz max. for ypD70F3403 and yPD70F3403A

» Operating temperature
- yPD70F3403 and pPD70F3403A : Ty =—40°C to +85°C @ fyy = 40 MHz max.

- pPD70F3402 : Tp =—40°C to +110°C @ fyy = 32 MHz max.
¢ Real-time pulse units:

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

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

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

- Watchdog timer : 1 channel

e Serial interface:

- UART/LIN : 2 channels
- CSIB : 2 channels
- CSI3 : 2 channels
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CAN (2.0B active) : 2 channels x 32 message buffers Note

A/D converter
- 10-bit resolution : 16 inputs (with auto discharge function and
diagnostic mode)

Interrupts : 60 vectored interrupts
- Non-maskable interrupts : 2 sources (NMI, Watchdog)
- Maskable interrupts : External: 8, Internal: 51 sources

8 levels of programmable priorities (maskable interrupts)

Multiple interrupt control according to priority

Masks can be specified for each maskable interrupt request.

Noise elimination, edge detection, and valid edge specification for external interrupt request
signals.

Exceptions

- Software exceptions: 32 sources

- Exception trap: 2 sources (illegal opcode exception)

DMA transfer function : 6 independent channels
On-chip power on reset

On-chip low voltage indicator

On-chip ring oscillator for security (Type. 220 kHz)

On-chip debug function

On-chip main clock monitor

Package : 100-pin plastic LQFP (14 x 14)

Note: The CAN macro of this device fulfils the requirements according 1ISO 11898. Additionally the

CAN macro was tested according to the test procedures required by ISO 16845. The CAN
macro successfully passed all test patterns. Beyond these test patterns, other tests like
robustness tests and processor interface tests as recommended by C&S/FH Wolfenbuettel
have successfully been issued.
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1.3 Applications

The V850E/RS1 is a device designed for car manufacturers. It is ideally suited for automotive applica-
tions, like Safety System. It is also an excellent choice for other applications where a combination of
sophisticated peripheral functions with CAN network support is required like Body Electronics Applica-
tion.

1.4 Ordering Information

Part No. Package Quality Grade
pPD70F3402GC(A1)-8EA 100-pin plastic LQFP (14 x 14) Special
pPD70F3403GC(A)-8EA 100-pin plastic LQFP (14 x 14) Special
pPD70F3403AGC(A)-8EA 100-pin plastic LQFP (14 x 14) Special
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1.5 Pin Configuration (Top View)
* 100-pin plastic LQFP (fine pitch) (14 x 14)

Figure 1-1: Pin Configuration
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Note: External bus interface is available only for 3403 and 3403A
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Pin Identification

ADO to AD15Note
ADTRG
ANIO to ANI15

ASCKAO to ASCKA1

AsTBNete
AVREFo
AVgg
BVpp
BVgs

CLKOUTNote

CTXDoO, CTXD1

CRXDO0, CRXD1

@, @Note
CS300 to CS303
CS310 to CS313
DCK

DDI

DDO

DMS

DRST

FLMDO, FLMD1
HLDAKNote
mNote
INTPO to INTP7

NMI

P00 to P06
P10 to P12
P30 to P38
P40 to P42
P50 to P55
P70 to P715
P90 to P915
PCSO0, PCS1

Address/data bus

A/D trigger input

Analog input

Asynchronous serial clock
Address strobe

Analog reference voltage
Analog ground

Power supply for bus interface
Ground for bus interface
Clock output

Transmit data for controller area
network

Receive data for controller area
network

Chip select

Serial Chip Select
Serial Chip Select
Debug clock
Debug data input
Debug data output
Debug mode select
Debug reset

Flash programming mode
Hold acknowledge
Hold request

Interrupt request from peripherals

Non-maskable interrupt request

Port 0
Port 1
Port 3
Port 4
Port 5
Port 7
Port 9
Port CS

PCL

PCMO to PCM3
PCTO, PCTT,
PCT4, PCT6
PDLO to PDL13
RDNote

REGCO, REGC1
RESET
RXDAO to RXDAT
SCK30, SCK31

SCKBO to SCKBH1

SI30, SI31

SIBO to SIB1
S030, SO31
SOBO0 to SOB1
TIPOO, TIPO1,
TIP10, TIP11,
TIP20, TIP21,
TIP30, TIP31,
TIQOO0 to TIQO3,
TIQ10 to TIQ13
TOPO0O, TOPO1,
TOP10, TOP11,
TOP20, TOP21,
TOP30, TOP31,

TOQOO0 to
TOQOS,

TOQ10 to TOQ13
TXDAO to TXDA1

Vbpo: Vbp1
Vsso, Vsst
WNote
WNote

WNote
X1, X2

Note: External bus interface is available only for 3403 and 3403A
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Port CM
Port CT

Port DL

Read strobe
Regulator control
Reset

Receive data

Serial clock

Serial clock

Serial input

Serial input
Serial output

Serial output

Timer input

Timer output

Transmit data
Power supply
Ground

Wait

Write strobe low level data
Write strobe high level data

Crystal for main clock
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1.6 Configuration of Function Block

1.6.1 Internal block diagram

Figure 1-2: Internal Block Diagram
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SIB1 —t{ CSIB1 [~ eSS osS398°98 F RESET
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TXDAO «—H UARTAO 5 System ~— FLMDO
RXDAO — i - o control <« FLMD1
ASCKAO -1 1BRG] S
(&)
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ASCKAT = (BRG] ] «—] Watchdog
limer 2 POC/LVI
sglgg =1 K—ANIO to ANI15
7 AD |~ ADTRG Vooo
SCk30 =4 csi30 b [ converter AT Requlator —
Cs3ooto _ || VS
CS303 — REGCO
5031 -~ || [ | e
. : Vbp1
SI31 —H ' :
SCK31 =t CSI31 - RCU Regulator1 Vss1
cs310to _ || : DRST —— REGCH
CS313 : s |
CTXDO E RSU “ E I BVDD
CRXDO aFCANO ; bbl — BVss
CTXD1 FCANT : pex :
CRXD1 a : DDO :
: ;

Note: External bus interface is available only for 3403 and 3403A
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1.6.2 On-chip units

1)

()

©)

(4)

®)

(6)

@)

®)

(9
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CPU

The CPU uses five-stage pipeline control to enable single-clock execution of address calculations,
arithmetic logic operations, data transfers, and almost all other instruction processing.

Other dedicated on-chip hardware, such as the multiplier (16 bits x 16 bits — 32 bits or 32 bits x
32 bits — 64 bits), barrel shifter (32-bit), and other dedicated hardware are on-chip to accelerate
complex instruction processing.

Bus control unit (BCU)

The BCU starts a required external bus cycle based on a physical address obtained from the CPU.
If there is no bus cycle start request from the CPU when fetching an instruction from an external
memory area, the BCU generates a prefetch address and prefetches the instruction code. The
prefetched instruction code is fetched into the internal instruction queue of the CPU.

Memory controller (MEMC)
The MEMC controls SRAM, ROM, and various 1/O for external memory expansion.

DMA controller (DMAC)

A 6-channel DMA controller is provided on chip. This controller transfers data between the internal
RAM and on-chip peripheral I/0O devices in response to interrupt requests sent by on-chip periph-
eral I/O.

ROM

The yPD70F3402 has an on-chip flash memory of 128 Kbytes.

The pPD70F3403 and yPD70F3403A have an on-chip flash memory of 256 Kbytes.

The 128 KB or 256 KB flash memory are mapped to the address spaces from 0000000H to
001FFFFH, or 0000000H to 003FFFFH, respectively.

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

RAM

This consists of a 10 KB or 16 KB RAM mapped to the address spaces from 3FFC800H to
3FFEFFFH or 3FFBOOOH to 3FFEFFFH, respectively.

During instruction fetch or data access RAM memory can be accessed from the CPU in 1-clock
cycle.

Interrupt controller (INTC)

The INTC services hardware interrupts requests from on-chip peripheral I/O and external sources.
Eight levels of interrupt priorities can be specified for this interrupt requests, and multiprocessing
controls against the interrupt sources can be performed.

Clock generator (CG)

This clock generator supplies frequencies for the CPU and the built-in peripherals. As the input
clock, an external oscillator is connected to pins X1 and X2.

The clock generator has 2 PLL which could be independently assigned either to the peripherals or
to the CPU. It generates seven types of clocks (fxx, fxx/2, fxx/4, fxx/8, fxx/16, fxx/32, f1ing), and

supplies one of them as the operating clock for the CPU (fcpy).

Ring-OSC
A Ring-OSC is provided on chip. The oscillation frequency is 220 kHz (TYP.). This Ring-OSC sup-
plies the clock for the watchdog timer 2 and timer TMM.
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(10) Timer/counter

A two-channel 16-bit timer/event counter (TMQ), a four-channel 16-bit timer/event counter (TMP),
and a one-channel 16-bit interval timer (TMM), are provided on chip.

(11) Watchdog timer 2

A watchdog timer is provided on chip to detect inadvertent program loops, system abnormalities,
etc.

Either the Ring-OSC, the main clock can be selected as the source clock. Watchdog timer 2 gen-
erates a non-maskable interrupt request (INTWDT) or a reset signal after an overflow occurs.

(12) Serial interface

The V850E/RS1 includes four kinds of serial interfaces: asynchronous serial interface A (UARTA),
and 3-wire variable-length serial interface B (CSIB), 3 wire variable length serial interface 3 with
transmit and receive buffer (CSI3) and maximum two-channel CAN are provided as serial inter-
faces.

In the case of UARTA, data is transferred via the TXDAn pins and RXDAn pins (n = 0, 1).

In the case of CSIB, data is transferred via the SOBm pins, SIBm pins, and SCKBm pins
(m=0,1).

In the case of CSI3, data is transferred via the SO3m pins, SIm pins, and SCK3m pins (m = 0, 1).
A dedicated baud rate generator is provided on chip for CSIB, CSI3 and UARTA.

In the case of CAN, data is transferred via the CTXDn pins and CRXDn pins (n =0, 1).

(13) A/D converter

This high-speed, high-resolution 10-bit A/D converter includes 16 analog input pins with auto-dis-
charge function and diagnostic mode. Conversion is performed using the successive approxima-
tion method.

(14) CRC function

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

(15) On-chip debug function

An on-chip debug function via an N-wire-type in-circuit emulator that uses the JTAG (Joint Test
Action Group) communication specifications is provided. Switching between the normal port func-
tion and on-chip debugging function is done with the control pin input level and the on-chip debug
mode setting register (OCDM).

(16) Port
There are general-purpose port functions and control pin functions, as listed below.
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Table 1-2: Port Functions and Control Function

Port I/0 Fuzziiton Control Function
PO 7-bit 110 Serial interface /O, external interrupt
P1 3-bit I1/0 External interrupt, Timer /O
P3 9-bit I1/0 External interrupt, serial interface 1/O, timer 1/0
P4 3-bit I/0 Serial interface I/O
P5 6-bit 1/0 General- | Timer I/O, Serial interface 1/0
P7 16-bit I/O | purpose A/D converter analog input
P9 16-bit I/O port Serial interface /O, timer I/O, external interrupt, clock output, on chip debug I/0
PCS | 2-bit I/O Chip select signal
PCM | 4-bit I/O External bus interface
PCT | 4-bit I/O External bus interface
PDL | 14-bit1/O External address/data bus
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2.1 List of Pin Functions

The names and functions of V850E/RS1 pins are described below. These pins can be divided into port
pins and non-port pins according to their functions. Table 2-1 shows the relationship between power

supplies and the pins below.

Table 2-1:

Pin of Power Supplies

Power Supply

Corresponding Pin

Vppo:Vsse: REGCO

Regulator for Clock Generator and PLL

AVgeFo, AVss

Reference voltage and ground potential for A/D converter. Port 7

BVpp, BVgs

Port CM, Port CS, port CT, port DL

Vobp1, Vst REGCT

Port 0, Port 1, Port 3, Port 4, Port 5, Port 9, NMI, RESET and Regulator for
Internal circuit (CPU, RAM and FLASH memory).

(1) Port pins

Table 2-2: Port Pins (1/2)

Pin Name 1/0 Function Alternate Function
P00 SI31
PO1 SO31
P02 Port 0 SCka1
P03 I/O 7-bit 1/0 port CS310
P04 Input/output can be specified in 1-bit units. cS311
P05 CS312/INTP2
P06 CS313/INTP3
P10 Port 1 INTPO
P11 I/0 3-bit I/0 port TIP31/TOP31
P12 Input/output can be specified in 1-bit units. TIP30/TOP30/ADTRG
P30 TXDAO/[ASCKAO]
P31 RXDAO/INTP7
P32 ASCKAO/[TXDAO]/(CS310)
P33 Port 3 CTXDO
P34 I/0 9-bit I/O port CRXDO
P35 Input/output can be specified in 1-bit units. CRXD1
P36 CTXD1
P37 TIPOO/TOPOO/INTP1/(CS312)
P38 TIPO1/TOPO1
P40 Port 4 SIBO
P41 I/0 3-bit I/O port SOBO
P42 Input/output can be specified in 1-bit units. SCKBO
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Table 2-2: Port Pins (2/2)

Pin Name /0 Function Alternate Function
P50 TIQ01/TOQO1
P51 TIQ02/TOQ02
P52 Port 5 TIQO3/TOQ03
1/0 6-bit I/O port
P53 Input/output can be specified in 1-bit units. | TIQ00/TOQ00
P54 SI30
P55 SO30
Port 7
P70 to P715 1/0 16-bit 1/0O port ANIO to ANI15
Input/output can be specified in 1-bit units.
P90 TIQ11/TOQ11/SCK30
P91 TIQ12/TOQ12/CS300
P92 TIQ13/TOQ13/CS301
P93 TIQ10/TOQ10/CS302
P94 ASCKA1/CS303
P95 RXDA1/(SCK30)
P96 TXDA1/(CS300)
P97 Port 9 SIB1/[DDI]
1/0 16-bit 1/O port
P98 Input/output can be specified in 1-bit units. SOB1/IDCK]
P99 SCKB1/[DMS]
P910 (CS301)/[DDQ]
P911 [DRST]
P912 TIP21/TOP21/(CS302)
P913 TIP20/TOP20/INTP4/PCL
P914 TIP10/TOP10/INTP5/AD14 Note
P915 TIP11/TOP11/INTP6/AD15 Note
PCMO WAIT Note
PCM1 Port CM CLKoOUT Nete
I/0 4-bit I/O port
PCM2 Input/output can be specified in 1-bit units. | HLDAK Note
PCM3 HLDRQ Nete
Port CS
PCS0, PCS1 /0 | 2-bit I/O port CS0, CS1 Note
Input/output can be specified in 1-bit units.
PCTO WRO Note
PCT1 Port CT WR1 Note
I/O | 4-bit I/O port —
PCT4 Input/output can be specified in 1-bit units. | RD Note
PCT6 ASTB Note
PDLO to PDL4 Note
Port DL ADO to AD4
PDL5 1/0 14-bit 1/0O port AD5/FLMD1 Note

PDL6 to PDL13

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

AD6 to AD13 Note

Note: External bus function port pins are only supported by the yPD70F3403 and yPD70F3403A
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(2) Non-port pins

Table 2-3: Non-port pins (1/3)

Pin Name IO Function Alternate Function
NMI Input E;(::én:::r;r;irtrizzt) (non-maskable, analog, _
INTPO P10
INTP1 P37/TIPO0/TOP00/(CS312)
INTP2 P05/CS312
INTP3 Input External in.terrupt rquest input (maskable, | PO6/CS13
INTP4 analog, noise elimination) P913/TIP20/TOP20/PCL
INTP5 P914/TIP10/TOP10/AD14
INTP6 P915/TIP11/TOP11/AD15
INTP7 P31/RXDAO
TIPOO External event/clock input (TMPQO) P37/TOPO0/INTP1/(CS312)
TIPO1 External event/clock input (TMPO1) P38/TOPO1
TIP10 External event/clock input (TMP10) P914/TOP10/INTP5/AD14
TIP11 Input External event/clock input (TMP11) P915TOP11/INTP6/AD15
TIP20 External event/clock input (TMP20) P913/TOP20/INTP4/PCL
TIP21 External event/clock input (TMP21) P912/TOP21/(CS302)
TIP30 External event/clock input (TMP30) P11/TOP31
TIP31 External event/clock input (TMP31) P12/TOP30/ADTRG
TOPOO Timer output (TMPO0O0) P37/TIPOO/INTP1/(CS312)
TOPO1 Timer output (TMPO1) P38/TIPO1
TOP10 Timer output (TMP10) P914/TIP10/INTP5/AD14
TOP11 Timer output (TMP11) P915/TIP11/INTP6/AD15
TOP20 Output Timer output (TMP20) P913/TIP20/INTP4/PCL
TOP21 Timer output (TMP21) P912 /TIP21/(CS302)
TOP30 Timer output (TMP30) P11/TIP31
TOP31 Timer output (TMP31) P12/TIP30/ADTRG
TIQO0 External event/clock input (TMQOO) P53/ TOQO0
TIQO1 External event/clock input (TMQO1) P50/TOQO1
TIQ02 External event/clock input (TMQO02) P51/TOQ02
TIQ03 Input External event/clock input (TMQO3) P52/TOQ03
TIQ10 External event/clock input (TMQ10) P93/CS302/TOQ10
TIQ11 External event/clock input (TMQ11) P90/SCK30/TOQ11
TIQ12 External event/clock input (TMQ12) P91/CS300/TOQ12
TIQ13 External event/clock input (TMQO3) P92/CS301/TOQ13
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Table 2-3: Non-port pins (2/3)

Pin Name I/0 Function Alternate Function
TOQO0 Timer output (TMQOO) P53/TIQ00
TOQO1 Timer output (TMQO1) P50/TIQO1
TOQO2 Timer output (TMQO02) P51/T1Q02
TOQO3 Timer output (TMQO3) P52/TIQ03
TOQ10 Output Timer output (TMQ10) P93/CS302/TIQ10
TOQ11 Timer output (TMQ11) P90/SCK30/TIQ11
TOQ12 Timer output (TMQ12) P91/CS300/TIQ12
TOQ13 Timer output (TMQ13) P92/CS301/TIQ13
SIBO Serial receive data input (CSIBO0) P40
SIB1 Input Serial receive data input (CSIB1) P97/[DDI]
SI30 Serial receive data input (CSI30) P54
SI31 Serial receive data input (CSI31) P00
SOBO Serial transmit data output (CSIBO0) P41
SOB1 Output Serial transmit data output (CSIB1) P98/[DCK]
S030 Serial transmit data output (CSI30) P55
SO31 Serial transmit data output (CSI31) PO1
SCKBO Serial clock /0 (CSIB0) P42
@ /o Serial clock I/O (CSIB1) P99/[DMS]
SCK30 Serial clock 1/0 (CSI30) P90/TIQ11/TOQ11, P95/RXDA1
SCK31 Serial clock /0 (CSI31) P02
CS300 Serial chip select output (CSI30) P91/TIQ12/TOQ12, P96/TXDA1
CS301 Serial chip select output (CSI30) P92/TIQ13/TOQ13
CS302 Serial chip select output (CSI30) P93/TIQ10/TOQ10
CS303 Serial chip select output (CSI30) P94/ASCKA1
CS310 Output | Serial chip select output (CSI31) P03, P32
CS311 Serial chip select output (CSI31) P04
Ccs312 Serial chip select output (CSI31) :?\IOEQTTPQ’ P37/TIPOO/TOPOD/
CS313 Serial chip select output (CSI31) PO6/INTP3
RXDAO Input Serial receive data input (UARTAOQ) P31/Im
RXDA1 Serial receive data input (UARTA1) P95/(SCK30)
TXDAO Output Serial transmit data output (UARTAOQ) P30/[ASCKAQ]
TXDA1 Serial transmit data output (UARTA1) P96/(CS300)
ASCKAG 1o | UARTAD baud rate clock inpu ?%%XDAOV (CS310), P3O/
ASCKAT1 UARTA1 baud rate clock input P94/CS303
CRXDO0O Input CAN serial receive data input (CANO) P34
CRXD1 CAN serial receive data input (CAN1) P35
CTXDO Output CAN serial transmit data output (CANO) P33
CTXD1 CAN serial transmit data output (CAN1) P36
ANIO to ANI15 Input Analog voltage input for A/D converter P70 to P715
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Table 2-3: Non-port pins (3/3)

Pin Name I/0 Function Alternate Function
AVrgro Input szrir:r;gfe\r/]c;ilta:?%i ngt) for A/D converter _
AVss i Grounq potential for A/D converter (same :

potential as Vgg)
ADTRG Input A/D converter external trigger input P12/TIP30/TOP30
DDI Input Debug data input P97/SIB1
DCK Input Debug clock input P98/SOBH1
DMS Input Debug mode select P99/SCKB1
DDO Output Debug data output P910/(CS301)
DRST Input DCU reset input P911
FLMDO Input Flash programming mode setting pin _
FLMD1 PDL5/AD5
CLKOUT Output Internal system clock output PCM1
PCL Output gj‘t’)‘:;sotgzuélgg;)"imming of Xtinput clock, | oo 13 TiPo0TOP20/INTP4
REGCO i S;;:ggfcnem regulator output stabilization _
REGC1 i S:;:;::ati:cneof regulator output stabilization _
RESET Input System reset input -
X1 Input Connection of resonator for main clock -
X2 - -
Vbbo - Positive power supply for internal -
Vpp1 - Positive power supply for internal
Vss - Ground potential for internal -
BVpp _ Positive power supply for bus interface and _
alternate ports
BVgs B Ground potential for bus interface and alter- _

nate ports
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2.2 Pin States

The operation states of pins in various mode are described in Table 2-4.

Table 2-4: Pin Operation States in Various Modes

Halt Mode External Bus ldle Mode ldle Stat

Bus Control Pin Reset During DMA Interface e slate Bus Hold
Stop Mode Note 2
Transfer Mode
ADO to AD15 Hi-Z Held Hi-Z
WAIT - - - -
CLKOUT Operating L Operating Operating
CSO, CS1 Operating - - -
WRO0, WR1 H|-z Note 1 Operating
RD Hi-Z
H H H

ASTB
HLDAK L
HLDRQ - - - Operating

Notes: 1. The bus control pin is shared with the port pin, so it is initialized to the input mode (port
mode).

2. The state of the pins in the idle state inserted following T3 state is shown.

Remark: Hi-Z: High impedance.
Held: The state during the immediately preceding external bus cycle is held.
L: Low level output.
H: High level output.
- Input without sampling (not acknowledged)
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2.3 Description of Pin Functions

(1) P00 to P06 (Port 0)

Port 0 is a 7-bit I/O port for which input and output can be specified in 1-bit units.

In addition to 1/0 port pins, P00 to P06 can also be used as CS30, CSI31 and external interrupt
request inputs. The port/control mode can be selected for each bit, and the pin’s valid edge for P05
and P06 is specified by the INTRO and INTFO registers.

An on-chip pull-up and pull-down resistor can be specified for use in 1-bit units using pull-up/pull-
down resistor option register 0 (PUO, PDO).

(a) Port mode
P00 to P06 can be set to input or output in 1-bit units using port mode register 0 (PMO).

(b) Control mode

P00 to P06 can be set to control modes in 1-bit units using port mode control register 0 (PMCO)
and port mode function register 0 (PFCO).

e SI31 (serial input) ... Input
This is the serial receive data input pin for CSI31.

e SO31 (serial output) ... Output
This is the serial transmit data output pin for CSI31.

e SCK31(serial clock) ... Output
This is the serial clock I/O pin for CSI31.

e CS310to CS313
These are the chip select pin for CSI31

e INTP2, INTP3 (interrupt request from peripherals) ... Input
These are external interrupt request input pins.
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P10, P11, P12 (Port 1)

Port 1 is 3-bit I/O port for which input and output can be specified in 1-bit units.

In addition to 1/0O pins, P10 to P12 can also be used as external interrupt request inputs, timer/
counter I/O in the control mode and the external A/D conversion start trigger. The port/control
mode can be selected for each bit, and the pin’s valid edge for P10 is specified by the INTR1 and
INTF1 registers.

An on-chip pull-up and Pull-down resistor can be specified for use in 1-bit units using pull-up/ pull-
down resistor option register 1 (PU1, PD1).

(a) Port mode
P10 and P12 can be set to input or output in 1-bit units using port mode register 1 (PM1).
(b) Control mode

P10 to P12 can be set to control modes in 1-bit units using port mode control register 3 (PMC1),
port mode function register 1 (PFC1) and port mode function expand register 1 (PFCE1)

INTPO (interrupt request from peripherals) ... Input
These are external interrupt request input pins.

e TIP30, TIP31 (timer input) ... Input
These are an external capture input pins for TMP3.

e TOP30, TOP31 timer output) ... Input
These are the pulse signal output pins for TMP3.

e ADTRG the external A/D conversion start trigger ... Input
This is the external trigger pins for ADC.
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P30 to P38 (Port 3)

Port 3 is a 9-bit I/O port for which input and output can be set in 1-bit units.

In addition to I/O port pins, P30 to P38 can also be used as external interrupt request inputs, serial
interface I/O, CAN I/F I/O and timer/counter 1/O in the control mode. The port/control mode can be
selected for each bit, and the pin valid edge for P31 and P37 is specified by the INTR3 and INTF3
registers.

An on-chip pull-up and Pull-down resistor can be specified for use in 1-bit units using pull-up/ pull-
down resistor option register 3 (PU3, PD3).

(a) Port mode
P30 to P38 can be set to input or output in 1-bit units using port mode register 3 (PM3).
(b) Control mode

P30 to P38 can be set to control modes in 1-bit units using port mode control register 3 (PMC3),
port mode function register 3 (PFC3) and port mode function expand register 3 (PFCES3)

¢ RXDAO (receive data) ... Input
These are the serial receive transmit input pins for UARTAO.

e TXDAO (transmit data) ... Output
These are the serial send data output pins for UARTAO.

e ASCKAO (asynchronous serial clock 0) ... Input
This is the serial baud rate input pin for UARTAO.

e INTP1,INTP7 (interrupt request from peripherals) ... Input
This is the external interrupt request input pin.

e TIPOO, TIPO1 (timer input) ... Input
These are the external count clock input pins for TMPO.

e TOPOO, TOPO1 (timer output) ... Input
These are the pulse signal output pins for timers TMPO.

e CRXDO0, CRXD1 (receive data for controller area network) ... Input
These are the CAN serial receive data input pins for CANO and CAN1.

e CTXDO0, CTXD1 (transmit data for controller area network) ... Output
These are the CAN serial transmit data output pins for CANO and CAN1.

e (CS310,CS312
These are the serial chip select output for CSI31.
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P40 to P42 (Port 4) ... Bi-directional I/O
Port 4 is a 3-bit I/O port for which input and output can be set in 1-bit units.

In addition to 1/0 port pins, P40 to P42 can also be used as serial interface I/O in the control mode.
The port/control mode can be selected for each bit.

An on-chip pull-up and Pull-down resistor can be specified for use in 1-bit units using pull-up/ pull-
down resistor option register 4 (PU4, PD4).

(a) Port mode

P40 to P42 can be set to input or output in 1-bit units using port mode register 4 (PM4).

(b) Control mode

P40 to P42 can be set to control modes in 1-bit units using port mode control register 4 (PMC4)

e SIBO (serial input) ... Input
This is the serial receive data input pin for CSIBO.

e SOBO (serial output) ... Output
This is the serial transmit data output pin for CSIBO.

e SCKBO (serial clock) ... Bi-directional 1/0
This is the serial clock 1/0 pin for CSIBO.
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(5) P50 to P55 (Port 5)
Port 5 is a 6-bit I/O port for which input and output can be set in 1-bit units.

In addition to I/O port pins, P50 to P55 can also be used as timer/counter I/O and CSI3 in the con-
trol mode. The port/control mode can be selected for each bit.

An on-chip pull-up and Pull-down resistor can be specified for use in 1-bit units using pull-up/ pull-
down resistor option register 5 (PU5, PD5).

(a) Port mode

P50 to P55 can be set to input or output in 1-bit units using port mode register 5 (PM5).

(b) Control mode

P50 to P55 can be set to control modes in 1-bit units using port mode control register 5 (PMC5)
and port mode function register 5 (PFC5).

e TIQOO, TIQO1, TIQ02, TIQOJ (timer input) ... Input
These are the input/capture pins for TMQO.

e TOQOO0, TOQO1, TOQO2, TOQOSI (timer output) ... Output
These are the output/compare pins for TMQO.

e SI30 (serial input) ... Input
This is the serial receive data input pin for CSI30.

e SO830 (serial output) ... Output
This is the serial transmit data output pin for CSI30.
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P70 to P715 (Port 7) ... Bi-directional I/O
Port 7 is a 16-bit I/O port for which input and output can be set in 1-bit units.

In addition to I/O port pins, P70 to P715 can also be used as analog output pins for the A/D con-
verter in the control mode. However, they cannot be switched between input port and analog out-
put pin.

(a) Port mode

P70 to P715 can be set to input or output in 1-bit units using port mode register 7 (PM7).

(b) Control mode

P70 to P715 can be set to control modes in 1-bit units using port mode control register 7 (PMC7)

¢ ANIO to ANI15 (analog inputs 0 to 15) ... Input
These are the analog input pins for the A/D converter.
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(7) P90 to P915 (Port 9) ... Bi-directional I/0

Port 9 is a 16-bit I/O port for which input and output can be set in 1-bit units.

In addition to 1/0O port pins, P90 to P915 can also be used as serial interface 1/O, timer/counter I/O,
external interrupt request inputs, clock output, and on chip debug function in the control mode. The
port/control mode can be selected for each bit, and the pin’s valid edge for P913 to P915 is speci-
fied by the INTR9H and INTF9H registers.

An on-chip pull-up and Pull-down resistor can be specified for use in 1-bit units using pull-up/ pull-
down resistor option register 9 (PU9, PD9).

(a) Port mode
P90 to P915 can be set to input or output in 1-bit units using port mode register 9 (PM9).

(b) Control mode

P90 to P915 can be set to control modes in 1-bit units using port mode control register 9 (PMC9),
port mode function register 9 (PFC9) and port mode function expand register 9 (PFCE9).

e SIB1 (serial input)...input
These are the serial receive data input pins for CSIB1.

e SOB1 (serial output)...output
These are the serial transmit data input pins for CSIB1.

e SCKB1, SCKB30 (serial clock) ... Bi-directional 1/0
This is the serial clock 1/0 pin for CSIB1 and CSI30

e (CS300 to CS303 (Chip select) ... Output
These are the Chip select pins for CSI30

e RXDAT1 (receive data) ... Input
This is the serial receive data input pins for UARTA1.

e TXDAT1 (transmit data) ... Output
This is the serial transmit data output pin for UARTA1.

e TIP20, TIP21 (timer input) ... Input
These are the external count clock input pins for timer TMP2.

e TOP20, TOP21 (timer output) ... Output
These are the pulse signal output pins for timer TMP2.

e PCL (clock output) ... Output
This is the clock output pin.

* INTP4 to INTP6 (interrupt request from peripherals) ... Input
These are external interrupt request input pins.

e DDI, DCK,DMS, DDO, DRST.
These are signals for the N-Wire interface (JTAG).
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(8) PCMO to PCM3 (Port CM) ... Bi-directional I/O

52

Port CM is a 4-bit I/O port for which input and output can be set in 1-bit units.

An on-chip pull-up and Pull-down resistor can be specified for use in 1-bit units using pull-up/ pull-
down resistor option register CM (PUCM, PDCM).

(a) Port mode

PCMO0 to PCMS can be set to input or output in 1-bit units using port mode register CM (PMCM).

(b) Control mode

PCMO0 to PCMS3 can be set to control modes in 1-bit units using port mode control register CM
(PMCCM).

HLDAK (hold acknowledge) ... Output

This is an output pin for the acknowledge signal that indicates the high-impedance status for
the address bus, data bus, and control bus when V850E/RS1 receives a bus hold request.
The address bus, data bus, and control bus are in high impedance while this signal is active.

HLDRQ (hold request) ... Input

This is an input pin by which an external device requests the V850E/RS1 to release the
address bus, data bus, and control bus release requests. This pin accepts asynchronous
input for CLKOUT. When this pin is made active, VB50E/RS1 sets the address bus, data bus,
and control bus to high impedance upon the end of the bus cycle currently being executed,
or immediately if no bus cycle is being executed, and the HLDAK signal is then made active
and the bus is released.

CLKOUT (clock out) ... Output
This pin outputs internally generated bus clocks.

WAIT (wait) ... Input

This is the input pin for the control signal used to insert waits into the bus cycle. This pin is
sampled at the falling edge of the clock during the T2 or TW state of the bus cycle.
ON/OFF switching of the wait function is performed with port mode control register CM
(PMCCM).

User’'s Manual U16702EE3V2UDO00O



Chapter 2 Pin Functions

(9) PCSO0, PCS1 (Port CS) ... Bi-directional I/O

Port CS is a 2-bit I/0 port for which input and output can be set in 1-bit units.
An on-chip pull-up and Pull-down resistor can be specified for use in 1-bit units using pull-up/ pull-
down resistor option register CS (PUCS, PDCS).

(a) Port mode
PCS0 and PCS1 can be set to input or output in 1-bit units using port mode register CS (PMCS).

(b) Control mode

PCS0 and PCS1 can be set to control modes in 1-bit units using port mode control register CS
(PMCCS).

- CS0, CS1 (chip select input) ... Input
This is the chip select signal for external SRAM, external ROM, or external peripheral I/O.

The signal CSn is assigned to memory block n (n =0, 1).

This is active for the period during which a bus cycle that accesses the corresponding
memory block is activated. It is inactive in an idle state (TI).
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(10) PCTO, PCT1, PCT4, PCT6 (Port CT) ... Bi-directional I/O

54

Port CT is a 4-bit 1/0 port for which input and output can be set in 1-bit units.

In addition to 1/O pins, PCTO, PCT1, PCT4, PCT6 can also be used as control signal output pins
for external memory expansion in the control mode.

The port/control mode can be selected for each bit.

An on-chip pull-up and Pull-down resistor can be specified for use in 1-bit units using pull-up/ pull-
down resistor option register CT (PUCT, PDCT).

(a) Port mode

PCTO, PCT1, PCT4, PCT6 can be set to input or output in 1-bit units using port CT mode register
(PMCT).

(b) Control mode

PCTO, PCT1, PCT4, PCT6 can be set to control modes in 1-bit units using port mode control reg-
ister CT (PMCCT).

- WRO (write strobe low-level data) ... Output
This is the write strobe signal output pin for the lower data of the external 16-bit data bus.

- WR1 (write strobe high-level data) ... Output
This is the write strobe signal output pin for the higher data of the external 16-bit data bus.

- RD (read strobe) ... Output
This is the read strobe signal output pin for the external 16-bit data bus.

- ASTB (address strobe) ... Output
This is the output pin for the latch strobe signal for the external address bus. Output
becomes low level in synchronization with the falling edge of the clock during the T1 state of
the bus cycle, and becomes high level in synchronization with the falling edge of the clock
during the T3 state of the bus cycle. Output becomes high level when the bus cycle is
inactive.
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(11) PDLO to PDL13 (port DL) ... Bi-directional I/0

Port DL is a 14-bit I/O port for which input and output can be set in 1-bit units.
During flash memory programming (corresponding to input of high level to FLMDO), PDL5 func-
tions as the FLMD1 pin. At this time, be sure to input a low level to the FLMD1 pin.

(a) Port mode
PDLO to PDL13 can be set to input or output in 1-bit units with the port DL mode register (PMDL).

(b) Control mode

PDLO to PDL13 can be set to control modes in 1-bit units using port mode control register DL
(PMCDL).

- ADO to AD13 (address/data bus 0 to 15) ... Bi-directional /O
These form an address/data multiplexed bus during external access. In the multiplexed bus
mode, they function as address output or data I/0, and in the separate bus mode, they
function as data 1/0.
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(12) FLMDO(flash programming mode) Input

This is the input pin that specifies the operation mode. Fix this pin to low level so that its level does
not change during operation.

The internal circuit samples the status of the FLMDO pin at the rising edge of the RESET pin.

In the normal operation mode, connect this pin to Vgg.

(13) RESET (reset) ... Input

RESET is a signal that is input asynchronously and has a low level width regardless of the status
of the operating clock. When this signal is input, system reset is executed with higher priority than
all other operations.

In addition to being used for ordinary initializations/start operations, this signal can also be used to
cancel a standby mode (STOP).

(14) X1, X2 (crystal for main clock)
These pins are used to connect the resonator that generates the system clock.

(15) AVgg (analog Vsg)
This is the ground pin for the A/D converter and alternate ports.

(16) AVRero (analog reference voltage) ... Input
This is the reference voltage supply pin for the A/D converter.

(17) Vppo, Vpp1 (power supply)
This is the positive power supply pin. Connect all the Vpp pins to a positive power supply.

(18) Vgso, Vss1 (ground)
This is a ground pin. Connect all the Vgg pins to ground.

(19) FLMD1 (flash programming mode)

This is a control pin for the flash memory programming mode when connected to the dedicated
flash programming tool. Always input a low signal to this pin during flash programming.

(20) BVpp (power supply for 1/0)
This is the positive power supply pin for I/O.

(21) BVgg (ground for 1/0)
This is the ground pin for the for 1/0O.
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2.4 Pin I/O Circuit Types, I/0 Buffer Power Supply and Handling of Unused Pins

Table 2-5: Pin I/O Circuit Types (1/3)

Pin Name

I/0 Circuit Types

Recommended Connection

P00/SI31

P01/SO31

P02/SCK31

P03/CS310

P04/CS311

P05/CS312/INTP2

P06/CS313/INTP3

5-AM

Connect it to Vpp4 or Vgg¢ through independent resistor.

P10/INTPO

P11/TIP31/TOP31

P12/TIP30/TOP30/ADTRG

5-AM

Connect it to Vpp4 or Vggq through independent resistor.

P30/TXDAO/[ASCKAO]

P31/RXDAO/INTP7

P32/ASCKAO/[TXDAO)/
(CS310)

P33/CTXD0O

P34/CRXDO

P35/CRXD1

P36/CTXD1

P37/TIPOO/TOPOO/INTP1/
(CS312)

P38/TIPO1/TOPO1

5-AM

Connect it to Vppy or Vggq through independent resistor.

P40/SIBO

P41/SOB0O

P42/SCKBO

5-AM

Connect it to Vpp4 or Vgg¢ through independent resistor.

P50/T1IQ01/TOQO1

P51/T1Q02/TOQ02

P52/TIQ03/TOQ03

P53/T1Q00/TOQ00

P54/S130

P55/SO30

5-AM

Connect it to Vpp4 or Vgg¢ through independent resistor.

P70 to P715 /ANIO to ANI15

Connect it to AVRggg or AVgg through independent resistor
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Table 2-5: Pin I/O Circuit Types (2/3)

Pin Name I/0 Circuit Types Recommended Connection
P90/TIQ11/TOQ11/SCK30 5-AM
P91/TIQ12/TOQ12/CS300 5-AM
P92/TIQ13/TOQ13/CS301 5-AM
P93/TIQ10/TOQ10/CS302 5-AM
P94/ASCKA1/CS303 5-AM Connect it to Vppq or Vgg through independent resistor.
P95/RXDA1/(SCK30) 5-AM
P96/TXDA1/(CS300) 5-AM
P97/SIB1/{DDI} 5-AM
P98/SOB1/{DCK} 5-AM
P99/SCKB1/{DMS} 5-AM
P910/CS301/{DDO} 5-AE
POT1/DRST} 5-AM Connect it to BVpp or BVgg through independent resistor.
P912//TIP21/TOP21/CS302 5-AM
P913/TIP20/TOP20/INTP4/ 5-AM
PCL
2%114‘11FI'IP10/TOP10/INTP5/ 5-AM
Connect it to BVpp or BVgg through independent resistor.
P915/TIP11/TOP11/INTP6/ 5-AM
AD15
PCMO/WAIT
PCM1/CLKOUT , i ,
5-AM Connect it to BVpp or BVgg through independent resistor.
PCM2/HLDAK
PCMS3/HLDRQ
PCS0/CS0 , . ,
5-AM Connect it to BVpp or BVgg through independent resistor.
PCS1/CSH
PCTO/WRO
PCT1/WR1 , i ,
— 5-AM Connect it to BVpp or BVgg through independent resistor.
PCT4/RD
PCT6/ASTB
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Table 2-5: Pin I/O Circuit Types (3/3)

Pin Name I/0 Circuit Types Recommended Connection
PDLO/ADO
PDL1/AD1
PDL2/AD2
PDL3/AD3
PDL4/AD4
PDL5/AD5/FLMD1
PDLE/ADE 5 Connect it to BVpp or BVgg through independent resistor.
PDL7/AD7
PDL8/AD8
PDL9/AD9
PDL10/AD10
PDL11/AD11
PDL12/AD12
PDL13/AD13
AVREeFg - Analog voltage reference for A/D converter.
AVgg - Analog Ground.
FLMDO - See 21.6.1 "FLMDO pin” on page 756.
RESET 2 External system reset input.
Vbbo - Power supply pin for PLL.
Vsso - Ground potential pin for PLL.
X1 -
o - Connection of resonator for main clock.
Vpp1 - Power supply pin for Flash, CPU and /O buffers.
Vssi - Ground potential pin for Flash, CPU and I/O buffers.
BVpp - Power supply pin for I/0 buffers.
BVgs - Ground potential pin for 1/0 buffers.
REGCO - Connect to Vgg via a capacitor. Note 1
REGC1 - Connect to Vgg via a capacitor. Note 2
NMI - NMI

Notes: 1. NEC specifies to connect 1puF to REGCO.
2. NEC specifies to connect 4.7 pF to REGC1.
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Pin Functions

Figure 2-1: Pin I/O Circuits
Type 5 Type 5-AE
VDDO
VoD
Data —»:D)_l Pully
P-ch P
© enable DO_| P-ch
——O IN/OUT
VDDo
Output N-ch
disable Data I: | o
D R o
Input enable Output N-ch
disable
Vsso
Input
enable
Type 5-AM Type 2
Vop
pull-up
enable [>o i P-ch
Vop
data — »{F-P-ch
inout | IN
output N-ch
disable
o D
input
pull-down enable
enable ———— [ y—————]FN-ch
AVop
Type 11-G
P-ch
»——CO INJOUT
Gisable Nch
Comparator
b
N-ch
(Threshold voltage)
AVss
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The CPU of the V850E/RS1, which is based on RISC architecture, executes almost all instructions
in one clock cycle due to its five-stage pipeline control.

3.1 Features

e Number of instructions: 81

¢ Minimum instruction execution time: 41.6 ns @ 24 MHz, 31.25 ns @ 32 MHz,
25 ns @ 40 MHz only for yPD70F3403 and pPD70F3403A

¢ Memory space

* Program area: 64 MB linear address space
e Data area: 4 GB linear address space
e General-purpose registers: 32 bits x 32 registers

¢ Internal 32-bit architecture
e 5-stage pipeline control
e Hardware interlock on register/flag hazards

e |nstruction set

Upwardly compatible with V850 CPU

Multiplication/division instruction

Saturated calculation instructions (with overflow/underflow detection function)

32-bit shift instructions: 1 clock

Non blocking Load/store instruction with long/short format

Multiplication can be performed in 1 or 2 clocks due to on-chip hardware multiplier:
- 16 bits x 16 bits — 32 bits
- 32 bits x 32 bits — 32 bits or 64 bits in one clock cycle.

Four types of bit manipulation instructions:
- Set
- Clear
- Not
- Test
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3.2 CPU Register Set

The CPU registers of the V850E/RS1 can be classified into general purpose register set, which are
used by programs, and system register set, which are used to control the execution environment. This
chapter describe also specific registers which can be read or written using the LDSR and STSR instruc-
tions. All the registers have 32-bit width.

For details, refer to V850E1 User's Manual Architecture.
(Document No. U14559EJ2VOUMO0O (2nd edition))

Figure 3-1: CPU Register Set

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

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

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

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

r4 (Global pointer (GP)) FEPSW
r5 (Text pointer (TP))
6
r7

(NMI status saving register)

| ECR (Interrupt source register) |

r8 |
r9

r10
ri1
ri2

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
r17 CTBP (CALLT base pointer) |
r18

r19

r20

r21

r22

r23

r24

r25

r26

r27

r28

r29

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

31 0
PC (Program counter)
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3.2.1 Program register set

The program registers include general-purpose registers and a program counter.

(1) General-purpose registers (r0 to r31)
Thirty-two general-purpose registers, r0 to r31, are available. Any of these registers can be used
to store a data variable or an address variable.
However, r0 and r30 are implicitly used by instructions and care must be exercised when these
registers are used. r0 always holds 0 and is used for an operation that uses 0 or addressing of off-
set 0. r30 is used by the SLD and SST instructions as a base pointer when these instructions
access the memory. r1, r3 to r5, and r31 are implicitly used by the assembler and C compiler.
When using these registers, save their contents for protection, and then restore the contents after
using the registers. r2 is sometimes used by the real-time OS. If the real-time OS does not use r2,
it can be used as a register for variables.
Table 3-1: Program Registers
Name Usage Operation
r0 Zero register Always holds 0.
r1 Assembler-reserved register Used as working register to create 32-bit immediate data
r2 Register for address/data variable (if real-time OS does not use r2)
r3 Stack pointer Used to create a stack frame when a function is called
r4 Global pointer Used to access a global variable in the data area
5 Text pointer Used as register that indicates the beginning of a text area

(area where program codes are located)

r6 to r29 | Register for address/data variable

r30 Element pointer Used as base pointer to access memory

r31 Link pointer Used when the compiler calls a function

PC Program counter Holds the instruction address during program execution
(2) Program counter (PC)

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

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

Figure 3-2: Program Counter (PC) Format

31 2625 10
e rrrrrrrrrrr Tt

PC Fixed to 0 Instruction address under execution

After reset
00000000H

o
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3.2.2 System register set

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

Table 3-2: System Register Numbers

) Operand Specification
Register System Register Name
Number Yy g LDSR STSR
Instruction Instruction
0 Interrupt status saving register (EIPC) 4 Note 1 \
1 Interrupt status saving register (EIPSW) 4/ Note 1 S
2 NMI status saving register (FEPC) S v
3 NMI status saving register (FEPSW) \ \
4 Interrupt source register (ECR) X S
5 Program status word (PSW) v
Reserved for future function expansion (operation is not guaranteed if
6to 15 . X X
these registers are accessed)
16 CALLT execution status saving register (CTPC) « Note 2 \
17 CALLT execution status saving register (CTPSW) 4 Note 2 v
18 Exception/debug trap status saving register (DBPC)  Note 3 S
19 Exception/debug trap status saving register (DBPSW)  Note 3 S
20 CALLT base pointer (CTBP) S \/
Reserved for future function expansion (operation is not guaranteed if
21 to 31 . X X
these registers are accessed)

Notes: 1. Since only one set of these registers is available, the program must save the contents of
these registers when multiple interrupt servicing is permitted.

2. Since only one set of these registers is available, the program must save the contents of
these registers when CALLT instructions nesting are used.

3. These registers can be accessed only when the DBTRAP instruction is executed.

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

Remark: +: Can be accessed
x: Access prohibited

64 User’'s Manual U16702EE3V2UDO00O



Chapter 3 CPU Function

(1) Interrupt status saving registers (EIPC and EIPSW)

EIPC and EIPSW are used to save the status when an interrupt occurs.

If a software exception or a maskable interrupt occurs, the contents of the program counter (PC)
are saved to EIPC, and the contents of the program status word (PSW) are saved to EIPSW
(these contents are saved to the NMI status saving registers (FEPC and FEPSW) if a non-maska-
ble interrupt occurs).

The address of the instruction next to the one of the instruction under execution, except some
instructions, is saved to EIPC when a software exception or a maskable interrupt occurs.

The current contents of the PSW are saved to EIPSW.

Because only one set of interrupt status saving registers is available, the contents of these regis-
ters must be saved by program when multiple interrupts are enabled.

Bits 31 to 26 of EIPC and bits 31 to 8 of EIPSW are reserved for future function expansion (these
bits are always fixed to 0).

Figure 3-3: Interrupt Status Saving Registers (EIPC and EIPSW) Format

31 2625 0

B B B B I B Y ) ) B S B B B After reset
EIPC o|o0(o0|0|0|0 (PC contents)

OxxxxxxxH
(x: Undefined)

31 8 0

T T T 1 11

After reset
EIPSW [o|o|0|0|0|0|0|0|0|0|0O|0O|0|0|0|0|0|0|0|0|0|0|0O|O| (PSW contents) 000000xxH
(x: Undefined)

The values of EIPC and EIPSW are restored to PC and PSW during execution of a RETI
instruction.

User’s Manual U16702EE3V2UDO00 65



Chapter 3 CPU Function

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

If an NMI occurs, the contents of the program counter (PC) are saved to FEPC, and those of the

program status word (PSW) are saved to FEPSW.

The address of the instruction next to the one of the instruction under execution, except some

instructions, is saved to FEPC when an NMI occurs.
The current contents of the PSW are saved to FEPSW.

Because only one set of NMI status saving registers is available, the contents of these registers
must be saved by program when multiple interrupts are enabled.
Bits 31 to 26 of FEPC and bits 31 to 8 of FEPSW are reserved for future function expansion (these

bits are always fixed to 0).

Figure 3-4: NMI Status Saving Registers (FEPC and FEPSW) Format

31 2625
S N I Y I B T T T T 11
FEPC 0 o(ojojo (PC contents)
31
T T T T 11
FEPSW 0 o/o|ojojo|0|0O|O o|o0/0|0|0|0O|0O|0O|O|O (PSW contents)

After reset
OxxxxXxxxH
(x: Undefined)

After reset
000000xxH
(x: Undefined)

(3) Interrupt source register (ECR)
The interrupt source register (ECR) holds the source of an exception or interrupt if an exception or
interrupt occurs. This register holds the exception code of each interrupt source. Because this reg-
ister is a read-only register, data cannot be written to this register using the LDSR instruction.
Figure 3-5: Interrupt Source Register (ECR) Format
31 1615 0
T T After reset
ECR FECC EICC 00000000H
Bit position Bit name Meaning
311016 FECC Exception code of non-maskable interrupt (NMI)
15t00 EICC Exception code of exception or maskable interrupt
The list of exception codes is tabulated in Table 17-1, “Interrupt/Exception Source List,” on
page 685.
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(4) Program status word (PSW)

A 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 the LDSR instruction execution. However, if the
ID flag is set to 1, interrupt request acknowledgement during LDSR instruction execution is prohib-
ited.

Bits 31 to 8 are reserved (fixed to 0) for future function expansion.

Figure 3-6: Program Status Word (PSW) Format (1/2)

31 876543210
I s B B O S B O B IO Afier reset
PSW RFU NP|EP|ID |SAT|CY|OV| S | Z 00000021H
Bit position | Flag name Meaning
31t08 RFU Reserved field. Fixed to 0.

Indicates that a non-maskable interrupt (NMI) is being serviced. This bit is set to 1
when an NMI request is acknowledged, disabling multiple interrupts.

7 NP 0: NMlI is not being serviced.
1: NMl is being serviced.
Indicates that an exception is being processed. This bit is set to 1 when an excep-
6 EpP tion occurs. Even if this bit is set, interrupt requests are acknowledged.

0: Exception is not being processed.
1: Exception is being processed.

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

Indicates that the result of a saturation operation has overflowed and is saturated.
Because this is a cumulative flag, it is set to 1 when the result of a saturation opera-
tion instruction is saturated, and is not cleared to 0 even if the subsequent operation
4 SATNote result is not saturated. Use the LDSR instruction to clear this bit. This flag is neither
set to 1 nor cleared to 0 by execution of an arithmetic operation instruction.

0: Not saturated

1: Saturated

Indicates whether a carry or a borrow occurs as a result of an operation.
3 CY 0: Carry or borrow does not occur.
1: Carry or borrow occurs.

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

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

Indicates whether the result of an operation is 0.
0 Y4 0: The result is not 0.
1: The result is 0.

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 QV flag is set to 1 during saturated operation. This
is explained on the following table.
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Figure 3-6: Program Status Word (PSW) Format (2/2)

. Flag status Result of operation of
Status of operation result . .
SAT oV saturation processing
Maximum positive value is exceeded. 1 1 7FFFFFFFH
1 1 80000000H

Maximum negative value is exceeded.

Positive (maximum value is not exceeded) |Holds value before

Negative (maximum value is not exceeded) operation

0

Operation result itself

=l Oo|=|O|l W

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

When the CALLT instruction is executed, the contents of the program counter (PC) are saved to
CTPC, and those of the program status word (PSW) are saved to CTPSW.
The contents saved to CTPC are the address of the instruction next to CALLT.

The current contents of the PSW are saved to CTPSW.
Bits 31 to 26 of CTPC and bits 31 to 8 of CTPSW are reserved (fixed to 0) for future function

expansion.

Figure 3-7: CALLT Execution Status Saving Registers (CTPC and CTPSW) Format

31 2625

CTPC 0/0/0(0|0|0

After reset
OxxxxxxxH

31

(x: Undefined)

CTPSW o|0|of0|0|0|0O|0O]|O

After reset
(PSW contents)

000000xxH

(x: Undefined)

The values of CTPC and CTPSW are restored to PC and PSW during execution of the CTRET

instruction.
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(6) Exception/debug trap status saving registers (DBPC and DBPSW)

DBPC and DBPSW are exception/debug trap status registers.

If an exception trap or debug trap occurs, the contents of the program counter (PC) are saved to
DBPC, and those of the program status word (PSW) are saved to DBPSW.

The contents to be saved to DBPC are the address of the instruction next to the one that is being
executed when an exception trap or debug trap occurs.

The current contents of the PSW are saved to DBPSW.

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

Figure 3-8: Exception/Debug Trap Status Saving Registers (DBPC and DBPSW) Format

31 2625 0

IR After reset
DBPC 0o|0(0|0|0|0 (PC contents) 0

XXXXXXXH
(x: Undefined)

31 8 0

T T 1 1 11

After reset
DBPSW [o|o|0|0|0|0|0|0|0O|O|O|0O|0|0|0|0|0|0|0|0|0|0|0O|O| (PSW contents) 000000xxH

(x: Undefined)

The values of DBPC and DBPSW are restored to PC and PSW during execution of the DBRET
instruction.

(7) CALLT base pointer (CTBP)

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

Figure 3-9: CALLT Base Pointer (CTBP) Format

31 2625 0
I I B B B I IO

\
CTBP olololololo (Base address) : After reset

OxxxxxxxH
(x: Undefined)
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3.2.3 Special registers

Special registers are registers that are protected from being written with illegal data due to a program
hang-up.
The VB850E/RS1 has the following special registers.

Power save control register (PSC)

Clock control register (CKC)

Main peripheral clock control register (MPCCTL)
Processor clock control register (PCC)

Clock monitor mode register (CLM)

Reset control flag register (RESF)

Low-voltage detection register (LVIM)

Internal RAM data status register (RAMS)
On-chip debug mode setting register (OCDM)

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

70
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(1) Setting data to special registers
Set data to the special registers in the following sequence.

<1> Disable DMA operation.

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

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

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

e Store instruction (ST/SST instruction)
¢ Bit manipulation instruction (SET1/CLR1/NOT1 instruction)

<5> to <9> Insert NOP instructions (5 instructions).
<10> Enable DMA operation if necessary.

[Example] With PSC register

ST.B r11, PSMRJr0] ; Set PSMR register.
<1> CLR1 0, DCHCn[r0] ; Disable DMA operation. n =0to 5
<2> MOV 0x02,r10
<3> ST.B r10, PRCMDI[r0] ; Write PRCMD register.
<4> ST.B r10, PSCJ[r0] ; Set PSC register.
<56> NOP; Dummy instruction
<6> NOP; Dummy instruction
<7> NOP; Dummy instruction
<8> NOP; Dummy instruction
<9> NOP; Dummy instruction
<10> SET1 0, DCHCn[r0]; Enable DMA operation.n=01t0 5
(next instruction)

There is no special sequence to read a special register.

Cautions: 1.

When a store instruction is executed to store data in the command register, inter-
rupts are not acknowledged. This is because it is assumed that steps <3> and <4>
above are performed by successive store instructions. If another instruction is
placed between <3> and <4>, and if an interrupt is acknowledged by that instruc-
tion, the above sequence may not be established, causing malfunction and an
error to be stored in the PERR bit of the SYS register.

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

Five NOP instructions or more must be inserted immediately after setting the
IDLE mode or software STOP mode (by setting the STP bit of the PSC register
to 1).
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(2) Command register (PRCMD)

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

PRCMD register must be written with store instruction execution by CPU only (not with DMA trans-
fer). If an illegal store operation to a special register takes place, it can be checked by the PERR
flag of the system status register (SYS).

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

Figure 3-10: Command Register (PRCMD) Format

Symbol 7 6 5 4 3 2 1 0 Address After reset
PRCMD 8 bits Registration Code | FFFFF1FCH undefined
R/W w w w w w w w w

Remark: Registration Code is any 8-bit data.

Caution: PRCMD, PSC, MPCCTL, CKC, PCC, CLM, RESF, LVIM, RAMS, OCDM registers must
be written with store instruction execution by CPU only. If an illegal store operation to
a special register takes place, it can be checked by the PERR flag of the system sta-
tus register (SYS).
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(8) System status register (SYS)

Status flags that indicate the operation status of the overall system are allocated to this register.
This register can be read or written in 8-bit or 1-bit units.

Figure 3-11: System Status Register (SYS) Format
Symbol 7 6 5 4 3 2 1 0 Address After reset
sys|[ o [ o | o | o | o | o | o |PRERR|FFFFFBO2H  00H
R/W R/W R/W R/W R/W R/W R/W R/W R/W

PRERR Detects protection error
0 Protection error did not occur
1 Protection error occurred

Operation conditions of PERR flag.

(a) Set condition (PRERR = 1)

* When data is written to a special register without writing anything to the PRCMD register (when
<4> is executed without executing <3> in 3.2.3 (1)”Setting data to special registers” on page 71

e When data is written to a peripheral I/O register other than a special register (including
execution of a bit manipulation instruction) after writing data to the PRCMD register (if <4> in
3.4.8 (1) Setting special register is not the setting of a special register)

(b) Clear condition (PRERR = 0)

* When 0 is written to the PRERR flag of the SYS register

¢ When the system is reset

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

2. If data is written to the PRCMD register, which is not a special register, immedi-
ately after a write access to the PRCMD register, the PRERR bit is set to 1.
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3.3 Operation Modes

3.3.1 Operation modes

The V850E/RS1 has the following operation modes.

(1) Normal operation mode

In this mode, each pin related to the bus interface is set to the port mode after system reset has
been released. Execution branches to the reset entry address of the internal ROM, and then
instruction processing is started. By setting the PMCDH, PMCDL, PMCCM, PMCCS, and PMCCT
registers to the control mode using instructions, an external device can be connected to the exter-
nal memory area.

(2) Flash memory programming mode

In this mode, the internal flash memory can be programmed by using a flash programmer.
For details refer to Chapter 21 ”’Flash Memory” on page 749.

(3) On-chip debug mode
With on-chip debug mode, the user program is able to be controlled using the microcomputer that
is mounted on the target hardware. Refer to Chapter 22 ”On-Chip Debug Function” on
page 767 for details of operation.
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3.4 Address Space

3.4.1 CPU address space

The CPU of the V850E/RS1 has 32-bit architecture and supports up to 4 GB of linear address space
(data space) for operand addressing (data access). It also supports up to 64 MB of linear address
space (program space) for instruction addressing. Note, however, that both the program and data
spaces have areas that are prohibited from being used. For details, refer to Figure 3-13, “Image on
Address Space,’ on page 76.

Figure 3-12 shows the CPU address space.

Figure 3-12: CPU Address Space

CPU address space

FFFF FFFFH
= P Data area
(4 GB linear)
0400 0000H
03FF FFFFH
Program area
(64 MB linear)
0000 0000H
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of bits 31 to 26.

Program space

Reserved area

Internal RAM area

Access-prohibited area

External memory area

Internal ROM area

(external memory)

64

Figure 3-13:

Image 63

4GB

Image 1

Image 0

Image on Address Space

Data space

For instruction addressing, up to 16 MB of linear address space (program space) and an internal RAM
area are supported. Up to 4 GB of linear address space (data space) is supported for operand address-
ing (data access). In the 4 GB address space, it seems that there are sixty-four 64 MB physical address
spaces. This means that the same 64 MB physical address space is accessed, regardless of the values

Peripheral I/O area

Internal RAM area

Access-prohibited area

External memory area

Internal ROM area

(external memory)

64 MB
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3.4.3 Wrap-around of CPU address space

(1) Program space
Of the 32 bits of the PC (program counter), the higher 6 bits are fixed to 0 and only the lower 26
bits are valid. The higher 6 bits ignore a carry or borrow from bit 25 to 26 during branch address
calculation.
Therefore, the lowest address of the program space, 00000000H, and the highest address,
03FFFFFFH, are contiguous addresses. That the lowest address and the highest address of the
program space are contiguous in this way is called wrap-around.

Caution: Because the 4 KB area of addresses 03FFFO000H to 03FFFFFFH is a peripheral I/O
area, instructions cannot be fetched from this area. Therefore, do not execute an
operation in which the result of a branch address calculation affects this area.

Figure 3-14: Program Space

Program space
03FF FFFEH
03FF FFFFH
(+) direction (-) direction
0000 0000H
0000 0001H
Program space

(2) Data space

The result of an operand address calculation operation that exceeds 32 bits is ignored.
Therefore, the lowest address of the data space, 00000000H, and the highest address,
FFFFFFFFH, are contiguous, and wrap-around occurs at the boundary of these addresses.

Figure 3-15: Data Space

Data space
FFFF FFFEH
FFFF FFFFH
(+) direction (-) direction
0000 0000H
0000 0001H
Data space
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3.4.4 Memory map

The areas shown in Figure 3-16 are reserved in the V850E/RS1.

03FF FFFFH

Figure 3-16: Data Memory Map (Physical Addresses)

"""""""" K O03FF FFFFH
Internal peripheral I/O area
(4 KB) 03FF FOOOH
(80 KB) 03FF EFFFH
03FE COOOH| |
03FE BFFFH Internal RAM area
! (60 KB)
03FF 0000H
| . 03FE FFFFH
| Use prohibited
\ 03FE FOOOH
! 03FE EFFFH
\ aFCAN area
(12 KB)
Use prohibited '
L 03FE CO0O0H
0100 0000H
00FF FFFFH
ST 003F FFFFH
External memory area
(12 MB) /!
i External memory area
! (2 MB)
0040 0000H 0020 0000H
003F FFFFE| | ¥ S 001F FFFFH
Memory block 1 cs1 External memory area
(2 MB) /
0020 0000H J/ (1 MB) 0010 0000H
001F FFFFH| |+ 000F FFFFH
Memory block 0 cso Internal ROM area Nete
(2 MB) (1 MB)
0000 0000H b\ i 1Y ..

0000 0000OH
Note: Fetch access and read access to addresses 0000000H to OOFFFFFH is made to the internal
ROM area. However, data write access to these addresses is made to the external memory
area.
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Remark:

Figure 3-17: Program Memory Map

03FF FFFFH

03FF FOOOH
03FF EFFFH

03FF 0000H
03FE FFFFH

0100 0000H
O00FF FFFFH

0040 0000H
003F FFFFH

0020 0000H
001F FFFFH

0010 0000H
000F FFFFH

0000 0000H

Use prohibited
(program fetch prohibited area)

Internal RAM area (60 KB)

Programmable peripheral
1/O area or use prohibited
(program fetch prohibited area)

External memory area
(12 MB)

External memory area
(2 MB)

External memory area
(1 MB)

Internal ROM area
(1 MB)

Instructions can be executed to the external memory area without execution branching from
the internal ROM area to the external memory area.

User’s Manual U16702EE3V2UDO00

79



Chapter 3 CPU Function

Figure 3-18: Memory Map Area for uPD70F3402, uPD70F3403 and uPD70F3403A

uPD70F3402 pPD70F3403 and yPD70F3403A
03FF FFFFH 03FF FFFFH
Internal peripheral Internal peripheral
I/O area 1/0 area
03FF FO00H (4 KB) 03FF FO00H (4 KB)
03FF EFFFH 03FF EFFFH
Internal RAM area Internal RAM area
(10 KB) (16 KB)
03FF C800H 03FF BOOOH
03FF C7FFH 03FF AFFFH
03FE FOO0OH 03FE FOO0OH
03FE EFFFH 03FE EFFFH
aFCAN area aFCAN area
(12 KB) (12 KB)
03FE COO0OH 03FE COO0OH
03FE BFFFH 03FE BFFFH
0040 0000H 0040 0000H
003F FFFFH 003F FFFFH
CS1 area
(2 MB)
0020 0000H | | 0020 0000H | External
001F FFFFH 001F FFFFH memory
area
0004 0000H
0003 FFFFH
CSO area
0002 0000H (2 MB)
0001 FFFFH Internal ROM area
Internal ROM area (256 KB)
(128 KB)
0000 0000H 0000 0000H
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3.4.5 Memory areas

(1M

Internal ROM area
(a) Memory map

1 MB of addresses 0000000H to OOFFFFFH is reserved as the internal ROM area.

e uPD70F3402

128 KB are provided in the following addresses as physical internal ROM (flash memory).
In single-chip mode: Addresses 000000H to 01FFFFH

e uPD70F3403 and yPD70F3403A

256 KB are provided in the following addresses as physical internal ROM (flash memory).
In single-chip mode: Addresses 000000H to 03FFFFH

Figure 3-19: Internal ROM Area

pPD70F3402 pPD70F3403 and pPD70F3403A

00F FFFFH 000F FFFFH

| Access-prohibited ] | Access-prohibited

area T area
0002 0000H 0004 0000H
0001 FFFFH 0003 FFFFH
Internal ROM area Internal ROM area
(128 KB) (256 KB)
0000 O00O0OH 0000 000OH

(b) Interrupt/exception table

The VB50E/RS1 speeds up the interrupt response time by fixing handler addresses corresponding
to interrupts/exceptions.

A collection of these handler addresses is called an interrupt/exception table, which is mapped to
the internal ROM area. When an interrupt/exception is acknowledged, execution jumps to a han-
dler address and the program in the area starting from that address is executed.

Refer to Chapter 17 “Interrupt/Exception Processing Function” on page 685 for a descrip-
tion of the interrupt/exception sources and corresponding addresses.
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(2) Internal RAM area
60 KB of addresses 3FFO000H to 3FFEFFFH are reserved as the internal RAM area.

(a) pPD70F3402

10 KB are provided in the following addresses as physical internal RAM.

¢ Addresses 3FFC800H to 3FFEFFFH

Figure 3-20: Internal RAM Area (10 KB)

3FF EFFFH

Internal RAM area (10 KB)

3FF C800H

(b) pPD70F3403 and pPD70F3403A

16 KB are provided in the following addresses as physical internal RAM.

¢ Addresses 3FFBO0OH to 3FFEFFFH

Figure 3-21: Internal RAM Area (16 KB)

3FF EFFFH

Internal RAM area (16 KB)

3FF BOOOH
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(3) Internal peripheral I/0 area
4 KB of addresses 3FFFO00H to 3FFFFFFH are allocated as the internal peripheral 1/0 area.

Figure 3-22: Internal Peripheral I/O Area

3FF FFFFH

Internal peripheral I/O area
(4 KB)

3FF FOOOH

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

Cautions: 1. When a register is accessed in word units, a word area is accessed twice in half-
word units in the order of lower area and higher area, with the lower 2 bits of the
address ignored.

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

3. Addresses not defined as registers are reserved for future expansion. The opera-
tion is undefined and not guaranteed when these addresses are accessed.
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3.4.6 Recommended use of address space

The architecture of the VB50E/RS1 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 perform-
ance from dropping during address calculation when a pointer value is changed, as many general-pur-
pose registers as possible can be secured for variables, and the program size can be reduced.

(1)

()

84

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 addresses 3FFCO00H to 3FFEFFFH.

Data space

With the VB50E/RS1, 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 allo-
cated as an address.

Example: An application example of wrap-around is shown below (uPD70F3402 / yPD70F3403 /
uPD70F3403A).

Figure 3-23: Wrap-Around Using uPD70F3402 / uPD70F3403 / uPD70F3403A

0001 FFFFH

0000 7FFFH f-----------------

Internal ROM area 32 KB

(R = )0000 0000H -
Internal peripheral

FFFF FOOOH 1/0 area 4 KB
FFFF EFFFH
10 KB
Internal RAM area
FFFF C800H f-----------------
16 KB

FFFF BOOOH [~~=-"""""="""""--

If R = rO (zero register) is specified for the LD/ST disp16 [R] instruction, a range of addresses
00000000H +32 KB can be addressed by sign-extended disp16. All the resources, including the
internal hardware, can be addressed by one pointer.

The zero register (r0) is a register fixed to 0 by hardware, and practically eliminates the need for
registers dedicated to pointers.
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Program space,
64 MB

Note:

Figure 3-24: Recommended Memory Map

Program space Data space
FFFF FFFFH
Internal
peripheral 1/0
FFFF FOOOH | _______________] -
FFFF EFFFH
Internal RAM
FFFF COO0H | _______________] __
FFFF BFFFH
- = o= =
0400 0000H L7
03FF FFFFH Internal
peripheral I/ONete
03FF FOOO0H
03FF EFFFH
Internal RAM
03FF 0000H
03FE FFFFH [~~""""""""""7"77
03FE COOOH
03FE BFFFH
Use prohibited
0100 0000H .-
00FF FFFFH
External
memory
0002 0000H .. Sl ’
0001 FFFFH o
Internal ROM .1" Internal ROM
0000 0000H e ‘

FFFFOOOH to FFFFFFFH.

Remark:

indicates the recommended area.
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xFFF FFFFH
Internal
peripheral /0O
xFFF FOO00H
xFFF EFFFH
Internal RAM
A xFFF 7000H
xFFF 6FFFH
xFFE CO00H
xFFE BFFFH
Use prohibited
External memory
x010 0000H
x00F FFFFH
Internal ROM
x000 0000H

Access to this area is prohibited. To access the internal I/O in this area, specify addresses
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3.4.7 Cautions

(1) Registers to be set first
Be sure to set the following registers first when using the V850E/RS1.

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

After setting the VSWC, OCDM, and WDTM2 registers, set the other registers as necessary.
When using the external bus, set each pin to the alternate-function bus control pin mode by using the
port-related registers after setting the above registers.

(2) Area access time (VSWC) and On chip debug mode control register (OCDM)

(a) System wait control register (VSWC)

The system wait control register (VSWC) controls wait of bus access to the internal peripheral I/O
registers.

Three clocks are required to access an internal peripheral I/O register (without a wait cycle). The
VB50E/RS1 requires wait cycles according to the operating frequency. Set the following value to
the VSWC register in accordance with the frequency used.

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

Figure 3-25: System Wait Control Register (VSWC) Format

Symbol 7 6 5 4 3 2 1 0 Address After reset
VSWC| 0 |SUWL2|[SUWLT|SUWLO| 0 |VSWL2|VSWL1|VSWLO | FFFFFOBEH  77H
RW R RW  RW  RW R RW  RW  RW
Operation Frequency (fxx) VSWC setting
4 MHz < ¢ < 25 MHz 11H
25 MHz < ¢ < 33 MHz 12H
33 MHz < ¢ < 40 MHz 14H

Caution: Only select a value that corresponds to a supported operating frequency.
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(b) On-chip debug mode register (OCDM)

This register is used to switch between the normal operation mode and the on-chip debug mode.
The OCDM register is a special register (refer to 3.2.3 “Special registers” on page 70). Writing is
possible only using a specific sequence so that its contents cannot be rewritten by mistake in case
of inadvertent program loops.

When OCDMO bit is set to 1 and DRST pin input is high level, the on-chip debug mode is selected.
Since after reset the initial value of OCDMO bit is 1, when not using the on-chip debug function, it
is necessary to clear the OCDMO bit and maintain the DRST pin at low level until the OCDMO bit is
cleared.

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

Figure 3-26: On-Chip Debug Mode Register (OCDM) Format

Symbol 7 6 5 4 3 2 1 0 Address After reset
ocom{ o | o [ o | o | o | o | o [OCDMO|FFFFFOFCH  01H
RW RW RW RW RW RW RW RW RW

OCDMO Operation mode

0 Normal operation mode

DRST pin = low level: Normal operation mode
DRST pin = high level: On-chip debug mode

Notes: 1. On input to RESET pin (external reset): OCDMO = 1
On power-on reset: OCDMO0 = 0
On occurrence of internal reset (other than power-on clear): OCDM register holds the value
before occurrence of reset.

2. P97/SIB1/{DDI}
P98/SOB1/{DCK}
P99/SCKB1/{DMS}
P910/CS301/{DDO}
P911/{DRST)

Caution: A pull-down resistor function is also associated with the OCDM register setting.
When OCDMO0=1, the port pull-down resistor is enabled, likewise when OCDMO0=0 the
pull-down is disabled. Refer to Chapter 4 “Port Functions” on page 105 for more
information.
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Figure 3-27: Timing Chart When On-Chip Debug Function Is Not Used

Reset release

RESET
Clearing of OCDMO bit
OCDMo
P911/{DRST}
Maintain low level High-level I/O is possible
after clearing of OCDMO bit
Figure 3-28: Timing Chart of Transition to Normal Operation Mode
| (S
RESET ; )) |
(external reset input) ! !
| (« |

POC
(internal reset)

OCDMO 3 « !

! 3 ! )) !

. q |

DRST | Lo )] |

(on-chip debug reset input) : Lo (S |
‘ A ) !

Normal operation mode

' Normal operation mode

Set 0 by writing from CPU
(normal operation mode specification)
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Figure 3-29: Timing Chart of Transition to On-Chip Debug Mode

To use on-chip debug mode by using power-on-clear function,
input external reset longer than power-on-clear detection signal

/ (internal reset) «
RESET 1 )

-

(external reset input) | . OCDMO bit is cleared to 00

i (normal operation mode) by

' generation of power-on-clear
detection signal (internal reset)

POC S 5
(internal reset) i

OCDMO
A «
DRST 1 ! ))
(on-chip debug reset input) ! («
A )) !
On-chip debug mode ‘ Normal operation mode

Caution: To use the on-chip debug function of a product with a power-on clear function, input

3

a low level to the RESET input pin for 2000 ms or longer after power application.

(c) Watchdog timer mode register 2 (WDTM2)

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

The watchdog timer 2 automatically starts in the reset mode after reset is released. Write the
WDTM2 register to activate this operation.

For details, refer to Chapter 10 ”Functions of Watchdog Timer 2” on page 359.

Accessing specific on-chip peripheral I/O registers

This product has two types of internal system buses.

One is a CPU bus and the other is a peripheral bus that interfaces with low-speed peripheral hard-
ware.

The clock of the CPU bus and the clock of the peripheral bus are asynchronous. If an access to
the CPU and an access to the peripheral hardware conflict, therefore, unexpected illegal data may
be transferred. If there is a possibility of a conflict, the number of cycles for accessing the CPU
changes when the peripheral hardware is accessed, so that correct data is transferred. As a result,
the CPU does not start processing of the next instruction but enters the wait status. If this wait sta-
tus occurs, the number of clocks required to execute an instruction increases by the number of
wait clocks shown below.

This must be taken into consideration if real-time processing is required.

When specific on-chip peripheral I/O registers are accessed, more wait states may be required in
addition to the wait states set by the VSWC register.

The access conditions and how to calculate the number of wait states to be inserted (number of
CPU clocks) at this time are shown below.
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Table 3-3: Access Conditions (1/2)

Perlphgral Register Name Access
Function
TPNnCNT Read 1or2
Write ¢ 1st access: No wait
16-bit timer/ TPnCCRO ¢ Continuous write: 3 or 4
event counter P
(TMP) Read 1or2
(n=0to 4) Write e 1staccess: No wait
TPnCCR1 ¢ Continuous write: 3 or 4
Read 1or2
TAQmMCNT Read 1or2
. e 1st access: No wait
Write . i
TAQmMCCRO ¢ Continuous write: 3 or 4
Read 1or2
, e 1st access: No wait
. Write . .
16-bit timer/ TQMCCR1 e Continuous write: 3 or 4
event counter Q
(TMQ) Read 1or2
(m=0,1) Write e st a.ccess. No. wait
TAQmMCCR2 e Continuous write: 3 or 4
Read Oor2
, e 1st access: No wait
Write . .
TQmMCCR3 e Continuous write: 3 or 4
Read 1or2
Watchdog timer Write (when
2 (WDT2) WDTM2 WDT2 operating)
ADSCMO Read 1or2
A/D converter
ADAOCRO to ADAOCR15 Read 1or2
CRC CRCD Write 1
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Table 3-3: Access Conditions (2/2)

Perlphgral Register Name Access k
Function
CnGMCTRL, CnGMCS,
CnGMABT, CnGMABTD, _ Not
CnMASKaL, CnMASKaH, Read/write (fxx/fcanmone + 1) x (1/(2 +j)) (MIN.)NO€
CnCTAL, CRLES, CINFO. (fxx/foanmope X 2 + 1) x (1/(2 + ) (MAX.Nete
nERC, CnlE, CnINTS,
CnBRP, CnBTR, CnTS
Write (fxx/fcanmone + 1) x (1/(2 + )) (MIN)Note
CRRGPT CnTGPT (fxx/fcanmope X 2 + 1) x (1/(2 + ) (MAX )Nete
n ,Cn
CAN controller Read (fxx/feanmone X 3+ 1) x (1/2 +J)) (MIN.)Nte
(n=0,1, (fxx/fcanmopE X 4 + 1) x (1/(2 + ) (MAX )Nt
m =010 31, .
a=1to4) ChLIPT CnLOPT Read (fxx/fcanmone X 3 + 1) x (1/(2 + j)) (MIN.)Nete

(fxx/fcanmoDE X 4 + 1) x (1/(2 + ) (MAX.)Note

CnMDATAO1m, CnMDATAOm,
CnMDATA1m, CnMDATA23m,
CnMDATA2m, CnMDATA3m,
CnMDATA45m, CnMDATA4m,
CnMDATA5m, CnMDATAG7m,
CnMDATA6m, CnMDATA7m,
CnMDLCm, CnMCONFm,
CnMIDLm, CnMIDHm,
CnMCTRLm

Write (8 bits)

(fxx/foanMoDE X 4 + 1) x (1/(2 + ))) (MIN.)Note
(fxx/fcanmope X 5+ 1) x (1/(2 + ) (MAX.)Note

Write (16 bits)

(fxx/fcAaNMODE X 2 + 1) x (1/(2 + })) (MIN.)Note
(fxx/foanmopE X 3 + 1) x (1/(2 + ) (MAX.)Note

Read (8/16 bits)

(fxx/fcanmonE x 3 + 1) x (1/(2 + )) (MIN.)Nete
(fxx/foanmODE X 4 + 1) x (1/(2 + j)) (MAX )Note

Note: Digits below the decimal point are rounded up.

Remark:

i:
i:

fxx:
fcANMODE:

Main clock frequency = fyy

CAN module system clock
Values (0) of higher 4 bits of VSWC register

Values (0 or 1) of lower 4 bits of VSWC register

User’s Manual U16702EE3V2UDO00

91



Chapter 3 CPU Function

3.5 Programmable I/O Area

The V850E/RS1 includes an additional memory area for the control of on-chip peripherals. The base
address of this area is located in the external memory space.
A control register setting is required to enable this additional memory.

Control registers for the following on-chip peripherals are implemented in the Programmabile I/O area.
e CAN

3.5.1 Programmable peripheral I/O control register (BPC)

This 16-bit register specifies selection of the Programmable 1/O area.

The BPC register can be read or written only in 16-bit units.

RESET input clears BPC to 0000H.

To use the CAN built-in interfaces, set PA15 to 1 by writing the BPC register with a 16-bit memory
manipulation instruction.

To disable access to the CAN RAM and CAN registers, clear PA15 to 0 by writing 0000H to the

BPC register with a 16-bit memory manipulation instruction.

The mapping of the CAN RAM and registers can be shown in section 3.4.4 “Memory map” on
page 78.

For example, if BPC = Ox8FFB, the programmable area is set to 3FECO00H.

Figure 3-30: Programmable Peripheral I/O Control Register (BPC) Format

Symbol 15 14 13 12 11 10 9 8 Address After reset
BPC | PA15 \ 0 \ PA13 \ PA12 \ PA11 \ PA10 \ PAO9 \ PAOS |FFFFFO64H 0000H
RW  RW R/W R/W R/W R/W R/W R/W R/W

7 6 5 4 3 2 1 0
| PAO7 \ PAO6 \ PAO5 \ PAO4 \ PAO3 \ PAO2 \ PAO1 \ PAOO |
RW RW RW RW RW RW RW RW

Bit position Bit name Function

Enables/disables usage of programmable peripheral 1/O area

15 PA1S PA15 Usage of programmable peripheral 1/0 area
0 Usage of programmable peripheral 1/0 area is disabled
1 Usage of programmable peripheral I/0 area is enabled

PA13 to Specify an address in programmable peripheral 1/0 area
PAOO (correspond to A27 to A14 respectively)

Caution: When using the CAN controller (PA15 = 1), be sure to set 8FFBH to this register.
When not using the CAN controller (PA15 = 0), be sure to set 0000H to this register.

Remark: The programmable peripheral I/O area is fixed by hardware in the V850E core
in S3FECO00H to SFEEFFFH. However, be sure to set 8FFBH to this register when
using the CAN controller because it is possible to write it in bit 13 to bit 0 of this register in
tool (ICE).
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3.6 Peripheral I/0 Registers

Table 3-4: Peripheral I/O Registers (1/12)
Address Description Symbol | R/W Manipulatable bits Default
1-bit | 8-bit | 16-bit | value
FFFFFO04H |Port DL PDL R/W x  |undefined
FFFFFO04H |Port DLL PDLL RW| x X undefined
FFFFFOO5H |Port DLH PDLH RW| x x undefined
FFFFFOO8H |Port CS PCS RW| x X undefined
FFFFFOOAH |Port CT PCT RW| x X undefined
FFFFFOOCH |Port CM PCM RW| x x undefined
FFFFF024H Port DL mode register PMDL R/W x FFFFH
FFFFF024H |Port DL mode register L PMDLL R/W X X FFH
FFFFFO25H |Port DL mode register H PMDLH R/W X X FFH
FFFFFO28H Port CS mode register PMCS R/W x x FFH
FFFFFO2AH  |Port CT mode register PMCT RW| x x FFH
FFFFFO2CH |Port CM mode register PMCM RW | x X FFH
FFFFF044H Port DL mode control register PMCDL R/W x  |0000H
FFFFF044H |Port DL mode control register L PMCDLL RW| x X O00H
FFFFFO45H |Port DL mode control register H PMCDLH R/W X x 00H
FFFFF048H Port CS mode control register PMCCS RW| x x 00H
FFFFFO4AH |Port CT mode control register PMCCT RW| x x O00H
FFFFFO4CH |Port CM mode control register PMCCM RW| x X O00H
FFFFFO64H Peripheral area selection control register |BPC R/W x  |0000H
FFFFFO66H Bus size configuration register BSC R/W x |5555H
FFFFFOB6EH |NPB strobe wait control register VSWC RW | x X 77H
FFFFF100H Interrupt mask register 0 IMRO R/W x |FFFFH
FFFFF100H |Interrupt mask register OL IMROL R/W X X FFH
FFFFF101H |Interrupt mask register OH IMROH R/W X X FFH
FFFFF102H Interrupt mask register 1 IMR1 R/W x |FFFFH
FFFFF102H |Interrupt mask register 1L IMR1L R/W X X FFH
FFFFF103H |Interrupt mask register 1H IMR1H RW | x X FFH
FFFFF104H Interrupt mask register 2 IMR2 R/W x |FFFFH
FFFFF104H |Interrupt mask register 2L IMR2L R/W X X FFH
FFFFF105H |Interrupt mask register 2H IMR2H RW | x X FFH
FFFFF106H Interrupt mask register 3 IMR3 R/W x |FFFFH
FFFFF106H |Interrupt mask register 3L IMR3L R/W X X FFH
FFFFF107H |Interrupt mask register 3H IMR3H R/W X X FFH
FFFFF110H Interrupt control register LVIIC R/W X X 47H
FFFFF112H Interrupt control register PICO RW| x x 47H
FFFFF114H Interrupt control register PICA R/W X X 47H
FFFFF116H Interrupt control register PIC2 RW| x x 47H
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Table 3-4: Peripheral I/O Registers (2/12)

Addross Description Symbol RAW Manipulatable bits Default
1-bit | 8-bit | 16-bit | Value

FFFFF118H  |Interrupt control register PIC3 RW| x x 47H
FFFFF11AH |Interrupt control register PIC4 RW| x X 47H
FFFFF11CH |Interrupt control register PIC5 RW| x X 47H
FFFFF11EH  |Interrupt control register PIC6 RW | x x 47H
FFFFF120H Interrupt control register PIC7 RW | x X 47H
FFFFF122H  |Interrupt control register TQOOVIC RW| x x 47H
FFFFF124H  |Interrupt control register TQOCCICO |R/W | x x 47H
FFFFF126H  |Interrupt control register TQOCCIC1 |RW/| x x 47H
FFFFF128H  |Interrupt control register TQOCCIC2 |R/W | x x 47H
FFFFF12AH |Interrupt control register TQOCCIC3 |RW/| x X 47H
FFFFF12CH |Interrupt control register TPOOVIC RW| x X 47H
FFFFF12EH |Interrupt control register TPOCCICO |R/W | x x 47H
FFFFF130H  |Interrupt control register TPOCCIC1 |RW| x x 47H
FFFFF132H Interrupt control register TP10OVIC RW | x X 47H
FFFFF134H  |Interrupt control register TP1CCICO |R/W| x X 47H
FFFFF136H  |Interrupt control register TP1CCIC1 |RW| x x 47H
FFFFF138H Interrupt control register TP20OVIC R/W X X 47H
FFFFF13AH |Interrupt control register TP2CCICO |R/W | x X 47H
FFFFF13CH  |Interrupt control register TP2CCIC1 |RW/| x x 47H
FFFFF13EH |Interrupt control register TP3OVIC RW| x X 47H
FFFFF140H |Interrupt control register TP3CCICO |R/W | x x 47H
FFFFF142H  |Interrupt control register TP3CCIC1 |RW| x x 47H
FFFFF144H  |Interrupt control register TMOEQICO |R/W | x x 47H
FFFFF146H |Interrupt control register CBORIC RW| x X 47H
FFFFF148H  |Interrupt control register CBOTIC RW| x x 47H
FFFFF14AH  |Interrupt control register CB1RIC RW| x x 47H
FFFFF14CH |Interrupt control register CB1TIC RW| x x 47H
FFFFF14EH  |Interrupt control register UAORIC RW| x x 47H
FFFFF150H Interrupt control register UAOQTIC RW | x X 47H
FFFFF152H  |Interrupt control register UA1RIC RW| x x 47H
FFFFF154H Interrupt control register UA1TIC R/W X X 47H
FFFFF156H Interrupt control register ADIC RW | x X 47H
FFFFF158H Interrupt control register COERRIC RW| x X 47H
FFFFF15AH  |Interrupt control register COWUPIC |RW/| x x 47H
FFFFF15CH |Interrupt control register CORECIC RW | x X 47H
FFFFF15EH  |Interrupt control register COTRXIC RW | x X 47H
FFFFF160H  |Interrupt control register C30IC RW| x x 47H
FFFFF162H |Interrupt control register C300C RW| x x 47H
FFFFF164H Interrupt control register C31IC R/W X X 47H
FFFFF166H  |Interrupt control register C310C RW| x x 47H
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Table 3-4: Peripheral I/O Registers (3/12)

Address Description Symbol | R/W Manipulatable bits Default
1-bit | 8-bit | 16-bit | Vvalue

FFFFF168H Interrupt control register CB2RIC RW| x x 47H
FFFFF16AH  |Interrupt control register CB2TIC RW | x X 47H
FFFFF16CH |Interrupt control register TQ10VIC RW| x x 47H
FFFFF16EH |Interrupt control register TQ1CCICO |RW | x x 47H
FFFFF170H Interrupt control register TQ1CCIC1 |RW| x X 47H
FFFFF172H  |Interrupt control register TQ1CCIC2 |R/W| x X 47H
FFFFF174H Interrupt control register TQ1CCIC3 |RW | x X 47H
FFFFF17AH  |Interrupt control register C1ERRIC RW | x X 47H
FFFFF17CH  |Interrupt control register C1WUPIC RW| x x 47H
FFFFF17EH |Interrupt control register C1RECIC RW| x X 47H
FFFFF180H Interrupt control register C1TRXIC RW| x X 47H
FFFFF182H Interrupt control register DMAICO RW| x x 47H
FFFFF184H Interrupt control register DMAICA1 R/W X X 47H
FFFFF186H Interrupt control register DMAIC2 RW | x X 47H
FFFFF188H Interrupt control register DMAIC3 RW| x x 47H
FFFFF18AH |Interrupt control register DMAIC4 R/W X X 47H
FFFFF18CH |Interrupt control register DMAIC5 R/W X X 47H
FFFFF1FAH |In-service priority register ISPR R X x O00H
FFFFF1FCH |Command register PRCMD X undefined
FFFFF1FEH |Power save control register PSC RW| x x O00H
FFFFF200H |A/D converter scan mode register 0 ADSCMO R/W v |0000H

FFFFF200H |A/D converter scan mode register OL ADSCMOL |R/W| x X O00H

FFFFF201H |A/D converter scan mode register OH ADSCMOH |R/W| x x O00H
FFFFF203H |A/D converter scan mode register 1H ADSCM1H |R/W| x x O00H
FFFFF204H |A/D extended mode control register ADVMSO0 RW| x X 01H
FFFFF220H |A/D conversion result register 0 ADAOCRO R x  |0000H
FFFFF222H |A/D conversion result register 1 ADAOCRT1 R x  |0000H
FFFFF224H A/D conversion result register 2 ADAOCR2 R x  |0000H
FFFFF226H  |A/D conversion result register 3 ADAOCRS3 R x  |0000H
FFFFF228H |A/D conversion result register 4 ADAOCR4 R x  |0000H
FFFFF22AH |A/D conversion result register 5 ADAOCR5 R x  |0000H
FFFFF22CH |A/D conversion result register 6 ADAOCR®6 R x  |0000H
FFFFF22EH |A/D conversion result register 7 ADAOCR7 R x  |0000H
FFFFF230H A/D conversion result register 8 ADAOCR8 R x  |0000H
FFFFF232H |A/D conversion result register 9 ADAOCR9 R x  |0000H
FFFFF234H |A/D conversion result register 10 ADAOCR10 R x  |0000H
FFFFF236H A/D conversion result register 11 ADAOCR11 R x  |0000H
FFFFF238H |A/D conversion result register 12 ADAOCR12 R x  |0000H
FFFFF23AH |A/D conversion result register 13 ADAOCR13 R x  |0000H
FFFFF23CH |A/D conversion result register 14 ADAOCR14 R x  |0000H
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Table 3-4: Peripheral I/O Registers (4/12)

Address Description Symbol RAW Manipulatable bits Default
1-bit | 8-bit | 16-bit | value
FFFFF23EH |A/D conversion result register 15 ADAOCR15 R x  |0000H
FFFFF240H |A/D conversion result register DD ADAOCRDD | R x  |0000H
FFFFF242H |A/D conversion result register SS ADAOCRSS | R x  |0000H
FFFFF308H |Selector operation control register O SELCNTO RW| x X O0H
FFFFF30AH |Selector operation control register 1 SELCNTA1 RW| x x O00H
FFFFF30CH |Extension clock select register EXCKSEL RW| x X O0H
FFFFF310H |CRC input register CRCIN R/W X O0H
FFFFF312H |CRC data register CRCD R/W x  |0000H
FFFFF318H Noise filter control register NFC RW| x X OO0H
FFFFF400H  |Port 0 PO RW| x x undefined
FFFFF402H  |Port 1 P1 RW| x x undefined
FFFFF406H  |Port 3 P3 R/W x  |undefined
FFFFF406H  |Port 3L P3L RW /| x x undefined
FFFFF407H  |Port 3H P3H RW| x x undefined
FFFFF408H  |Port 4 P4 RW| x x undefined
FFFFF40AH  |Port 5 P5 RW| x x undefined
FFFFF40EH  |Port 7 P7 R/W x |undefined
FFFFF40EH  |Port 7L P7L RW /| x x undefined
FFFFF40FH  |Port 7H P7H RW| x x undefined
FFFFF412H  |Port 9 P9 RW x |undefined
FFFFF412H |Port 9L PoL RW| x x undefined
FFFFF413H |Port 9H P9H RW| x x undefined
FFFFF420H  |Port 0 mode register PMO RW | x x FFH
FFFFF422H |Port 1 mode register PMA1 RW| x x FFH
FFFFF426H  |Port 3 mode register PM3 R/W x |FFFFH
FFFFF426H |Port 3 mode register L PM3L RW | x x FFH
FFFFF427H |Port 3 mode register H PM3H RW| x x FFH
FFFFF428H |Port 4 mode register PM4 RW| x x FFH
FFFFF42AH  |Port 5 mode register PM5 RW| x x FFH
FFFFF42EH |Port 7 mode register PM7 R/W x |FFFFH
FFFFF42EH |Port 7 mode register L PM7L RW| x FFH
FFFFF42FH |Port 7 mode register H PM7H RW| x x FFH
FFFFF432H |Port 9 mode register PM9 R/W x |FFFFH
FFFFF432H |Port 9 mode register L PMOL RW| x x FFH
FFFFF433H |Port 9 mode register H PM9H RW | x x FFH
FFFFF440H |Port 0 mode control register PMCO R/W | x X 00H
FFFFF442H |Port 1 mode control register PMCH RW| x x O0H
FFFFF446H |Port 3 mode control register PMC3 R/W x  |0000H
FFFFF446H |Port 3 mode control register L PMC3L RW| x X 00H
FFFFF447H |Port 3 mode control register H PMC3H RW| x x O0H
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Table 3-4: Peripheral I/O Registers (5/12)

Address Description Symbol | R/W Manipulatable bits Default
1-bit | 8-bit | 16-bit | value
FFFFF448H Port 4 mode control register PMC4 R/W X X 00H
FFFFF44AH |Port 5 mode control register PMC5 RW| x X O00H
FFFFF452H Port 9 mode control register PMC9 R/W x  |0000H
FFFFF452H |Port 9 mode control register L PMC9OL R/W X X 00H
FFFFF453H [Port 9 mode control register H PMC9H RW| x X O00H
FFFFF460H Port 0 function control register PFCO RW| x x O00H
FFFFF462H Port 1 function control register PFC1 RW| x X O00H
FFFFF466H Port 3 function control register PFC3 R/W x  |0000H
FFFFF466H |Port 3 function control register L PFC3L RW| x x O00H
FFFFF467H |Port 3 function control register H PFC3H RW| x X O00H
FFFFF46AH |Port 5 function control register PFC5 RW| x X O00H
FFFFF472H Port 9 function control register PFC9 R/W x  |0000H
FFFFF472H |Port 9 function control register L PFCOL RW| x X O00H
FFFFF473H |Port 9 function control register H PFC9H RW| x X O00H
FFFFF484H Data wait control register 0 DwCo R/W x |7777H
FFFFF488H |Address wait control register AWC R/W x |FFFFH
FFFFF48AH |Bus cycle control register BCC R/W x |AAAAH
FFFFF540H | TMQO timer control register 0 TQOCTLO RW| x x 00H
FFFFF541H | TMQO timer control register 1 TQOCTL1 RW | x X O00H
FFFFF542H | TMQO timer-specific I/0 control register 0 | TQOIOCO RW| x X O00H
FFFFF543H | TMQO timer-specific I/0O control register 1 | TQOIOC1 RW| x x 00H
FFFFF544H | TMQO timer-specific I/0 control register 2 | TQO0IOC2 RW| x X O00H
FFFFF545H | TMQO timer option register TQOOPTO RW | x X O00OH
FFFFF546H | TMQO capture/compare register O TQOCCRO |R/W x  |0000H
FFFFF548H | TMQO capture/compare register 1 TQOCCR1 R/W x  |0000H
FFFFF54AH | TMQO capture/compare register 2 TQOCCR2 R/W x  |0000H
FFFFF54CH | TMQO capture/compare register 3 TQOCCR3 |R/W x  |0000H
FFFFF54EH  |TMQO timer read buffer register TQOCNT R x  |0000H
FFFFF590H | TMPO timer control register O TPOCTLO RW | x x O00H
FFFFF591H | TMPO timer control register 1 TPOCTL1 RW| x x O00H
FFFFF592H | TMPO timer-specific I/0 control register 0 | TPOIOCO RW | x X O00H
FFFFF593H | TMPO timer-specific I/0 control register 1 | TPOIOC1 RW | x x O00H
FFFFF594H | TMPO timer-specific 1/0 control register 2 | TPOIOC2 R/W x x 00H
FFFFF595H | TMPO timer option register TPOOPTO R/W X X 00H
FFFFF596H | TMPO capture/compare register 0 TPOCCRO R/W x  |0000H
FFFFF598H | TMPO capture/compare register 1 TPOCCR1 R/W x  |0000H
FFFFF59AH | TMPO count register TPOCNT R x  |0000H
FFFFF5A0H |TMP1 timer control register O TP1CTLO RW | x X O00H
FFFFF5A1H | TMP1 timer control register 1 TP1CTL1 RW| x x O00H
FFFFF5A2H | TMP1 timer-specific I/O control register 0 | TP110C0 RW | x X O00H
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Table 3-4: Peripheral I/O Registers (6/12)

Address Description Symbol | R/W Manipulatable bits Default
1-bit | 8-bit | 16-bit | value

FFFFF5A3H | TMP1 timer-specific I/O control register 1 |TP110CA RW| x X O0H
FFFFF5A4H | TMP1 timer-specific I/0O control register 2 |TP110C2 RW| x x O00H
FFFFF5A5H | TMP1 timer option register TP10OPTO RW| x X O0H
FFFFF5A6H | TMP1 capture/compare register 0 TP1CCRO R/W x  |0000H
FFFFF5A8H | TMP1 capture/compare register 1 TP1CCR1 R/W x  |0000H
FFFFF5AAH | TMP1 count register TP1CNT R/W x  |0000H
FFFFF5BOH | TMP2 timer control register O TP2CTLO R/W X X O00H
FFFFF5B1H | TMP2 timer control register 1 TP2CTLA1 RW | x x O00H
FFFFF5B2H | TMP2 timer-specific I/0O control register 0 | TP2I0CO RW| x X O00H
FFFFF5B3H | TMP2 timer-specific I/O control register 1 | TP2I0C1 RW| x X O0H
FFFFF5B4H | TMP2 timer-specific I/O control register2 | TP2I0C2 RW | x x 00H
FFFFF5B5H | TMP2 timer option register TP20OPTO RW| x x O0H
FFFFF5B6H | TMP2 capture/compare register 0 TP2CCRO R/W x  |0000H
FFFFF5B8H | TMP2 capture/compare register 1 TP2CCR1 R/W x  |0000H
FFFFF5BAH | TMP2 count register TP2CNT R x  |0000H
FFFFF5COH | TMP3 timer control register O TP3CTLO RW | x X O0H
FFFFF5C1H | TMP3 timer control register 1 TP3CTL1 RW | x x O0H
FFFFF5C2H | TMP3 timer-specific I/0 control register 0 | TP3IOCO R/W X x O00H
FFFFF5C3H | TMP3 timer-specific I/O control register 1 | TP3IOC1 RW | x X O0H
FFFFF5C4H | TMP3 timer-specific I/0O control register 2 | TP3I0C2 RW | x x O0H
FFFFF5C5H | TMP3 timer option register TP3OPTO R/W x x O00H
FFFFF5C6H | TMP3 capture/compare register 0 TP3CCRO R/W x  |0000H
FFFFF5C8H | TMP3 capture/compare register 1 TP3CCR1 R/W x  |0000H
FFFFF5CAH |TMP3 count register TP3CNT R x  |0000H
FFFFF610H | TMQ1 timer control register O TQ1CTLO RW| x X O0H
FFFFF611H | TMQ1 timer control register 1 TQ1CTLA RW| x x O0H
FFFFF612H | TMQ1 timer-specific 1/0 control register 0 |TQ1I0C0 RW| x x OOH
FFFFF613H | TMQ1 timer-specific /O control register 1 |TQ110C1 RW| x X O0H
FFFFF614H | TMQ1 timer-specific I/O control register 2 |TQ110C2 RW| x x O00H
FFFFF615H TMQ?1 timer option register TQ10PTO R/W x x O00H
FFFFF616H TMQ1 capture/compare register 0 TQ1CCRO R/W x  |0000H
FFFFF618H TMQ1 capture/compare register 1 TQ1CCR1 R/W x  |0000H
FFFFF61AH | TMQ1 capture/compare register 2 TQ1CCR2 |R/W x  |0000H
FFFFF61CH |TMQ1 capture/compare register 3 TQ1CCR3 R/W x  |0000H
FFFFF61EH | TMQ1 timer read buffer register TQ1CNT R x  |0000H
FFFFF690H TMMO timer control register O TMOCTLO R/W x x O00H
FFFFF694H TMMO compare register 0 TMOCMPO | R/W x  |0000H
FEFFE6COH :2;89?2:2?0” stabilization time selection 0STS R/W N 03H
FFFFF6C1H |PLL lockup time specification register PLLS R/W X 03H
FFFFF6DOH |Watchdog timer mode register 2 WDTM2 R/W X 67H
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Table 3-4: Peripheral I/O Registers (7/12)

Address Description Symbol | R/W Manipulatable bits Default
1-bit | 8-bit | 16-bit | value

FFFFF6D1H |Watchdog timer enable register WDTE R/W X 9AH
FFFFF702H Port 1 function control expansion register |PFCE1 RW| x X O00H
FFFFF706H Port 3 function control expansion register |PFCE3 RW | x x O00H
FFFFF712H Port 9 function control expansion register |PFCE9 R/W x  |0000H

FFFFF712H |Port 9 function control expansion register L |PFCE9L RW| x X O00H

FFFFF713H |Port 9 function control expansion register H| PFCE9H RW| x x O00H
FFFFF802H |System status register SYS RW| x X O00H
FFFFF80CH |Ring-OSC mode register RCM RW| x X 00H
FFFFF820H Power save mode register PSMR RW| x x O00H
FFFFF822H |Clock control register CKC RW| x X 03H
FFFFF824H PLL lock status register LOCKR R X X 02H
FFFFF828H Processor clock control register PCC RW| x x 00H
FFFFF82CH |PLL control register O PLLCTLO RW | x X O00H
FFFFF82DH |PLL control register 1 PLLCTLA R/W X X O00H
FFFFF82EH |CPU operation clock status register CCLS R X X 00H Note
FFFFF82FH Programmable clock mode register PCLM R/W X X 01H
FFFFF860H |Clock selection register O OCKSO0 R/W X 11H
FFFFF864H |Clock selection register 1 OCKSH1 R/W x 10H
FFFFF868H |Clock selection register 2 OCKS2 R/W X O00H
FFFFF86CH |Clock selection register 3 OCKS3 R/W X O00H
FFFFF870H  |Clock monitor mode register CLM RW| x x O00H
FFFFF87AH |Port Function Swap control register PSWAP RW| x X O00H
FFFFF888H Reset status flag register RESF RW| x X O00H
FFFFF890H Low-voltage detection register LVIM R/W X X O00H
FFFFF891H II::S;/}/;;/:rltage detection level selection LVIS RIW y 00H
FFFFF892H Internal RAM data status register RAMS R/W| x x 01H
FFFFF8BOH |BRGO prescaler mode register PRSMO R/W X O00H
FFFFF8B1H |BRGO precaler compare register PRSCMO R/W x 00H
FFFFF9FCH r%g;:‘e": debug shared port setting OCDM RW/| x X 01H
FFFFFOFEH |Peripheral emulation register PEUM1 R/W X X 00H
FFFFFAOOH |UARTAO control register 0 UAOCTLO RW| x X 10H
FFFFFAO1H |UARTAO control register 1 UAOCTL1 R/W x O00H
FFFFFAO2H |UARTAO control register 2 UAOCTL2 R/W X FFH
FFFFFAO3H |UARTAO option control register O UAOOPTO RW | x X 14H
FFFFFAO4H |UARTAO status register UAOSTR RW| x X 00H
FFFFFAO6H UARTAO reception data register UAORX R X FFH
FFFFFAO7H |UARTAO transmission data register UAOTX R/W X FFH
Note: After reset release, when CPU starts operation by the ring-OSC for some reason or accident, it is set to

01H.
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Table 3-4: Peripheral I/O Registers (8/12)

Address Description Symbol | R/W Manipulatable bits Default

1-bit | 8-bit | 16-bit | value
FFFFFA10H |UARTAT control register 0 UA1CTLO RW | x x 10H
FFFFFA11H  |UARTA1 control register 1 UA1CTLA R/W x 00H
FFFFFA12H |UARTAT control register 2 UA1CTL2 R/W x FFH
FFFFFA13H UARTA1 option control register 0 UA10OPTO R/W x X 14H
FFFFFA14H |UARTAT1 status register UA1STR RW| x x 00H
FFFFFA16H UARTA1 reception data register UA1RX R X FFH
FFFFFA17H UARTA1 transmission data register UA1TX R/W X FFH
FFFFFA48H Port CS pull-up resistor option register PUCS R/W x x O00H
FFFFFA4AH  |Port CT pull-up resistor option register PUCT RW | x X O0H
FFFFFA4CH |Port CM pull-up resistor option register PUCM R/W x X O00H
FFFFFA68H Port CS pull-down resistor option register |PDCS R/W x x O00H
FFFFFA6AH  [Port CT pull-down resistor option register |PDCT RW| x x OO0H
FFFFFA6CH |Port CM pull-down resistor option register |PDCM R/W x x O00H
FFFFFBOOH |TIPOO noise filter circuit control register POONFC RW | x x O00H
FFFFFBO4H |TIPO1 noise filter circuit control register PO1NFC R/W X X O00H
FFFFFBO8H |TIP10 noise filter circuit control register P10NFC R/W X X O00H
FFFFFBOCH |TIP11 noise filter circuit control register P11NFC RW | x x O00H
FFFFFB10H |TIP20 noise filter circuit control register P20NFC R/W X X OO0H
FFFFFB14H |TIP21 noise filter circuit control register P21NFC R/W X X O00H
FFFFFB18H |TIP30 noise filter circuit control register P30ONFC RW | x x O00H
FFFFFB1CH |TIP31 noise filter circuit control register P31NFC RW | x x OO0H
FFFFFB50H | TIQOO noise filter circuit control register QOONFC RW| x X O0H
FFFFFB54H |TIQO1 noise filter circuit control register QO1NFC RW| x x O0H
FFFFFB58H | TIQO2 noise filter circuit control register QO2NFC R/W | x x 00H
FFFFFB5CH | TIQO3 noise filter circuit control register QO3NFC RW| x X O0H
FFFFFB60OH |TIQ10 noise filter circuit control register Q10NFC RW| x x O00H
FFFFFB64H |TIQ11 noise filter circuit control register Q11NFC R/W | x x 00H
FFFFFB68H | TIQ12 noise filter circuit control register Q12NFC RW| x X O0H
FFFFFB6CH |TIQ13 noise filter circuit control register Q13NFC RW| x x O0H
FEFFFCOOH rEe)giesrtr;r;lIointerrupt falling edge specification INTFO AW x » 00H
FEFFECO2H iﬁﬁ;{;ﬂintmrupt falling edge specification INTE1 RW| 9 00H
FEFFFCO6H rEe)giesrtr;r;lI3interrupt falling edge specification INTE3 AW x » 00H
FFFFFCO8H |NMI mode register NMIM R/W X X 03H
FEFFFC13H rEe)giesrtr;r;llgiaterrupt falling edge specification INTFOH AW x 9 00H
FEFFEC20H iﬁ;;r;fl&nterrupt rising edge specification INTRO RW y y 00H
FEFEFC22H rEe)g;zrtr;r;ll1interrupt rising edge specification INTR RW!  x 9 00H
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Table 3-4: Peripheral I/O Registers (9/12)

Address Description Symbol | R/W Manipulatable bits Default
1-bit | 8-bit | 16-bit | value
FFFFEC26H rEexgitz'rtr‘;eratlsinterrupt rising edge specification INTR3 R/W « y 00H
FEFFFC33H rEe)gi(aSrtr;?I;Eterrupt rising edge specification INTROH AW x N 00H
FFFFFC40H |Pull-up resistor option register 0 PUO R/W X X O0H
FFFFFC42H |Pull-up resistor option register O PU1 R/W X X 00H
FFFFFC46H |Pull-up resistor option register 3 PU3 RW| x x x  |0000H
FFFFFC46H |Pull-up resistor option register 3L PU3L R/W X X O0H
FFFFFC47H |Pull-up resistor option register 3H PU3H R/W X X 00H
FFFFFC48H |Pull-up resistor option register 4 PU4 R/W X X 00H
FFFFFC4AH |Pull-up resistor option register 5 PU5 R/W X X O0H
FFFFFC52H |Pull-up resistor option register 9 PU9 R/W x  |0000H
FFFFFC52H |Pull-up resistor option register 9L PU9IL R/W x x 00H
FFFFFC53H |Pull-up resistor option register 9H PUSH R/W X X O0H
FFFFFCAOH |Pull-down resistor option register 0 PDO RW| x X O00H
FFFFFCA2H |Pull-down resistor option register 0 PD1 RW| x x O00H
FFFFFCABH |Pull-down resistor option register 3 PD3 R/W x  |0000H
FFFFFC46H |Pull-down resistor option register 3L PD3L RW| x X O00H
FFFFFC47H |Pull-down resistor option register 3H PD3H RW | x x O00OH
FFFFFCA8H |Pull-down resistor option register 4 PD4 R/W X X 00H
FFFFFCAAH |Pull-down resistor option register 5 PD5 RW | x X O00H
FFFFFCB2H |Pull-down resistor option register 9 PD9 R/W x  |0000H
FFFFFCB2H |Pull-down resistor option register 9L PDOL R/W X X 00H
FFFFFCB3H |Pull-down resistor option register 9H PD9H RW | x x O00H
FFFFFDOOH |CSIBO control register O CBOCTLO RW| x X 01H
FFFFFDO1H |CSIBO control register 1 CBOCTLA1 RW | x x O00H
FFFFFDO2H |CSIBO control register 2 CBOCTL2 R/W X O00H
FFFFFDO3H |CSIBO status register CBOSTR R/W| x X 00H
FFFFFD04H |CSIBO reception data register CBORX R x  |0000H
|FFFFFD04H CSIBO reception data register L CBORXL R X O00H
FFFFFDO6H |CSIBO transmission data register CBOTX R/W x  |0000H
|FFFFFD06H CSIBO transmission data register L CBOTXL R/W X O00H
FFFFFD10H |CSIB1 control register 0 CB1CTLO RW | x x 01H
FFFFFD11H |CSIB1 control register 1 CB1CTLA1 RW | x x O00H
FFFFFD12H |CSIB1 control register 2 CB1CTL2 R/W X O00H
FFFFFD13H |CSIB1 status register CB1STR RW| x X O00H
FFFFFD14H |CSIB1 reception data register CB1RX R x  |0000H
|FFFFFD14H CSIB1 reception data register L CB1RXL R X O00H
FFFFFD16H |CSIB1 transmission data register CB1TX R/W x  |0000H
|FFFFFD16H CSIB1 transmission data register L CB1TXL R/W X O00H
FFFFFD40H |CSI30 operation mode register CSIMO RW| x X O00H
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Table 3-4: Peripheral I/O Registers (10/12)

Address Description Symbol | R/W Manipulatable bits Default
1-bit | 8-bit | 16-bit | value
FFFFFD41H |CSI30 clock selection register CSICO RW| x X 07H
FFFFFD42H |CSI30 receive data buffer SIRBO R x  |0000H
FFFFFD42H |CSI30 receive data buffer L SIRBOL R X O0H
FFFFFD43H |CSI30 receive data buffer H SIRBOH R x 00H
FFFFFD44H |CSI30 chip select FIFO buffer SFCSO0 R/W x |FFFFH
FFFFFD44H |CSI30 chip select FIFO buffer L SFCSOL R/W x FFH
FFFFFD45H |CSI30 chip select FIFO buffer H SFCSOH R/W x FFH
FFFFFD46H |CSI30 transmit data FIFO buffer SFDBO R/W x  |0000H
FFFFFD46H |CSI30 transmit data FIFO buffer L SFDBOL R/W X O0H
FFFFFD47H |CSI30 transmit data FIFO buffer H SFDBOH R/W x 00H
FFFFFD48H |CSI30 FIFO buffer status register SFAOQ RW| x x 20H
FFFFFD49H |CSI30 transmit data length select register |CSILO R/W | x x 00H
FFFFFD4CH |CSI30 transmit data number select register |SFNO RW| x X O0H
FFFFFD60H |CSI31 operation mode register CSIM1 RW| x x O0H
FFFFFD61H |CSI31 clock selection register CSIC1 RW | x x o7H
FFFFFD62H |CSI31 receive data buffer SIRB1 R x  |0000H
FFFFFD62H |CSI31 receive data buffer L SIRB1L R x 00H
FFFFFD63H |CSI31 receive data buffer H SIRB1H R x 00H
FFFFFD64H |CSI31 chip select FIFO buffer SFCSH1 R/W x |FFFFH
FFFFFD64H |CSI31 chip select FIFO buffer L SFCS1L R/W x FFH
FFFFFD65H |CSI31 chip select FIFO buffer H SFCS1H R/W x FFH
FFFFFD66H |CSI31 transmit data FIFO buffer SFDBH1 R/W x  |0000H
FFFFFD66H |CSI31 transmit data FIFO buffer L SFDB1L R/W x 00H
FFFFFD67H |CSI31 transmit data FIFO buffer H SFDB1H R/W X OO0H
FFFFFD68H |CSI31 FIFO buffer status register SFA1 RW| x X 20H
FFFFFD69H |CSI31 transmit data length select register |CSIL1 RW| x x O00H
FFFFFD6CH |CSI31 transmit data number select register |SFN1 R/W x x O00H
FFFFFDEOH |MDMA Channel control register 0 DMCHCO RW | x X
FFFFFDE1H |MDMA Channel control register 1 DMCHC1 RW| x x
FFFFFDE2H |MDMA Channel control register 2 DMCHC2 RW| x x
FFFFFDE3H |MDMA Channel control register 3 DMCHC3 RW | x X
FFFFFDE4H |MDMA Channel control register 4 DMCHC4 RW| x x
FFFFFDE5H |MDMA Channel control register 5 DMCHC5 RW | x x
FFFFFEOOH |MDMA Control register DMC RW | x X
FFFFFEO2H |MDMA built-in BSC register DMBSC R x
FFFFFEO4H |MDMA channel status flag register DMSF R X
FFFFFEO8H |MDMA chO source address register DMSAO R/W X
FFFFFEO8H |MDMA chO source address register L DMSAOL RW x
FFFFFEOAH |MDMA chO source address register H DMSAOH R/W x
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Table 3-4: Peripheral I/O Registers (11/12)

Address Description Symbol | R/W Manipulatable bits Default
1-bit | 8-bit | 16-bit | Vvalue
FFFFFEOCH |MDMA chO destination address register DMDAO R/W X
FFFFFEOCH |MDMA chO destination address register L |DMDAOL R/W X
FFFFFEOEH |MDMA chO destination address register H | DMDAOH R/W X
FFFFFE10H |MDMA choO transfer count register DMBCO R/W X
FFFFFE12H |MDMA chO addressing control register DMADCO R/W X
FFFFFE12H |MDMA chO addressing control register L |[DMADCOL | R/W x
FFFFFE13H |MDMA chO addressing control register H |DMADCOH | R/W X
FFFFFE14H |MDMA ch1 source address register DMSA1 R/W x
FFFFFE14H |MDMA ch1 source address register L DMSA1L R/W x
FFFFFE16H |MDMA ch1 source address register H DMSA1TH R/W X
FFFFFE18H |MDMA ch1 destination address register DMDA1 R/W x
FFFFFE18H |MDMA ch1 destination address register L |DMDA1L R/W X
FFFFFE1AH |MDMA ch1 destination address register H |DMDA1H R/W X
FFFFFE1CH |MDMA ch1 transfer count register DMBC1 R/wW X
FFFFFE1EH |MDMA ch1 addressing control register DMADCH1 R/W x
FFFFFE1EH [MDMA ch1 addressing control register L | DMADC1L |R/W X
FFFFFE1FH |MDMA ch1 addressing control register H |[DMADC1H | R/W X
FFFFFE20H |MDMA ch2 source address register DMSA2 R/W x
FFFFFE20H |MDMA ch2 source address register L DMSA2L R/W X
FFFFFE22H |MDMA ch2 source address register H DMSA2H R/W X
FFFFFE24H |MDMA ch2 destination address register DMDA2 R/W X
FFFFFE24H |MDMA ch2 destination address register L | DMDA2L R/W X
FFFFFE26H |MDMA ch2 destination address register H |DMDA2H R/W X
FFFFFE28H |MDMA ch2 transfer count register DMBC2 R/W X
FFFFFE2AH |MDMA ch2 addressing control register DMADC2 R/W X
FFFFFE2AH |MDMA ch2 addressing control register L |[DMADC2L | R/W X
FFFFFE2BH |MDMA ch2 addressing control register H |DMADC2H | R/W X
FFFFFE2CH |MDMA ch3 source address register DMSA3 R/W X
FFFFFE2CH | MDMA ch3 source address register L DMSA3L R/W X
FFFFFE2EH |MDMA ch3 source address register H DMSA3H R/W x
FFFFFE30H |MDMA ch3 destination address register DMDAS3 R/W X
FFFFFE30H |MDMA ch3 destination address register L |DMDAS3L R/W X
FFFFFE32H |MDMA ch3 destination address register H |DMDA3H R/W x
FFFFFE34H |MDMA ch3 transfer count register DMBC3 R/W X
FFFFFE36H |MDMA ch3 addressing control register DMADC3 R/W X
FFFFFE36H |MDMA ch3 addressing control register L |[DMADC3L | R/W x
FFFFFE37H |MDMA ch3 addressing control register H |DMADC3H | R/W X
FFFFFE38H |MDMA ch4 source address register DMSA4 R/W x
FFFFFE38H |MDMA ch4 source address register L DMSA4L R/W x
FFFFFE3AH | MDMA ch4 source address register H DMSA4H R/W X
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Table 3-4: Peripheral I/O Registers (12/12)

Address Description Symbol | R/W Manipulatable bits Default
1-bit | 8-bit | 16-bit | Value
FFFFFE3CH |MDMA ch4 destination address register DMDA4 R/W X
FFFFFE3CH |MDMA ch4 destination address register L  |DMDA4L R/W x
FFFFFESEH |MDMA ch4 destination address register H |DMDA4H R/W X
FFFFFE40H |MDMA ch4 transfer count register DMBC4 R/W X
FFFFFE42H |MDMA ch4 addressing control register DMADC4 R/W x
FFFFFE42H |MDMA ch4 addressing control register L |[DMADC4L | R/W x
FFFFFE43H |MDMA ch4 addressing control register H |DMADC4H | R/W X
FFFFFE44H |MDMA ch5 source address register DMSA5 R/W x
FFFFFE44H |MDMA ch5 source address register L DMSA5L R/W X
FFFFFE46H |MDMA ch5 source address register H DMSA5H R/W X
FFFFFE48H |MDMA ch5 destination address register DMDA5 R/W X
FFFFFE48H |MDMA ch5 destination address register L |DMDAS5L R/W X
FFFFFE4AH |MDMA ch5 destination address register H |[DMDA5H R/W X
FFFFFE4CH |MDMA ch5 transfer count register DMBC5 R/W x
FFFFFE4EH |MDMA ch5 addressing control register DMADC5 R/W x
FFFFFE4EH |MDMA ch5 addressing control register L  |[DMADC5L | R/'W X
FFFFFE4FH |[MDMA ch5 addressing control register H  |[DMADC5H | R/W X
FFFFFF40H DMA trigger factor register 0 DTFRO R/W X X
FFFFFF42H DMA trigger factor register 1 DTFR1 R/W X X
FFFFFF44H |DMA trigger factor register 2 DTFR2 RW | x X
FFFFFF46H DMA trigger factor register 3 DTFR3 R/W X X
FFFFFF48H DMA trigger factor register 4 DTFR4 R/W X X
FFFFFF4AH |DMA trigger factor register 5 DTFR5 RW| x x
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4.1 Features

e |/O ports: 84

Chapter 4 Port Functions

e Other peripheral function I/O pins can be alternatively used

¢ Input/output specifiable in 1-bit units

4.2 Basic Port Configuration

The V850E/RS1 features a total of 84 1/0O ports consisting of the ports 0, 1, 3, 4, 5, 7,9, CM, CS, CT,

and DL.

The port configuration is shown below.

Port 0

Port 1

Port 3

Port 4

Port 5

Port 7

Port 9

—_— ) ——  ——— Y ——— ——

-— | P00

-— | P06 PCSO

- P10

‘ PCS1 j«——

-~ P12

~— P40

‘ PCTO |~
PCT1 |—
-~ P42 PCT4 |«—— =

PCT6 [«

~— | P50

-— = P70

‘ PDL13 fu— o

-~ P715

~—| P90

~— P915

Figure 4-1: Port Configuration Diagram

-— | P55 PDLO |j+——»
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Port CM

Port CT

Port DL

NMI
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Table 4-1: 1/O Buffer Power Supplies for Pins

Power Supply Corresponding Pin
AVREFo Port 7
BVpp+ Port CM, Port CS, port CT, port DL
Vo1 Port 0, Port 1, Port 3, Port 4, Port 5, Port 9,
RESET, NMI

Remark: NMI and RESET pins have no Port function.
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4.3 Port Configuration

4.3.1 Table of port configuration

Table 4-2: Control Register Setting (1/4)

Coqtrol Value

Register
Pin Pin Name pue ° 1 1 1 1 Other
No. PFC X 0 1 0 1

PFCE X 0 0 1 1

PSWAP | xx 00 ‘ 01 | 10 ‘ 11 XX XX XX
1 |AVRero
2 |AVsg
3 [NMmI NMI
4 |P10/INTPO P10 [INTPO X X X
5 |Vpp1
6 |P11/TIP31/TOP31 P11 [TIP31 TOP31 X X
7 i;ﬁgg%ﬁopsm P12 [TIP30 TOP30 |ADTRG| -
8 |[FLMDO FLMDO
9 Vbpo
10 |REGCO
11 |Vsso
12 [X1
13 [x2
14 |RESET RESET
15 |P00/SI31 P00 |[SI31 X X x
16 [P01/SO31 PO1 [SO31 X X X
17 |P02/SCK31 P02 [SCK31 X X X
18 [P03/CS310 P03 |CS310 ‘No-Func X X X
19 [P04/CS311 P04 [CS311 X X X
20 [P05/CS312/INTP2 P05 |CS312 ‘No-Func INTP2 X X
21 |P06/CS313/INTP3 P06 [CS313 INTP3 | x X
22 |P40/SIBO P40 [SIBO X X X
23 |P41/SOBO P41 |SOBO X X X
24 |P42/SCKBO P42 [SCKBO X X X
25 |P30/TXDAO/ASCKAO] | P30 [TXDAO \m |TXDAO X X X
26 [P31/RXDAO/INTP7 P31 |RXDAO INTP7 | X
27 fgggﬁ%fmw [TXDAOV | pg»  (ASCKAG|TXDAO |ASCKAG| CS310|  x X x
28 |P33/CTXDO P33 [CTXDO X X X
Remarks: 1. x: Don’t care.

2. No-Func: No function
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Table 4-2: Control Register Setting (2/4)

Coqtrol Value
Register
pinl PMC 0 1 1 1 1
No. Pin Name PFC x 0 1 0 1 Other
PFCE X 0 0 1 1
PSWAP | xx 00 | 01 ‘ 10 ‘ 11 XX XX XX
29 |P34/CRXDO P34  |CRXDO X x X
30 [P35/CRXD1 P35  |CRXD1 X x X
31 [P36/CTXD1 P36  |CTXD1 X X X
32 ﬁ\ﬁgfggggw P37 [TIPOO CS312 | TOP0OO | INTP1 -
33 |P38/TIPO1/TOPO1 P38 [TIPO1 TOPO1 | x X
34 \Vpp1
35 [REGCH
36 |Vssi
37 [P50/TIQ01/TOQO1 P50  |TIQO1 TOQO1 | X
38 [P51/TIQ02/TOQ02 P51 [TIQ02 ToQo2 | X X
39 [P52/TIQ03/TOQ03 P52  [TIQO3 TOQo3 | x X
40 |P53/TIQ00/TOQO0 P53 [TIQO0 TOQO0 | X
41 |P54/S130 P54  [SI30 X X X
42 |P55/S030 P55  |SO30 X X X
43 gg(l)ggoﬁnoon/ P90 |SCK30 No-Func TOQ11 | TIQ11 | -
44 Zs;;/g(l)mzﬂomz/ P91 [cs300 No-Func ToQi2 | TIQ12 | -
45 22251'013”0013/ P92 |Cs301 No-Func T0Q13 | TIQ13 | -
46 ZS;S;/(')I'ZIQ1OFI'OQ1O/ P93 |CS302 No-Func ToQ10 | TIQ10 | -
47 |P94/ASCKA1/CS303  |P94 CS303 ASCKAT| x X
48 |P95/RXDA1/(SCK30) |P95  |RXDA1 SCK30 RXDA1 |  x X
49 |P96/TXDA1/(CS300)  |P96  |TXDA1 CS300 TXDA1 | X
50 |P97/SIB1/{DDI} P97  [SIB1 X x DDI
51 [P98/SOB1/{DCK} P98  |SOB1 X x DCK
52 |P99/SCKB1/{DMS} P99 SCKB1 X X DMS
53 [P910/CS3014DDO}  |P910 CS301 X x X DDO
54 |P911/{DRST} P911 No-Func X X X DRST
55 2213%/? IP21/TOP21/" |pg1p CS302 TOP21 | TIP21 -
56 :?\lggsZLPCzLO/Topzo/ P913  |[INTP4 TOP20 | TIP20 | PCL
57 ﬁﬁ;ggffopm/ P914  [INTP5 TOP10 | TIP10 | AD14

Remarks: 1. x: Don'’t care.

2. No-Func: No function
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Table 4-2: Control Register Setting (3/4)

Con_trol Value

Register
Pin _ PMC 0 1 1 1 1
No. Pin Name PFC < 0 1 0 1 Other

PFCE X 0 0 1 1

PSWAP | xx o [ ot | 10 | 1 XX XX XX
58 :T\?_;SQ/’IAPD11ZTOP11/ P915 |INTP6 TOP11 | TIP11 | AD15
59 [PCS0/CS0 PCS0 |CSO X X X
60 |PCS1/CS1 PCS1 |CS1 X X X
61 |PCMO/WAIT PCMO |WAIT X X X
62 |PCM1/CLKOUT PCM1 |[CLKOUT X X X
63 |PCM2/HLDAK PCM2 [HLDAK X X X
64 |PCM3/HLDRQ PCM3 |HLDRQ X X X
65 |PCTO/WRO PCTO [WRO X X X
66 |PCT1/WR1 PCT1 |WR1 X X X
67 |PCT4/RD PCT4 |RD X X X
68 |[PCT6/ASTB PCT6 |ASTB X X X
69 |BVgsg
70 [BVpp
71 |PDLO/ADO PDLO |ADO X X X
72 \PDL1/AD1 PDL1 |AD1 X X X
73 |PDL2/AD2 PDL2 |AD2 X X X
74 |PDL3/AD3 PDL3 |AD3 X X X
75 |PDL4/AD4 PDL4 |AD4 X X X
76 |PDL5/AD5/FLMD1 PDL5 |AD5 X X X FLMD1
77 |PDL6/AD6 PDL6 |AD6 X X X
78 |PDL7/AD7 PDL7 |AD7 X X X
79 |PDL8/ADS8 PDL8 |AD8 X X X
80 |PDL9/AD9 PDL9 |AD9 X X X
81 |PDL10/AD10 PDL10 |AD10 X X X
82 |PDL11/AD11 PDL11 |AD11 X X X
83 |PDL12/AD12 PDL12 |AD12 X X X
84 |PDL13/AD13 PDL13 |AD13 X X X
85 |P715/ANI15 P715 |ANI15 X X X
86 |P714/ANI14 P714 |ANI14 X X X
87 |P713/ANI13 P713 |ANI13 X X X
88 |P712/ANI12 P712 |ANI12 X X X
89 |P711/ANI11 P711 |ANI11 X X X
90 |P710/ANI10 P710 |ANI10 X X X
91 |P79/ANI9 P79 |ANI9 X X X
Remarks: 1. x: Don't care.

2. No-Func: No function
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Table 4-2: Control Register Setting (4/4)

Coqtrol Value

Register
Pin _ PMC 0 1 1 1 1
No. Pin Name PFC x 0 1 0 1 Other

PFCE X 0 0 1 1

PSWAP | xx o [ ot | 10 | 11 XX XX XX
92 |P78/ANI8 P78 |ANI8 X X X
93 |P77/ANI7 P77 |ANI7 X X X
94 |P76/ANI6 P76 |ANI6 X X X
95 |P75/ANI5 P75 |ANI5 X X X
96 |P74/ANI4 P74 |ANI4 X X X
97 |P73/ANI3 P73 |ANI3 X X X
98 |P72/ANI2 P72 |ANI2 X X X
99 |P71/ANH P71 |ANN X X X
100|P70/ANIO P70 |ANIO X X X

Remarks: 1. x: Don’t care.

2. No-Func: No function

Table 4-3: Port Configuration

ltem

Configuration

Control register

Port mode register (PMn: n=0, 1, 3,4, 5, 7H, 7L, 9, CM, CS, CT, DL)

Port mode control register (PMCn: n=0, 1, 3, 4, 5, 7H, 7L, 9, CM, CS, CT, DL)

Port function control register (PFCn: n=0, 1, 3, 5, 9)

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

Pull-up resistor option register (PUn: n=0, 1, 3, 4, 5, 9, CM, CS, CT)

Pull-down resistor option register (PDn: n=0, 1, 3, 4, 5, 9, CM, CS, CT)

External interrupt falling edge specification register (INTFn: n =0, 1, 3)

External interrupt rising edge specification register (INTRn: n=0, 1, 3)

Ports

I/O: 84
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4.3.2 Port function swap control register

This device has a special purpose register for swapping port function by setting control bit. The Swap
function is implemented to allow flexible configuration.
More detail of the settings by control bit is shown in Table 4-2, “Control Register Setting,” on page 107.

This is an 8-bit register used to specify the input mode/output mode.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-2: Port Function Swap Control Register Format

Symbol 7 2 1 0 Address
PSWAP [ 0 | | o | o | o | o [PSwWAP1|PSWAPO|FFFFF87AH
R/W
PSWAP1 PSWAPO Function
0 0
0 1
] 5 See Table 4-2, “Control Register Setting,” on page 107
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4.3.3 Port0

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

(1) Port 0 functions
e 7bits I/0 port
¢ Port input/output specifiable in 1-bit units by port mode register 0 (PMO0)
¢ Port mode/control mode specifiable in 1-bit units by port mode control register 0 (PMCO)

e Control mode 1/Control mode 2 specifiable in 1-bit units by port function control register 0
(PFCO)

e On-chip pull-up resistor specifiable in 1-bit units by pull-up resistor option register 0 (PUO)
¢ On-chip pull-down resistor specifiable in 1-bit units by pull-down resistor option register 0 (PDO0)

¢ Valid edge of external interrupts specifiable in 1-bit units by external interrupt falling edge
specification register 0 (INTFO) and external interrupt rising edge specification register 0
(INTRO)

See Table 4-8, “Port Type,” on page 170 for alternate functions of Port 0.

(2) Registers
(a) Port register 0 (PO)

Port register 0 (P0O) is an 8-bit register that controls pin level read, output level write. It can be read
and written in 8-bit or 1-bit units.

Figure 4-3: Port Register 0 (P0) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PO | 0 \ P06 | P05 \ P04 \ P03 \ P02 \ PO1 \ P00 |FFFFF400H undefined
R/W RW RW RW RW RW RW R/W R/W

PO Output data control (in output mode) (n =0 to 6)
0 Outputs 0
1 Outputs 1
Remarks: 1. Input mode: When port 0 (PO) is read, the pin levels at this time are read. During
write, the data written to PO is written. This does not affect the input
pins.

Output mode:  When port 0 (PO) is read, the value of PQ is read. During write, the
value is written to PO and the written value is immediately output.

2. An undefined value (pin input level) is read for the value after reset when PO is read in
the input mode. When PO is read in the output mode, O0H (output latch value) is output.
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(b) Port mode register 0 (PMO)

This is an 8-bit register used to specify the input mode/output mode.
This register can be read and written in 8-bit or 1-bit units.

Symbol 7 6

Figure 4-4: Port Mode Register 0 (PM0) Format

5 4 3 2 1 0 Address

PMo [ 1 | PMos | PMO5 | PMo4 | PMO3 | PM02 | PMO1 | PMOO | FFFFF420H

R/wW R/W R/W R/W R/W R/W R/W R/wW R/W

PMOn

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

Output mode

Input mode

(c) Port mode control register 0 (PMCO0)

This is an 8-bit register used to specify the port mode/control mode.
It can be read and written in 8-bit or 1-bit units.

Figure 4-5: Port Mode Control Register 0 (PMCO0) Format (1/2)

Symbol 7 6

5 4 3 2 1 0 Address

PMCO | 0 [PMCO06 | PMCO5 | PMC04 | PMCO3 | PMCO2 | PMCO1 | PMCO0 | FFFFF440H

R/W R/W R/W R/W R/W RW R/W R/W R/W

PMCO06

P06 pin operation mode specification

1/0 port

CS313/INTP3 (Chip select3 output for CSI31 / External interrupt3 input)

P05 pin operation mode specification

1/0 port

CS8312/INTP2 (Chip select2 output for CSI31 / External interrupt2 input)

P04 pin operation mode specification

1/0 port

CS311 (Chip select1 output for CSI31)
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Figure 4-5: Port Mode Control Register 0 (PMCO0) Format (2/2)

PMCO03 P03 pin operation mode specification
0 I/O port
1 CS310 (Chip select0 output for CSI31)

PMCO02 P02 pin operation mode specification
0 I/O port
1 SCKB81 (Serial clock input/output for CSI31)

PMCO1 P01 pin operation mode specification
0 I/O port
1 SO31 (Serial output for CSI31)

PMCO00 P00 pin operation mode specification
0 I/O port
1 SI31 (Serial input for CSI31)

(d) Port function control register 0 (PFCO0)

This is an 8-bit register used to specify control mode 1/control mode 2.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-6: Port Function Control Register 0 (PFC0) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PFCO | 0 \ PFC06 | PFC05 \ 0 \ 0 \ 0 \ 0 \ 0 |FFFFF460H 00H
R/W RW RW RW RW RW RW R/W R/W

PFCO06 Specification of P06 pin operation mode in control mode
0 CS313 (Chip select3 output for CSI31)
1 INTP3 (External interrupt1 input)

PFCO05 Specification of P05 pin operation mode in control mode
0 CS312 (Chip select2 output for CSI31)
1 INTP2 (External interrupt2 input)
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(e) Pull-up resistor option register 0 (PUO0)

This is an 8-bit register used to set whether to use an on-chip pull-up resistor.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-7: Pull-up Resistor Option Register 0 (PU0O) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PUO | 0 | PU06 \ PUO5 | PUO4 \ PUO3 | PU02 \ PUO1 \ PUOO |FFFFFC4OH 00H
R/W RW RW RW RW RW RW R/W R/W

PUON Connection of a pull-up resistor control (n = 0 to 6)
0 Not connected
1 Connected

(f) Pull-down resistor option register 0 (PD0)

This is an 8-bit register used to set whether to use an on-chip pull-down resistor.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-8: Pull-down Resistor Option Register 0 (PD0) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PDO | 0 | PDO06 \ PDO5 | PDO04 \ PDO3 | PDO2 \ PDO1 \ PDOO |FFFFFCAOH 00H
R/W RW RW RW RW RW RW R/W R/W

PDOO Connection of a pull-down resistor control
0 Not connected
1 Connected
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(g) External interrupt falling edge specification register 0 (INTF0)

This is an 8-bit register used to specify detection of the falling edge for the external interrupt pin.
This register can be read and written in 8-bit or 1-bit units.

Cautions: 1. When switching from the external interrupt function (alternate function) to the
port function, edge detection may occur. Therefore, set the port mode after set-
ting INTFOn = INTRON bit = 0.

2. An on-chip circuit for eliminating noise through analog delay is provided for
external interrupt input.

Figure 4-9: External Interrupt Falling Edge Specification Register 0 (INTF0) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
INTFO | 0 \ INTFO6 | INTFO5 \ 0 \ 0 \ 0 \ 0 \ 0 | FFFFFCOOH  OOH
R/W RW RW RW RW RW RW R/W R/W

Remark: For details on valid edge specification, refer to Table 4-4, “Valid Edge Specification,” on
page 117.
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(h) External interrupt rising edge specification register 0 (INTRO)

This is an 8-bit register used to specify detection of the rising edge for the external interrupt pin.
This register can be read and written in 8-bit or 1-bit units.

Cautions: 1. When switching from the external interrupt function (alternate function) to the
port function, edge detection may occur. Therefore, set the port mode after set-
ting INTFOn = INTRON bit = 0.

2. An on-chip circuit for eliminating noise through analog delay is provided for
external interrupt input.

Figure 4-10: External Interrupt Rising Edge Specification Register 0 (INTR0) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
INTRO | 0 | INTRO6 \ INTRO5 | 0 \ 0 | 0 \ 0 \ 0 | FFFFFC20H  OOH
R/W RW RW RW RW RW RW R/W R/W

Remark: For details on valid edge specification, refer to Table 4-4, “Valid Edge Specification,” on

page 117.
Table 4-4: Valid Edge Specification
INTFON INTRON Valid Edge Specification
0 0 No edge specified
0 1 Rising edge
1 0 Falling edge
1 1 Both edges
Remark: n=5:INTP2
n=26:INTP3
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4.3.4 Port1

Port 1 is a 3-bit port for which 1/O settings can be controlled in 1-bit units.

(1) Port 1 functions
e 3-bit I/0 port
¢ Port input/output specifiable in 1-bit units by port mode register 1 (PM1)
¢ Port mode/control mode specifiable in 1-bit units by port mode control register 1 (PMC1)

e Control mode 1, 2/control mode 3 specifiable in 1-bit units by port function control register 1
(PFC1, PFCE1)

¢ On-chip pull-up resistor specifiable in 1-bit units by pull-up resistor option register 1 (PU1)
¢ On-chip pull-down resistor specifiable in 1-bit units by pull-down resistor option register 1 (PD1)

¢ Valid edge of external interrupts specifiable in 1-bit units by external interrupt falling edge
specification register 0 (INTF1) and external interrupt rising edge specification register 0
(INTR1).

See Table 4-8, “Port Type,” on page 170 for alternate functions.

(2) Registers
(a) Port register 1 (P1)

Port register 1 (P1) is an 8-bit register that controls pin level read, output level write. It can be read
and written in 8-bit or 1-bit units.

Figure 4-11: Port Register 1 (P1) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
P1 | 0 \ 0 | 0 \ 0 \ 0 \ P12 \ P11 \ P10 | FFFFF402H undefined
R/W RW  RW R/W RW  RW R/W R/W R/W

P1n Output data control (in output mode) (n =0 to 2)
0 Outputs 0
1 Outputs 1
Remarks: 1. Input mode: When port 1 (P1) is read, the pin levels at this time are read. During
write, the data written to P1 is written. This does not affect the input
pins.

Output mode:  When port 1 (P1) is read, the value of P1 is read. During write, the
value is written to P1 and the written value is immediately output.

2. An undefined value (pin input level) is read for the value after reset when P1 is read in
the input mode. When P1 is read in the output mode, O0H (output latch value) is output.
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(b) Port mode register 1 (PM1)

This is an 8-bit register used to specify the input mode/output mode.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-12: Port Mode Register 1 (PM1) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
Pt [ 1 | 1+ | 1 | 1 | 1 | PM12 | PMIT | PM10 |FFFFF422H  FFH
RW RW RW RW RW RW RW RW RW

PM1n I/0 mode control (n = 0 to 2)
0 Output mode
1 Input mode

(c) Port mode control register 1 (PMC1)

This is an 8-bit register used to specify the port mode/control mode.
It can be read and written in 8-bit or 1-bit units.

Figure 4-13: Port Mode Control Register 1 (PMC1) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PMC1 | 0 | 0 \ 0 | 0 \ 0 |PMC12\ PMC11 \ PMC10 | FFFFF442H  OOH
R/W RW RW RW RW RW RW RW R/W

PMC12 P12 pin operation mode specification
0 I/O port

TIP30/TOP30/ADTRG (TMP3 input0 / TMP3 output0 / ADC external
trigger input)

PMC11 P11 pin operation mode specification
0 I/0 port
1 TIP31/TOP31 (TMP3 input1 / TMP3 output1)

PMC10 P10 pin operation mode specification
0 I/0 port
1 INTPO (External interruptO input)
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(d) Port function control register 1 (PFC1)

This is an 8-bit register used to specify control mode 1, 2 and 3 with PFCE1.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-14: Port Function Control Register 1 (PFC1) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PFC1 | 0 \ 0 | 0 \ 0 \ 0 \ PFC12 \ PFC11 \ 0 |FFFFF462H 00H
R/W RW RW RW RW RW RW R/W R/W

Remark: For details on control mode specification refer to 4.3.4 (2) (f) P1 pin control mode set-
tings.

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

This is an 8-bit register used to specify control mode 1,2 and 3 with PFC1.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-15: Port Function Control Extended Register 1 (PFCE1) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PFCE1 | 0 \ 0 | 0 \ 0 \ 0 \PFCE12\ 0 \ 0 | FFFFF702H  OOH
R/W RW  RW R/W RW  RW R/W R/W R/W

Remark: For details on control mode specification refer to 4.3.4 (2) (f) P1 pin control mode set-
tings.

(f) P1 pin control mode settings

PFC11 Specification of P11 pin operation mode in control mode
0 TIP31 (TMP3 input 1)
1 TOP31 (TMP3 output 1)
PFCE12 PFC12 Specification of P12 pin operation mode in control mode
0 0 TIP30 (TMP3 input 0)
0 1 TOP30 (TMP3 output 0)
1 0 ADTRG (ADC external trigger input)
1 1 Setting prohibited
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(9) Pull-up resistor option register 1 (PU1)

This is an 8-bit register used to set whether to use an on-chip pull-up resistor.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-16: Pull-up Resistor Option Register 1 (PU1) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PU1 | 0 | 0 \ 0 | 0 \ 0 | PU12 \ PU11 \ PU10 |FFFFFC42H 00H
R/W RW RW RW RW RW RW R/W R/W

PU1n Connection of a pull-up resistor control (n = 0 to 2)
0 Not connected
1 Connected

(h) Pull-down resistor option register 1 (PD1)

This is an 8-bit register used to set whether to use an on-chip pull-down resistor.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-17: Pull-down Resistor Option Register 1 (PD1) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PD1 | 0 | 0 \ 0 | 0 \ 0 | PD12 \ PD11 \ PD10 |FFFFFCA2H 00H
R/W RW RW RW RW RW RW R/W R/W

PD1n Connection of a pull-down resistor control (n = 0 to 2)
0 Not connected
1 Connected
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(i) External interrupt falling edge specification register 1 (INTF1)

This is an 8-bit register used to specify detection of the falling edge for the external interrupt pin.
This register can be read and written in 8-bit or 1-bit units.

Cautions: 1. When switching from the external interrupt function (alternate function) to the
port function, edge detection may occur. Therefore, set the port mode after set-
ting INTFin = INTR1n bit = 0.

2. An on-chip circuit for eliminating noise through analog delay is provided for
external interrupt input.

Figure 4-18: External Interrupt Falling Edge Specification Register 1 (INTF1) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
INTF1 | 0 \ 0 | 0 \ 0 \ 0 \ 0 \ 0 \ INTF10 |FFFFFCOQH 00H
R/W RW RW RW RW RW RW R/W R/W

Remark: For details on valid edge specification, refer to Table 4-5, “Valid Edge Specification,” on
page 123.
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(j) External interrupt rising edge specification register 1 (INTR1)

This is an 8-bit register used to specify detection of the rising edge for the external interrupt pin.
This register can be read and written in 8-bit or 1-bit units.

Cautions: 1. When switching from the external interrupt function (alternate function) to the
port function, edge detection may occur. Therefore, set the port mode after set-
ting INTF10 = INTR10 bit = 0.

2. An on-chip circuit for eliminating noise through analog delay is provided for
external interrupt input.

Figure 4-19: External Interrupt Rising Edge Specification Register 1 (INTR1) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
INTR1 | 0 | 0 \ 0 | 0 \ 0 | 0 \ 0 ‘INTR10|FFFFF022H O00H
R/W RW RW RW RW RW RW R/W R/W

Remark: For details on valid edge specification, refer to Table 4-5, “Valid Edge Specification,” on

page 123.
Table 4-5: Valid Edge Specification
INTF10 INTR10 Valid Edge Specification
0 0 No edge specified
0 1 Rising edge
1 0 Falling edge
1 1 Both edges
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4.3.5 Port3

Port 3 is a 9-bit port for which 1/O settings can be controlled in 1-bit units.

1)

124

Port 3 functions

e 9-bit I/O port

¢ Port input/output specifiable in 1-bit units by port mode register 3 (PM3)

¢ Port mode/control mode specifiable in 1-bit units by port mode control register 3 (PMC3)

¢ Control mode 1,2/control mode 3 specifiable in 1-bit units by port function control register 3
(PFC3, PFCES3)

¢ On-chip pull-up resistor specifiable in 1-bit units by pull-up resistor option register 3 (PU3)
¢ On-chip pull-down resistor specifiable in 1-bit units by pull-down resistor option register 3 (PD3)

e Valid edge of external interrupts specifiable in 1-bit units by external interrupt falling edge
specification register 3 (INTF3) and external interrupt rising edge specification register 3
(INTRS3).

See Table 4-8, “Port Type,” on page 170 for alternate functions.
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(2) Registers

(a) Port register 3 (P3)

Port register 3 (P3) is a 16-bit register used to control pin level read and output level write.

This register can be read and written in16-bit, 8-bit and 1-bit units.

However, when using the higher 8 bits of the P3 register as the P3H register and the lower 8 bits
as the P3L register, P3 becomes two 8-bit registers for which 1/0 can be manipulated in 8-bit or

1-bit units.
Figure 4-20: Port Register 3 (P3) Format
Symbol 15 14 13 12 11 10 8 Address
psH | o | o [ o | o | o | o | o | P38 |FFFFF407H
R/W RW RW RW RW RW RW RW RW
Symbol 7 6 5 4 3 2 1 0 Address
P3L | P37 | P36 | P35 | P34 | P33 | P32 | P31 | P30 |FFFFF406H
R/W RW RW RW RW RW RW RW RW
P3n Output data control (in output mode) (n =010 9)

0 Outputs 0

1 Outputs 1

Remarks: 1. Input mode:

After reset
undefined

After reset
undefined

When port 3 (P3) is read, the pin levels at this time are read. During

write, the data written to P3 is written. This does not affect the input

pins.

Output mode: When port 3 (P3) is read, the value of P3 is read. During write, the
value is written to P3 and the written value is immediately output.

2. An undefined value (pin input level) is read for the value after reset when P3 is read in
the input mode. When P3 is read in the output mode, O0H (output latch value) is output.
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(b) Port mode register 3 (PM3)

This is a 16-bit register used to specify the input mode/output mode.

This register can be read and written only in 16-bit units.

However, when using the higher 8 bits of the PM3 register as the PM3H register and the lower
8 bits as the PMB3L register, PM3 can be read and written in 8-bit and 1-bit units.

Figure 4-21: Port Mode Register 3 (PM3) Format
Symbol 15 14 13 12 11 10 9 8 Address  After reset
PMsH | 1 | 1 [ 1 [ 1 | 1 [ 1 | 1 | PM38 |FFFFF427H  FFH
R/W RW RW RW RW RW RW R/W R/W

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PM3L | PM37 \ PM36 | PM35 \ PM34 \ PM33 \ PM32 \ PM31 \ PM30 |FFFFF426H FFH
R/W RW  RW R/W RW  RW R/W R/W R/W

PM3n 1/0 mode control (n =0 to 8)
0 Output mode
1 Input mode
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(c) Port mode control register 3 (PMC3)

This is a 16-bit register used to specify the port mode/control mode.

This register can be read and written only in 16-bit units.

However, when using the higher 8 bits of the PMC3 register as the PMC3H register and the lower
8 bits as the PMC3L register, PMC3 can be read and written in 8-bit and 1-bit units.

Figure 4-22: Port Mode Control Register 3 (PMC3) Format (1/2)

Symbol 15 14 13 12 11 10 9 8 Address  After reset
PMC3H | 0 | 0 \ 0 | 0 \ 0 | 0 \ 0 \ PMC38 | FFFFF447H  0000H
R/W RW RW RW RW RW RW R/W R/W

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PMC3L | PMC37 | PMC36 \ PMC35 | PMC34 \ PMC33 | PMC32 \ PMC31 \ PMC30 | FFFFF446H  0000H
R/W RW  RW RW RW  RW R/W R/W R/W

PMC38 P38 pin operation mode specification
0 I/O port
1 TIPO1/TOPO1 (TMPO input1 / TMPO outputi)

PMC37 P37 pin operation mode specification
0 I/O port

TIPOO/TOPOO/INTP1/(CS312) (TMPO input0 / TMPO output0 / External
interrupt 1 / Chip select2 for CSI31)

PMC36 P36 pin operation mode specification
0 I/O port
1 CTXD1 (Serial transmit data output for aFCANT)
PMC35 P35 pin operation mode specification
0 I/O port
1 CRXD1 (Serial receive data input for aFCAN1)
PMC34 P34 pin operation mode specification
0 I/0 port
1 CRXDO (Serial receive data input for aFCANO)
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Figure 4-22: Port Mode Control Register 3 (PMC3) Format (2/2)

PMC33 P33 pin operation mode specification
0 I/O port
1 CTXDO (Serial transmit data output for aFCANO)

PMC32 P32 pin operation mode specification
0 I/O port

ASCKAO /[TXDAOQ)/(CS312) (Serial clock input for UARTAO /
Serial output for UARTAOQ / Chip select0 for CSI31)

PMC31 P31 pin operation mode specification
0 I/O port
1 RXDAO/INTP7 (Serial input for UARTAO / External interrupt 7 input)

PMC30 P30 pin operation mode specification
0 I/O port
1 TXDAO/[ASCKAQ] (Serial output for UARTAO / Serial clock input for
UARTAOQ)

(d) Port function control register 3 (PFC3)

This is a 16/8-bit register used to specify control mode 1/control mode 2.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-23: Port Function Control Register 3 (PFC3) Format

Symbol 15 14 13 12 11 10 9 8 Address  After reset
PFC3H | 0 \ 0 | 0 \ 0 \ 0 \ 0 \ 0 \ PFC38 |FFFFF467H 0000H
R/W RW RW RW RW RW RW R/W R/W

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PFC3L | PFC37 \ 0 | 0 \ 0 \ 0 \ 0 \ PFC31 \ 0 |FFFFF466H 0000H
R/W RW RW RW RW RW RW RW R/W

Remark: For details on control mode specification refer to (f) P3 pin control mode settings.

128 User’'s Manual U16702EE3V2UDO00O



Chapter 4 Port Functions

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

This is an 8-bit register used to specify control mode 1, 2 / control mode 3.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-24: Port Function Control Expansion Register 3 (PFCE3) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PFCE3 |PFCE37| 0 \ 0 | 0 \ 0 | 0 \ 0 \ 0 | FFFFF706H  0000H
R/W RW RW RW RW RW RW R/W R/W

Remark: For details on control mode specification refer to (f) P3 pin control mode settings.

(f) P3 pin control mode settings

PFC38 P38 Pin Control Mode Specification
0 TIPO1 input (TMPO input1)
1 TOPO1 output (TMPO output1)

PFCE37 | PFC37 P37 Pin Control Mode Specification
0 0 TIPOO/CS312 (TMPO input0 / Chip select2 for CSI31)
0 1 TOPOO output (TMPO output 0)

1 0 INTP1 (External interrupt 1)
1 1 Setting prohibited
PFC31 P31 Pin Control Mode Specification
0 RXDAO (Serial input for UARTAQ)
1 INTP7 (External Interrupt7)
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(g) Pull-up resistor option register 3 (PU3)

This is a 16-bit register used to set whether to use an on-chip pull-up resistor.

This register can be read and written only in 16-bit units.

However, when using the higher 8 bits of the PU3 register as the PU3H register and the lower
8 bits as the PU3L register, PU3 can be read and written in 8-bit and 1-bit units.

Figure 4-25: Pull-up Resistor Option Register 3 (PU3) Format

Symbol 15 14 13 12 11 10 9 8 Address  After reset
PU3H | 0 \ 0 | 0 \ 0 \ 0 \ 0 \ 0 \ PU38 |FFFFFC47H 0000H
R/W RW RW RW RW RW RW R/W R/W

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PU3L | PU37 \ PU36 | PU35 \ PU34 \ PU33 \ PU32 \ PU31 \ PU30 |FFFFFC46H 0000H
R/W RW RW RW RW RW RW R/W R/W

PU3n Connection of a pull-up resistor control (n =0 to 8)
0 Not connected
1 Connected

(h) Pull-down resistor option register 3 (PD3)

This is a 16-bit register used to set whether to use an on-chip pull-down resistor.

This register can be read and written only in 16-bit units.

However, when using the higher 8 bits of the PD3 register as the PD3H register and the lower
8 bits as the PD3L register, PD3 can be read and written in 8-bit and 1-bit units.

Figure 4-26: Pull-down Resistor Option Register 3 (PD3) Format

Symbol 15 14 13 12 11 10 9 8 Address  After reset
PD3H | 0 \ 0 | 0 \ 0 \ 0 \ 0 \ 0 \ PD38 |FFFFFCA7H 0000H
R/W RW RW RW RW RW RW R/W R/W

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PD3L | PD37 \ PD36 | PD35 \ PD34 \ PD33 \ PD32 \ PD31 \ PD30 |FFFFFCA6H 0000H
R/W RW  RW R/W RW  RW R/W R/W R/W
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(i) External interrupt falling edge specification register 3 (INTF3)

This is an 8-bit register used to specify detection of the falling edge for the external interrupt pin.
This register can be read and written only in 16-bit units.

Cautions: 1. When switching from the external interrupt function (alternate function) to the
port function, edge detection may occur. Therefore, set the port mode after set-

ting INTF3 = INTR3 bit = 0.

2. An on-chip circuit for eliminating noise through analog delay is provided for
external interrupt input.

Figure 4-27: External Interrupt Falling Edge Specification Register 3 (INTF3) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
INTF3 ||NTF37| 0 \ 0 | 0 \ 0 | 0 \ INTF31 \ 0 |FFFFFC06H 0000H
R/W RW RW RW RW RW RW R/W R/W

Remark: For details on valid edge specification, refer to Table 4-6.
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(j) External interrupt rising edge specification register 3 (INTR3)

This is an 8-bit register used to specify detection of the rising edge for the external interrupt pin.
This register can be read and written only in 16-bit units.

Cautions: 1. When switching from the external interrupt function (alternate function) to the
port function, edge detection may occur. Therefore, set the port mode after set-
ting INTF3 = INTR3 bit = 0.

2. An on-chip circuit for eliminating noise through analog delay is provided for
external interrupt input.

Figure 4-28: External Interrupt Rising Edge Specification Register 3 (INTR3) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
INTR3 ||NTR37\ 0 | 0 \ 0 \ 0 \ 0 \ INTR31 \ 0 |FFFFF026H 0000H
R/W RW RW RW RW RW RW R/W R/W

Remark: For details on valid edge specification, refer to Table 4-6.

Table 4-6: Valid Edge Specification

INTF3n INTR3n Valid Edge Specification (n =1, 7)
0 0 No edge specified
0 1 Rising edge
1 0 Falling edge
1 1 Both edges
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4.3.6 Port4

Port 4 is a 3-bit port for which 1/O settings can be controlled in 1-bit units.

(1) Port 4 functions
e 3-bit I/0 port
¢ Port input/output specifiable in 1-bit units by port mode register 4 (PM4)
e Port mode/control mode specifiable in 1-bit units by port mode control register 4 (PMC4)
¢ On-chip pull-up resistor specifiable in 1-bit units by pull-up resistor option register 4 (PU4)
¢ On-chip pull-down resistor specifiable in 1-bit units by pull-down resistor option register 4 (PD4)
¢ N-ch Open drain specifiable in 1-bit units by port function register 4 (PF4).

See Table 4-8, “Port Type,” on page 170 for alternate functions.

(2) Registers
(a) Port register 4 (P4)

Port register 4 (P4) is an 8-bit register that controls pin level read, output level write. It can be read
and written in 8-bit or 1-bit units.

Figure 4-29: Port Register 4 (P4) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
P4 | 0 | 0 \ 0 | 0 \ 0 | P42 \ P41 \ P40 | FFFFF408H undefined
R/W RW RW RW RW RW RW R/W R/W

P4n Output data control (in output mode) (n =0 to 2)
0 Outputs 0
1 Outputs 1
Remarks: 1. Input mode: When port 4 (P4) is read, the pin levels at this time are read. During
write, the data written to P4 is written. This does not affect the input
pins.

Output mode:  When port 4 (P4) is read, the value of P4 is read. During write, the
value is written to P4 and the written value is immediately output.

2. An undefined value (pin input level) is read for the value after reset when P4 is read in
the input mode. When P4 is read in the output mode, O0H (output latch value) is output.
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(b) Port mode register 4 (PM4)

This is an 8-bit register used to specify the input mode/output mode.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-30: Port Mode Register 4 (PM4) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
Pma | 1 | 1 | 1 | 1 | 1 | PM42 | PM4T | PM40 |FFFFF428H  FFH
RW RW RW RW RW RW RW RW RW

PM4n I/0 mode control (n=0to 2)
0 Output mode
1 Input mode

(c) Port mode control register 4 (PMC4)

This is an 8-bit register used to specify the port mode/control mode.
It can be read and written in 8-bit or 1-bit units.

Figure 4-31: Port Mode Control Register 4 (PMC4) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PMC4 | 0 \ 0 | 0 \ 0 \ 0 \ PMC42‘ PMC41 \ PMC40 | FFFFF448H  OOH
R/W RW RW RW RW RW RW R/W R/W

PMC42 P42 pin operation mode specification
0 I/O port
1 SCKBO Input (Serial clock input/output for CSIBO0)

PMC41 P41 pin operation mode specification
0 I/O port
1 SOBO output (Serial output for CSIBO0)

PMC40 P40 pin operation mode specification
0 I/O port
1 SIBO input (Serial input for CSIBO0)
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(d) Pull-up resistor option register 4 (PU4)

This is an 8-bit register used to set whether to use an on-chip pull-up resistor.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-32: Pull-up Resistor Option Register 4 (PU4) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PU4 | 0 | 0 \ 0 | 0 \ 0 | PU42 \ PU41 \ PU40 |FFFFFC48H 00H
R/W RW RW RW RW RW RW R/W R/W

PU4n Connection of a pull-up resistor control (n = 0 to 2)
0 Not connected
1 Connected

(e) Pull-down resistor option register 4 (PD4)

This is an 8-bit register used to set whether to use an on-chip pull-down resistor.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-33: Pull-down Resistor Option Register 4 (PD4) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PD4 | 0 | 0 \ 0 | 0 \ 0 | PD42 \ PD41 \ PD40 |FFFFFCA8H 00H
R/W RW RW RW RW RW RW R/W R/W

PD4n Connection of a pull-down resistor control (n = 0 to 2)
0 Not connected
1 Connected
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4.3.7 Portb5

Port 5 is a 6-bit port for which 1/O settings can be controlled in 1-bit units.

(1) Port 5 functions
e 6-bit I/0 port
¢ Port input/output specifiable in 1-bit units by port mode register 5 (PM5)
¢ Port mode/control mode specifiable in 1-bit units by port mode control register 5 (PMC5)

* Control mode 1/control mode 2 specifiable in 1-bit units by port function control register 5
(PFC5)

¢ On-chip pull-up resistor specifiable in 1-bit units by pull-up resistor option register 5 (PU5)
¢ On-chip pull-down resistor specifiable in 1-bit units by pull-down resistor option register 5 (PD5).

See Table 4-8, “Port Type,” on page 170 for alternate functions.

(2) Registers
(a) Port register 5 (P5)

Port register 5 (P5) is an 8-bit register that controls pin level read, output level write. It can be read
and written in 8-bit or 1-bit units.

Figure 4-34: Port Register 5 (P5) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
P5 | 0 \ 0 | P55 \ P54 \ P53 \ P52 \ P51 \ P50 |FFFFF4OAH undefined
R/W RW RW RW RW RW RW R/W R/W

P5n Output data control (in output mode) (n = 0 to 5)
0 Outputs 0
1 Outputs 1
Remarks: 1. Input mode: When port 5 (P5) is read, the pin levels at this time are read. During
write, the data written to P5 is written. This does not affect the input
pins.

Output mode: When port 5 (P5) is read, the value of P5 is read. During write, the
value is written to P5 and the written value is immediately output.

2. An undefined value (pin input level) is read for the value after reset when P5 is read in
the input mode. When P5 is read in the output mode, 00H (output latch value) is output.
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(b) Port mode register 5 (PM5)

This is an 8-bit register used to specify the input mode/output mode.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-35: Port Mode Register 5 (PM5) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PM5 | 1 | 1 \ PM55 | PM54 \ PM53 | PM52 \ PM51 \ PM50 |FFFFF42AH FFH
R/W RW RW RW RW RW RW R/W R/W

PM5n I/0 mode control (n = 0 to 5)
0 Output mode
1 Input mode

(c) Port mode control register 5 (PMC5)

This is an 8-bit register used to specify the port mode/control mode.
It can be read and written in 8-bit or 1-bit units.

Figure 4-36: Port Mode Control Register 5 (PMC5) Format (1/2)

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PMC5 | 0 | 0 \ PMC55 | PMC54 \ PMC53 | PM052\ PMC51 \ PMC50 | FFFFF44AH  OOH
RIW RW RW RW RW RW RW RW R/W

PMC55 P55 pin operation mode specification
0 I/O port
1 SO830 (Serial output for CSI30)

PMC54 P54 pin operation mode specification
0 I/O port
1 SI30 (Serial input for CSI30)

PMC53 P53 pin operation mode specification
0 I/O port
1 TIQ00/TOQO00 (TMQO input0 / TMQO output0)
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Figure 4-36: Port Mode Control Register 5 (PMC5) Format (2/2)

PMC52 P52 pin operation mode specification
0 I/O port
1 TIQ03/TOQ03 (TMQO input3 / TMQO output3)

PMC51 P51 pin operation mode specification
0 I/O port
1 TIQ02/TOQ02 (TMQO input2 / TMQO output2)

PMC50 P50 pin operation mode specification
0 I/O port
1 TIQ01/TOQO01 (TMQO input1 / TMQO output1)

(d) Port function control register 5 (PFC5)

This is an 8-bit register used to specify control mode 1/control mode 2.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-37: Port Function Control Register 5 (PFC5) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PFC5 | 0 \ 0 | 0 \ 0 \ PFC53 \ PFC52 \ PFC51 \ PFC50 |FFFFF46AH 00H
R/W RW RW RW RW RW RW R/W R/W

Remark: For details on control mode specification,; refer to (e) P5 pin control mode settings.

138 User’'s Manual U16702EE3V2UDO00O



Chapter 4 Port Functions

(e) P5 pin control mode settings

PFC53 P53 Pin Control Mode Specification
0 TIQOO input (TMQO input0)
1 TOQOO0 output (TMQO output0)

PFC52 P52 Pin Control Mode Specification
0 TIQO3 input (TMQO input3)
1 TOQO83 output (TMQO output3)

PFC51 P51 Pin Control Mode Specification
0 TIQO02 input (TMQO input2)
1 TOQO02 output (TMQO output2)

PFC50 P50 Pin Control Mode Specification
0 TIQO1 input (TMQO input1)
1 TOQO1 output (TMQO outputl)

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

This is an 8-bit register used to set whether to use an on-chip pull-up resistor.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-38: Pull-up Resistor Option Register 5 (PU5) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PU5 | 0 | 0 \ PU55 | PU54 \ PU53 | PU52 \ PU51 \ PU50 |FFFFFC4AH 00H
R/W RW RW RW RW RW RW R/W R/W

PU5nN Connection of a pull-up resistor control (n = 0 to 5)
0 Not connected
1 Connected
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(g) Pull-down resistor option register 5 (PD5)

This is an 8-bit register used to set whether to use an on-chip pull-down resistor.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-39: Pull-down Resistor Option Register 5 (PD5) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PD5 | 0 \ 0 | PD55 \ PD54 \ PD53 \ PD52 \ PD51 \ PD50 |FFFFFCAAH 00H
R/W RW RW RW RW RW RW R/W R/W

PD5n Connection of a pull-down resistor control (n = 0 to 5)
0 Not connected
1 Connected
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4.3.8 Port7

Port 7 is a 16-bit port for which 1/O settings can be controlled in 1-bit units.

(1) Port 7 functions
e 16-bit I/0 port

¢ Port input/output specifiable in 1-bit units by port mode register 7 (PM7)

See Table 4-8, “Port Type,’ on page 170 for alternate functions.

(2) Registers

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

Port register 7H and port register 7L (P7H, P7L) are 8-bit registers used to control pin level read
and output level write. These registers can be read and written in 8-bit or 1-bit units.

16-bit access is not possible.

Figure 4-40: Port Register 7H, Port Register 7L (P7H, P7L)Format

Symbol 7 6 5 4 3 2 1 0 Address
P7H | P715 | P714 | P713 | P712 | P711 | P710 | P79 | P78 |FFFFF40FH
R/W RW RW RW RW RW RW RW R/W
Symbol 7 6 5 4 3 2 1 0 Address
p7L | P77z | P76 | P75 | P74 | P73 | P72 | P71 | P70 |FFFFF40EH
R/W RW RW RW RW RW RW RW R/W

P7n Output data control (in output mode) (n = 0 to 15)

0 Outputs 0

1 Outputs 1

Caution: Do not read the P7H and P7L registers during A/D conversion.

Remarks: 1. Input mode:

Output mode:

After reset
undefined

After reset
undefined

When port 7H (P7H) and port 7L (P7L) are read, the pin levels at this
are read. During write, the data written to P7H and P7L are written.
This does not affect the input pins.

When port 7H (P7H) and port 7L (P7L) are read, the values of P7H and

P7L are read. During write, the values are written to P7H and P7L and
the written values are immediately output.

2. An undefined value (pin input level) is read for the value after reset when P7H and P7L
are read in the input mode. When P7H and P7L are read in the output mode, 00H
(output latch value) is output.
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(b) Port mode register 7H, port mode register 7L (PM7H, PM7L)

These are 8-bit registers used to specify the input mode/output mode.
These registers can be read and written in 8-bit or 1-bit units.
16-bit access is not possible.

Figure 4-41: Port Mode Register 7H, Port Mode Register 7L (PM7H, PM7L)Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PM7H | PM715 \ PM714 | PM713 \ PM712 \ PM711 \ PM710 \ PM79 \ PM78 |FFFFF42FH FFFFH
R/W RW RW RW RW RW RW R/W R/W

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PM7L | PM77 | PM76 | PM75 | PM74 | PM73 | PM72 | PM71 | PM70 |FFFFF42EH  FFFFH
RW RW RW RW RW RW RW RW RW

PM7n I/O mode control (n =0 to 15)
0 Output mode
1 Input mode

Caution: When using P70 to P715 as alternate functions (ANIO to ANI15), set PM7H register
and PM7L register = FFH.
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4.3.9 Port9

Port 9 is a 16-bit port for which 1/O settings can be controlled in 1-bit units.

1M

Port 9 functions

16-bit 1/0 port
Port input/output specifiable in 1-bit units by port mode register 9 (PM9)
Port mode/control mode specifiable in 1-bit units by port mode control register 9 (PMC9)

Control mode 1, 2, 3 and 4 specifiable in 1-bit units by port function control register 9 (PFC9,
PFCE9)

On-chip pull-up resistor specifiable in 1-bit units by pull-up resistor option register 9 (PU9)
On-chip pull-down resistor specifiable in 1-bit units by pull-down resistor option register 9 (PD9)

Valid edge of external interrupts (alternate function) specifiable in 1-bit units.
Specification done with external interrupt falling edge specification register 9H (INTF9H) and
external interrupt rising edge specification register 9H (INTR9H).

See Table 4-8, “Port Type,” on page 170 for alternate functions.
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(2) Registers

(a) Port register 9 (P9)

Port register 9 (P9) is a 16-bit register used to control pin level read and output level write.

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

However, when using the higher 8 bits of the P9 register as the P9H register and the lower 8 bits
as the PIL register, P9 becomes two 8-bit registers for which 1/0 can be manipulated in 8-bit or
1-bit units.

Figure 4-42: Port Register 9 (P9) Format

Symbol 15 14 13 12 11 10 9 8 Address  After reset
POH | P915 \ P914 | P913 \ P912 \ P911 \ P910 \ P99 \ P98 |FFFFF413H undefined
R/W RW  RW R/W RW  RW R/W R/W R/W

Symbol 7 6 5 4 3 2 1 0 Address  After reset
POL | P97 \ P96 | P95 \ P94 \ P93 \ P92 \ P91 \ P90 |FFFFF412H undefined
R/W RW RW RW RW RW RW R/W R/W

P9n Output data control (in output mode) (n = 0 to 15)
0 Outputs 0
1 Outputs 1
Remarks: 1. Input mode: When port 9 (P9) is read, the pin levels at this time are read. During
write, the data written to P9 is written. This does not affect the input
pins.

Output mode: When port 9 (P9) is read, the value of P9 is read. During write, the
value is written to P9 and the written value is immediately output.

2. An undefined value (pin input level) is read for the value after reset when P9 is read in
the input mode. When P9 is read in the output mode, 00H (output latch value) is output.
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(b) Port mode register 9 (PM9)

This is a 16-bit register used to specify the input mode/output mode.

This register can be read and written only in 16-bit units.

However, when using the higher 8 bits of the PM9 register as the PM9H register and the lower
8 bits as the PMIL register, PM9 can be read and written in 8-bit and 1-bit units.

Figure 4-43: Port Mode Register 9 (PM9) Format

Symbol 15 14 13 12 11 10 9 8 Address  After reset
PMYH | PM915 | PM914 \ PM913 | PM912 \ PM911 | PM910 \ PM99 \ PM98 |FFFFF433H FFFFH
R/W RW RW RW RW RW RW R/W R/W

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PMOL | PM97 | PM96 | PM95 | PM94 | PM93 | PM92 | PM91 | PM90 | FFFFF432H  FFFFH
RW RW RW RW RW RW PRW RW RW

PM9n I/O mode control (n =0 to 15)
0 Output mode
1 Input mode

(c) Port mode control register 9 (PMC9)

This is a 16-bit register used to specify the port mode/control mode.

This register can be read and written only in 16-bit units.

However, when using the higher 8 bits of the PMC9 register as the PMC9H register and the lower
8 bits as the PMCOIL register, PMC9 can be read and written in 8-bit and 1-bit units.

Figure 4-44: Port Mode Control Register 9 (PMC9) Format (1/3)

Symbol 15 14 13 12 11 10 9 8 Address  After reset
PMC9H |PMC915|PM0914\PM0913|PM0912\PMC911|PM0910\ PMC99 \ PMC98 | FFFFF453H  0000H
R/W RW RW RW RW RW RW R/W R/W

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PMCOL | PMC97 | PMC96 \ PMC95 | PMC94 \ PMC93 | PMC92 \ PMCO1 \ PMC90 | FFFFF452H  0000H
R/W RW  RW RW RW  RW R/W R/W R/W
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Figure 4-44: Port Mode Control Register 9 (PMC9) Format (2/3)

PMC915 P915 pin operation mode specification
0 I/0O port

TIP11/TOP11/INTP6/AD15 Note (TMP1 input1 / TMP1 outputi /
External interrupt input6 / Address/Data bus I/ON°t€)

1

PMC914 P914 pin operation mode specification
0 I/0O port

TIP10/TOP10/INTP5/AD14N°te (TMP1 input0 / TMP1 output0 /
External interrupt input5 / Address/Data bus I/ON°t€)

1

PMC913 P913 pin operation mode specification
0 I/O port

TIP20/TOP20/INTP4/PCL (TMP2 input0 / TMP2 outputO /
External interrupt input4 Programmable clock output)

1

PMC912 P912 pin operation mode specification
0 I/O port

TIP21/TOP21/CS302 (TMP2 input1 / TMP2 output1 /
Chip select2 output forCSI30)

1

PMC911 P911 pin operation mode specification

0 I/O port

1 [DRST] (OCD mode reset input)
PMC910 P910 pin operation mode specification

0 I/O port

1 (CS301)/[DDQ] (Chip select1 for CSI30/0CD mode data output)
PMC99 P99 pin operation mode specification

0 I/O port

1 SCKB1/DMS (Serial clock input/output for CSIB1 /OCD mode set input)
PMC98 P98 pin operation mode specification

0 I/O port

1 SOB1/[DCK] (Serial output for CSIB1 / OCD mode clock input)
PMC97 P97 pin operation mode specification

0 I/O port

1 SIB1/[DDI] (Serial input for CSIB1 / OCD mode data input)

Note: AD14, AD15 and Address/Data bus I/O are only for the yPD70F3403 and pPD70F3403A
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Figure 4-44: Port Mode Control Register 9 (PMC9) Format (3/3)

PMC96 P96 pin operation mode specification
0 I/0 port
1 TXDA1/(CS300) (Serial output for UARTA1 / Chip select 0 for CSI30)
PMC95 P95 pin operation mode specification
0 I/O port
1 RXDA1/(SCK30) (Serial input for UARTA1 / Serial clock input/output for
CSI30)
PMC94 P94 pin operation mode specification
0 1/0 port
1 ASCKA1 /CS303 (Serial clock input for UARTA1 / Chip select3 for CSI30)
PMC93 P93 pin operation mode specification
0 1/0O port
1 TIQ10/TOQ10/CS302 (TMQ1 inputd0 / TMQ1 output0 /Chip select2 for
CSI30)
PMC92 P92 pin operation mode specification
0 I/O port
1 1Q13/TOQ13/CS301 (TMQ1 input3 / TMQ1 output3 / Chip select1 for
CSI30)
PMC91 P91 pin operation mode specification
0 I/0 port
1 TIQ12/TOQ12/CS300 (TMQ1 input2 / TMQ1 output2 / Chip selectO for
CSI30)
PMC90 P90 pin operation mode specification
0 I/O port

1Q11/TOQ11/SCK30 (TMQ1 input1 / TMQ1 output1 / Clock input/output
for CSI30)

User’s Manual U16702EE3V2UDO00

147



Chapter 4 Port Functions

(d) Port function control register 9 (PFC9)

This is a 16-bit register used to specify control mode 1, 2, 3 and 4 with PFCES9.

This register can be read and written only in 16-bit units.

However, when using the higher 8 bits of the PFC9 register as the PFC9H register and the lower
8 bits as the PFCIL register, PFC9 can be read and written in 8-bit and 1-bit units.

Figure 4-45: Port Function Control Register 9 (PFC9) Format

Symbol 15 14 13 12 11 10 9 8 Address  After reset
PFCOH |PF0915\PF0914|PFC913\PF0912\PF0911 \PF0910\ PFC99 \ PFC98 |FFFFF473H 0000H
R/W RW RW RW RW RW RW R/W R/W

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PFCOL | PFC97 \ PFC96 | PFC95 \ PFC94 \ PFC93 \ PFC92 \ PFCO1 \ PFC90 |FFFFF472H 0000H
R/W RW  RW R/W RW  RW R/W R/W R/W

Remark: For details on control mode specification,; refer to Table f, “P9 pin control mode set-
tings,” on page 149.

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

This is a 16-bit register used to specify control mode 1, 2, 3 and 4 with PFC9.

This register can be read and written only in 16-bit units.

However, when using the higher 8 bits of the PFCE9 register as the PFCE9H register and the
lower 8 bits as the PFCEOIL register, PFCE9 can be read and written in 8-bit and 1-bit units.

Figure 4-46: Port Function Control Expansion Register 9 (PFCE9) Format

Symbol 15 14 13 12 11 10 9 8 Address  After reset
PFCE9H|PFCE915‘PFCE914‘PFCE913|PFCE912‘ 0 \ 0 \ 0 \ 0 |FFFFF713H 0000H
R/W R/W R/W R/W R/W RW  RW R/W R/W

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PFCE9L| 0 \ 0 \ 0 | 0 \ PFCEQS‘ PFCE92‘ PFCEQ91 \ PFCE90 |FFFFF712H 0000H
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Remark: For details on control mode specification,; refer to (f) ‘P9 pin control mode settings' on
page 149.
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(f) P9 pin control mode settings

PFCE915 | PFC915 P915 Pin Control Mode Specification
0 0 INTP6
0 1 TOP11
1 0 TIP11
1 1 AD15Nete
PFCE914 | PFC914 P914 Pin Control Mode Specification
0 0 INTP5
0 1 TOP10
1 0 TIP10
1 1 AD14Note

Note: AD14 and AD15 are only for the yPD70F3403 and yPD70F3403A

PFCE913 | PFC913 P913 Pin Control Mode Specification
0 0 INTP4
0 1 TOP20
1 0 TIP20
1 1 PCL
PFCE912 | PFC912 P912 Pin Control Mode Specification
0 0 CS302
0 1 TOP21
1 0 TIP21
1 1 Setting prohibited
PFC99 P99 Pin Control Mode Specification
0 SCKB1
1 [DMS]
PFC98 P98 Pin Control Mode Specification
0 SOB1
1 [DCK]
PFC97 P97 Pin Control Mode Specification
0 SIB1
1 [DDI]
PFC96 P96 Pin Control Mode Specification
0 TxDA1/(CS300)
1 TxDA1
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150

PFC95 P95 Pin Control Mode Specification
0 RxDA1/(SCK30)
1 RxDA1
PFC94 P95 Pin Control Mode Specification
0 CS303
1 ASCKAT
PFCE93 PFC93 P93 Pin Control Mode Specification
0 0 CS302
0 1 TOQ10
1 0 TIQ10
1 1 Setting prohibited
PFCE92 PFC92 P92 Pin Control Mode Specification
0 0 CS301
0 1 TOQ13
1 0 TIQ13
1 1 Setting prohibited
PFCE91 PFCO1 P91 Pin Control Mode Specification
0 0 CS300
0 1 TOQ12
1 0 TIQ12
1 1 Setting prohibited
PFCE90 PFC90 P90 Pin Control Mode Specification
0 0 SCK30
0 1 TOQ11
1 0 TIQ11
1 1 Setting prohibited
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(9) Pull-up resistor option register 9 (PU9)

This is a 16-bit register used to set whether to use an on-chip pull-up resistor.

This register can be read and written only in 16-bit units.

However, when using the higher 8 bits of the PU9 register as the PU9H register and the lower
8 bits as the PUIL register, PU9 can be read and written in 8-bit and 1-bit units.

Figure 4-47: Pull-up Resistor Option Register 9 (PU9) Format

Symbol 15 14 13 12 11 10 9 8 Address  After reset
PU9H | PU915 | PU914 \ PU913 | PU912 \ 0 | PU910 \ PU99 \ PU9S |FFFFFC53H 0000H
R/W RW RW RW RW RW RW R/W R/W

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PUIL | PU97 | PU96 \ PU95 | PU94 \ PU93 | PU92 \ PU91 \ PU90 |FFFFF052H 0000H
R/W RW RW RW RW RW RW R/W R/W

PU9N Connection of a pull-up resistor control (n = 0 to 15)
0 Not connected
1 Connected
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(h) Pull-down resistor option register 9 (PD9)

This is a 16-bit register used to set whether to use an on-chip pull-down resistor.

This register can be read and written only in 16-bit units.

However, when using the higher 8 bits of the PD9 register as the PD9H register and the lower
8 bits as the PUDIL register, PD9 can be read and written in 8-bit and 1-bit units.

Figure 4-48: Pull-down Resistor Option Register 9 (PD9) Format

Symbol 15 14 13 12 11 10 9 8 Address  After reset
PD9H | PD915 | PD914 | PD913 | PD912 |ppg11Note 0 PD99 PD98 |FFFFFCB3H 0000H
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PDIL | PD97 \ PD96 | PD95 \ PD94 \ PD93 \ PD92 \ PD91 \ PD90 |FFFFFCB2H 0000H
R/W RW  RW R/W RW  RW R/W R/W R/W

PD9n Connection of a pull-down resistor control (n = 0 to 15)
0 Not connected
1 Connected

Note: 0 (Default). While OCDM = 01H the built-in pull-down function is enabled for P911, but this state
is not indicated in bit PD911 at that time. Refer to Chapter 22 'On-Chip Debug Function' on
page 767.
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(i) External interrupt falling edge specification register 9H (INTF9H)

This is an 8-bit register used to specify detection of the falling edge for the external interrupt pin.
This register can be read and written in 8-bit or 1-bit units.

Cautions: 1. When switching from the external interrupt function (alternate function) to the
port function, edge detection may occur. Therefore, set the port mode after set-
ting INTF9n = INTR9n bit = 0.

2. An on-chip circuit for eliminating noise through analog delay is provided for
external interrupt input.

Figure 4-49: External Interrupt Falling Edge Specification Register 9H (INTF9H) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
INTFOH ||NTF915||NTF914\|NTF913| 0 \ 0 | 0 \ 0 \ 0 | FFFFFC13H  O0H
R/W RW RW RW RW RW RW R/W R/W

Remark: For details on valid edge specification, refer to Table 4-7, “Valid Edge Specification,” on
page 154.
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(j) External interrupt rising edge specification register 9H (INTR9H)

This is an 8-bit register used to specify detection of the rising edge for the external interrupt pin.
This register can be read and written in 8-bit or 1-bit units.

Cautions: 1. When switching from the external interrupt function (alternate function) to the
port function, edge detection may occur. Therefore, set the port mode after set-
ting INTF9n = INTR9n bit = 0.

2. An on-chip circuit for eliminating noise through analog delay is provided for
external interrupt input.

Figure 4-50: External Interrupt Rising Edge Specification Register 9H (INTR9H) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
INTR9H |INTR91 5\|NTR91 4|INTR91 3\ 0 \ 0 \ 0 \ 0 \ 0 | FFFFFC33H  OOH
R/W RW RW RW RW RW RW R/W R/W

Remark: For details on valid edge specification, refer to Table 4-7, “Valid Edge Specification,” on

page 154.
Table 4-7: Valid Edge Specification
INTFOn INTR9n Valid Edge Specification (n = 13 to 15)
0 0 No edge specified
0 1 Rising edge
1 0 Falling edge
1 1 Both edges

Remark: n = 13to 15: Control of INTP4 to INTP6 pins
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4.3.10 PortCM

Port CM is a 4-bit port for which I/O settings can be controlled in 1-bit units.

(1) Port CM functions
e 4-bit I/0 port
¢ Port input/output specifiable in 1-bit units by port mode register CM (PMCM)
* Port mode/control mode specifiable in 1-bit units by port mode control register CM (PMCCM)
¢ On-chip pull-up resistor specifiable in 1-bit units by pull-up resistor option register CM (PUCM)

¢ On-chip pull-down resistor specifiable in 1-bit units by pull-down resistor option register CM
(PDCM)

See Table 4-8, “Port Type,” on page 170 for alternate functions.

(2) Registers
(a) Port register CM (PCM)

Port register CM (PCM) is an 8-bit register that controls pin level read, output level write. It can be
read and written in 8-bit or 1-bit units.

Figure 4-51: Port Register CM (PCM) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PCM 0 0 gNote | gNote | PCM3 | PCM2 | PCM1 | PCMO | FFFFFOOCH undefined
R/W R/W R/W R/W R/W R/W R/W R/W R/W

PCMn Output data control (in output mode) (n = 0 to 3)
0 Outputs 0
1 Outputs 1

Note: PCM4, PCM5: please set 0 any time.

Remarks: 1. Input mode: When port CM (PCM) is read, the pin levels at this time are read.
During write, the data written to PCM is written. This does not affect the
input pins.

Output mode:  When port CM (PCM) is read, the value of PCM is read. During write
the value is written to PCM and the written value is immediately output.

2. An undefined value (pin input level) is read for the value after reset when PCM is read in
the input mode. When PCM is read in the output mode, 00H (output latch value) is out-
put.
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(b) Port mode register CM (PMCM)

This is an 8-bit register used to specify the input mode/output mode.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-52: Port Mode Register CM (PMCM) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PMCM 1 1 oNote | oNote |PMCM3|PMCM2| PMCM1 | PMCMO | FFFFFO2CH FFH
R/W R/W R/W R/W R/W R/W R/W R/W R/W

PMCMn I/0O mode control (n = 0to 3)
0 Output mode
1 Input mode

Note: PMCM4, PMCMB5: please set 0 any time.

156 User’'s Manual U16702EE3V2UDO00O



Chapter 4 Port Functions

(c) Port mode control register CM (PMCCM)

This is an 8-bit register used to specify the port mode/control mode.
It can be read and written in 8-bit or 1-bit units.

Remark: External bus functions are only valid for the yPD70F3403 and yPD70F3403A

Figure 4-53: Port Mode Control Register CM (PMCCM) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PMCCM 0 0 oNote | oNote |PMCCM3|PMCCM2|PMCCM1|PMCCMO|FFFFF04CH 00H
R/W R/W R/W R/W R/W R/W R/W R/W R/W

PMCCM3 PCMS3 pin operation mode specification
0 I/0O port
1 HLDRAQ input (Bus hold request signal input)
PMCCM2 PCM2 pin operation mode specification
0 I/0O port
1 HLDAK output (Bus hold acknowledge signal output)
PMCCM!1 PCM1 pin operation mode specification
0 I/0O port
1 CLKOUT output (External bus base clock output)
PMCCMO PCMO pin operation mode specification
0 I/0O port
1 WAIT input (External wait input for bus cycle)

Note: PMCCM4, PMCCMB5: please set 0 any time.
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(d) Pull-up resistor option register CM (PUCM)

This is an 8-bit register used to set whether to use an on-chip pull-up resistor.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-54: Pull-up Resistor Option Register CM (PUCM) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PUCM | 0 \ 0 | 0 \ 0 ‘PUCMS \ PUCMQ\ PUCM1 ‘PUCMO |FFFFFA4CH 00H
R/W RW RW RW RW RW RW R/W R/W

PUCMnN Connection of a pull-up resistor control (n = 0 to 3)
0 Not connected
1 Connected

(e) Pull-down resistor option register CM (PDCM)

This is an 8-bit register used to set whether to use an on-chip pull-down resistor.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-55: Pull-down Resistor Option Register CM (PDCM) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PDCM | 0 \ 0 | 0 \ 0 ‘PDCMS \ PDCMZ‘ PDCMH ‘PDCMO |FFFFFAGCH 00H
R/W RW RW RW RW RW RW R/W R/W

PDCMn Connection of a pull-down resistor control (n = 0 to 3)
0 Not connected
1 Connected
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4.3.11 PortCS

Port CS is a 2-bit port for which I/O settings can be controlled in 1-bit units.

(1) Port CS functions
e 2-bit /0 port
¢ Port input/output specifiable in 1-bit units by port mode register CS (PMCS)
¢ Port mode/control mode specifiable in 1-bit units by port mode control register CS (PMCCS)
¢ On-chip pull-up resistor specifiable in 1-bit units by pull-up resistor option register CS (PUCS)

* On-chip pull-down resistor specifiable in 1-bit units by pull-down resistor option register CS
(PDCS)

See Table 4-8, “Port Type,” on page 170 for alternate functions.

(2) Registers
(a) Port register CS (PCS)

Port register CS (PCS) is an 8-bit register that controls pin level read, output level write. It can be
read and written in 8-bit or 1-bit units.

Figure 4-56: Port Register CS (PCS) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PCS gNote | (Note | Note | qNote | Note | Note | PCSq PCSO | FFFFFO08H undefined
R/W R/W R/W R/W R/W R/W R/W R/W R/W

PCSn Output data control (in output mode) (n = 0, 1)
0 Outputs 0
1 Outputs 1

Note: PCS7 to PCS2: please set 0 any time.

Remarks: 1. Input mode: When port CS (PCS) is read, the pin levels at this time are read. During
write, the data written to PCS is written. This does not affect the input
pins.

Output mode:  When port CS (PCS) is read, the value of PCS is read. During write,
the value is written to PCS and the written value is immediately output.

2. An undefined value (pin input level) is read for the value after reset when PCS is read in
the input mode. When PCS is read in the output mode, O0H (output latch value) is out-
put.
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(b) Port mode register CS (PMCS)

This is an 8-bit register used to specify the input mode/output mode.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-57: Port Mode Register CS (PMCS) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PMCS | Note | gNote | (Note | Note | Note | Note | P\|CS1 | PMCSO | FFFFFO28H FFH
R/W R/W R/W R/W R/W R/W R/W R/W R/W

PMCSn I/0 mode control (n =0, 1)
0 Output mode
1 Input mode

Note: PCMS7 to PMCS2: please set 0 any time.

(c) Port mode control register CS (PMCCS)

This is an 8-bit register used to specify the port mode/control mode.
It can be read and written in 8-bit or 1-bit units.

Remark: External bus functions are only valid for the yPD70F3403 and yPD70F3403A

Figure 4-58: Port Mode Control Register CS (PMCCS) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PMCCS | gNote | Note | Note | Note | Note | gNote \PMCCS1PMMCSO| FFFFF048H 00H
R/W R/W R/W R/W R/W R/W R/W R/W R/W

PMCCS1 PCS1 pin operation mode specification
0 I/O port
1 CS1 output (Chip select1 signal output)

PMCCSO0 PCSO0 pin operation mode specification
0 I/O port
1 CSO0 output (Chip select0 signal output)

Note: PMCCS7 to PMCCS2: please set 0 any time.
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(d) Pull-up resistor option register CS (PUCS)

This is an 8-bit register used to set whether to use an on-chip pull-up resistor.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-59: Pull-up Resistor Option Register CS (PUCS) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PUCS \ 0 | 0 \ 0 | 0 \ 0 | 0 \ PUCS1 \ PUCSO | FFFFFA48H  OO0H
R/W RW RW RW RW RW RW R/W R/W

PUCSNn Connection of a pull-up resistor control (n =0, 1)
0 Not connected
1 Connected

(e) Pull-down resistor option register CS (PDCS)

This is an 8-bit register used to set whether to use an on-chip pull-down resistor.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-60: Pull-down Resistor Option Register CS (PDCS) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PDCS | © | 0 \ 0 | 0 \ 0 | 0 \ PDCS1 \ PDCSO0 | FFFFFA68H  OOH
R/W RW RW RW RW RW RW RW R/W

PDCSn Connection of a pull-down resistor control (n =0, 1)
0 Not connected
1 Connected
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4.3.12 PortCT

Port CT is a 4-bit port for which 1/O settings can be controlled in 1-bit units.

(1) Port CT functions

e 4-bit I/O port

¢ Port input/output specifiable in 1-bit units by port mode register CT (PMCT)

¢ Port mode/control mode specifiable in 1-bit units by port mode control register CT (PMCCT)
¢ On-chip pull-up resistor specifiable in 1-bit units by pull-up resistor option register CT (PUCT)

¢ On-chip pull-down resistor specifiable in 1-bit units by pull-down resistor option register CT
(PDCT)

See Table 4-8, “Port Type,” on page 170 for alternate functions.

(2) Registers
(a) Port register CT (PCT)

Port register CT (PCT) is an 8-bit register that controls pin level read, output level write. It can be
read and written in 8-bit or 1-bit units.

Figure 4-61: Port Register CT (PCT) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PCT oNote | PCT6 | oNote | PCT4 | Note gNote PCTH PCTO |FFFFFOOAH undefined
R/W R/W R/W R/W R/W R/W R/W R/W R/W

PCTn Output data control (in output mode) (n =0, 1, 4, 6)
0 Outputs 0
1 Outputs 1

Note: PCT7, PCT5, PCT3, PCT2: please set 0 any time.

Remarks: 1. Input mode: When port CT (PCT) is read, the pin levels at this time are read. During
write, the data written to PCT is written. This does not affect the input
pins.

Output mode: When port CT (PCT) is read, the value of PCT is read. During write,
the

value is written to PCT and the written value is immediately output.

2. An undefined value (pin input level) is read for the value after reset when PCT is read in
the input mode. When PCT is read in the output mode, O0H (output latch value) is out-
put.
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(b) Port mode register CT (PMCT)

This is an 8-bit register used to specify the input mode/output mode.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-62: Port Mode Register CT (PMCT) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PMCT | oNote | PMCT6| Note | PMCT4 | Note | gNote | pPMCT1 | PMCTO | FFFFFO2AH FFH
R/W R/W R/W R/W R/W R/W R/W R/W R/W

PMCTn 1/0O mode control (n =0, 1, 4, 6)
0 Output mode
1 Input mode

Note: PMCT7, PMCT5, PMCT3, PMCT2: please set 0 any time.
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(c) Port mode control register CT (PMCCT)

This is an 8-bit register used to specify the port mode/control mode.
It can be read and written in 8-bit or 1-bit units.

Remark: External bus functions are only valid for the yPD70F3403 and uPD70F3403A

Figure 4-63: Port Mode Control Register CT (PMCCT) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PMCCT | oNote PMCCT6| oNote |PMCCT4| oNote oNote \PMCCT1|PMCCTO| FFFFFO4AH OOH
R/W R/W R/W R/W R/W R/W R/W R/W R/W

PMCCT6 PCT®6 pin operation mode specification
0 1/0 port
1 ASTB output (Address strobe output)

PMCCT4 PCT4 pin operation mode specification
0 1/0 port
1 RD output (Read strobe output)

PMCCTH1 PCT1 pin operation mode specification
0 1/0 port
1 WR1 output (Higher byte Write strobe output)

PMCCTO PCTO pin operation mode specification
0 1/0 port
1 WRO output (Lower byte Write strobe output)

Note: PMCCT7, PMCCT5, PMCCT3, PMCCT2: please set 0 any time.
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(d) Pull-up resistor option register CT (PUCT)

This is an 8-bit register used to set whether to use an on-chip pull-up resistor.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-64: Pull-up Resistor Option Register CT (PUCT) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PUCT \ 0 | PUCT6 \ 0 | PUCT4 \ 0 | 0 \ PUCTH \ PUCTO |FFFFFA4AH 00H
R/W RW RW RW RW RW RW R/W R/W

PUCTnN Connection of a pull-up resistor control (n =0, 1, 4, 6)
0 Not connected
1 Connected

(e) Pull-down resistor option register CT (PDCT)

This is an 8-bit register used to set whether to use an on-chip pull-down resistor.
This register can be read and written in 8-bit or 1-bit units.

Figure 4-65: Pull-down Resistor Option Register CT (PDCT) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PDCT \ 0 | PDCT6 \ 0 | PDCT4 \ 0 | 0 \ PDCT1 \ PDCTO |FFFFFA6AH 00H
R/W RW RW RW RW RW RW R/W R/W

PDCTn Connection of a pull-down resistor control (n =0, 1, 4, 6)
0 Not connected
1 Connected
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4.3.13 Port DL

Port DL is a 14-bit port for which I/O settings can be controlled in 1-bit units.

(1) Port DL functions

e 14-bit I/O port
e Port input/output specifiable in 1-bit units by port mode register DL (PMDL)
¢ Port mode/control mode specifiable in 1-bit units by port mode control register DL (PMCDL)

See Table 4-8, “Port Type,” on page 170 for alternate functions.

(2) Registers
(a) Port register DL (PDL)

Port register DL (PDL) is a 16-bit register used to control pin level read and output level write.
This register can be read and written in 8-bit and 1-bit units.

However, when using the higher 8 bits of the PDL register as the PDLH register and the lower

8 bits as the PDLL register, PDL becomes two 8-bit registers for which I/O can be manipulated in
8-bit or 1-bit units.

Figure 4-66: Port Register DL (PDL) Format

Symbol 15 14 13 12 11 10 9 8 Address  After reset
PDLH | 0 \ 0 \ PDL13 \ PDL12 \ PDL11 \ PDL10 \ PDL9 \ PDLS |FFFFF005H undefined
R/W RW RW RW RW RW RW RW RW

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PDLL | PDL7 \ PDL6 | PDL5 \ PDL4 \ PDL3 \ PDL2 \ PDLA1 \ PDLO |FFFFFOO4H undefined
R/W RW RW RW RW RW RW R/W R/W

PDLn Output data control (in output mode) (n =0 to 13)
0 Outputs 0
1 Outputs 1
Remarks: 1. Input mode: When port DL (PDL) is read, the pin levels at this time are read. During
write, the data written to PDL is written. This does not affect the input
pins.

Output mode:  When port DL (PDL) is read, the value of PDL is read. During write, the
value is written to PDL and the written value is immediately output.

2. An undefined value (pin input level) is read for the value after reset when PDL is read in
the input mode. When PDL is read in the output mode, 00H (output latch value) is out-
put.
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(b) Port mode register DL (PMDL)

This is a 16-bit register used to specify the input mode/output mode.
This register can be read and written only in 16-bit units.
However, when using the higher 8 bits of the PMDL register as the PMDLH register and the lower
8 bits as the PMDLL register, PMDL can be read and written in 8-bit and 1-bit units.

Symbol
PMDLH
R/W

Symbol

R/W

Figure 4-67: Port Mode Register DL (PMDL) Format

Address  After reset
FFFFFO25H FFFFH

Address  After reset

15 14 13 12 11 10 9 8
oNote | oNote |PMDL13|PMDL12|PMDL11|PMDL10| PMDL9 | PMDLS
R/W R/W R/W RW  RW R/W R/W R/W
7 6 5 4 3 2 1 0
PMDLL |PMDL7 | PMDL6 \ PMDL5 | PMDL4 \ PMDL3 | PMDLZ‘ PMDL1 \ PMDLO | FFFFF024H  FFFFH
RW  RW RW RW  RW R/W R/W R/W
PMDLn I/0 mode control (n =0 to 13)
0 Output mode
1 Input mode

Note: PMDL14 and PMDL15: please set 0 any time.
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(c) Port mode control register (PMCDL)

This is a 16-bit register used to specify the port mode/control mode.

This register can be read and written only in 16-bit units.

However, when using the higher 8 bits of the PMCDL register as the PMCDLH register and the
lower 8 bits as the PMCDLL register, PMCDL can be read and written in 8-bit and 1-bit units.

Remark: External bus functions are only valid for the yPD70F3403 and uPD70F3403A

Figure 4-68: Port Mode Control Register DL (PMCDL) Format

Symbol 15 14 13 12 11 10 9 8 Address  After reset
PMCDLHl 0 \ 0 ‘PMCDL13 PMCDL12PMCDL11|PMCDL1 O|PMCDL9‘PMCDL8| FFFFF045H 0000H
R/W RW  RW R/W R/W R/W R/W R/W R/W

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PMCDLLlPMCDL?‘PMCDLG‘ PMCDL5 | PMCDL4 | PMCDL3 PMCDL2|PMCDL1‘PMCDLO|FFFFF044H 0000H
R/W R/W R/W R/W R/W R/W R/W R/W R/W

PMCDLn PDLn pin operation mode specification (n = 0 to 13)
0 I/0 port
1 ADn I/O (address/data bus 1/0O)
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4.4 Port Function Operation

The port operation differs according to the I/O mode settings, as follows.

4.4.1 Write to I/O ports

(1M

e

Output mode

Values are written to output latches using transfer instructions. Moreover, the output latch contents
are output to the pin. Once data has been written to an output latch, it is held until data is newly
written to that output latch.

Input mode

Values are written to output latches using transfer instructions. However, since the output buffer is
off, the status of the pin does not change.

Once data has been written to an output latch, it is held until data is newly written to that output
latch.

Caution: In the case of a 1-bit memory manipulation instruction, the manipulation target is 1

bit, but the port is accessed in 8-bit units. Therefore, for ports where input and output
are mixed, the contents of output latches of pins specified for input other than the
manipulation target bit become undefined.

4.4.2 Read from I/O port

M

2

Output mode

The contents of the output latch are read using a transfer instruction. The contents of the output
latch do not change.

Input mode
The pin status is read using a transfer instruction. The contents of the output latch do not change.

4.4.3 1/0 port calculation

M

&)

Output port

Calculation for the output latch contents is performed and the result is written to the output latch.
The output latch contents are output to the pin.

Once data has been written to an output latch, it is held until data is newly written to that output
latch.

Input mode

The output latch contents become undefined. However, since the output buffer is off, the pin status
does not change.

Caution: In the case of a 1-bit memory manipulation instruction, the manipulation target is 1

bit, but the port is accessed in 8-bit units. Therefore, for ports where input and output
are mixed, the contents of output latches of pins specified for input other than the
manipulation target bit become undefined.
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Chapter 4 Port Functions

4.5 Port Type

Table 4-8: Port Type (1/3)

Pin name Alternate Function I/0 Port block Type Note 1
P00 SI31 E-SD1
PO1 SO31 E-SD4
P02 SCK31 E-SD7E
Port 0 P03 CS310 I/O E-SDW4
P04 CS311 E-SD4
P05 CS312/INTP2 N-SDW7
P06 CS313/INTP3 N-SD7
P10 INTPO L-SD1
Port 1 P11 TIP31/TOP31 I/0 G-SD7
P12 TIP30/TOP30/ADTRG U-SD8
P30 TXDAO/[ASCKAQ] E-SDW7
P31 RXDAO/INTP7 N-SD2
P32 ASCKAO/[TXDAOJ/(CS310) E-SDW10
P33 CTXDO E-SD4
Port 3 P34 CRXDO I/0 E-SD1L
P35 CRXD1 E-SD1L
P36 CTXD1 E-SD4
P37 TIPOO/TOPOO/INTP1/(CS312) W-SDW11
P38 TIPO1/TOPO1 G-SD7
P40 SIBO E-SD1
Port 4 P41 SOBO I/0 E-SD4
P42 SCKBO E-SD7
P50 TIQ01/TOQO1 G-SD7
P51 TIQ02/TOQ02 G-SD7
Port 5 P52 TIQ03/TOQ03 /o G-SD7
P53 TIQ00/TOQ00 G-SD7
P54 SI30 E-SD1
P55 SO30 E-SD4
Port 7 P70 - P715 ANIO-ANI15 I/0 A-1

Notes: 1.

Referto 4.6 Port Block Types

The P911 pin’s alternate functions are pins for on-chip debugging. After reset, the P911/SOB2/[DRST]
pins are initialized to the on-chip debugging pin DRST. When using the P911 pin as a port and not as
an on-chip debugging pin, the following handling is required.

<1> Write “0” to OCDMO bit of OCDM register.
<2> P911/SOB2/[DRST] pin input to “L” until handling <1> above is completed.

Setting DRST = “H” before the above handling is performed when not using on-chip debugging will
cause malfunction (CPU deadlock). Although P911 pin has built-in pull down resister, be careful about
the handling of the P911 pin.

3. Externally pulling down the P911 pin is recommended.

Since the pin AD5/FLMD1 is set in the flash programming mode, it need not be manipulated with the
port control register. For details, refer to CHAPTER 17 FLASH MEMORY.

170

User’'s Manual U16702EE3V2UDO00O




Chapter 4 Port Functions

Table 4-8: Port Type (2/3)

Pin name Alternate Function I/0 Port block Type Note 1
P90 TIQ11/TOQ11/SCK30 U-SDW11E
P91 TIQ12/TOQ12/CS300 U-SDW10
P92 TIQ13/TOQ13/CS301 U-SDW10
P93 TIQ10/TOQ10/CS302 U-SDW10
P94 ASCKA1/CS303 /o G-SD7A
P95 RXDA1/(SCK30) G-SDWSE
P96 TXDA1/(CS300) G-SDW6
P97 SIB1/{DDI} G-SDhJ2
Port 9
P98 SOB1/{DCK} G-SDJ5
P99 SCKB1/{DMS} G-SDJ8E
P910 {CS301}/{DDO} E-SWJ7
P911 (DRST) Notes 2, 3 E-DWJ4
P912 TIP21/TOP21/(CS302) U-SDW11
P913 TIP20/TOP20/INTP4/PCL W-SD11
P914 TIP10/TOP10/INTP5/(AD14) W-SD12E
P915 TIP11/TOP11/INTP6/(AD15) W-SD12E
PCMO WAIT E-D1/C-D1(70F3402)
PCM1 CLKOUT E-D4/C-D1(70F3402)
Port CM I/O
PCM2 HLDAK E-D4/C-D1(70F3402)
PCM3 HLDAQ E-D1/C-D1(70F3402)
PCSO CSo E-D4/C-D1(70F3402)
Port CS — I/0
PCS1 CS1 E-D4/C-D1(70F3402)
PCTO WRO E-D4/C-D1(70F3402)
PCT1 WR1 E-D4/C-D1(70F3402)
Port CT — I/O
PCT4 RD E-D4/C-D1(70F3402)
PCT6 ASTB E-D4/C-D1(70F3402)
Notes: 1. Referto 4.6 Port Block Types
2. The P911 pin’s alternate functions are pins for on-chip debugging. After reset, the P911/SOB2/[DRST]
pins are initialized to the on-chip debugging pin DRST. When using the P911 pin as a port and not as
an on-chip debugging pin, the following handling is required.
<1> Write “0” to OCDMO bit of OCDM register.
<2> P911/SOB2/[DRST] pin input to “L” until handling <1> above is completed.
Setting DRST = “H” before the above handling is performed when not using on-chip debugging will
cause malfunction (CPU deadlock). Although P911 pin has built-in pull down resister, be careful about
the handling of the P911 pin.
3. Externally pulling down the P911 pin is recommended.
4. Since the pin AD5/FLMD1 is set in the flash programming mode, it need not be manipulated with the

port control register. For details, refer to CHAPTER 17 FLASH MEMORY.

User’s Manual U16702EE3V2UDO00 171



Chapter 4 Port Functions

Table 4-8: Port Type (3/3)

Pin name Alternate Function /0 Port block Type Note 1
PDLO ADO D-7E/B (70F3402)
PDLA1 AD1 D-7E/B (70F3402)
PDL2 AD2 D-7E/B (70F3402)
PDL3 AD3 D-7E/B (70F3402)
PDL4 AD4 D-7E/B (70F3402)
PDL5 AD5/FLMD1Note 4 D-7E/B (70F3402)

Port DL PDL6 AD6 Ve D-7E/B (70F3402)
PDL7 AD7 D-7E/B (70F3402)
PDL8 ADS8 D-7E/B (70F3402)
PDL9 AD9 D-7E/B (70F3402)
PDL10 AD10 D-7E/B (70F3402)
PDL11 AD11 D-7E/B (70F3402)
PDL12 AD12 D-7E/B (70F3402)
PDL13 AD13 D-7E/B (70F3402)
AVREFo -
AVss -
FLMDO -
REGC )
RESET -
X1 -
X2 -
Vbbo -
Vsso -
Vbb1 -
Vsst -
BVbp -
BVss -
REGCO -
REGCH1 -

Notes: 1. Referto 4.6 Port Block Types

2. The P911 pin’s alternate functions are pins for on-chip debugging. After reset, the P911/SOB2/[DRST]

pins are initialized to the on-chip debugging pin DRST. When using the P911 pin as a port and not as
an on-chip debugging pin, the following handling is required.

<1> Write “0” to OCDMO bit of OCDM register.
<2> P911/SOB2/[DRST] pin input to “L” until handling <1> above is completed.

Setting DRST = “H” before the above handling is performed when not using on-chip debugging will
cause malfunction (CPU deadlock). Although P911 pin has built-in pull down resister, be careful about
the handling of the P911 pin.

3. Externally pulling down the P911 pin is recommended.

Since the pin AD5/FLMD1 is set in the flash programming mode, it need not be manipulated with the
port control register. For details, refer to CHAPTER 17 FLASH MEMORY.
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Chapter 4 Port Functions

4.6 Port Block Types

4.6.1 Port block type E-SD1

Figure 4-69: Type E-SD1 Block Diagram
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Chapter 4 Port Functions

4.6.2 Port block type E-SD4

Figure 4-70: Type E-SD4 Block Diagram
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Chapter 4 Port Functions

4.6.3 Port block type E-SD7E

Figure 4-71: Type E-SD7E Block Diagram
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Chapter 4 Port Functions

4.6.4 Port block type E-SDW4

176

Internal Bus

Figure 4-72: Type E-SDW4 Block Diagram
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Chapter 4 Port Functions

4.6.5 Port block type N-SDW7

Figure 4-73: Type N-SDW?7 Block Diagram
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Chapter 4 Port Functions

4.6.6 Port block type N-SD7

Figure 4-74: Type N-SD7 Block Diagram
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4.6.7 Port block type L-SD1

Figure 4-75: Type L-SD1 Block Diagram
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4.6.8 Port block type G-SD7

Figure 4-76: Type G-SD7 Block Diagram

Input signal on

RD control mode ™

EVbp
WRey
M\
O ‘{ PUmn } Do_l Pen
WRerc
AR 1
N2 PFCmn |
WRPMC
AR 1
N2 PMCmn |
WRem
AR 1
NG | PMmn |
Output signal on ‘_
o | WRporT control mode 5
@ 3
T ko
g (%))
H%%I P O e
[
~ [ 1
N s .
: 5
s ©
"’ & T
}
Address :OD

WRep

PDmn | I ~ Nch

180 User’'s Manual U16702EE3V2UDO00O



Chapter 4 Port Functions

4.6.9 Port block type U-SD8

Figure 4-77: Type U-SD8 Block Diagram

EVbp
WRpu
"\
O ‘{ PUmn } >o—| Pch
WRprce

C\\

%

-
T
M
(@]
m
3
=}

WRprc
(O] PFomn |
WRemc
O —{ PMCmn }
WRpy
[
O ~| PMmn }
Output signal on B
o | WReorr control mode §
o] [&]
m @
© ] %
g Pmn | '—© Pmn
= .
A N :
N =) ’7‘6
[&] -—
@ [&]
8 o
I %] i
}
Address ;‘ )
Input signal-1 N
RD on control mode 8
[&]
o
WRepp Input signal-2 3 {
on control mode
—é——{ PDmn I I "~ Neh

User’s Manual U16702EE3V2UDO00 181



Chapter 4 Port Functions

4.6.10 Port block type N-SD2

Figure 4-78: Type N-SD2 Block Diagram
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Chapter 4 Port Functions

4.6.11 Port block type E-SDW10

Figure 4-79: Type E-SDW10 Block diagram
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Chapter 4 Port Functions

4.6.12 Port block diagram E-SD1L

Figure 4-80: Type E-SD1L Block Diagram
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Chapter 4 Port Functions

4.6.13 Port block type W-SDW11

Figure 4-81: Type W-SDW11 Block Diagram
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Chapter 4 Port Functions

4.6.14 Port block type E-SD7

Figure 4-82: Type E-SD7 Block Diagram
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Chapter 4 Port Functions

4.6.15 Port block type A-1

Figure 4-83: Type A-1 Block Diagram
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Chapter 4 Port Functions

4.6.16 Port block type U-SDW11E

Figure 4-84: Type U-SDW11E Block Diagram
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Chapter 4 Port Functions

4.6.17 Port block type G-SD7A

Internal Bus

Figure 4-85: Type G-SD7A Block Diagram
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Chapter 4 Port Functions

4.6.18 Port block type G-SDWS8E
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Figure 4-86: Type G-SDWS8E Block Diagram
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Chapter 4 Port Functions

4.6.19 Port block type G-SD6

Figure 4-87: Type G-SD6 Block Diagram
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Chapter 4 Port Functions

4.6.20 Port block type G-SDJ2

Figure 4-88: Type G-SDJ2 Block Diagram

Output enable signal 2 EVop
WRey on OSD mode
N\4
AR | | |
u | PUmn | {>C I PCh
WReec
AN L] ]
NG PFCmn I
WRpmc
N ]
NG| PMCmn |
WRem
Jan 1 )
O—~_pymn__|
[2] WRPORT
>
m
©
5 | Pmn I {\K O)Pmn
E
] L
N e ’7%
© Q
n |i 1
Address
RD )
Input signal-1
on control mode
Input signal-2
on control mode
(Active low)
DDI \/iﬁ |
(Active low)
WReo |
AV,

PDmn I I%Nch

192 User’'s Manual U16702EE3V2UDO00O
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4.6.21 Port block type G-SDJ5
Figure 4-89: Type G-SDJ5 Block Diagram
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4.6.22 Port block type G-SDJSE
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Internal Bus

Figure 4-90: Type G-SDJ8BE Block Diagram
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4.6.23 Port block type E-DWJ4

Type E-DWJ4 Block Diagram
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Chapter 4 Port Functions

4.6.24 Port block type U-SDW11

Figure 4-92: Type U-SDW11 Block Diagram

EVbp
WRey PSWAPI[1]
M\
AN | >O |
u I PUmn l PCh
WRprce
Output enable signal
D [ ] of control mode
NG | PFCEmn |
WRprc
A |
u | PFCmn |
WRpmc
AN L | .
N | PMCmn |
WRem
fan | '
O—~[_Pumn__|
*— —
Output signal-1 :D 5
on control mode s
o | WReorr  Output signal-2 < 2
B on control mode 9 3
= (O]
o »n
g | Pmn } @ Pmn
= ’—
- S |- Ny
\V 3 ’7%
[0 =
Bl @
Address
RD Input signal-1 _ .
on control mode g
Input signal-2 %
on control mode n
WRep
PDmn I I Nch
\/

196 User’'s Manual U16702EE3V2UDO00O
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4.6.25 Port block type W-SD11

Figure 4-93: Type W-SD11 Block Diagram
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Chapter 4 Port Functions

4.6.26 Port block type W-SD12E
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Figure 4-94: Type W-SD12E Block Diagram
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Chapter 4 Port Functions

4.6.27 Port block type U-SDW10

Figure 4-95: Type U-SDW10 Block Diagram

EVop
WRey PSWAP[1]
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>
m Il
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£ on control mode 5
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on control mode n 3
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(0] —_—
Bl @
Address
RD
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O I PDmn I I Nch
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4.6.28 Port Block type G-SDW6

200

Figure 4-96: Type G-SDW6 Block Diagram
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Chapter 4 Port Functions

4.6.29 Port block type E-D1

Figure 4-97: Type E-D1 Block Diagram
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4.6.30 Port block type E-D4

Figure 4-98: Type E-D4 Block Diagram
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Chapter 4 Port Functions

4.6.31 Port block type D-7E

Figure 4-99: Type D-7E Block Diagram
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Chapter 4 Port Functions

4.6.32 Port block type C-D1

Figure 4-100: Type C-D1 Block Diagram
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Chapter 4 Port Functions

4.6.33 Port block type B

Figure 4-101: Type B Block Diagram
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Chapter 5 Bus Control Function

The yPD70F3403 and pPD70F3403A are provided with an external bus interface function by which
external memories such as ROM and RAM, and I/O can be connected.

Cautions: 1. Do not set up any external bus interface configuration to the yPD70F3402.

2. External bus interface functions are only described for the pPD70F3403 and
HPD70F3403A microcontrollers.

5.1 Features

e Qutput is selectable from a multiplexed bus with a minimum of 3 bus cycles.
e 8-bit/16-bit data bus selectable

e Wait function
- Programmable wait function of up to 7 states
- External wait function using WAIT pin

¢ Idle state function

e Bus hold function

¢ Little-Endian format

e address misalign function

* Chip Select output function (CS0, CS1).
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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 (Multiplexed Bus)

Bus Control Pin Alternate-Function Pin I/0 Function
ADO to AD15 PDLO to PDL15 I/0 Address/data bus
WAIT PCMO Input External wait control
CLKOUT PCMA1 Output | Internal system clock
CS0, CS1 PCS0, PCS1 Output | Chip select signal
WRO0, WR1 PCTO, PCTH Output | Write strobe signal
RD PCT4 Output | Read strobe signal
ASTB PCT6 Output | Address strobe signal
HLDRQ PCM3 Input
TIDAK PoM2 Output Bus hold control

5.2.1 Pin status when internal ROM, internal RAM, or peripheral I/O is accessed

Table 5-2: Pin Status When Internal ROM, Internal RAM, or Peripheral I/O Is Accessed

Access Destination Address Bus Data Bus Control Signal

ADO to AD15 undefined Hi-Z Inactive

5.2.2 Pin status in each operation mode

For the pin status of the VB50E/RS1 in each operation mode, refer to 2.3 ”Description of Pin Func-
tions” on page 45.
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Chapter 5 Bus Control Function
5.3 Memory Block Function

The 64 MB memory space is divided into memory blocks of 2 MB. The programmable wait function and
bus cycle operation mode for each of these blocks can be independently controlled in one-block units.

Figure 5-1: Data Memory Map
3l ool S B —— 3FF FFFFH
Internal peripheral I/O area
(4 KB) 3FF F0O0OH
(80 KB) 3FF EFFFH
3FE COO0OH
SFE BEFFH v Internal RAM area
! (60 KB)
x 3FF 0000H
| 3FE FFFFH
' Use prohibited
| 3FE FOOOH
\ 3FE EFFFH
‘\ aFCAN area
(12 MB)
R 3FE COO00H
Use prohibited
ST 3F FFFFH
External memory area
; (2 MB)
040 0000H / 20 0000H
03F FFFFH | |4 S 1F FFFFH
Memory block 1 cs1 S External memory area
2 MB /
020 0000H ( ) / (1 MB) 10 0000H
01F FFFFH [ |4 OF FFFFH
Memory block 0 Ccso Internal ROM area Nt
(2 MB) (1 MB)
oco co0O0H L0 NY_ 00 0000H
Note: This area is an external memory area in the case of a data write access.
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Chapter 5 Bus Control Function

5.3.1 Chip select control function

Of the 64 MB (linear) address space, the lower 4 MB (0000000H to 03FFFFFH) include two chip select
control functions, CS0 and CS1. The areas that can be selected by CS0 and CS1 are fixed. as shown in
Table 5-3. By using these chip select control functions, the memory block can be divided to enable

effective use of the memory space.
However, since the V850E/RS1 has sixteen address pins (PDLO/ADO to PDL15/AD15), 64 KB

addresses can be selected linearly.

Table 5-3: Allocation of the Memory Blocks

V850E/RS1
CSo 0000000H to 01FFFFFH (2 MB)
CSt 0200000H to 03FFFFFH (2 MB)
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Chapter 5 Bus Control Function

5.4 Bus Access

5.4.1 Number of clocks for access

The following table shows the number of base clocks required for accessing each resource.

Area (Bus Width)
Bus Cycle Type

Area (Bus Width)

Internal ROM (32 bits)

Internal RAM (32 bits)

External Memory (16 bits)

Instruction fetch (normal access) 1 1Note 1 3+ nNote2
Instruction fetch (branch) 2 1 3 4 Note 2
Operand data access 3 1 3 4 n Note 2

Notes: 1. 2 if a conflict with a

data access occurs.

2. n: Number of wait states.

Remark: Unit: Clocks/access
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Chapter 5 Bus Control Function

5.4.2 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 V850E/RS1 (0000000H to 03FFFFFH) is selected by CS0 and CS1.

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

Caution: Write to the BSC register after reset, and then do not change the set values. Also, do
not access an external memory area other than the one for this initialization routine
until the initial settings of the BSC register are complete. However, external memory
areas whose initial settings are complete may be accessed.

Figure 5-2: Bus Size Configuration Register (BSC) Format

Symbol 15 14 13 12 11 10 9 8 Address  After reset
Bsc | o | 1+ | o [ 1t | o | 1t | o | 1 |FFFFFOB6H 5555H
R/W
6 5 4 3 2 1 0
| o | + | o | 1+ | o |Bsto| o | BSoo |
I 1
CSn signal CSi CSo
BSn0 Data bus width of CSn space (n=0to 1)
0 8 bits
1 16 bits

Caution: Be sure to set bits 14, 12, 10, 8, 6, 4 to 1, and clear bits 15,13, 11,9, 7, 5,3, 110 0.
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Chapter 5 Bus Control Function

5.4.3 Access by bus size

The VB850E/RS1 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.
e 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 V850E/RS1 supports only the Little-Endian format.

Figure 5-3: Little-Endian Address in Word

31 24 23 1617 87 0
000BH 000AH 0009H 0008H
0007H 0006H 0005H 0004H
0003H 0002H 0001H 0000H
(1) Byte access (8 bits)
(a) 16-bit data bus width
<1> Access to even address (2n) <2> Access to odd address (2n + 1)
Address Address
15777 15
Pl 2n+ 1
8 8
7 7 7 70
2n Pl
0 0 0 0:..
Byte data External Byte data External
data bus data bus
(b) 8-bit data bus width
<1> Access to even address (2n) <2> Access to odd address (2n + 1)
Address Address
7 7 7 7
2n 2n + 1
0 0 0 0
Byte data External Byte data External
data bus data bus
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Chapter 5 Bus Control Function

(2) Halfword access (16 bits)

(a) With 16-bit data bus width

<1> Access to even address (2n)

Address

15 15
8 8
7 7
2n
0 0
Halfword External
data data bus

2n+1

(b) 8-bit data bus width

<1> Access to even address (2n)

1-st Access
15
8
7 7
2n
0 0
Halfword External
data data bus
214

Address

2-nd Access
8 Address
7 7
2n +1
0 0
Halfword External
data data bus

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

1-st Access

Halfword
data

Address

2n +1

External
data bus

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

1-st Access
15
8 Address
7 7
2n +1

0 0
Halfword External

data data bus
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2-nd Access
Address
15
8
7
2n + 2
0
Halfword External
data data bus
2-nd Access
15
8 Address
7 7
2n+2
0 0
Halfword External
data data bus



Chapter 5 Bus Control Function

(3) Word access (32 bits)

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

<1> Access to address (4n)

1-st Access 2-nd Access
31 [ ] 31 [ ]
24 || 24 |
23 23
16 |_| - Address 16 || - Address
15 15 15 15
4n + 1 4n + 3
8| 8| 8 | 8 |
7 7 7 7
4n 4n + 2
0| 0| 0 | 0 |
Word data External Word data External
data bus data bus
<2> Access to address (4n + 1)
1-st Access 2-nd Access 3-rd Access
31 [ ] 31 [ ] 31 [ ]
24 || 24 || 24 | ]
23 23 23
16 | Address 16 [ - Address 16 [ Address
15 15 15 15 15 157
4n +1 4n+3 P
8| 8 8| 8| 8| 8: ¢
7 7 7 7 7 7
P 4n +2 an+4
o] o ol ol ol 0
Word data External Word data External Word data External
data bus data bus data bus
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(a) 16-bit data bus width (2/2)

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

1-st Access 2-nd Access
31 [ ] 31 [ ]
24 || 24 ||
23 23
16 [ . Address 16 || - Address
15 15 15 15
4n+3 4n+35
81 | 8 | 8 | 8|
7 7 7 7
4n + 2 4n + 4
0 | 0l | (N I 0l |
Word data External Word data External
data bus data bus
<4> Access to address (4n + 3)
1-st Access 2-nd Access 3-rd Access
31 [ ] 31 [ 1 31 [ ]
24 | | 24| | 24 | |
23 23 23
16 || Address 16 || - Address 16 || . Address
15 15 15 15 15 155 '
4n+3 4n+5 P
8| 8 8| 8| 8| g
7 7T 7 7 7 7
P an+4 4n+6
o] 0 i o] o] o] 0
Word data External Word data External Word data External
data bus data bus data bus
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Chapter 5 Bus Control Function

(b) 8-bit data bus width (1/2)

1-st Access
31 [ ]
24| |
23
16 ||
15
8 Address
7 7
4n

o[ | 0
Word data External

data bus

1-st Access
31 [ ]
24| |
23
16 ||
15
8 Address
71 7
4n +1

o | 0
Word data External

data bus

<1> Access to address (4n)

3-rd Access
31 [ ]
24 |
23
16 ||
15
8| | Address
7 7
4n + 2

0] | 0
Word data External

data bus

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

2-nd Access

31 [ ]

24 |

23

16 ||

15

8 Address
7] 7

4n +1

0] | 0

Word data External

data bus
2-nd Access

31 [ ]
24 |
23

16 ||

15

8 Address
711 7

4n +2

o[ | 0

Word data External

data bus

3-rd Access
31 [ ]
24| |
23
16 ||
15
8 Address
71 7
4n +3
o] 0
Word data External
data bus
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4-th Access

31 [ ]

24| |

23

16 ||

15

8 Address
7] 7

4n+3

(O I 0

Word data External

data bus
4-th Access

31 [ ]
24| |
23

16 ||

15

8 Address
71 7

4n + 4

o | 0

Word data External

data bus
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(b) 8-bit data bus width (2/2)

1-st Access
31 [ ]
24 |
23
16 ||
15
8 Address
71 7
4n + 2
0] | 0
Word data External
data bus
1-st Access
31 [ ]
24 |
23
16 ||
15
8 Address
71 7
4n+3
0] | 0
Word data External
data bus
218

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

2-nd Access 3-rd Access
31 [ ] 31 [ ]
24| | 24 | |
23 23
16 || 16 ||
15 15
8 Address 8 Address
7] 7 7] 7
4n+ 3 4n + 4
0L | 0 0] | 0
Word data External Word data External
data bus data bus
<4> Access to address (4n + 3)
2-nd Access 3-rd Access
31 [ ] 31 [ ]
24| | 24 | |
23 23
16 || 16 ||
15 15
8 Address 8 Address
7] 7 7] 7
4n+ 4 4n+5
(O I 0 0] | 0
Word data External Word data External
data bus data bus
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4-th Access

31 [ ]

24| |

23

16 ||

15

8 Address
71 7

4n+5

o[ | 0

Word data External

data bus
4-th Access

31 [ ]
24| |
23

16 ||

15

8 Address
71 7

4n +6

o[ | 0

Word data External

data bus



Chapter 5 Bus Control Function

5.5 Wait Function

5.5.1 Programmable wait function

(1) Data wait control register 0 (DWCO0)

To realize interfacing with a low-speed memory or /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 for each chip select area (CS0, CS1) by using data
wait control register 0 (DWCO0). Immediately after system reset, 7 data wait states are inserted for
all the blocks.

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

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 other than the one for this
initialization routine until the initial settings of the DWCO register are complete.
However, external memory areas whose initial settings are complete may be
accessed.

Figure 5-4: Data Wait Control Register 0 (DWCO0) Format

Symbol 15 14 13 12 11 10 9 8 Address  After reset
pweo [ o | 1+ | 1+ | 1+ | o | 1 | 1 | 1 |FFFFF484H 7777H
R/W
7 6 5 4 3 2 1 0
| o |[Dwi2|pwit[Dbwio| o [ Dwo2 | Dwoi | DWOO |
| I | |
CSn signal CS1 CSo
DWn2 DWn1 DWnO Number of wait states |n(f]e_rtgd1|r)1 memory block n space
0 0 None
0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7
Caution: Be sure to set to 1 bits 14 to 12 and bits 10 to 8.

Be sure to clear to 0 bits 15, 11, 7, and 3.
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5.5.2 External wait function

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

Access to each area of the internal ROM, internal RAM, and on-chip peripheral I/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 multiplexed 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.

5.5.3 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. In other words, the
number of wait cycles is determined by the side with the greatest number of cycles.

Programmable wait
Wait control
Wait by 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 5-5: Example of Inserting Wait States in Separate Bus Mode

|T1|T2|TW|TW|TW|T3|

cwour | L L[ LI [ | L]
WAIT pin / = \ \ O O/ /u | S
Wait via WAIT pin / \

Programmable wait / \

Wait control \

Remark: The circles indicate the sampling timing.
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Chapter 5 Bus Control Function

5.5.4 Programmable address wait function

Address-setup or address-hold waits to be inserted in each bus cycle can be set by using the address
wait control register (AWC). Address wait insertion is set for each chip select area (CS0, CS1).
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.

Figure 5-6: Address Wait Control Register (AWC) Format

Symbol 15 14 13 12 11 10 9 8 Address  After reset
awc | 1+ | 1+ | o+ [ 1 | 1 [ 1 | 1 | 1 |FFFFF488H FFFFH
R/W
7 6 5 4 3 2 1 0
| + | 1+ | 1 | 1 |AHWI | ASW1 | AHWO | ASWO |
I | I |
CSn signal CS1 CSo
AHWnN Specifies insertion of address hold wait (n = 0, 1)
0 Not inserted
1 Inserted
ASWn Specifies insertion of address hold wait (n = 0, 1)
0 8 bits
1 16 bits

Caution: Be sure to set bits 15to4to 1.
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5.6 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 the chip select function in the multiplexed
address/data bus mode. In the separate bus mode, one idle state (TI) can be inserted after the T2 state.
By inserting an idle state, 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 bus cycle control register
(BCC).

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.

Cautions: 1. The internal ROM, internal RAM, and internal peripheral I/0O 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 other than the one for this initialization
routine until the initial settings of the BCC register are complete. However,
external memory areas whose initial settings are complete may be accessed.

Figure 5-7: Bus Cycle Control Register (BCC) Format

Symbol 15 14 13 12 11 10 9 8 Address  After reset
BcC [ 1 | o | 1 | o | 1 | 0 | 1 | 0 |FFFFF48AH AAAAH
R/W
7 5 4 3 2 0
| | o | 1+ | o [Bert| o [BCOt | o |
1 1
CSn signal CS1 CSso
BCn1 Specifies insertion of idle state (n =0, 1)
0 Not inserted
1 Inserted

Caution: Be sure to set bits 15, 13, 11,9, 7, and 5 to 1, and clear bits 14,12, 10, 8,6, 4,2, and 0
to 0.
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5.7 Bus Hold Function

5.7.1 Functional outline

The HLDAK and HLDRQ functions are valid if the PCM2 and PCMS pins are set in the control mode.
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 of the HLDAK pin (low level). The bus hold function
enables the configuration 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.

Data Bus Timing in Which Bus Hold Request

Status Width Access Type Is Not Acknowledged

Word access to even address Between first and second access

] Between first and second access
16 bits Word access to odd address

Between second and third access

Halfword access to odd address | Between first and second access

CPU bus lock -
Between first and second access
8b Word access Between second and third access
its
Between third and fourth access
Halfword access Between first and second access
Read-modify-write access of Between read access and write
bit manipulation instruction - - access
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5.7.2 Bus hold procedure

The bus hold status transition procedure is shown below.

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

<5>

<6>
<7>
<8>

<9>

Figure 5-8: Bus Hold Status Transition Procedure

HLDRQ = 0 acknowledged

All bus cycle start requests inhibited
End of current bus cycle

Shift to bus idle status

HLDAK = 1
Bus cycle start request inhibition released
Bus cycle starts

HLDRQ (input)

Normal status

Bus hold status

Normal status

HLDAK (output)

5.7.3 Operation in power save mode

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

<5>

<6>

<7><8><9>

Because the internal system clock is stopped in the software 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.
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Chapter 5 Bus Control Function

5.8 Bus Priority

Bus hold, instruction fetch (branch), instruction fetch (successive), and operand data accesses are
executed in the external bus cycle.

Bus hold has the highest priority, followed by 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 Bus hold External device
DMA transfer DMAC
Operand data access CPU
Instruction fetch (branch) CPU
Low Instruction fetch (successive) CPU

5.9 Boundary Operation Conditions

5.9.1 Program space

(1) If a branch instruction exists at the upper limit of the internal RAM area, a prefetch operation
straddling over the internal peripheral I/O area (invalid fetch) does not occur.

(2) Instruction execution to the external memory area cannot be continued without a branch from the
internal ROM area to the external memory area.

5.9.2 Data space

The VB850E/RS1 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.

(1) Halfword-length data access
A byte-length bus cycle is generated twice if the least significant bit of the address is 1.

(2) Word-length data access

(a) 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.

(b) A halfword-length bus cycle is generated twice if the lower 2 bits of the address are 10.
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5.10 Bus Timing

(1) Read cycle

Figure 5-9: Bus Read Timing (Bus Size: 16 bit, 16-bit Access)

‘T1‘T2‘T3‘T1‘TZ‘TW‘TW‘TS‘TI‘T1‘

CLKOUT |

I I I I I Programmableé  External |

wait wait state

| =
In the case of
. Odd address Even address
8-bit access
AD15 to AD8 Data -
AD7 to ADO - Data

Note: AD15-8 hold the data when we access to odd address with 8-bit access.

Remarks: 1. The circles indicate the sampling timing when 0 is set for the programmable wait.

2. The broken line indicates high impedance.
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Figure 5-10: Bus Read Timing (Bus Size: 8 bit)

CLKOUT

| |

AD15-AD8 | AT \X | A2 |
| I I I | |

| | |

AD7-ADO \ A2 i D2 |

wait |

[
Programmable  External

wait

Remarks: 1. The circles indicate the sampling timing when 0 is set for the programmable wait.

2. The broken line indicates high impedance.
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(2) Write cycle

Figure 5-11: Bus Write Timing (Bus Size: 16 bit, 16-bit Access)

‘T1‘T2‘T3‘T1‘T2‘TW‘TW‘T3‘TI‘T1‘

CLKOUT |

! T ! T ] I
WR1-WRO | \ 0o ‘ \ | oo, / \
I I I I I Progammablé  External | IDLE I
wait wait | state

Ig_t&f::::sgf Odd address Even address
AD15 to AD8 Data Undefined
AD7 to ADO Undefined Data
WR1, WRO 01 10

Note: WRO0 and WR1 output a low level as shown in the above timing chart when target data access is
performed. At all other times, these pins output a high level.

Remarks: 1. The circles indicate the sampling timing when 0 is set for the programmable wait.

2. The broken line indicates high impedance.
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Figure 5-12: Bus Write Timing (Bus Size: 8 bit)

CLKOUT

| | | |

AD15-AD8 | AT \X A2 |
| I I I |

|

D2 |

[
Programmable  External

wait |

wait

Note: WRO0 and WR1 output a low level as shown in the above timing chart when target data access is
performed. At all other times, these pins output a high level.

Remarks: 1. The circles indicate the sampling timing when 0 is set for the programmable wait.

2. The broken line indicates high impedance.
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Figure 5-13: Address Wait Timing (Bus Size: 16 bit)

: T1 : T2 : :TASW: T1 :TAHW: T2 : =

CLKOUT «
| ! \ |
AD15- ADo:>m-<_<> Add\ress X  Daa M
|

Note: WRO0 and WR1 output a low level as shown in the above timing chart when target data access is
performed. At all other times, these pins output a high level.

Remarks: 1. The circle indicates the sampling timing when 0 is set for the programmable wait.

2. The broken line indicates high impedance.
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(3) Bus hold cycle

Figure 5-14: Bus Hold Timing (Bus Size: 16 bit)

| | | | | | | | | | | | | |
| Tt T2 0 T3 TNy TH 1 TH 0 TH L TH TN T 1 T2 1 T3 |

| | | | | | | | | | |
CLKOUT _| I_I L‘ \—l L‘ Ll L‘ L‘
I I I

Notes: 1. Upon detection of a low level in the T2 and T3 states of HLDRQ (sampling timing), the
operation moves on to the bus hold cycle after the T3 state ends. Thereafter, upon detection
of a low level or high level in the TH state (sampling timing), the bus hold status is
maintained after the TH state ends, or the bus cycle is restarted.

2. WRO and WR1 output a low level as shown in the above timing chart when target data
access is performed. At all other times, these pins output a high level.

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

Remarks: 1. The circles indicate the sampling timing when 0 is set for the programmable wait.

2. The broken line indicates high impedance.
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Chapter 6 Clock Generator

6.1 Overview

The following clock generation functions are available.

e Main clock oscillator

¢ In clock-through mode
fx = 4 to 8 MHz (internal fyy = 4 to 8 MHz)

* In PLL mode
fx = 4 to 8 MHz (internal fxy =4 to 40 MHz (WPD70F3403 and pPD70F3403A)
= 4 to 32 MHz (uPD70F3402))

e Multiply function by PLL (Phase Locked Loop)

¢ Clock-through mode/PLL mode selectable

e Ring OSC
e fg =100 to 400 kHz

¢ Internal system clock generation
* 7 steps (fxx, fxx/2, fxx/4, fxx/8, fxx/16, fxx/32, fring)

e Peripheral clock generation
¢ Clock output function

¢ Programmable clock output function
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6.2 Configuration

Figure 6-1: Clock Generator

MPCCTL.SELPLL .y | Peripherals
. BRGC PSMR (IDLE1) WDT2
‘ CCLS.CCLSF
PSMR (STOP) tr_MCKSEL_CKDIV| € | fxx_ | Standby PRS2
PCC.MFR _' PLL 3 control )
@ PSMR (HALT)
fxx/32
X1 O— PLLO (x12) s
Main OSC tr_MCKSEL | Output PLL x, ol s .
X2 O— fx PLL1 (x1 control [ x S S f
(10 todd | 8 8 Standoy L% opcLk
o) ) control
_] /2 | & 3 .
CLK
MPCCTL.STPPLLO bx SystemCLK
MPCCTL.STPPLL1
883&? PCLM.PCKm
MPCCTL.MCKSEL PCLM.PCLE J
MPCCTL.PCKSEL OCKS3 PCC.CKm
et — || |wrocn f
PSMR (IDLE2) ' aFCAN, CSlan Ring-0SC f—2 1/8 WDT2
Output £ Extended clock for CSIBm

control

OCKS2 —1

(1) Main clock oscillator (Main OSC)
The main resonator oscillates the following frequencies (fy).

¢ In clock-through mode
fy = 4 to 8 MHz (internal fyy = 4 to 8 MHz)

¢ |n PLL mode
fx =4 to 8 MHz (internal fyx =4 to 40 MHz (uPD70F3403 and yPD70F3403A)

= 4 to 32 MHz (UPD70F3402))

(2) PLL
This circuit multiplies the clock generated by the main clock oscillator (fy).
It operates in two modes: clock-through mode in which fy is output as is, and PLL mode in which a

multiplied clock is output. These modes can be selected by using the SELPLL bit of the Main
peripheral clock control register (MPCCTL). Operation of the PLL can be started or stopped by the
STPPLL bit of MPCCTL register.

(3) Ring-0OSC
Outputs a frequency (fg) of 100 to 400 kHz.

(4) Prescaler 1 (PRS1)
This prescaler divides the clock to be supplied to the WDT2 and the on-chip peripheral functions.

(5) Prescaler 2 (PRS2)
This circuit divides main clock fyx (fxx, fxx/2, fxx/4, fxx/8, fxx/16, fxx/32) to provide the CPU (fcpy,
clock and system clock (fg k).
foLk is supplied to the interrupt controller INTC, ROM controller, ROM and RAM blocks. It can be

output from the CLKOUT pin.
fcpy is the clock supplied to CPU.
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6.3 Control Registers

(1) Main peripheral clock control register (MPCCTL)
This is an 8-bit register that selects the internal clock. This register can be read or written in 8-bit
or 1-bit units.
Data can be written to this register only in combination of specific sequences (refer to 3.2.3
”Special registers” on page 70). The clock generator flexibility allows to use either simultane-
ously both PLL or to use only one PLL. Both PLLs can be assigned respectively to the CPU or to
the peripherals.

Figure 6-2: Main Peripheral Clock Control Register (MPCCTL) Format (1/2)

Symbol 7 6 4 3 2 1 0 Address  After reset
MPCCTL[SELPLL| 0 | 0 | 0 |MCKSEL|PCKSEL|STPPLL1STPPLLO|FFFFF82BH  8O0H
R/W R/W R/W R/W R/W R/W
SELPLL fyx clock select
0 Main-OSC clock (fxx = fx)
1 PLL clock (fxx = fpLL_mcksEL_ckpIv)
Caution: When using an 8-bit manipulation instruction, do not change the SELPLL bit with
other bit.
MCKSEL Master clock selection register (fp; | mckseL)
0 Main clock (fPLL_MCKSEL) = PLLO (Default)
1 Main clock (fPLL_MCKSEL) = PLLA1
Caution: When using PLL clock for CPU, do not change the MCKSEL bit value.
PCKSEL Peripheral clock selection register (fp| | _pckseL)
0 Peripheral clock = PLLO (Default)
1 Peripheral clock = PLL1
Caution: When EXCKSEL register value is 01h to 3Fh, do not change PCKSEL bit value.
fpLL_pckskeL clock is provided only to aFCANN, CSI3n and CSIBn (n = 0,1).
STPPLL1 PLL 1 execution stop register
0 PLL1 executable (Default)
1 PLL1 stop
Cautions: 1. If this bit is set to “1”, it is impossible to set to “0” by register writing. Only
RESET input can be set to “0”.
2. When using PLL1 clock for peripheral functions, do not set to 1 this bit.
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Figure 6-2: Main Peripheral Clock Control Register (MPCCTL) Format (2/2)

STPPLLO PLL 0 execution stop register
0 PLLO executable (Default)
1 PLLO stop

Cautions: 1. If this bit is set to “1”, it is impossible to set to “0” by register writing. Only
RESET input can be set to “0”.

2. When using PLLO clock for peripheral functions, do not set to 1 this bit.
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(2) Extension clock select register (EXCKSEL)

This is an 8-bit register that selects the internal clock. This register can be read or written in 8-bit
or 1-bit units.

Figure 6-3: Extension Clock Select Register (EXCKSEL) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
EXCKSEL] 0 | 0 |CBICKSEL|CBOCKSEL|CS31CKSEL|CS30CKSEL [AF1CKSEL|AFOCKSEL| FFFFF30CH 00H
R/W R R/W R/W R/W R/W R/W R/W R/W
CB1CKSEL CSIB1 Clock selection
0 Normal clock selection (fyx)
1 Extended clock selection (fp | pckseL)
CBOCKSEL CSIBO0 Clock selection
0 Normal clock selection (fyx)
1 Extended clock selection (fp | pcksEL)
CS31CKSEL CSI31 Clock selection
0 Normal clock selection (fyx)
1 Extended clock selection (fp; | pckseL)
CS30CKSEL CSI30 Clock selection
0 Normal clock selection (fyx)
1 Extended clock selection (fp| | _pcksEL)
AF1CKSEL CAN1 Clock selection
0 Normal clock selection (fyx)
1 Extended clock selection (fp | pcksEL)
AFOCKSEL CANO Clock selection
0 Normal clock selection (fyx)
1 Extended clock selection (fp_pcksEL)

Cautions: 1. Before modifying EXCKSEL register value, corresponding peripheral I/O function
have to be stopped.

2. When set to 1 either bit 5 or 4 of EXCKSEL register, be sure to set bit 4 of OCKS2
register (OCKSEN2 bit) to 1.
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(3) Power save mode register (PSMR)
This is an 8-bit register that controls the operation status in the power save mode and the clock

operation.
This register can be read or written in 8-bit or 1-bit units. Be sure to clear bits 2 to 7 of the PSMR

register to 0.

Figure 6-4: Power Save Mode Register (PSMR) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PsSMR| o | o | o | o | o | o | PSMmi | PSMO |FFFFF820H  00OH
R/W R/W R R/W R/W R R R/W R/W
PSMH1 PSMO Software standby mode select

0 0 IDLE1 mode

0 1 STOP mode

1 0 IDLE2 mode

1 1 Setting prohibited

Caution: The PSMO and PSM1 bits are valid only when the STP bit of the PSC register is 1.

Remark: |IDLE1: Inthis mode, all operations except the oscillator operation, flash memory, and PLL
are stopped. After the IDLE1 mode is released, the normal mode do not need to
wait the lapse of the oscillation stabilization time.

IDLE2: In this mode, all operations except the oscillator and flash memory operation are
stopped. After the IDLE2 mode is released, the normal mode is returned to
following the lapse of the setup time (flash memory, PLL) specified by the OSTS
register.

STOP: In this mode, all operations are stopped, except the ring oscillator operation.
After the STOP mode is released, the normal mode is returned to following the
lapse of the oscillation stabilization time specified by the OSTS register.

Note: Refer to Chapter 18 ”Standby Function” on page 723 to get information about standby
mode release.
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(4) Processor clock control register (PCC)

The processor clock control register (PCC) is a special register. This register can be read or
written in 8-bit or 1-bit units. Data can be written to this register only in combination of specific
sequences (refer to 3.2.3 ”Special registers” on page 70).

Figure 6-5: Processor Clock Control Register (PCC) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
pcc | o | o |[MFRC| 0 | 0 [ CK2 | CKi | CKo |FFFFF828H  OOH
R/W R R R/W R R R/W R/W R/W

MFRC Use of Main clock on —chip feedback register
0 Used
1 Not Used
CK2 CK1 CKO Clock selection (for fepy)
0 0 0 fopu = fxx
0 0 1 fopy = fxx /2
0 1 0 fopu = fxx /4
0 1 1 fopu = fxx /8
1 0 0 fopy = fxx /16
1 0 1 fopu = fxx /32
1 1 0
] ] ] Setting prohibited

Caution: When operating the CPU and peripherals by PLL, changing the PCC register is
prohibited.
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(5) CPU operation clock status register (CCLS)
Status flags that indicate the operation status of the CPU operating clock.
This register can be read in 8-bit or 1-bit units.

Figure 6-6: CPU Operation Clock Status Register (CCLS) Format

Symbol 7 1 0 Address  After reset
cces{ o | o | o | o | o [ o | o |[CCLSF|FFFFF82EH  0OH
R/W R R R
CCLSF Status of operating clock
0 Operating with main system clock (fy)
1 Operating with ring OSC (fg)

(6) Ring-OSC mode register (RCM)
This is an 8-bit register that sets the operation mode of the ring oscillator (Ring-OSC).
This register can be read or written in 8-bit or 1-bit units.
RESET input clears this register to 00H.

Figure 6-7: Ring-OSC Mode Register (RCM) Format

Symbol 7 1 0 Address  After reset
ReM | o | o | o | o | o | o | o |RSTOP|FFFFF8OCH  00H
R/W R/W

RSTOP Ring-OSC operation select

0 Ring-OSC Operate
1 Ring-OSC Stop
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(7) Oscillation stabilization time select register (OSTS)

This 8-bit register selects the oscillation stabilization time following reset or release of the STOP
mode.

The OSTS register is set by an 8-bit memory manipulation instruction.

RESET input sets this register to 03H.

Figure 6-8: Oscillation Stabilization Time Select Register (OSTS) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
osts{ o | o [ o | o | o [OsSTS2|0OSTSt|OSTSO |FFFFF6COH  03H
R/W R R R R R R/W R/W R/W
Selection of stabilization time/setup timeN°te
OSTS2 OSTS1 OSTSO
fy=4MHz | fy=6MHz | fy=8 MHz

0 0 0 210/, 0256ms | 0.170ms | 0.128ms

0 0 1 21ty 0.512ms | 0.341ms | 0.256ms

0 1 0 2"2/ty 1.024ms | 0.683ms | 0.512ms

0 1 1 213/t 2.048ms | 1.365ms | 1.024ms

1 0 0 2"/ 4096 ms | 2731ms | 2.048ms

1 0 1 215/t 8192ms | 5461ms | 4.096 ms

1 1 0 216/t 16.38ms | 10.92ms | 8.192ms

1 1 1 Setting prohibited

Note: The oscillation stabilization time and setup time are required when the stop mode and idle
mode are released respectively.
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(8) Clock selection register 2 (OCKS2)
This is an 8-bit register that controls the operation enable and clock selection for CSIBn

(n=0,1).
Figure 6-9: Clock Selection Register 2 (OCKS2) Format
Symbol 7 6 5 4 3 2 1 0 Address  After reset
ocks2| 0 | 0 | 0 |OCKSEN2JOCKSTH2| 0 |OCKS21|OCKS20| FFFFF868H  0OH
R/W R R R R/W R/W R R/W R/W
OCKSEN2 Specified for execution enable
0 Operation Disable
1 Operation Enable
OCKSTH2 Specified for output clock through or divide
0 Output clock is divided clock by setting OCKS21 and OCKS20
1 Output clock is through (Extended clock = fp| | pcksEL)
OCKS21 OCKS20 Specified for divider factor
0 0 Extended clock = fPLL_PCKSEL /2
0 1 Extended clock = fPLL_PCKSEL /3
1 0 Extended clock = fPLL_PCKSEL / 4
1 1 Extended clock = fp | pckseL / 5

Caution: When PLL mode operation is enabled, OCKS2 register value must not be changed.
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6.4 PLL Function

The PLL function is used to output the operating clock of the CPU and peripheral macro at a frequency
10 times (PLL1) / 12 times (PLLO) higher than the oscillation frequency, and selects the clock-through

mode.

e  When PLL function is used:

e Clock-through mode:

Input clock:
Output:

Input clock:
Output:

4 to 8 MHz
4 to 40 MHz (uPD70F3403 and pPD70F3403A)

4 to 32 MHz (uPD70F3402)

4 to 8 MHz

4 to 8 MHz

PLLO can generate below frequencies from fy signal and register setting:

Baso ook () | OGS0 TR PLO™ | Gvaetoe | oot
1 fpLo="fx x 12
1 2 fpLo=1x <6
4 fpLo=fx <3
1 fpLo="fx <6
2 2 fpLio ="fx x 3
4 feLLo=fx x 1.5
1 fpLLo = fx x 4
fx 3 12 2 frLo="fxx 2
4 fpLLo =fx x 1
1 frLio=1fxx3
4 > foLLo = fx x 1.5
4 foLLo = fx x 0.75
1 foLo = fx x 2.4
5 2 fopLo = fx x 1.2
4 fpLLo = fx x 0.6

Note: Setthe fp| | ¢ as 24 MHz or 32 MHz when fp| ¢ is used as CPU clock.
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PLL1 can generate below frequencies from fy signal and register setting.

e o 1) | OQELIT| Mine | oo | gt
1 fpLLy =1fx x 10
1 2 fpLLy =fx x5
4 foLLy = fy x 2.5
1 fpLy =fx x5
2 2 foLLq = fy x 2.5
4 foLLq = fy x 1.25
1 foLq = fy x 3.3
fx 3 10 2 fpLL = fx x 1.67
4 foq = fx x 0.83
1 foLLy = fx x 2.5
4 2 foLLq =Ty x 1.25
4 fpyLq = fx x 0.63
1 e =fxx2
5 2 foLir =fx x 1
4 foLL1 =fx x 0.5

Note: Setthe fp | 1 as 40 MHz when fp| | 4 is used as CPU clock.
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6.4.1 Control register

(1) PLLO control register 0 (PLLCTLO)

This is an 8-bit register that enables PLLO operation. This register can be written in 8-bit units.
After reset, an firmware initializes this register to 00H so that the PLLO is enabled and in a locked

status.
Always write O0H to this register. However, the user is not required to initialize due to internal

firmware processing.

Figure 6-10: PLL Control Register (PLLCTLO0) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
puctol - | - | - [ - | - | - | - | - |FFFFF82CH  OOH
R/W w w w w w w w w

(2) PLL1 control register 1 (PLLCTL1)

This is an 8-bit register that enables PLL1 operation. This register can be written in 8-bit units.
Before PLL1 can be used (before MCKSEL=1 and SELPLL=1), this register must be initialized to

OO0H. Always write OOH to this register.

Figure 6-11: PLL Control Register (PLLCTL1) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
pucttf - | - | - | - | - | - | - | - |FFFFFB2DH  OOH
R/W W w W W W w w w

User’s Manual U16702EE3V2UDO00 245



Chapter 6 Clock Generator

(3) PLL lockup time specification register (PLLS)
The PLLS register is an 8-bit register used to select the PLL lockup time when the PLL is initialized
by writing the value 00H to the PLLCTLn register, and when the software STOP mode is released.
This register can be read or written in 8-bit units.
Reset input sets this register to O3H.

Figure 6-12: PLL Lockup Time Specification Register (PLLS)

Symbol 7 6 5 4 3 2 1 0 Address  After reset
Pus| o | o | o | o | o | 0 |[PLLST1|PLLSO |FFFFF6CIH  03H
R/W R R R R R R R/W RW
PLLS1 PLLSO PLL lockup time selector
0 0 2194y (128 ps)
0 1 2"/t (256 ps)
1 0 22/, (512 ps)
1 1 213/t (1024 ps) (default)

Remark: The value in parentheses assumes an 8 MHz external oscillator frequency (fy).

Caution: Always set PLLS so that the interval time is 800 ps or longer.
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(4) Clock control register (CKC)
This is an 8-bit register that controls system clock (fxx) when it operates on PLL mode (SELPLL bit

of MPCCTL register is set to 1). This register can be read or written in 8-bit or 1-bit units.

Be sure to clear bits 2 to 7 of the CKC register to 0. In other case the operation is not guaranteed.

Data can be written to this register only in combination of specific sequences (refer to 3.2.3
”Special registers” on page 70).

Figure 6-13: Clock Control Register (CKC) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
ckc [ o | o [ o | o | o | o [CKDIVi|CKDIVO|FFFFF822H  03H
R/W R R R R R R RW  RW

CKDIV1 CKDIVO System clock (fxx) select on PLL mode
0 0 Setting prohibited
0 1 fpLL mckseL _ckpiv = fpLL(PLL internal clock) / 4
1 0 fpLL_mckseL_ckpiv = feL (PLL internal clock) / 2
1 1 forL_mckseL_ckpiv = feLL(PLL internal clock)

Caution: When operating the CPU and the peripherals by PLL mode, changing the CKC
register is prohibited.
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(5) Clock selection register 0 (OCKSO0)
This is an 8-bit register that controls the operation enable and clock input selection for PLLO.

Figure 6-14: Clock Selection Register 0 (OCKSO0) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
ockso| 0 | 0 | 0 [OCKSENOJOCKSTHO| 0 |OCKS01|OCKS00| FFFFF860H  11H
R/W R R R R/W R/W R R/W R/W
OCKSENO Specified for execution enable
0 PLLO operation Disable
1 PLLO operation Enable
OCKSTHO Specified for output clock through or divide
0 Output clock is divided clock by setting OCKS01 & OCKS00
1 Output clock is through
OCKSO01 OCKSO00 Specified for divider factor
0 0 fy/2
0 1 fx/3
1 0 fy/4
1 1 fx/5

Caution: When PLL mode operation is enabled, OCKSO register value must not be changed.

248 User’'s Manual U16702EE3V2UDO00O



Chapter 6 Clock Generator

(6) Clock selection register 1 (OCKS1)
This is an 8-bit register that controls the operation enable and clock input selection for PLL1.

Figure 6-15: Clock Selection Register 1 (OCKS1) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
OcKs1| 0 | 0 | 0 |OCKSEN1JOCKSTH1| 0 |OCKS11|OCKS10| FFFFF864H  10H
R/W R R R R/W R/W R R/W R/W
OCKSEN1 Specified for execution enable
0 PLL1 operation Disable
1 PLL1 operation Enable
OCKSTH1 Specified for output clock through or divide
0 Output clock is divided clock by setting OCKS11 & OCKS10
1 Output clock is through
OCKS11 OCKS10 Specified for divider factor
0 0 f/2
0 1 fy/3
1 0 fy/4
1 1 fx/5

Caution: When PLL mode operation is enabled, OCKS1 register value must not be changed.
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6.5 Programmable Clock output Function (PCL)

It is possible to output a clock independent from CPU clock on pin P913/TIP20/TOP20/INTP4/PCL. The
programmable clock output frequency is equal to fp | pcksgL divided by two prescalers (PCLM and

OCKSS3 registers). Corresponding ports registers have to be set accordingly (Refer to section 4.3
”Port Configuration” on page 107).

6.5.1 Control registers

(1) Programmable clock mode register (PCLM)

This is an 8-bit register that controls the PCL output. This register can be read or written in 8-bit or
1-bit units.

Figure 6-16: Programmable Clock Mode Register (PCLM) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PClM | 0 | o | o |[PCLE| o [ PCK2 | PCKt [ PCKO |FFFFF82FH  O1H
R/W R R R R/W R R/W R/W R/W
PCLE PCL operation selection
0 PCL output disable (PCL output level is low)
1 PCL output enable

Caution: PCLE can set to 1 after setting the port control registers (PM, PMC, PFC, PFCE).
This bit can set to 1 on PLL operation. And this bit has to be cleared to 0 before
stopping the PLL.

PCK2 PCK1 PCKO PLL output select
0 0 0 fecL1 = fpLL MCKSEL
0 0 1 fecL1 = fPLL_McksEL/ 2
0 1 0 fecL1 = fpLL McKsEL/ 4
0 1 1 fecL1 = fpLL_McksEL/ 8
1 0 0 frcL1 =fpLL mcksEL/ 16
1 0 1
1 1 0 Setting prohibited
1 1 1

Caution: Before modifying the output selection clock, PCL output has to be stopped (PCLE bit
cleared to 0).
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(2) Clock selection register 3 (OCKS3)
This is an 8-bit register that controls the operation enable and clock selection for PCL output.

Figure 6-17: Clock Selection Register 3 (OCKS3) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
OCKS3| 0 | 0 | 0 |OCKSENSJOCKSTH3 0 |OCKS31|OCKS30|FFFFF86CH  00H
R/W R R R R/W R/W R R/W R/W
OCKSEN3 Specified for execution enable
0 Operation Disable
1 Operation Enable
OCKSTHS3 Specified for output clock through or divide
0 Output clock is divided clock by setting OCKS31 and OCKS30
1 Output clock is through (fpgy 1)
OCKS31 OCKS30 Specified for divider factor
0 0 fecL =fpcLr /2
0 1 fecL =tecL1 /3
1 0 fecL =fpcL1 /4
1 1 fecL =fecL1 /5

Remark: OCKSENS3 bit disables only the divider factor function. If OCKSENS3 bit is set to 0 and
OCKSTHS bit is set to 1, the PCL outputs fpc 1 frequency.
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6.6

Usage

6.6.1 To use PLL1

After RESET has been released, the default mode is PLLO mode (Fp | mckseL= 4 x fx). When
operating mode change to PLL1 mode, register access must keep below mentioned order.

Caution:

¢ (When use PLL1 function as master clock and PLLO for peripheral clock)

1) Setting OCKS1 register
2) Setting CKC register

3) PLLCTL1 register
4) MPCCTL register
4) MPCCTL register
5) MPCCTL register

OOH write

00H write (MPCCTL: SELPLL bit = 0)

08H write (MPCCTL: MCKSEL bit = 1)

<= 88H write (MPCCTL: SELPLL bit = MCKSEL bit =1)

e (When use PLL1 function as master clock and peripheral clock)

1) Setting OCKS1 register
2) Setting CKC register

3) PLLCTLA1 register
4) MPCCTL register
4) MPCCTL register
5) MPCCTL register
STPPLLO bit = 1)

OOH write

00H write (MPCCTL: SELPLL bit = 0)

08H write (MPCCTL: MCKSEL bit = 1)

<= 8DH write (MPCCTL: SELPLL bit = MCKSEL bit = PCKSEL bit =

Before using the STOP/IDLE mode for power saving operation, the user must first

reduce CPU operating frequency to 20 MHz using PCC register.

The follow table shows the divide and PLLO time value.

Table 6-1: Divide and PLLO Time Value
fx (MHz)
OCKSO register (h) CKC register (h) PLL time value
Xtal=4 MHz | Xtal=6 MHz | Xtal =8 MHz
12h 03h 12 18 24
11h (Default) 03h (Default) 16 24 32
Setting
18h 02h 6 24 36 prohibited
The follow table shows the divide and PLL1 time value.
Table 6-2: Divide and PLL1 Time Value
fx (MHz)
OCKS1 register (h) CKC register (h) PLL time value
Xtal =4 MHz | Xtal =6 MHz Xtal = 8 MHz
03h 8 12 16
10h (Default) 03h 20 30 40
Setting Setting
18h 03h 10 40 prohibited prohibited
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6.6.2 To use clock through mode

When operating mode change to clock through mode, register access
must keep the following order:

1) MPCCTL = 00H,(MPCCTL: SELPLL bit=0
2) MPCCTL = 03H,MPCCTL: STPPLLO bit = STPPLL1 bit=0

6.6.3 to Use the programmable clock output function (PCL)

When use the PCL function, register setting have 1 sequence.

¢ After Reset timing

1) Setting OCKS3 register

2) Setting PCLM: PCK2 - PCKO bit

3) Setting Port 9 port mode register, PM9

4) Setting Port 9 port mode control register, PMC9
5) Setting Port 9 port mode function register, PFC9
6) Setting Port 9 expanded function register, PFCE9
7) Set PCLM: PCLE bit

e PCL output period change timing

1) Clear PCLE bit to 0 (PCLM register)
2) Setting OCKS3 register

3) Setting PCLM: PCK2 - PCKO bit

4) Set PCLE bit to 1 (PCLM register)
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The follow table shows the divide value of fp | frequency and fpg frequency.

254

Table 6-3: Divide Value of fp;; Frequency and fpc; Frequency

PCLM register (h)

OCKSS3 register (h)

PCL output signal period

1(18h) freL = frLL_moksEL / 1
2 (10h) fpcL = frLL_mcksEL/ 2
1(10h) 3 (11h) freL = frLL_moksEL / 3
4 (12h) fecL = fpLL_mckseL / 4
5 (13h) frcL = fpLL McksEL/ 5
1(18h) freL = frLL_moksEL / 2
2 (10h) freL = frLL_moksEL / 4
2(11h) 3 (11h) freL = feLL_moksEL / 6
4 (12h) freL =fpLL_mcksEL/ 8
5 (13h) freL = feLL_mokseL / 10
1(18h) fecL = fpLL_MoKksEL/ 4
2 (10h) fecL = fpLL MoKksEL/ 8
4(12h) 3(11h) fecL = fpLL_MoksEL/ 12
4 (12h) fecL = fpLL_McksEL / 16
5 (13h) fecL = fpLL_MCKSEL / 20
1(18h) fecL = fpLL_MoksEL/ 8
2 (10h) fecL = fpLL_MCKksEL/ 16
8(13h) 3(11h) fecL = fpLL_MoKsEL / 24
4 (12h) fecL = fPLL_MoksEL /32
5 (13h) froL = fPLL_MCKsEL / 40
1 (18h) freL = fPLL_MCKSEL / 16
2 (10h) fecL = fpLL_MoKksEL /32
16(14h) 3 (11h) feoL = fPLL_McKsEL / 48
4 (12h) fecL = fpLL_MCKSEL / 64
5 (13h) fecL = fpLL_MCKsEL / 80
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The V850E/RS1 includes four channels Timer P (TMPO, TMP1, TMP2 and TMP3).

7.1 Features

Timer P (TMP) is a 16-bit timer/event counter provided with general-purpose functions.

TMP can perform the following operations.

* 16-bit-accuracy PWM output timer

¢ Interval timer

e External event counter function (operation not possible when clock is stopped)
e Timer synchronised operation function

¢ One-shot pulse output

¢ Pulse interval and frequency measurement counter

¢ Free running function

e External trigger pulse output function

7.2 Function Outline

e Capture trigger input signal x 2

e External trigger input signal x 1

e Clock select x 8

e External event count input x 1

* Readable counter x 1

e Capture/compare reload register x 2
e Capture/compare match interrupt x 2
e Timer output (TOPNnO, TOPn1) x 2

Remark: n=01t03
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7.3 Configuration

TMP includes the following hardware.

Table 7-1: Configuration of TMPO to TMP3

Item Configuration

16-bit counter

TMPn timer capture/compare registers 0, 1 (TPnCCRO, TPnCCR1)
TMPn timer read buffer register (TPNCNT)
CCRQO buffer register, CCR1 buffer register

TOPN1, TOPNO

TMPn control registers 0, 1 (TPnCTLO, TPnCTL1)

TMPn 1/O control registers 0 to 2 (TPnIOCO to TPnIOC2)
TMPn option registers 0 (TPNOPTO0)

Selector operation control register 0,1 (SELCNTO, SELCNT1)
TIPm pin noise elimination control register (PnmNFC)

Timer register

Registers

Timer output

Control registers

Remarks: 1. n=0t03
2. m=0,1

Timer P (TMP) pins are alternate function of port pins. For how to set the alternate function, refer to the
description of the registers in Chapter 4 ”Port Functions” on page 105.

Table 7-2: TMP Pin List

Pin Name I/0 Function Alternate Function
TIPOO External event/clock input (TMPQO) P37/TOPO0/INTP1/(CS312)
TIPO1 External event/clock input (TMPO1) P38/TOPO1
TIP10 External event/clock input (TMP10) P914/TOP10/INTP5/AD14
TIP11 Input External event/clock input (TMP11) P915TOP11/INTP6/AD15
TIP20 External event/clock input (TMP20) P913/TOP20/INTP4/PCL
TIP21 External event/clock input (TMP21) P912/TOP21/(CS302)
TIP30 External event/clock input (TMP30) P11/TOP31
TIP31 External event/clock input (TMP31) P12/TOP30/ADTRG
TOPOO Timer output (TMPOQO) P37/TIPOO/INTP1/(CS312)
TOPO1 Timer output (TMPO1) P38/TIPO1
TOP10 Timer output (TMP10) P914/TIP10/INTP5/AD14
TOP11 Output Timer output (TMP11) P915/TIP11/INTP6/AD15
TOP20 Timer output (TMP20) P913/TIP20/INTP4/PCL
TOP21 Timer output (TMP21) P912 /TIP21/(CS302)
TOP30 Timer output (TMP30) P11/TIP31
TOP31 Timer output (TMP31) P12/TIP30/ADTRG
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Figure 7-1:

Block Diagram of Timer P

Internal bus
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Internal bus

Notes: 1.

TMPO, TMP2

2. TMP1, TMP3

3. TMPO: TSOUT signal of CANO block
TMP1: TSOUT signal of CAN1 block

TMP2: RXDAO pin
TMP3: RXDA1 pin

4. TMPO: INTTMOEQO interrupt of TMMO block
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(1) TMP capture/compare register 0 (TPnCCRO)

The TPnCCRO register is a 16-bit register that operates either as capture register or as a compare
register.

Whether this register is used as a capture register or as a compare register can be specified with
the TPnCCS1 and TPnCCSSO0 bits of the TMPn option register 0 (TPNOPTO register), but only in
the free-running mode.

In the pulse width measurement mode, this register can be used only as a capture register (the
compare function cannot be used.)

In all modes other than free-running mode and pulse width measurement mode, this register is
used as a compare register.

After a RESET, TPnCCRO register default status is compare register.

RESET input clears this register to 0000H.

Caution: When external event counter mode is used, do not set TPnCCRO register to 0000H.

Figure 7-2: Capture/Compare Register 0 (TPnCCR0) Format

Address: TPOCCRO: FFFFF596H, TP1CCRO: FFFFF5A6H,
TP2CCRO: FFFFF5B6H, TP3CCRO: FFFFF5C6H

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  Addess RwW "o

value
FFFF F596H

TPnCCRO to R/W 0000H
FFFF F5C6H

Remark: n=01t03

¢ When used as a compare register

TPnCCRO can be rewritten when TPnCE = 1, as below mentioned.

TMP operation mode TPnCCRO register writing method

PWM mode, external trigger pulse output mode Reload

Free-running mode, external event count mode,

one-shot pulse mode, interval timer mode Any time write

Cannot be used because it is only used as capture

Pulse width measurement mode .
register

¢ When used as capture register

Count value is stored in TPnCCRO upon capture trigger (TIPnO) input edge detection.

Note: The value of TPNCCRO register is read when TPnCE bit of TMPn control register 0 (TPnCTLO)
equals 1.
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(2) TMP capture/compare register 1 (TPnCCR1)

The TPnCCR1 register is a 16-bit register that operates either both as a capture register or as a
compare register.

Whether this register is used as a capture register or as a compare register can be specified with
the TPNnCCS1 and TPnCCSO bits of the TMPn option register 0 (TPNOPTO register), but only in
free-running mode.

In the pulse width measurement mode, this register can be used only as a capture register (the
compare function cannot be used.)

In all modes other than free-running mode and pulse width measurement mode, this register is
used as a compare register.

After RESET, TPnCCR1 register default status is compare register.

RESET input clears this register to 0000H.

Caution: When external event counter mode is used, do not set TPnCCR1 register to 0000H.

Figure 7-3: Capture/Compare Register 1 (TPnCCR1) Format

Address: TPOCCR1: FFFFF598H, TP1CCR1: FFFFF5A8H
TP2CCR1: FFFFF5B8H, TP3CCR1: FFFFF5C8H

Initial

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address R/W
value

FFFF F598H
TPnCCR1 to RIW  0000H
FFFF F5C8H

Remark: n=0t03

e When used as a compare register

TPnCCR1 can be rewritten when TPnCE = 1, as below mentioned.

TMP operation mode TPnCCRO register writing method

PWM mode, external trigger pulse output mode Reload

Free-running mode, external event count mode,

one-shot pulse mode, interval timer mode Any time write

Cannot be used because it is only used as capture

Pulse width measurement mode .
register

e When used as a capture register

Count value is stored in TPNnCCR1 upon capture trigger (TIPn1) input edge detection.

Note: The value of TPNnCCR1 register is read when TPnCE bit of TMPn control register 0 (TPnCTLO)
equals 1.
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(3) TMPn counter read buffer register (TPnCNT)

TPnCNT register is a read buffer register that can read 16-bit counter values.

This register is read-only, using a 16-bit memory manipulation instruction.

RESET input sets this register to FFFFH.

Although the hardware status is FFFFH when TPnCE bit of TPnCTLO equals 0, 0000H is read
from this register.

The value of the register is read when TPnCE bit = 1.

Figure 7-4: TMPn Timer Read Buffer Register (TPnCNT) Format

Address: TPOCNT: FFFFF59AH, TP1CNT: FFFFF5AAH
TP2CNT: FFFFF5BAH, TP3CNT: FFFFF5CAH

5 14 13 12 11 10 9 § 7 6 5 4 3 2 1 0  Adess AW @

value
FFFF F59AH

TPRCNT to R FFFFH
FFFF F5CAH

Remark: n=01t03
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7.4 Control Registers

(1) TMPn control register 0 (TPnCTLO)
TMPn control register 0 is an 8-bit register that controls the operation of timer P.
This register can be read and written in 8-bit or 1-bit units.

RESET input clears this register to 00H.
The same value can always be written to the TPnCTLO register by software.

Figure 7-5: TMPn Control Register 0 (TPnCTLO) Format

Address: TPOCTLO: FFFFF590H, TP1CTLO: FFFFF5A0H
TP2CTLO: FFFFF5BOH, TP3CTLO: FFFFF5COH

Symbol 7 6 5 4 3 2 1 0 Address R ATter
reset
FFFFF590H
TPnCTLO| TPnCE 0 0 0 0 [TPnCKS2[TPnCKS1[TPnCKSO to R/W 00H
FFFFF5COH
TPnCE Timer Pn operation control
0 Disable internal operating clock operation (TMPn is asynchronously reseted)
1 Enable internal operating clock operation

Internal operating clock control and TMPn asynchronous reset are performed with the TPnCE bit. When
TPnCE bit is cleared to 0, the internal operating clock of TMPn stops (fixed to low level) and TMPn is reset

asynchronously.
When the TPnCE bit is set to 1, the internal operating clock is enabled within 2 input clocks, and TMPn

counts up.

TPhCKS2 TPRCKS1 TPnCKS0 Internal count clock selection
n=0,2 n=1,3
0 0 0 fxx
0 0 1 fyx/2
0 1 0 fyx/4
0 1 1 fxx/8
1 0 0 fyx/16
1 0 1 fyx/32
1 1 0 fyx/64
1 1 1 fxx/128 faing

Caution: Set bits TPNCKS2 to TPnCKSO0 only when TPnCE = 0.
When TPnCE bit setting is changed from 0 to 1, TPnCKS2 to TPnCKSO0 bits can be set

simultaneously.

Remark: n=0to3
fring: Ring oscillator frequency
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(2) TMPn timer control register 1 (TPnCTL1)

TMPn control register 1 is an 8-bit register that controls the operation of timer P.
This register can be read and written in 8-bit or 1-bit units.

16-bit access is not possible.

RESET input clears this register to 00H.

Figure 7-6: TMPn Control Register 1 (TPnCTL1) Format (1/2)

Address:TPOCTL1: FFFFF591H, TP1CTL1: FFFFF5A1H
TP2CTL1: FFFFF5B1H, TP3CTL1: FFFFF5C1H

Symbol 7 6 5 4 3 2 1 0 Address  Rw After
reset
FFFFF591H
TPnCTL1|TPnSYE|TPnEST|TPnEEE 0 0 TPnMD2 | TPnMD1 | TPnMDO to R/W 00H
FFFFF5C1H
TPnSYE Tuned operation mode enable control
0 Independent operation mode (asynchronous operation mode)

Tuned operation mode (specification of slave operation)
In this mode, timer P can operate in synchronization with a master timer.

Master timer Slave timer
TMPO TMPA1 -
1 TMP2 TMP3 TMQO

For the tuned operation mode, refer to 7.6 Timer Synchronized Operation Function.

Caution: Be sure to clear the TPOSYE and TP2SYE bits to 0 (master timer) and
TP1SYE, TP3SYE and TQOSYE bits to 1 when respectively used as slave
timers.

Caution: In the synchronous operation mode, the master macro can be set only in the PWM
mode, external trigger pulse output mode, pulse output mode, and free-running
mode.

The slave macros can be set only in the free-running mode.
Setting the external event count mode, one-shot pulse mode, and pulse width
measurement mode is prohibited.

TPnEST Software trigger control

0 No operation

In one-shot pulse mode: One-shot pulse software trigger

In external trigger pulse output mode: Pulse output software trigger

The TPnEST bit functions as a software trigger in the one-shot pulse mode or external trigger pulse
output mode (this bit is invalid in any other mode). By setting TPnEST to 1 when TPnCE = 1, a software
trigger is issued. Therefore, be sure to set TPNEST to 1 when TPnCE = 1. The TIPnO pin is used for an
external trigger.

The read value of the TPnEST bit is always 0.
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Figure 7-6: TMPn Control Register 1 (TPnCTL1) Format (2/2)

TPnEEE

Count clock selection

0

Use the internal clock (clock selected with TPNCKS2 to TPnCKSO bits of TPnCTLO
register)

1

Use external clock (TIPnO input edge)

The valid edge is specified with TPnEES1 and TPnEESO bits when TPnEEE bit = 1 (external clock

TIPNO).
TPnMD2 TPnMD1 TPnMDO Timer mode selection

0 0 Interval timer mode
0 1 External event counter mode
0 1 0 External trigger pulse output mode
0 1 1 One-shot pulse mode
1 0 0 PWM mode
1 0 1 Free-running mode
1 1 0 Pulse width measurement mode
1 1 1 Setting prohibited

Caution: Set bits TPnEEE and TPnMD2 to TPnMDO when TPnCE = 0. (The same value can be

written when TPnCE = 1.) The operation is not guaranteed when rewriting is

performed when TPnCE = 1. If rewriting was mistakenly performed, clear TPnCE to 0
and then set the bits again.

Remark: n=01t03
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(3) TMPn dedicated I/O control register 0 (TPnlOCO)
The TPnIOCO register is an 8-bit register that controls the timer output.

This register can be read and written in 8-bit or 1-bit units.
RESET input clears this register to 00H.

Figure 7-7: TMPn Dedicated I/O Control Register 0 (TPnlOCO0) Format

Address: TPOIOCO: FFFFF592H, TP110C0: FFFFF5A2H
TP210CO0: FFFFF5B2H, TP3I0CO0: FFFFF5C2H

Symbol 7 6 5 4 3 2 1 0 Address  Rw After
reset
FFFFF592H
TPnIOCO 0 0 0 0 TPnOL1|TPnOE1|TPnOLO|TPNOEO to R/W 00H
FFFFF5C2H
TPnOLmM Timer output level setting
0 Normal output
1 Inverted output
This bit can be used to invert the timer output

TPnOEmM Timer output setting

Timer output is disabled (Low level and high level are output from TOPn1
pin when TPnOL = 0 and TPnOL = 1, respectively.)

1 Timer output is enabled (TOPnm pin outputs pulses.)

0

Cautions: 1. Rewrite bits TPnOLm and TPnNOEm when TPnCE = 0 (the same value can be
written when TPnCE = 1.). If rewriting was mistakenly performed, clear TPnCE to 0
and then set the bits again.

2. To enable the timer output, be sure to set the corresponding alternate-function
pins TPnIS3 to TPnISO of the TPnIOC1 register to “No edge detection” and
invalidate the capture operation. Then set the corresponding alternate-function
port to output mode.

Remark: n=0t03
m=0,1
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(4) TMPn dedicated I/O control register 1 (TPnlOC1)
The TPnIOC1 register is an 8-bit register that controls the valid edge for the external input signals
(TIPnO and TIPnN1).
This register can be read and written in 8-bit or 1-bit units.
RESET input clears this register to O0H.

Figure 7-8: TMPn Dedicated I/O Control Register 1 (TPnlOC1) Format

Address: TPOIOC1: FFFFF593H, TP110C1: FFFFF5A3H
TP2I0C1: FFFFF5B3H, TP3IOC1: FFFFF5C3H

Symbol 7 6 5 4 3 2 1 0 Address  R/W g;i:
FFFFF593H
TPnIOC1 0 0 0 0 TPnIS3 | TPnIS2 | TPnIS1 | TPNnISO to R/W 00H
FFFFF5C3H
TPnIS3 TPnIS2 Capture input (TIPn1) valid edge setting
0 0 No edge detection (capture operation is invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges
TPnIS1 TPnISO Capture input (TIPnO) valid edge detection
0 0 No edge detection (capture operation is invalid)
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

Cautions: 1. Rewrite bits TPnIS3 to TPnIS0 when TPnCE = 0 (the same value can be written
when TPnCE = 1.). If rewriting was mistakenly performed, clear TPnCE to 0 and
then set the bits again.

2. Bits TPnIS3 to TPnISO are valid only in the free-running mode and pulse width
measurement mode. In all the other modes, capture operation is not performed.

3. If used as the capture input, be sure to set the corresponding alternate-function
pins TPnOE1 and TPnOEO of the TPnlOCO register to “Timer output is disabled”
and set the capture input valid edge. Then set the corresponding alternate-func-
tion port to input mode.

Remark: n=0t03
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(5) TMP I/O control register 2 (TPnlOC2)
The TPnIOC2 register is an 8-bit register that controls the valid edge for external event count input
signals (TIPn0) and external trigger input signal (TIPnO).
This register can be read and written in 8-bit or 1-bit units.
RESET input clears this register to 00H.

Figure 7-9: TMPn Dedicated I/O Control Register 2 (TPnlOC2) Format

Address: TPOIOC2: FFFFF594H, TP110C2: FFFFF5A4H
TP2I0C2: FFFFF5B4H, TP3I0OC2: FFFFF5C4H

Symbol 7 6 5 4 3 2 1 0 Address  Rw After
reset
FFFFF594H
TPniOC2| O 0 0 0 [TPnEES1[TPnEESOTPNETS1{TPNETSO to R/W 00H
FFFFF5C4H
TPnEESH1 TPnEESO External event count input valid edge setting (TIPnO)
0 0 No edge detection
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

TPnETSH TPnETSO External trigger input valid edge detection (TIPnO)
0 0 No edge detection
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges

Cautions: 1. Rewrite TPNnEES1, TPnEESO, TPnETS1, and TPnETSO0 bits when TPnCE = 0 (the
same value can be written when TPnCE = 1.). If rewriting was mistakenly
performed, clear TPnCE to 0 and then set the bits again.

2. TPnEES1 and TPnEESO bits are valid only when TPnEEE = 1 or when the external
event count mode has been set (TPnMD2 to TPnMDO of TPnCTL1 register = 001).

Remark: n=01t03
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(6) TMPn option register 0 (TPNOPTO)

The TPnOPTO register is an 8-bit register used to set the capture/compare operation and detect

overflow.
This register can be read and written in 8-bit or 1-bit units.
RESET input clears this register to O0H.

Figure 7-10: TMPn Option Register 0 (TPnOPT0) Format

Address: TPOOPTO: FFFFF595H, TP1OPTO: FFFFF5A5H
TP20OPTO: FFFFF5B5H, TP3OPTO: FFFFF5C5H

Symbol 7 6 5 4 3 2 1 <0> Address

TPNOPTO] O 0 [TPnCCS1]TPnCCS0O O 0 0 TPnOVF

FFFFF595H

FFFFF5C5H

R/W

R/W

After
reset

00H

TPnCCS1 TPnCCR1 register capture/compare selection
0 Compare register selection
1 Capture register selection
The TPnCCS1 bit setting is valid only in the free-running mode.

TPnCCSO TPnCCRO register capture/compare selection
0 Compare register selection
1 Capture register selection
The TPnCCSO bit setting is valid only in the free-running mode.

TPnOVF Timer P overflow detection

Set (1) Overflow occurrence

Reset (0) TPnOVF bit write or TPnCE =0

running mode and the pulse width measurement mode.
¢ An interrupt request signal (INTTPnQOV) is generated as soon as TPnOVF bit is set (1).

measurement mode.
TPnOVF = 1.

CPU. Writing 1 has no influence on timer P operation.

¢ The TPnOVF bit is reset when the 16-bit counter value overflows from FFFFH to 0000H in the free-

The INTTPnOV signal is not generated in any mode other than free-running mode and the pulse width
e The TPnOVF bit is not cleared even when the TPnOVF bit and the TPnOPTO register are read when

¢ The TPnOVF bit can be both read and written, but 1 cannot be written to the TPnOVF bit from the

Caution: Rewrite TPnCCS1 and TPnCCSO0 bits when TPnCE = 0 (the same value can be written
when TPnCE = 1.). If rewriting was mistakenly performed, clear TPnCE to 0 and then

set the bits again.

Remark: n=0t03
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)

Symbol 7 6 5 4 3 2 1 <0> Address R/W

Selector operation control register 0 (SELCNTO)

The SELCNTO register is an 8-bit register that selects the capture trigger for TMPn.
This register can be read or written in 8-bit or 1-bit units.
RESET input clears this register to 00H.

Figure 7-11: Selector Operation Control Register 0 (SELCNT0) Format

After
reset

SELCNTOl ISELO7 \ ISELOG‘ ISELO5 | ISELO4 ‘ISEL03|ISEL02 \ ISELO1 \ ISELOO | FFFFF308H R/W OOH

ISELO7 Selection of TIP31 input signal (TMP3)
0 TIP31 pin input
1 Not permitted

ISELO6 Selection of TIP30 input signal (TMP3)
0 TIP30 pin input
1 RXDA1 pin input

ISELO5 Selection of TIP21 input signal (TMP2)
0 TIP21 pin input
1 Not permitted

ISELO4 Selection of TIP20 input signal (TMP2)
0 TIP20 pin input
1 RXDAO pin input

ISELO3 Selection of TIP11 input signal (TMP1)
0 TIP11 pin input
1 Not permitted

ISELO2 Selection of TIP10 input signal (TMP1)
0 TIP10 pin input
1 TSOUT signal of CAN1

ISELO1Note Selection of TIPO1 input signal (TMPO)

0 TIPO1 pin input
1 INTTMOEQO interrupt of TMMO

ISELOO Selection of TIPOO input signal (TMPOQ)
0 TIPOO pin input
1 TSOUT signal of CANO

Caution: To set ISELO07 to ISELOO bits to 1 when permitted, set the corresponding pin in the

capture input mode.

Note: When INTTMOEQO is used as TIPO1 input signal, be sure that TMM operation clock
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(8) TIPnm pin noise elimination control register n (PnmNFC)
The PnmNFC register is an 8-bit register that sets the digital noise filter of the timer P input pin.
This register can be read or written in 8-bit or 1-bit units.
RESET input clears this register to 00H.

Figure 7-12: TIPnm Pin Noise Elimination Control Register n (PnmNFC) Format

Address: POONFC:

FFFFFBOOH (TIPOO pin)

PO1NFC: FFFFFBO4H (TIPO1 pin)
P10NFC: FFFFFBO8H (TIP10 pin)
P11NFC: FFFFFBOCH (TIP11 pin)
P20NFC: FFFFFB10H (TIP20 pin)
P21NFC: FFFFFB14H (TIP21 pin)
P30ONFC: FFFFFB18H (TIP30 pin)
P31NFC: FFFFFB1CH (TIP31 pin)
Symbol 7 6 5 4 3 > 1 <0> Address  R/W g;z;
FFFFFBOOH
PnmNFC 0 NFSTS 0 0 0 NFC2 | NFC1 | NFCO to R/W 00H
FFFFFB1CH
NFSTS Selection of sampling times number for digital noise filtering
0 3 times
1 2 times
NFC2 NFCA1 NFCO Sampling clock selection

0 0 0 fxx

0 0 1 fxx/2

0 1 0 fyx/4

0 1 1 fyx/16

1 0 0 fyx/32

1 0 1 fyx/64

Other than above Setting prohibited

Cautions: 1.
2.

Remarks: 1.

Be sure to clear bits 3to 5 and 7 to 0.

A signal input to the timer input pin (TIPnm) before the PnmNFC register is set is
output with digital noise eliminated. Therefore, set the sampling clock (NFC2 to
NFCO0) and the number of times of sampling (NFSTS) by using the PnmNFC
register, wait for initialization time = (Sampling clock) x (Number of times of
sampling), and enable the timer operation.

The width of the noise that can be accurately eliminated is (Sampling clock) x (Number
of times of sampling — 1). Even noise with a width narrower than this may cause a
miscount if it is synchronized with the sampling clock.

n: Number of timer channels (0 to 3)
m: Number of input pins (0, 1)

User’s Manual U16702EE3V2UDO00

269



Chapter 7 16-Bit Timer/Event Counter P

7.5 Operation

Timer P can perform the following operations.

TPnEST TIPnO TPnEEE
) Capture/Compare Compare
Operation Software External Count clock ; :
: . . . : Selection Write

trigger bit trigger input selection
Interval timer mode Invalid Invalid Internal/external | Compare only Any time write
External event counter
modeNote 1 Invalid Invalid External only Compare only Any time write
External trigger pulse Valid Valid Internal onl Compare onl Reload
output modeNote 2 y P y
One-shot pulse output
modeN°ter2) P Valid Valid Internal only Compare only Any time write
PWM mode Invalid Invalid Internal/external | Compare only Reload
Free-running mode Invalid Invalid Internal/external Capture/compare Any time write

selectable
Pulse width measure- Invalid Invalid Internal onl Capture onl Not applicable
ment modeNote 2 y P y PP
Notes: 1. To use the external event counter function, specify that the input edge of the TIPnO pin is not

detected by clearing the TPnIS1 and TPnISO0 bits of the TPnIOC1 register to “00”.

2. To use the external trigger pulse output mode, one-shot pulse mode, or pulse width
measurement mode, select a count clock by clearing the TPnEEE bit of the TPnCTL1

register to 0.

7.5.1 Anytime write and reload

TPnCCRO and TPnCCR1 register rewrite is possible for timer P during timer operation (TPnCE = 1), but
the write method (any time write, reload) differs depending on the mode.

(1) Anytime write

When data is written to the TPNCCRm register during timer operation, it is transferred at any time
to CCRm buffer register and used as the 16-bit counter comparison value.

n=0to3
m=0,1

Remark:
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Remarks: 1.
2.

Figure 7-13: Flowchart of Basic Operation for Anytime Write

START

Initial settings

Timer operation enable (TPnCE = 1)
Transfer of TPnCCRO, TPNnCCR1
values to CCRO buffer register

and CCR1 buffer register

o
|

Rewrite TPNCCRO
Transfer to CCRO buffer register

Rewrite TPNCCRH1
Transfer to CCR1 buffer register

*Match between CCRO buffer
register and 16-bit counter
* 16-bit counter clear & start

— INTTPnCCO output

The above flowchart illustrates an example of the operation in the interval timer mode.

n=0to3
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Figure 7-14: Timing Diagram for Anytime Write
TPnCE =1

¢ DO1 DO1

/ B / [ Doz

16-bit B

D11 D11 D12 /

counter D12 -

TPnCCRO DO1 T D02
CCRO buffer ><

register 0000H D01 D02

TPnCCR1 D11 D12

CCR1 buffer

register 0000H D11

D12

INTTPNCCO [

INTTPnCC1 [ B [ [l

Remarks: 1. D01, D02: Setting values of TPNnCCRO register (0000H to FFFFH)
D11, D12: Setting values of TPnCCR1 register (0000H to FFFFH)

2. The above timing chart illustrates an example of the operation in the interval timer
mode.

3. n=0to03
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(2) Reload
When data is written to the TPnCCRO and TPnCCR1 registers during timer operation, it is
compared with the value of the 16-bit counter via the CCRm buffer register. The values of the
TPnCCRO and TPnCCR1 registers can be rewritten when TPnCE = 1.
So that the set values of the TPNCCRO and TPnCCR1 registers are compared with the value of
the 16-bit counter (the set values are reloaded to the CCRm buffer register), the value of the
TPnCCRO register must be rewritten and then a value must be written to the TPNnCCR1 register
before the value of the 16-bit counter
matches the value of TPNCCRO0. When the value of the TPnCCRO register matches the value of
the 16-bit counter, the values of the TPNCCRO0 and TPNnCCR1 registers are reloaded.
Whether the next reload timing is made valid or not is controlled by writing to the TPnCCR1
register. Therefore, write the same value to the TPnCCR1 register when it is necessary to rewrite
the value of only the TPNnCCRO register.

Figure 7-15: Flowchart of Basic Operation for Reload

( START )

Initial setting

|
Enable timer operation (TPnCE = 1)
— Transfer value of TPNCCRm
to CCRm buffer register

Rewrite TPnCCRO.

Rewrite TPnCCR1. Reload is enabled

« TPNCCRO matches 16-bit INTTPnCCO occurs
counter.

¢ Clear and start 16-bit counter.

« Value of TPNnCCRm is reloaded

to CCRm buffer register.

Caution: Writing to the TPNnCCR1 register includes an operation to enable reload. Therefore,
rewrite the TPnCCR1 register after rewriting the TPnCCRO register.

Remarks: 1. Above flowchart illustrates an example of the PWM mode operation.

2. n=0to3
m=0,1
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Figure 7-16: Timing Chart for Reload

TPnCE =1

B — Dot

16-bit
counter

TPnCCRO Do X Doz X Dos

| ] [
CCRO buff
regfst:rr 0000HY Do X Doz X' Dos
| rfSame value write | |

TPnCCR1 Di1 X Di2 X D12

| ) | (1 [ ] R | |
CCR1 buffer
register 2000H D1 J D12 J Die

INTTPNCCO

INTTPnCCA

Note: Reload is not performed because TPNCCR1 register is not written.

Remarks: 1. D01, D02, D03: Setting value of TPnCCRO register (0000H to FFFFH)
D11, D12: Setting value of TPnCCR1 register (0000H to FFFFH)
2. Above flowchart illustrates PWM mode operation.

3. n=0to3
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7.5.2 Interval timer mode (TPnMD2 to TPnMDO = 000)

In the interval timer mode, an interrupt request signal (INTTPnCCO) is generated upon a match
between the setting value of the TPnCCRO register and the value of the 16-bit counter, and the 16-bit
counter is cleared. The TPnCCRO register can be rewritten when TPnCE = 1, and when a value is set
to TPnCCRO with a write instruction from the CPU, it is transferred to the CCRO buffer register through
any time write mode, and is compared with the 16-bit counter value.

In the interval timer mode, the 16-bit counter is cleared only upon a match between the value of the
16-bit counter and the value of the CCRO buffer register.

16-bit counter clearing using the TPnCCR1 register is not performed. However, the setting value of the
TPnCCRH1 register is transferred to the CCR1 buffer register and compared with the value of the 16-bit
counter, and an interrupt request (INTTPnCC1) is output if these values match.

Moreover, TOP1n pin output is also possible by setting the TPnOE1 bit to 1.

When the TPNCCR1 register is not used, it is recommended to set FFFFH as the setting value for the
TPnCCRH1 register.

When performing timer output with the TOPn1 pin, set the same values to the TPnCCRO register and
the TPNCCR1 register since the 16-bit timer counter cannot be cleared with the TPnCCR1 register.

Figure 7-17: Flowchart of Basic Operation in Interval Timer Mode

START

Initial settings
* Clock selection
(TPnCTLO: TPNCKS2 to TPnCKSO0)
* Interval timer mode setting
(TPnCTLO: TPnMD2 to TPnMDO = 000)
* Compare register setting
(TPnCCRO, TPnCCR1)

Timer operation enable (TPnCE = 1)

— Transfer of TPNnCCRO, TPnCCR1
values to CCRO buffer register
and CCR1 buffer register

o

Match between 16-bit counter and
CCR1 buffer register Note

Match between 16-bit counter and
CCRO buffer register, — INTTPnCCO output
16-bit counter clear & start

— INTTPnCC1 output

Note: The 16-bit counter is not cleared when its value matches the value of TPnCCR1.
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Figure 7-18: Basic Operation Timing in Interval Timer Mode (1/2)

(a) When D1 > D2 > D3; only TPnCCRO register value is written, and TOPn0 and TOPn1
are not output (TPnOEO = 0, TPnOE1 = 0, TPnOLO = 0, TPnOL1 =1)

TPnCE =1
FFFFH B S
/ / =
16-bit Ds Ds Ds /
counterN°t®

TPnCCRO D1 >< De

Y Y
CCRO bgffer 0000H D+ D2
register
TPnCCR1 D3
CCR1 buffer '
register 0000H Ds

| 11
o ||| I I

TOPNO

TOPN1

to1 to1 to2

Note: The 16-bit counter is not cleared when its value matches the value of TPnCCR1.

Remarks: 1. D1, D2: Setting values of TPnCCRO register (0000H to FFFFH)
D3: Setting value of TPNCCR1 register (0000H to FFFFH)

2. |Interval time (tp,)= (Dn + 1) x (count clock cycle)

3. n=0to3
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Figure 7-18: Basic Operation Timing in Interval Timer Mode (2/2)

(b) When D1 = D2; TPnCCRO and TPnCCR1 are not rewritten, and TOPn0 and TOPn1 are output
(TPnOEO = 1, TPnOE1 = 1, TPnOLO = 0, TPnOL1 =1)

TPnCE =1
FFFFH
D1 =Dz =4 Di1=D2 - Di=D2 ——
16-bit
counter
TPnCCRO D+
Y
CCRO bgffer 0000H D
register
TPNCCRH1 D2
Y
CCR1 bL_Jﬁer 0000H D2
register

INTTPNCCO |
INTTPnCCH |

TOPNO

TOPN1

to1 = tp2 to1 = tp2 to1 = to2

Remarks: 1. D1: Setting value of TPNCCRO register (0000H to FFFFH)
D2: Setting value of TPnCCR1 register (0000H to FFFFH)

2. Interval time (tp,) = (Dn + 1) x (count clock cycle)

3. n=0to3
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7.5.3 External event counter mode (TPnMD2 to TPnMDO = 001)

In the external event count mode, the external event count input (TIPnO pin input) is used as a count-up
signal. Regardless of the setting of the TPnEEE bit of the TPnCTLO register, 16-bit timer/event counter
P counts up the external event count input (TIPnO pin input) when it is set in the external event count
mode. In the external event count mode, an interrupt request (INTTPnCCO) is generated when the set
value of the TPnCCRO register matches the value of the 16-bit counter, and the value of the 16-bit
counter is cleared.

When a value is set to the TPnCCRO register with a write instruction from the CPU, it is transferred to
the CCRO buffer register through any time write, and is compared with the 16-bit counter value.

In the external event counter mode, the 16-bit counter is cleared only upon a match between the value
of the 16-bit counter and the value of the CCRO buffer register.

The 16-bit counter can not be cleared using TPNnCCR1 register. However, the setting value of the
TPnCCR1 register is transferred to the CCR1 buffer register and compared with the value of the 16-bit
counter, and an interrupt request (INTTPnCC1) is output if these values match.

Moreover, TOPnm pin output is also possible by setting the TPNnOEm bit to 1.

When performing timer output with the TOPn1 pin, set the same values to TPnCCRO register and
TPnCCR1 register since the 16-bit counter cannot be cleared with CCR1 buffer register.

The TPnCCRO register can be rewritten when TPnCE = 1. When TPnCCR1 register is not used, it is
recommended to set TPnCCR1 register to FFFFH.

Figure 7-19: Flowchart of Basic Operation in External Event Counter Mode

START

Initial setting
o Set external event count mode (TPnCTLO:
TPnMD2 to TPnMDO = 001)Nete 1
e Set valid edge (TPnlOC2: TPnEESHT,
TPnEESO)
e Set compare register (TPnCCRO,
TPnCCR1)

Enable timer operation (TPnCE = 1)
— Transfer values of TPNCCRO and
TPnCCR1 to CCRO buffer register
and CCR1 buffer register

16-bit counter matches INTTPnCC1 occurs

CCR1 buffer registerNote 2

16-bit counter matches — = INTTPnCCO occurs
CCRO buffer register.
Clear and start 16-bit counter

Notes: 1. Selection of the TPnEEE bit has no influence.

2. The 16-bit counter is not cleared upon a match between the 16-bit counter and the CCR1
buffer register.

Remark: n=01t03
m=0,1
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Figure 7-20: Basic Operation Timing in External Event Counter Mode (1/2)

(a) When D1 > D2 > D3; rewrite TPnCCRO only; TOPn1 and TOPnO are not output
(TPnOEO = 0, TPnOE1 =0, TPnOLO = 0, TPnOL1 =1)

TPnCE =1

FFFFH bi b

/ / "
16-bit Ds Ds Ds /

counter

TPnCCRO D >< De

Y Y
CCRO buffer 5554 D1 D2
register
TPnCCR1 Ds
CCRf1 buffer '
register 0000H Ds

i i i
i i i

TOPNO

TOPN1

Remarks: 1. D1, D2: Setting values of TPnCCRO register (0000H to FFFFH)
D3: Setting value of TPnCCR1 register (0000H to FFFFH)

2. Number of event counts = (Dn + 1)
n=0to3
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Figure 7-20: Basic Operation Timing in External Event Counter Mode (2/2)

(b) When D1 = D2; TPnCCRO0 and TPnCCR1 are not rewritten, and TOPn0 and TOPn1 are output
(TPnOEO = 1, TPnOE1 = 1, TPnOLO = 0, TPnOL1 =1)

TPnCE =1

FFFFH
Di=D2 Di=D2 Di=D2 -

16-bit
counter

TPnCCRO D1

\

CCRO buffer Y
register 000CH D1

TPnCCR1 D2

\

'
CCR1 byffer 0000H D2
register

INTTPnCCO

INTTPnCCA1

TOPNO

TOPN1

Remarks: 1. D1: Setting value of TPnCCRO register (0000H to FFFFH)
D2: Setting value of TPNCCR1 register (0000H to FFFFH)

2. Number of event count = (Dn + 1)
3. n=0to3
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7.5.4 External trigger pulse mode (TPnMD2 to TPnMDO = 010)

When TPnCE = 1 in the external trigger pulse mode, the 16-bit counter stops at FFFFH and waits for
input of an external trigger (TIPnO pin input). When the counter detects the edge of the external trigger
(TIPNO pin input), it starts counting up.

The duty factor of the signal output from the TOPn1 pin is set by a reload register (TPnCCR1) and the
period is set by a compare register (TPnCCRO).

Rewriting the TPnCCRO0 and TPnCCR1 registers is enabled when TPnCE = 1.

So that the set values of the TPNCCRO and TPnCCR1 registers after rewriting are compared with the
value of the 16-bit counter (reloaded to the CCRm buffer register), the TPNCCRO register must be
rewritten and then a value is written to the TPnCCR1 register before the value of the 16-bit counter
matches the value of the TPNnCCRO register.

When the value of the TPNCCRO register later matches the value of the 16-bit counter, the values of the
TPNnCCRO and TPnCCR1 registers are reloaded to the CCRm buffer register.

Whether the next reload timing is made valid or not is controlled by writing to the TPnCCR1 register.
Therefore, write the same value to the TPNCCR1 register when it is necessary to rewrite the value of
only the TPnCCRO register.

Reload is invalid when only the TPnCCRO register is rewritten. To stop timer P, clear TPnCE to 0. If the
edge of the external trigger (TIPnO pin input) is detected more than once in the external trigger pulse
mode, the 16-bit counter is cleared at the point of edge detection, and resumes counting up. To realize
the same function as the external trigger pulse mode by using a software trigger instead of the external
trigger input (TIPnO pin input) (software trigger pulse mode), a software trigger is generated by setting
the TPnEST bit of the TPnCTL1 register to 1. The waveform of the external trigger pulse is output from
TOPN1. A toggle output is produced from the TOPnO pin when the value of the TPnCCRO register
matches the value of the 16-bit counter.

In the external trigger pulse mode, the capture function of the TPNnCCRO and TPnCCR1 registers
cannot be used because these registers can be used only as compare registers.

Caution: In the external trigger pulse mode, select the internal clock (TPnEEE bit of TPnCTL1
register = 0) for the count clock.

Remarks: 1. For the reload operation when TPnCCRO and TPnCCR1 are rewritten during timer
operation, refer to section 7.5.6 PWM mode (TPnMD2 to TPnMDO = 100).

2. n=0to3
m=0,1
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Figure 7-21: Flowchart of Basic Operation in External Trigger Pulse Output Mode

START

Initial settings
* Clock selection
(TPnCTLO: TPNCKS2 to TPNnCKSO0)
» External trigger pulse output mode
setting
(TPnCTL1: TPnMD2 to TPnMDO = 010)
* Compare register setting ]
(TPNCCRO, TPNCCR1) External trigger

Timer operation enable (TPnCE = 1)

(TIPnO pin) input

— Transfer of TPNCCRO, TPNnCCR1 -
values to CCRO buffer register 16-bit counter
and CCR1 buffer register clear & start

External trigger (TIPnO pin) input
— 16-bit counter start

Match between 16-bit counter and
TPnCCR1Note

Match between 16-bit counter and
TPnCCRO,16-bit counter clear & start

— INTTPnCC1 output

— INTTPnCCO output

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

Remark: n=0t03
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Figure 7-22: Basic Operation Timing in External Trigger Pulse Output Mode

FFFFH

16-bit
counterNote

External trigger
(TIPnO pin)

TPnCCRO

CCRO buffer
register

TPnCCR1
CCR1 buffer
register
TOPN1
TOPNO

Note: The 16-

Remarks: 1.

(TPNOEO = 1, TPNnOE1 = 1, TPnOLO = 0, TPnOL1 = 0)

TPnCE =1
Dot — Doz B
/ D1z _/
D11 / D11
Dot Doz
| | | | | | | | | |
OOOOHX ' Do+ X ' Doz
| | | | | | | | | |
D11 X D12
| | | | | | | | | |
0000H ' D11 ' D12

bit counter is not cleared when it matches the CCR1 buffer register.
D01, D02: Setting value of TPnCCRO register (0000H to FFFFH)
D11, D12: Setting value of TPnCCR1 register (0000H to FFFFH)

Duty of TOPn1 output = (Set value of TPnCCR1 register) / (Set value of TPOCCRO
register)
Cycle of TOPn1 output = (Set value of TPnCCRO register) P (Count clock cycle)

n=0to3
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7.5.5 One-shot pulse mode (TPnMD2 to TPnMDO = 011)

When TPnCE is set to 1 in the one-shot pulse mode, the 16-bit counter waits for the setting of the
TPnEST bit (to 1) or a trigger that is input when the edge of the TIPnO pin is detected, while holding
FFFFH. When the trigger is input, the 16-bit counter starts counting up. When the value of the 16-bit
counter matches the value of the CCR1 buffer register that has been transferred from the TPnCCR1
register, TOPn1 goes high. When the value of the 16-bit counter

matches the value of the CCRO buffer register that has been transferred from the TPnCCRO register,
TOPN1 goes low, and the 16-bit counter is cleared to 0000H and stops. Input of a second or
subsequent trigger is ignored while the 16-bit counter is operating. Be sure to input a second trigger
while the 16-bit counter is stopped at 0000H. In the one shot pulse mode, rewriting the TPnCCRO and
TPnCCR1 registers is enabled when TPnCE = 1. The set values of the TPNnCCR0 and TPnCCR1
registers become valid after a write instruction from the CPU is executed. They are then transferred to
the CCRO and CCR1 buffer registers, and compared with the value of the 16-bit counter. The waveform
of the one-shot pulse is output from the TOPn1 pin. The TOPNO pin produces a toggle output when the
value of the 16-bit counter matches the value of the TPnCCRO register. In the one-shot pulse mode, the
TPnCCRO and TPnCCR1 registers function only as compare registers. They cannot be used as capture
registers.

Cautions: 1. In the one-shot pulse mode, select the internal clock (TPnEEE bit of TPnCTL1
register = 0) as the count clock.

2. In the one-shot pulse mode, it is prohibited to set the TPnCCR1 register to 0000H.

Remark: n=0t03
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Figure 7-23: Flowchart of Basic Operation in One-Shot Pulse Mode

‘ START )

Initial setting

e Select clock. (TPnCTL1: TPnEEE = 0)
(TPnCTLO: TPNCKS2 to TPnCKS0)

e Set one-shot pulse mode. (TPnCTL1:
TPnMD2 to TPnMDO = 011)

o Set compare register. (TPnCCRO,
TPnCCR1)

Enable timer operation (TPnCE = 1)
— Transfer values of TPnCCRO and
TPnCCR1 to CCRO buffer
register and CCR1 buffer register

Wait for trigger.
16-bit counter stands by at FFFFH

Input external trigger (TIPnO pin)
or TPnEST =1
— 16-bit counter starts counting

Wait for trigger. 16-bit counter matches INTTPNCC1 oceurs
16-bit counter stands by at 0000H CCRH1 buffer registerNote

16-bit counter mgtches INTTPRCCO oceurs
CCRO buffer register.
Clear 16-bit counter

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

Caution: The 16-bit counter is not cleared when a trigger input is performed during the

count-up operation of the 16-bit counter.
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Figure 7-24: Timing of Basic Operation in One-Shot Pulse Mode
(TPnOEO = 1, TPnOE1 = 1, TPnOLO = 0, TPnOL1 = 0)

TPnCE=1 TPnEST =1

FFFFH

Do Do Do

Note —
16.bit o / . / N /
counter

External trigger

— 1
_
_

(TIPNO pin)

TPnCCRO \ Do

CCRO buffer \ | | | | | | | | |
register 0000H ' Do

TPnCCRH1 N\ D1

e T TT T T T T
reglijstznt 0000H D1

INTTPnCCO —| —l —l
INTTPnCC1 —l —l —l

TOPN1

TOPNO

Note: The 16-bit counter starts counting up when either TPnEST = 1 is set or TPTTRG is input.

Remarks: 1. DO: Setting value of TPNCCRO register (0000H to FFFFH)
D1: Setting value of TPnCCR1 register (0000H to FFFFH)

2. n=0to3
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7.5.6 PWM mode (TPnMD2 to TPnMDO = 110)

In the PWM mode, TMPn capture/compare register 1 (TPNnCCR1) is used to set the duty factor and
TMPn capture/compare register 0 (TPNCCRO) is used to set the cycle.

By using these two registers and operating the timer, variable-duty PWM is output.

Rewriting the TPnCCRO and TPnCCR1 registers is enabled when TPnCE = 1.

So that the set values of the TPNnCCRO and TPnCCR1 registers are compared with the value of the
16-bit counter (reloaded to the CCRO and CCR1 buffer registers), the TPnCCRO register must be
rewritten and then a value must be written to the TPnCCR1 register before the value of the 16-bit
counter matches the value of the TPnCCRO register.

The values of the TPnCCRO and TPnCCR1 registers are reloaded when the value of the TPnCCRO
register later matches the value of the 16-bit counter. Whether the next reload timing is made valid or
not is controlled by writing to the TPNnCCR1 register. Therefore, write the same value to the TPnCCR1
register even when only the value of the TPNnCCRO register needs to be rewritten. Reload is invalid
when only the value of the TPnCCRO register is rewritten. To stop timer P, clear TPnCE to 0. The
waveform of PWM is output from the TOPn1 pin. The TOPNO pin produces a toggle output when the
16-bit counter matches the TPNnCCRO register.

In the PWM mode, the TPNnCCRO and TPnCCR1 registers are used only as compare registers. They
cannot be used as capture registers.

Figure 7-25: Flowchart of Basic Operation in PWM Mode (1/2)

(a) When values of TPnCCRO, TPnCCR1 registers are not rewritten during timer operation

START

Initial settings
* Clock selection
(TPnCTLO: TPnCKS2 to TPnCKSO0)
* PWM mode settings
(TPnCTL1: TPnMD2 to TPnMDO = 100)
* Compare register setting
(TPnCCRO, TPnCCR1)

Timer operation enable (TPnCE = 1)

— Transfer of TPNnCCRO, TPnCCR1
values to CCRO buffer register
and CCR1 buffer register

o

Match between 16-bit counter and CCR1
buffer register, TOPn1 low-level output

Match between 16-bit counter and CCRO
buffer register,16-bit counter clear & startff ——» INTTPnCCO output
TOPN1 high-level output

— INTTPnCC1 output
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Figure 7-25: Flowchart of Basic Operation in PWM Mode (2/2)

(b) When values of TPnCCRO, TPnCCR1 registers are rewritten during timer operation

START

Initial setting
o Select clock.
(TPnCTLO: TPnCKS2 to TPNnCKSO0)
e Set PWM mode.
(TPnCTL1: TPnMD2 to TPnMDO = 100)
e Set compare register.
(TPnCCRO, TPNnCCR1)

Enable timer operation (TPnCE = 1)
— Transfer value of TPNCCRm
register to CCRm buffer register

16-bit counter matches TPnCCR1.
TOPN1 outputs low level.

— INTTPnCC1 occurs

16-bit counter matches TPnCCRO.
Clear and start 16-bit counter.
TOPN1 outputs high level.

| \

Rewrite TPnCCRO. <1>

|

16-bit counter matches
CCR1 buffer register. <2> & —= INTTPnCC1 occurs

INTTPNCCO occurs

TOPN1 outputs low level. Note
Rewrite TPnCCR1. <3> Reload is enabled
* CCRO buffer register matches 16-bit — INTTPnCCO occurs

counter.

o Clear and start 16-bit counter.

e Value of TPNCCRm is reloaded to
CCRm buffer register.

Note: The timing of <2> in the above flowchart may differ depending on the rewrite timing of steps <1>
and <3> and the value of TPnCCR1, but make sure that step <3> comes after step <1>.

Remark: n=0to3
m=0,1
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Figure 7-26: Basic Operation Timing in PWM Mode (1/2)

TPnCE =1

(a) When rewriting TPnCCR1 value
(TPnOEO = 1, TPnOE1 = 1, TPnOLO = 0, TPnOL1 =0)

FFFFH

16-bit
counter

Doo_

~

TPnCCRO X

CCRO buffer 0000H

Doo

register

TPnCCR1 X

CCR1 buffer 0000H

register

TOPN1

TOPNO

Remarks: 1.

D0O: Set value of TPNnCCRO register (0000H to FFFFH)

D10, D11, D12, D13: Set value of TPNCCR1 register (0000H to FFFFH)

2. Duty of TOPn1 output = (Set value of TPNCCR1 register) / (Set value of TPOCCRO
register)
Cycle of TOPn1 output = (Set value of TPnCCRO register) P (Count clock cycle)

Toggle width of TOPNnO output = (Set value of TPnCCRO register + 1) P (Count clock
period)

3. n=0to3
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FFFFH

16-bit
counter

TPnCCRO

CCRO buffer
register

TPnCCR1

CCRH1 buffer
register

TOPN1

TOPNO

Figure 7-26: Basic Operation Timing in PWM Mode (2/2)

(b) When TPnCCRO, TPnCCR1 values are rewritten
(TPnOEO = 1, TPnOE1 = 1, TPnOL0 = 0, TPnOL1 =0)

TPnCE =1

Doz
D11 D11 /

Do

Note: Reload is not performed because the TPnCCR1 register was not rewritten.

Remarks: 1.
2.
3.
290

D00, D01, D02, D03: Setting values of TPnCCRO register (0000H to FFFFH)

D10, D11, D12, D13: Setting values of TPnCCR1 register (0000H to FFFFH)

Duty of TOPn1 output = (Set value of TPnCCR1 register) / (Set value of TPOCCRO
register)

Cycle of TOPn1 output = (Set value of TPnCCRO register) x (Count clock cycle)

Toggle width of TOPNnO output = (Set value of TPNCCRO register + 1) x (Count clock
cycle)

n=0to 3
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7.5.7 Free-running mode (TPnMD2 to TPnMDO = 101)

In the free-running mode, both the interval function and the compare function can be realized by
operating the 16-bit counter as a free-running counter and selecting capture/compare operation with
the TPnCCS1 and TPnCCSO bits.

The settings of the TPNCCS1 and TPnCCSO bits of the TPNOPTO register are valid only in the
free-running mode.

TPnCCS1 Operation
0 Use TPNCCRT1 register as compare register
1 Use TPNCCRT1 register as capture register
TPnCCSO Operation
0 Use TPNCCRO register as compare register
1 Use TPNCCRO register as capture register

e Using TPnCCR1 register as compare register

An interrupt is output upon a match between the 16-bit counter and the CCR1 buffer register in the
free-running mode (interval function).

Rewrite during compare timer operation is enabled and performed with any time write mode.
(Once the compare value has been written, synchronization with the internal clock is done and this
value is used as the 16-bit counter comparison value.)

When timer output (TOPn1) has been enabled, TOPn1 performs toggle output upon a match
between the 16-bit counter and the CCR1 buffer register.

e Using TPnCCR1 register as capture register

The value of the 16-bit counter is saved to the TPnCCR1 register upon TIPn1 pin edge detection.

* Using TPNCCRO register as compare register

An interrupt is output upon a match between the 16-bit counter and the CCRO buffer register in the
free-running mode (interval function).

Rewrite during compare timer operation is enabled and performed with any time write mode.
(Once the compare value has been written, synchronization with the internal clock is done and this
value is used as the 16-bit counter comparison value.)

When timer output (TOPnO) has been enabled, TOPnO performs toggle output upon a match
between the 16-bit counter and the CCRO buffer register.

e Using TPnCCRO register as capture register

The value of the 16-bit counter is saved to the TPnCCRO register upon TIPnO pin edge detection.
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Figure 7-27: Flowchart of Basic Operation in Free-Running Mode

START

® Clock selection

Initial settings

(TPnCTLO: TPNCKS2 to TPNCKS0)
* Free-running mode setting

(TPnCTL1: TPnMD2 to TPnMDO = 101)

TPnCCS1, TPnCCSO setting

TPnCCS1=0
TPnCCS0=0

Timer operation enable

(TPnCE =1)

— Transfer of TPNCCRO
and TPnCCR1 values
to CCRO buffer register
CCRO and CCR1 buffer
registers respectively

Remark:

292

Match between CCR1 buffer
register and 16-bit counter

Match between CCRO buffer
register and 16-bit counter

16-bit counter overflow

]

n=0to 3

TPnCCS1=0
TPnCCSO =1

TPnCCS1 =1
TPnCCS0=0

TPnCCS1 =1
TPnCCSO =1

TIPnO edge detection setting
(TPnIS1, TPnISO)

TIPn1 edge detection setting
(TPnIS3, TPnIS2)

TIPn1, TIPnO edge detection
setting (TPnIS3 to TPnIS0)

Timer operation enable

(TPNCE = 1)

— Transfer of TPNCCR1
value to CCR1 buffer

register

Match between CCR1 buffer

register and 16-bit counter

TIPnO edge detection,
capture of 16-bit counter
value to TPnCCRO

16-bit counter overflow

L]

Timer operation enable
(TPnCE =1)

— Transfer of TPNCCRO
value to CCRO buffer
register

TIPn1 edge detection,
capture of 16-bit counter
value to TPnCCR1

Match between CCRO buffer

register and 16-bit counter

Timer operation enable
(TPnCE = 1)

TIPn1 edge detection,
capture of 16-bit counter
value to TPnCCR1

|

TIPnO edge detection,
capture of 16-bit counter
value to TPnCCRO

16-bit counter overflow

16-bit counter overflow

L]

User’'s Manual U16702EE3V2UDO00O

]



Chapter 7 16-Bit Timer/Event Counter P

(1) When TPnCCS1 = 0, and TPnCCSO0 = 0 settings (interval function description, compare
function)

When TPnCE = 1 is set, the 16-bit counter counts from 0000H to FFFFH and the free-running
count-up operation continues until TPnCE = 0 is set. In this mode, when a value is written to the
TPnCCRO and TPnCCRH1 registers, they are transferred to the CCRO buffer register and the CCR1
buffer register (any time write mode). In this mode, no one-shot pulse is output even when an
one-shot pulse trigger is input. Moreover, when TPNnOEm = 1 is set, TOPnm performs toggle
output upon a match between the 16-bit counter and the CCRm buffer register.

Figure 7-28: Basic Operation Timing in Free-Running Mode (TPnCCS1 = 0, TPnCCSO0 = 0)
(TPnOEO = 1, TPnOE1 = 1, TPnOLO = 0, TPnOL1 =0)

TPnCE =1
FFFFH
Dot
16-bit 5 5 Dt Dis
counter o0 o
Dio
TPnCCRO \ Doo X \ Dot
CCRO buff | ; | | | | | ; | | |
urrer
register 0000H Doo X Dot

INTTPnCCO _l _l
match interrupt
TPnCCR1 \ D1o X\ D11

1
CCR1 buffer ¥ ¥
register 0000H D1o X D11

INTTPNnCCH1 _l _l —l
match interrupt

TOPNO

TOPN1

INTTPNOV —l —l

TPnOVF

Clear by writing 0 to TPnOVF Clear by writing 0 to TPnOVF

Remarks: 1. D00, DO1: Setting values of TPNCCRO register (0000H to FFFFH)
D10, D11: Setting values of TPnCCR1 register (0000H to FFFFH)

2. Toggle width of TOPNO output = (Set value of TPNCCRO register) x (Count clock cycle)
Toggle width of TOPn1 output = (Set value of TPnCCR1 register) x (Count clock cycle)

TOPNnm output goes high when counting is started.

n=0to3
m=0,1
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(2) When TPnCCS1 =1 and TPnCCSO = 1 settings (capture function description)

When TPnCE = 1, the 16-bit counter counts from 0000H to FFFFH and free-running count-up
operation continues until TPnCE = 0 is set. During this time, values are captured by capture trigger
operation and are written to the TPnCCRO and TPnCCR1 registers.

Regarding capture close to the overflow (FFFFH), judgment is made using the overflow flag
(TPNOVF). However, if overflow occurs twice (two or more free-running cycles), the capture trigger
interval cannot be judged with the TPnOVF flag. In this case, the system should be revised.

Figure 7-29: Basic Operation Timing in Free-Running Mode (TPnCCS1 =1, TPnCCSO0 = 1)
(TPnOEO = 1, TPnOE1 = 1, TPnOLO = 0, TPnOL1 = 0)

TPnCE =1

FFFFH

16-bit D12

counter Doo Dot Di1
/ / Do
e

miPro | L

' | ' v rl | |
TPnCCRO 0000H Doo Dot Doz Dos
TIPn1 ’ / |_ I
' ' v
TPnCCR1 0000H D1o D11 D12
INTTPNnCCO
match interrupt

INTTPnCC1 _l _l _l

match interrupt
INTTPnOV —l —l

TOPnO |

TOPn1 |

Remarks: 1. D00, D01, D02, D03: Values captured to TPnCCRO register (0000H to FFFFH)
D10, D11, D12: Values captured to TPnCCR1 register (0000H to FFFFH)

2. TIPnO: Set to rising edge detection (TPnIS1, TPnISO = 01)
TIPn1: Set to falling edge detection (TPnIS3, TPnIS2 = 10)

3. n=0to3
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(3) When TPNnCCS1 =1 and TPnCCS0 =0

When TPnCE = 1 is set, the counter counts from 0000H to FFFFH and free-running count-up
operation continues until TPNCE = 0 is set. The TPnCCRO register is used as a compare register.
An interrupt signal is output upon a match between the value of the 16-bit counter and the setting
value transferred to the CCRO buffer register from the TPnCCRO register as an interval function.
Even if TPNOE1 = 1 to realize the output function, TPNnCCR1 register cannot control TOPn1
because it is used as capture register.

Figure 7-30

FFFFH

16-bit
counter

TPnCCRO

CCRO buffer
register

INTTPnCCO

TIPn1

TPnCCR1

Remarks: 1.

: Basic Operation Timing in Free-Running Mode (TPnCCS1 =1, TPnCCSO0 = 0)
(TPnOEO = 1, TPnOE1 =1, TPnOLO = 0, TPnOL1 = 0)
TPnCE = 1
D11 Dor /
D1o D D15 —
Doo Z/ Doo 142/
D13
D12 /
A
Doo \ \D01 \

—1

\ \ \
L L
\ \ Doo \ \Dm \

NN |
=] NN

\
| 4] — 1
0000H @ Dir XV Diz X* Dis Y Dss

D1a

)

D00, DO1: Setting compare values of TPNCCRO register (0000H to FFFFH)
D10, D11, D12, D13, D14, D15: Values captured to TPnCCR1 register
(O000H to FFFFH)

TIPn1: Set to detection of both rising and falling edges (TPnIS3, TPnIS2 = 11)
n=0to3
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(4)

When TPnCCS1 =0 and TPnCS0 =1

When TPnCE is set to 1, the 16-bit counter counts from 0000H to FFFFH and free-running
count-up operation continues until TPnCE = 0 is set. The TPNnCCR1 register is used as a compare
register. An interrupt signal is output upon a match between the value of the 16-bit counter and the
setting value of the TPnCCR1 register as an interval function. When TPnOE1 = 1 is set, TOPn1
performs toggle output upon mach between the value of the 16-bit counter and the setting value of
the TPNnCCRH1 register.

Even if TPNOEO = 1 to realize the output function, TPnCCRO register cannot control TOPnO
because it is used as capture register.

Figure 7-31: Basic Operation Timing in Free-Running Mode (TPnCCS1 = 0, TPnCCSO0 = 1)

INTTPnCCO _l —l B _l
match interrupt

match interrupt

(TPnOEO = 1, TPnOE1 = 1, TPnOLO = 0, TPnOL1 = 0)

TPnCE =1

FFFFH .

=
16-bit Do Df

counter Do+ D12
D11/ D11/
TIPnO |_

TPnCCRO 0000H Doo Dot Doz Dos

TPnCCR1 D1o

T 1 I X
CCR1 buffer y X y
_|

register 0000H D1o

INTTPnCCH

INTTPNOV —l —l

TOPnO |

TOPN1

Remarks: 1. D00, D01, D02, D03: Values captured to TPnCCRO register (0000H to FFFFH)

®)

296

D10, D11, D12: Setting compare value of TPnCCR1 register (0000H to FFFFH)
2. TIPnO: Set to falling edge detection (TPnIS1, TPnISO = 10)
3. n=0t03

Overflow flag

When the counter overflows from FFFFH to 0000H in the free-running mode, the overflow flag
(TPNOVF) is set to 1 and an overflow interrupt (INTTPnQV) is output.
The overflow flag is cleared by the CPU when writing 0 to it.
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7.5.8 Pulse width measurement mode (TPnMD2 to TPnMDO = 110)

In the pulse width measurement mode, free-running count is performed, and upon detection of
both the rising and falling edges of TIPnO, the 16-bit counter value is saved to capture register 0
(TPNCCRO) and the 16-bit counter is cleared to 0000H. The external input pulse width can be

measured as a result.
However, when measuring a large pulse width that exceeds 16-bit counter overflow, perform

judgment with the overflow flag. Since measurement of pulses for which overflow occurs twice or
more is not possible, adjust the operating frequency of the 16-bit counter. The value of the 16-bit

counter is also saved to capture register 1 (TPnCCR1) and the 16-bit counter cleared upon
detection of the TIPn1 edge.

Caution:

Figure 7-32: Flowchart of Basic Operation in Pulse Width Measurement Mode

In the pulse width measurement mode, select the internal clock (TPhnEEE of TPnCTL1

register = 0).

< START >

Initial settings
* Clock selection
(TPnCTLO: TPNCKS2 to TPNCKSO0)
* Pulse width measurement mode setting
(TPnCTL1: TPnMD2 to TPnMDO = 110)
¢ Compare register setting
(TPnCCRO, TPNCCR1)

TIPn1/TIPnO edge detection settingNote
(TPNIS3 to TPNISO)

Timer operation enable (TPnCE = 1)

L

Rising edge input to TIPnn, capture of
value to TPNnCCRn, 16-bit counter clear
& start

Falling edge input to TIPnn, capture of
value to TPnCCRn, 16-bit counter clear

& start

Note: An external pulse can be input from either TIPnO or TIPn1. Only one of them can be used.
Specify that both the rising and falling edges are detected. Specify that the input edge of an
external pulse input that is not used is not detected.

Remark:

n=0to 3
m =

0,1
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Figure 7-33: Basic Operation Timing in Pulse Width Measurement Mode
(TPnOEO = 0, TPnOE1 = 0, TPnOLO = 0, TPnOL1 = 0)

FFFFH

16-bit
counter

TIPnO

TPnCCRO

INTTPnCCO

TPnOVF

INTTPnOV

Remarks: 1.

3.
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TPnCE =1
FFFFH
Dot
— Do3s
Do2
Doo N / -
0000H Doo Y Do y Doz Dos

Cleared by
writing 0
from CPU

||

D00, D01, D02, D03: Values captured to TPnCCRO register (0000H to FFFFH)
2. TIPnO: both rising and falling edges are detected (TPnIS1, TPnISO = 11)

n=0to 3
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7.6 Timer Synchronization Operation Function

Timer P and timer Q have a timer synchronized operation function (tuned operation mode).
The timers that can be synchronized are listed in Table 7-3 (N[: Settable, x: Not settable).

Table 7-3: Tuned Operation Mode of Timer

Master Timer Slave Timer V850E/RSH1
TMPO TMP1 - Y
TMp2 TMP3 TMQO %

Cautions: 1.

The tuned operation mode is enabled or disabled by the TPhSYE bit of the
TPnCTL1 register and TQnSYE bit of the TQnCTL1 register. For TMP2, either or
both TMP3 and TMQO can be specified as slaves.

Set the tuned operation mode using the following procedure.

Set the TPnSYE bit of the TPnCTL1 register and the TQnSYE bit of the
TQNnCTL1 register of the slave timer to enable the tuned operation. Set the
TPnMD2 to TPnMDO bits of the TPnCTL1 register and TPnMD2 to TPnMDO bits
of the TQnCTL1 register of the slave timer to the free-running mode.

Set the timer mode by using the TPnMD2 to TPnMDO bits of the TPnCTL1
register and the TPnMD2 to TPnMDO bits of the TQnCTL1 register. At this
time, do not set the TPnSYE bit of the TPnCTL1 register and the TQnSYE bit
of the TQnCTL1 register of the master timer.

Set the compare register value of the master and slave timers.

Set the TPnCE bit of the TPnCTLO register and the TQnCE bit of the TQnCTLO
register of the slave timer to enable operation on the internal operating clock.
Set the TPnCE bit of the TPnCTLO register and the TQnCE bit of the TQnCTLO
register of the master timer to enable operation on the internal operating
clock.

Tables 7-4 and 7-5 show the timer modes that can be used in the tuned operation mode
(V7 Settable, x: Not settable).

Table 7-4: Timer Modes Usable in Tuned Operation Mode

Master Timer Freel\-/lF;L(er;ning PWM Mode Trisc\?&l?\;ggz"e
TMPO 7 7 .
TMP2 J 7
T™Q N 7
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Table 7-5: Timer Output Functions

Tuned Free-Running Mode PWM Mode Triangular Wave PWM Mode
une . .
Timer Pin i i
Channel Tg”F'gg Tuning ON Tgr;:”llg Tuning ON |  Tuning OFF | Tuning ON
T™MPo | TOPOO PPG “«— Toggle “«— N/A «—
cho (master)|  TOPO1 PPG “ PWM “ N/A “
T™MP1 | TOP10 PGP “ Toggle PWM N/A “
(slave) | TOP11 PPG « PWM « N/A «
TMP2 TOP20 PPG “— Toggle “— N/A “—
oh (master) | TOP21 PPG “ PWM “ N/A “
T™MP3 | TOP30 PPG “ Toggle PWM N/A «
(slave) | TOP31 PPG “ PWM “ N/A “
™GO TOQO0 PPG “— Toggle PWM Toggle N/A
Ch1 TOQO1 to Triangul
slave guiar
(slave) 10003 PPG « PWM « wave PWM N/A
™Q TOQ10 PPG “— Toggle “— Toggle «
Ch2 TOQ11 to Triangul
master gular
( | oais PPG < PWM < wave PWM <
Remark: The timing of transmitting data from the compare register of the master timer to the

300

compare register of the slave timer is as follows.
PPG: CPU write timing
Toggle, PWM, triangular wave PWM: Timing at which timer counter and compare register
match TOPn0 and TOQmMO (n=0t0 3, m=01to 1)
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Figure 7-34:

Unit operation

Tuned Operation Image (TMP2, TMP3, TMQO)

Tuned operation

TMP2

| 16-bit timer/counter

| 16-bit capture/compare

| 16-bit capture/compare

L~ TOP21 (PWM output)

T

TMP3

| 16-bit timer/counter

| 16-bit capture/compare

| 16-bit capture/compare

= TOP31 (PWM output)

T

TMQO

16-bit timer/counter

16-bit capture/compare

= TOQO1 (PWM output)

16-bit capture/compare

= TOQO02 (PWM output)

| 16-bit capture/compare
| 16-bit capture/compare

-~ TOQO3 (PWM output)

T T T =

TMP2 (master) + TMP3 (slave) + TMQO (slave)

16-bit timer/counter

16-bit capture/compare

16-bit capture/compare

16-bit capture/compare

16-bit capture/compare

16-bit capture/compare

16-bit capture/compare

16-bit capture/compare

16-bit capture/compare

I T /T /T T /T T —— =

L~ TOP21 (PWM output)

= TOP30 (PWM output)

= TOP31 (PWM output)

= TOQO0 (PWM output)
= TOQO1 (PWM output)
= TOQO02 (PWM output)

-~ TOQO3 (PWM output)

Five PWM outputs are available
when PWM is operated as a single unit.

Seven PWM outputs are available when
PWM is operated in tuned operation mode.
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Figure 7-35: Basic Operation Timing of Tuned PWM Function (TMP2, TMP3, TMQO)

FFFFH

Doo Doo

Deo Do / Deo Dro /
TMP2 Do Dso /’ Dao Dso /’

16-bit
Dao/ Dso/

counter

Dio Dzo/ Dio Dzo/

0000H

TP2CE

TP3CE

L L

TQOCE

TP2CCRO Doo

TP2CCR1

TP3CCRO

TP3CCR1

TQOCCRO

TQOCCRH1

TQOCCR2

PP} P]IP]I P} P]

TQOCCR3 D7o

INTTP2CCO
match interrupt
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match interrupt
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match interrupt
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The V850E/RS1 includes two channels 16 bit timer/event counter Q (TMQO, TMQ1)

Chapter 8 16-Bit Timer/Event Counter Q

8.1 Features

Timer Q (TMQ) is a 16-bit timer/event counter provided with general-purpose functions.

TMQ can perform the following operations.

8.2

16-bit-accuracy PWM output
Interval timer

External event counter (operation not possible when clock is stopped)
Timer synchronised operation function

One-shot pulse output
Pulse width measurement function

Triangular wave PWM output

Function Outline

Capture trigger input signal x 4
External trigger input signal x 1
Clock select x 8

External event input x 1

Readable counter x 1
Capture/compare reload register x 4
Capture/compare match interrupt x 4
Timer output (TOQNO to TOQN4) x 4
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8.3 Configuration

TMQ includes the following hardware.

Table 8-1: TMQ Configuration

ltem

Configuration

Timer register

16-bit counter x 1

TMQn capture/compare registers 0 to 3 (TQNCCRO to TQnCCR3)

Registers TMQn counter read buffer register (TQNCNT)
CCRO to CCRS buffers registers
Timer input 4 (TIQnoN°* to TIQN3)

Timer output

3 (TOQN1 toTOQNY)

Control registers

TMQn control registers 0, 1 (TQnCTLO, TQnCTL1)
TMQn dedicated I/O control registers 0 to 2 (TQnIOCO to TQNIOC2)

TMQn option registers 0 (TQnNOPTO)

Note: TIQnO functions alternately as a capture trigger input signal, external trigger input signal, and
external event input signal.

Remark: n =0 to 1; the notation of n is maintained throughout Section 8 unless otherwise noted.

Timer Q (TMQ) pins are alternate function of port pins. For how to set the alternate function, refer to the

description of the registers in Chapter 4

Table 8-2: TMQ Pin List

”Port Functions” on page 105.

Pin Name I/0 Function Alternate Function
TIQO0 External event/clock input (TMQOO) P53/ TOQO00
TIQO1 External event/clock input (TMQO1) P50/TOQO1
TIQ02 External event/clock input (TMQO02) P51/TOQ02
TIQO3 Input External event/clock input (TMQO3) P52/TOQ03
TIQ10 External event/clock input (TMQ10) P93/CS302/TOQ10
TIQ11 External event/clock input (TMQ11) P90/SCK30/TOQ11
TIQ12 External event/clock input (TMQ12) P91/CS300/TOQ12
TIQ13 External event/clock input (TMQO3) P92/CS301/TOQ13
TOQO0 Timer output (TMQOO) P53/TIQ00
TOQO1 Timer output (TMQO1) P50/TIQ01
TOQO02 Timer output (TMQO02) P51/TIQ02
TOQO03 Output Timer output (TMQO3) P52/TIQ03
TOQ10 Timer output (TMQ10) P93/CS302/TIQ10
TOQ11 Timer output (TMQ11) P90/SCK30/TIQ11
TOQ12 Timer output (TMQ12) P91/CS300/TIQ12
TOQ13 Timer output (TMQ13) P92/CS301/TIQ13
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Figure 8-1: Block Diagram of Timer Q
% Internal bus %
TQnCTLO TQnlOC2
[TanCE [Tancks2[TanCks [TanCKS0] [TanESS1[TANESSO[TANETS1[TANETSO]
[ | | |
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(1) Capture/compare register 0 (TQnCCRO)

The TQnCCRO register is a 16-bit register that has a capture function and a compare function.
Whether this register is used as a capture register or a compare register can be specified by using
the TQnCCSO bit of the TQnNOPTO register, but only in the free-running mode.

In the pulse width measurement mode, this register can be used only as a capture register (it

cannot be used as a compare register).

In all the modes other than the free-running mode and pulse width measurement mode, this

register functions as a compare register.

In the default status, the TQnCCRO register functions as a compare register.
This register can be read or written in 16-bit units.

RESET input clears this register to 0000H.

Figure 8-2: Capture/Compare Register 0 (TQnCCRO0) Format

15 14 13 12 11 10 9 8 7 5 4 3 2 1 0  Address RW 'vl'f'ui'
taoccrol | | [ [ | | | I [ | | | | | | |rrrrrsaeH Rw ooooH
5 14 13 12 11 10 9 8 7 5 4 3 2 1 0  Addess Rw mia

value

ratcerol | | [ [ [ | | I [ ] | | | [ | |rrrrreten Rw ooooH

¢ When used as a compare register

TQNCCRO can be rewritten when TQnCE = 1 as below mentioned:

TMQ Operation Mode

Method of Writing TQnCCRO Register

PWM output mode, external trigger pulse output mode,
or triangular wave PWM mode

Reload

Free-running mode, external event count mode,
one-shot pulse mode or interval timer mode

Any time write

Pulse width measurement mode

Cannot be used because used only as capture register

¢ When used as capture register

The count value is stored in TQnCCRO upon capture trigger (TIQNO) input edge detection.
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(2) Capture/compare register 1 (TQnCCR1)

The TQnCCRH1 register is a 16-bit register that has a capture function and a compare function.
Whether this register is used as a capture register or a compare register can be specified by using
the TQnCCS1 bit of the TQnOPTO register, but only in the free-running mode.

In the pulse width measurement mode, this register can be used only as a capture register (it
cannot be used as a compare register).

In all the modes other than the free-running mode and pulse width measurement mode, this
register functions as a compare register.

In the default status, the TQnCCR1 register functions as a reload register.

This register can be read or written in 16-bit units.

RESET input clears this register to 0000H.

Caution: In the one-shot pulse mode, it is prohibited to set the TQnCCR1 register to 0000H.

Figure 8-3: Capture/Compare Register 1 (TQnCCR1) Format

5 14 18 12 11 10 9 8 7 6 5 4 3 2 1 0  Addess RW "hal
value
taocchtl | [ [ [ [ | | | | | | | | | | |FrrrFseen RW o0000H
Initial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address  R/W
value
rarcert| | | [ [ ] | | ] [ ] | | | | | |rrrrreteH Aw ooooH
¢ When used as a compare register
TQNCCR1 can be rewritten when TQnCE = 1, as below mentioned:
TMQ Operation Mode Method of Writing TQnCCR1 Register
PWM output mode, external trigger pulse output mode,
. Reload
or triangular wave PWM mode
Free-running mode, external event count mode, Anv i .
. . ny time write
one-shot pulse mode or interval timer mode
Pulse width measurement mode Cannot be used because used only as capture register

e When used as a capture register

The count value is stored in TQNCCR1 upon capture trigger (TIQn1) input edge detection.
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(3) Capture/compare register 2 (TQnCCR2)

The TQnCCR2 register is a 16-bit register that has a capture function and a compare function.
Whether this register is used as a capture register or a compare register can be specified by using
the TQnCCS2 bit of the TQnNOPTO register, but only in the free-running mode.

In the pulse width measurement mode, this register can be used only as a capture register (it
cannot be used as a compare register).

In all the modes other than the free-running mode and pulse width measurement mode, this
register functions as a compare register.

In the default status, the TQnCCR2 register functions as a compare register.

This register can be read or written in 16-bit units.

RESET input clears this register to 0000H.

Figure 8-4: Capture/Compare Register 2 (TQnCCR2) Format

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  Address Rw Mid
value
taoccrel | | [ [ ] | | I [ | | | | [ | |rrrrrsean Rw ooooH
[nitial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address  R/W
value
ratcerel | | [ [ ] | I I [ ] | | | [ | |rrrrre1An Rw ooooH
¢ When used as a compare register
TQNCCR2 can be rewritten when TQnCE = 1, as below mentioned:
TMQ Operation Mode Method of Writing TQnCCR2 Register
PWM output mode, external trigger pulse output mode,
. Reload
or triangular wave PWM mode
Free-running mode, external event count mode, Anv i .
; i ny time write
one-shot pulse mode or interval timer mode
Pulse width measurement mode Cannot be used because used only as capture register

¢ When used as capture register

The count value is stored in TQNCCR2 upon capture trigger (TIQN2) input edge detection.
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(4) Capture/compare register 3 (TQnCCR3)

The TQnCCR3 register is a 16-bit register that has a capture function and a compare function.
Whether this register is used as a capture register or a compare register can be specified by using
the TQnCCS3 bit of the TQnOPTO register, but only in the free-running mode.

In the pulse width measurement mode, this register can be used only as a capture register (it
cannot be used as a compare register).

In all the modes other than the free-running mode and pulse width measurement mode, this
register functions as a compare register.

In the default status, the TQnCCRB3 register functions as a compare register.

This register can be read or written in 16-bit units.

RESET input clears this register to 0000H.

Figure 8-5: Capture/Compare Register 3 (TQnCCR3) Format

5 14 13 12 11 10 9 & 7 6 5 4 3 2 1 0  Addess RwW U
value
taoccrs{ | | [ | | [ | | [ | | | | | | [|rrrrrsacH rw oo00H
[nitial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address  R/W
value
ratcersf | | [ | | [ | | [ | | | | | | [rrrrretcH rw ooooH
¢ When used as a compare register
TQNCCRS3 can be rewritten when TQnCE = 1, as below mentioned:
TMAQ Operation Mode Method of Writing TQnCCR2 Register
PWM output mode, external trigger pulse output mode,
. Reload
or triangular wave PWM mode
Free-running mode, external event count mode, Anv i .
. . ny time write
one-shot pulse mode or interval timer mode
Pulse width measurement mode Cannot be used because used only as capture register

e When used as capture register

The count value is stored in TQNCCR3 upon capture trigger (TIQn3) input edge detection.
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(5) Timer read buffer register (TQNCNT)

The TQNCNT register is a timer read buffer register that can read 16-bit counter values.

This register is read-only using a 16-bit memory manipulation instruction.

RESET input sets this register to FFFFH.

When TQNCE bit of TQnCTLO register = 0, the hardware status is FFFFH, but a value of 0000H is
returned when this register is read.

The value of this register is read when TQnCE bit = 1.

Figure 8-6: Timer Read Buffer Register (TQnCNT) Format

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  Address PRW 'vl'f'ui'
TQOCNTl | \ \ | \ \ | \ \ \ \ \ \ \ \ |FFFF F54EH R/W 0000H
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  Address Rw 'nue

value

TQ1CNT| | \ \ | \ \ | \ \ \ \ \ \ \ \ |FFFF F61EH R/W 0000H
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8.4 Control Registers

(1) Timer QO control register 0 (TQnNCTLO)
Timer QO control register 0 is an 8-bit register that controls the operation of timer Q.
This register can be read and written in 8-bit or 1-bit units.
RESET input clears this register to 00H.
The same value can always be written to the TQnCTLO register by software.

Figure 8-7: Timer Qn Control Register 0 (TQnCTLO) Format

Symbol  <7> 6 5 4 3 2 1 0 Address  Rw After
reset
TQOCTLO[TQOCE| 0 | 0 | 0 | 0 |TQOCKS2[TQOCKSI[TQOCKSO| FFFFF540H R/W OOH
Symbol  <7> 6 5 4 3 2 1 0 Address R/w After
reset
TQICTLO[TQICE| 0 | 0 [ 0 | 0 [TQICKS2TQICKSI[TQICKS0| FFFFF610H R/W 00H
TQnCE Timer Qn operation control
0 Disable internal operating clock operation (asynchronously reset TMQn).
1 Enable internal operating clock operation.

The TQNCE bit controls the internal operating clock and asynchronously resets TMQn. When this bit is
cleared to 0, the internal operating clock of TMQn is stopped (fixed to the low level), and TMQn is
asynchronously reset.

When the TQNnCE bit is set to 1, the internal operating clock is enabled within 2 input clocks, and TMQn

counts up.
TQnCKS2 TQnCKS1 TQnCKSO0 Internal count clock selection

0 0 0 fxx
0 0 1 fxx/2
0 1 0 fux/4
0 1 1 fxx/8
1 0 0 fxx/16
1 0 1 fyx/32
1 1 0 fyx/64
1 1 1 fyx/128

Caution: Set bits TQnCKS2 to TQnCKS0 when TQnCE = 0.
When the value of the TQnCE bit is changed from 0 to 1, bits TQnCKS2 to TQnCKSO0
can be set simultaneously.

Remark: n=0,1
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(2) Timer Q control register 1 (TQnCTL1)

The TQnCTLA1 register is an 8-bit register that controls the operation of timer Q.
This register can be read or written in 8-bit or 1-bit units.
RESET input clears this register to 00H.

Figure 8-8: Timer Q Control Register 1 (TQnCTL1) Format (1/2)

Symbol 7 6 5 4 3 2 1 0 Address  R/w After

reset
TQOCTL1[TQOSYE[TQOEST[TQOEEE] 0 | 0 [TQOMD2|TQOMD1|TQOMDO| FFFFF541H R/W 0OH
Symbol 7 6 5 4 3 2 1 0 Address  R/w After

reset
TQ1CTL1|TQ1SYE‘TQ1EST‘TQ1EEE‘ 0 \ 0 ‘TQ1MD2‘TQ1MD1|TQ1MDO| FFFFF611H R/W OO0H

TQnSYE Tuned operation mode enable control
0 Independent operation mode (asynchronous operation mode)

Tuned operation mode (specification of slave operation)
In this mode, timer Q can operate in synchronization with a master timer.

Master timer Slave timer
TMQO T™MQ1 -

For the tuned operation mode, refer to 8.6 Timer Synchronized Operation Function.

Caution: Be sure to clear the TQOSYE bit to 0 (master timer) and TQ1SYE bit to 1
(slave timer)

Caution: In the synchronous operation mode, the master macro can be set only in the PWM
mode, external trigger pulse output mode, pulse output mode, and free-running
mode.

The slave macros can be set only in the free-running mode.
Setting the external event count mode, one-shot pulse mode, and pulse width
measurement mode is prohibited.

TQnEST Software trigger control

0 No operation

In one-shot pulse mode: One-shot pulse software trigger

In external trigger pulse output mode: Pulse output software trigger

The TQNEST bit functions as a software trigger in the one-shot pulse mode or external trigger pulse
output mode (this bit is invalid in any other mode). By setting TQnEST to 1 when TQnCE = 1, a software
trigger is issued. Therefore, be sure to set TQnEST to 1 when TQnCE = 1.

The TIQnNO pin is used for an external trigger. The read value of the TQnEST bit is always 0.
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Figure 8-8: Timer Q Control Register 1 (TQnCTL1) Format (2/2)

TQnEEE

Count clock selection

0

Use the internal clock (clock selected with bits TQnNCKS2 to TQnCKSO)

1

Use the external clock from the TIQnO input pin

The valid edge when TQnEEE = 1 (use the external clock from TIQnO pin) is specified with bits TQnEES1

and TQnEESO.
TQnMD2 TQnMD1 TQnMDO Timer mode selection

0 0 Interval timer mode
0 1 External event counter mode
0 1 0 External trigger pulse output mode
0 1 1 One-shot pulse mode
1 0 0 PWM mode
1 0 1 Free-running mode
1 1 0 Pulse width measurement mode

Triangular wave PWM mode

Caution: Set bits TQnEEE and TQnMD2 to TQnMDO when TQnCE = 0. (The same value can be
written when TQnCE = 1.) The operation is not guaranteed when rewriting is
performed when TQnCE = 1. If rewriting was mistakenly performed, set TQnCE = 0

and then set the bits again.

Remark: n=0,1
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(3) Timer Q dedicated I/O control register 0 (TQnIOCO)

The TQNIOCO register is an 8-bit register that controls the timer output.
This register can be read and written in 8-bit or 1-bit units.
RESET input clears this register to 00H.

Figure 8-9: Timer Q Dedicated I/O Control Register 0 (TQnlOCO0) Format

After
reset

TQOIOCO[TQOOL3|TQOOES| TQOOL2[TQOOEZ TQOOL1 | TQOOE | TQOOLO | TQOOL1 | FFFFF542H R/W 00H

Symbol 7 <6> 5 <4> 3 <2> 1 0 Address R/W

After
reset

TQ1IOCO|TQ1OL3‘TQ1OE3‘TQ1OL2‘TQ1OE2|TQ1OL1 \TQ10E1\TQ10L0\TQ10E0| FFFFF612H R/W OOH

Symbol 7 <6> 5 <4> 3 <2> 1 0 Address R/W

TQnOLm Timer output level setting
0 Normal output
1 Inverted output
TQnNOEmM Timer output setting
0 Disable timer output (TOQnm pin outputs low level when TQnOLm = 0, and high level when
TQnOLm = 1).
1 Enable timer output (TOQnm pin outputs pulses).

Cautions: 1. Rewrite bits TQnOLm and TQnOEm when TQnCE = 0. (The same value can be
written when TQnCE = 1.) If rewriting was mistakenly performed, set TQnCE = 0
and then set the bits again.

2. To enable the timer output, be sure to set the corresponding alternate-function
pins TQnIS7 to TQNISO of the TQNIOC1 register to “Detect no edge” and
invalidate the capture operation. Then set the corresponding alternate-function
port to output mode.
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(4) Timer Q dedicated I/O control register 1 (TQnIOC1)
The TQnIOCH1 register is an 8-bit register that controls the valid edge of the external input signals
(TIQNO to TIQN3).
This register can be read or written in 8-bit or 1-bit units.
RESET input clears this register to 00H.

Figure 8-10: Timer Q Dedicated I/O Control Register 1 (TQnlOC1) Format

Symbol 7

6 5 4 3 2 1 0 Address R/W After reset

TQOIOC1|TQOIS7|TQOISG‘TQOISS‘TQOIS4‘TQOISS‘TQOI82‘TQOIS1‘TQOISOl FFFFF593H R/W  OOH

Symbol 7

6 5 4 3 2 1 0 Address R/W After reset

TQ1IOC1|TQ1IS7|TQ1ISG‘TQ1I85‘TQ1IS4‘TQ1ISS‘TQ1ISZ‘TQ1IS1‘TQ1ISO| FFFFF613H R/W  OOH

TQnIS7 TQnIS6 Capture input (TIQn3) valid edge setting
0 0 Detect no edge (capture operation is invalid).
0 1 Detect rising edge.
1 0 Detection of falling edge
1 1 Detection of both edges
TQnIS5 TQniIS4 Capture input (TIQn2) valid edge setting
0 0 No edge detection
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges
TQnIS3 TQnIS2 Capture input (TIQn1) valid edge setting
0 0 No edge detection
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges
TQnIS TQnISO Capture input (TIQnO) valid edge setting
0 0 No edge detection
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges
Cautions: 1. Rewrite bits TQnIS3 to TQnISO when TQNnCE = 0. (The same value can be written
when TQnCE = 1.) If rewriting was mistakenly performed, set TQnCE = 0 and then
set the bits again.
2. The TQnIS7 to TAQNISO bits are valid only in the free-running mode and pulse

width measurement mode. A capture operation is not performed in any other
mode.

Remark: n=0,1
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(5) Timer Q dedicated I/O control register 2 (TQnIOC2)

The TQnIOC2 register is an 8-bit register that controls the valid edge of the external event count
input signal (TIQn0) and external trigger input signal (TIQnNO).

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

RESET input clears this register to 00H.

Figure 8-11: Timer Q Dedicated I/O Control Register 2 (TQnlOC2) Format
Symbol 7 6 4 3 2 1 0 Address  Rw After
reset
TQol0c2f 0 | o | | 0 [TQOEES1TQOEESOTQOETS1[TQOETSO| FFFFF544H R/W O00H
Symbol 7 6 4 3 2 1 0 Address  Rw After
reset
TQocz o | o | | 0 [TQIEES1TQIEESOTQIETS1TQIETS0| FFFFF614H R/W 0OH
TQnEES1 TQnEESO Setting of valid edge of external event count input (TIQnO)
0 0 Detect no edge (external event count is invalid).
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges
TQnETSH TQnETSO Setting of valid edge of external trigger input (TIQnO)
0 0 Detect no edge (external trigger is invalid).
0 1 Detection of rising edge
1 0 Detection of falling edge
1 1 Detection of both edges
Cautions: 1. Rewrite bits TQnEES1, TQnEESO0, TQnEST1, and TQnESTO0 when TQnCE = 0. (The
same value can be written when TQnCE = 1.) If rewriting was mistakenly
performed, set TQnCE = 0 and then set the bits again.
2. The TQnEES1 and TQnEESO bits are valid when TQnEEE = 1 or when the external

event count mode is set (TQnMD2 to TQnMDO of TIQnCTL1 register = 001).

Remark: n=0,1
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(6) Timer Q option register 0 (TQNOPTO)

The TQnNOPTO register is an 8-bit register that selects a capture or compare operation, and
detects an overflow.

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

RESET input clears this register to 00H.

Figure 8-12: Timer Q Option Register 0 (TQnOPTO0) Format

Symbol 7 6 5 4 3 2 1 <0> Address  R/w After
reset
TQOOPTO[TQOCCS3TQOCCS2TQOCCSTTQOCCS0| 0 | 0 | 0 |TQOOVF| FFFFF545H R/W OOH
Symbol 7 6 5 4 3 2 1 <0> Address  Rw After
reset
TQ1OPTO[TQ1CCS3TQ1CCS2TQICCS|TQICCS0| 0 | 0 | 0 |TQIOVF| FFFFF615H R/W 00H
TQnCCSm Selection of capture or compare operation of TQnCCRm register
0 Compare register
1 Capture register

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

TQNOVF Detection of Timer Q overflow
Set (1) Overflow occurrence
Reset (0) 0 written to TQnOVF bit or TQnCE =0
e The TQNOVF bit is reset when the 16-bit counter value overflows from FFFFH to 0000H in the free-

running mode or the pulse width measurement mode.

* As soon as the TQnOVF bit has been set to 1, an interrupt request signal (INTTQnOV) is generated.
The INTTQnOQV signal is not generated in any mode other than the free-running mode and pulse width
measurement mode.

e The TQNOVF bit is not cleared even when the TQnOVF bit and the TQnOPTO register are read when
TQnOVF = 1.

e The TQNOVF bit can be both read and written, but 1 cannot be written to the TQnOVF bit from the
CPU. Writing 1 has no influence on the operation of timer Q.

Cautions: 1. Rewrite bits TQnCCS3 to TQNCCS0 when TQnCE = 0. (The same value can be
written when TQnCE = 1.) If rewriting was mistakenly performed, set TQnCE = 0
and then set the bits again.

2. Be sure to clear bits 1, 2 and 3 to 0.

Remark: n=0,1
m=0to 3
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(7) TIQnm pin noise elimination control register n (QnmNFC)

The QnmNFC register is an 8-bit register that sets the digital noise filter of the timer Q input pin.
This register can be read or written in 8-bit or 1-bit units.
RESET input clears this register to 00H.

Figure 8-13: TIQnm Pin Noise Elimination Control Register n (QnmNFC) Format

Address: QOONFC:

FFFFFB50H (TIQOO pin)

QO1NFC: FFFFFB54H (TIQO1 pin)
QO2NFC: FFFFFB58H (TIQO02 pin)
QO3NFC: FFFFFB5CH (TIQ03 pin)
Q10NFC: FFFFFB60H (TIQ10 pin)
Q11NFC: FFFFFB64H (TIQ11 pin)
Q12NFC: FFFFFB68H (TIQ12 pin)
Q13NFC: FFFFFB6CH (TIQ13 pin)
Symbol 7 6 5 4 3 2 1 <0> Address  R/W fg;ee't
FFFFFB50H
QnmNFC 0 NFSTS 0 0 0 NFC2 | NFC1 | NFCO to R/W 00H
FFFFFB6CH
NFSTS Selection of sampling times number for digital noise filtering
0 3 times
1 2 times
NFC2 NFCA1 NFCO Sampling clock selection

0 0 0 fxx

0 0 1 fxx/2

0 1 0 fxx/4

0 1 1 fxx/16

1 0 fxx/32

1 1 fxx/64

Other than above Setting prohibited

Cautions: 1.

Remarks: 1.

318

Be sure to clear bits 3to 5 and 7 to 0.

2. A signal input to the timer input pin (TIQnm) before the QnmNFC register is set is
output with digital noise eliminated. Therefore, set the sampling clock (NFC2 to
NFCO0) and the number of times of sampling (NFSTS) by using the QnmNFC
register, wait for initialization time = (Sampling clock) x (Number of times of
sampling), and enable the timer operation.

The width of the noise that can be accurately eliminated is (Sampling clock) x (Number

of times of sampling — 1). Even noise with a width narrower than this may cause a
miscount if it is synchronized with the sampling clock.

2. n: Number of timer channels (0, 1)

m: Number of input pins (0 to 3)
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8.5 Operation

Timer Q can perform the following operations.

Operation

TQnEST
Software
trigger input

TIQnO
External
trigger input

TQnEEE
Count clock
selection

Capture/
Compare Write

Compare
Write

Interval timer mode Invalid Invalid Internal/TIQNO pin Compare only | Any time write

External event counter

modeNote 1 Invalid Invalid TIQnNO pin only Compare only | Any time write

External trigger pulse

output Valid Valid Internal only Compare only | Reload

modeN°te 2

One-shot pulse output ) . . .

modeNote 2 Valid Valid Internal only Compare only | Any time write

PWM mode Invalid Invalid Internal/TIQNO pin Compare only | Reload
Capture/com-

Free-running mode Invalid Invalid Internal/TIQnNO pin pare switching | Any time write
enabled

Pulse width measure-

ment Invalid Invalid Internal only Capture only Not applicable

modeN°te 2

Notes: 1. When using the external event count function, set TIQnO capture input edge detection to

“Detect no edge”. (Set TQnIS1 and TQNISO bits of TQNIOC1 register to “00”.)

2. When using the external trigger pulse output mode, one-shot pulse mode, or pulse width
measurement mode, select the internal clock as the count clock (by setting the TQnEEE bit
of the TQnCTL1 register to 1).

Caution:

8.5.1 Anytime write and reload

Clearing the TQnCCR1 register to 0000H is prohibited in the one-shot pulse mode.

Timer Q allows rewriting of the TQNCCRO to TQnCCR3 registers while the timer is operating
(TQNCE = 1). These registers are written differently (anytime write or reload) depending on the mode.

(1) Anytime write

When data is written to the TQnCCRO to TQnCCRBS registers during timer operation, it is
transferred at any time to the CCRO buffer register and is compared with the value of the 16-bit

counter.
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Figure 8-14: Flowchart of Basic Operation for Anytime Write

( START )

Initial setting

Enable timer operation (TQnCE = 1)
— Transfer values of TQnCCRO
to CCRO buffer register

Rewrite TQnCCRO
— Transfer to CCRO buffer register

|
Rewrite TQnCCR1
— Transfer to CCR1 buffer register
|
Rewrite TQnCCR2
— Transfer to CCR2 buffer register
|
Rewrite TQnCCR3
— Transfer to CCRS buffer register
|
e CCRO buffer register matches 16-
bit counter.
¢ Clear and start 16-bit counter.

INTTQnCC occurs

Note: n=0, 1

Remark: The above flowchart illustrates an example of the operation in the interval timer mode.
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Figure 8-15: Timing Chart of Any Time Write

TQnCE =1
Dot Dot
Doz
D21 D21 Dot
16-bit D11 D11 D12 D12
counter Da1 Day Day Dat
TQnCCRO \ Dot Doz
Y I Ly LI ]
CCRO buffer  “Ga50H Dor X Doz
register
INTTQNCCO
TQnCCR1 \ D11 X D12
o o | Y
1buffer “5000H D X Dr2
register
INTTQNCCH
TQnCCR2 \ D21
|\ | | ||
CCR2 buffer 5500 Dz
register
INTTQNCC2 1
TQnCCR3 \ D31
i |
CCRS buffer
register 0000H Da1
INTTQNCC3

Remarks: 1. D01, D02: Setting values of TQnCCRO register (0000H to FFFFH)
D11, D12: Setting values of TQnCCR1 register (0000H to FFFFH)
D21: Setting value of TQNCCR2 register (0000H to FFFFH)
D31: Setting value of TQnCCRS register (0000H to FFFFH)

2. The above timing chart illustrates an example of interval timer mode operation.
3. n=0,1
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()

Reload

When data is written to the TQnNCCRm register during timer operation, it is compared with the
value of the 16-bit counter via the CCRm buffer register. The value of the TQnCCRm register can
be rewritten when TQnCE = 1.

So that the set values of the TQNCCRm register is compared with the value of the 16-bit counter
(the set values are reloaded to the CCRm buffer register), the value of the TQnCCRO register must
be rewritten and then a value must be written to the TQnCCR1 register before the value of the
16-bit counter matches the value of the CCRm buffer register.

When the value of the CCRm buffer register matches the value of the 16-bit counter, the value of
the TQnCCRm register is reloaded to the CCRm buffer register.

Whether the next reload timing is made valid or not is controlled by writing to the TQnCCR1
register.

Figure 8-16: Flowchart of Basic Operation for Reload

START

Initial setting

Enable timer operation (TQnCE = 1)
— Transfer value of TQnCCRO
to CCRO buffer register

Rewrite TQnCCRO.

Rewrite TQnCCR2.

Rewrite TQNCCRS3.

Rewrite TQNCCR1.

o TQnCCRO matches 16-bit counter.

o Clear and start 16-bit counter.

¢ Value of TQnCCRm is reloaded to
CCRm buffer register.

Reload is enabled

INTTQnCCO occurs

Caution: Writing the TQnCCR1 register includes an operation to enable reload. Therefore,

rewrite the TQnCCR1 register after rewriting other TQnCCR registers.

Remarks: 1. The above flowchart illustrates an example of PWM mode operation.
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2. n=0,1;,m=0to 3
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Figure 8-17: Timing Chart of Reload

TQnCE =1

16-bit
counter

TQnCCRO

CCRO buffer
register

TQnCCR1

CCR1 buffer

register

TQnCCR2

CCR2 buffer
register

TQnCCR3

CCRS buffer
register

Note

INTTQnCCO

INTTQnCCA

INTTQnCC2

INTTQnCC3

Note: Reload is not performed because TQNCCR1 register is not written.

Remarks: 1. DO01, D02, D03: Setting values of TQnCCRO register (0000H to FFFFH)
D11, D12: Setting values of TQnCCR1 register (0000H to FFFFH)
D21: Setting value of TQNCCR2 register (0000H to FFFFH)
D31, D32, D33: Setting values of TQnCCRS register (0000H to FFFFH)

2. The above flowchart illustrates the operation in the PWM mode operation
3. n=0,1.
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8.5.2 Interval timer mode (TQNMD2 to TQnMDO = 000)

In the interval timer mode, an interrupt request signal (INTTQnCCO) is generated when the set value of
the TQnCCRO register matches the value of the 16-bit counter, and the 16-bit counter is cleared.
Rewriting the TQnCCRm register is enabled when TQnCE = 1. When a value is set to the TQnCCRm
register by a write instruction from the CPU, it is transferred to the CCRm buffer register by means of
anytime write, and is compared with the value of the 16-bit counter.

In the interval timer mode, the 16-bit counter can be cleared only when its value matches the value of
the CCRO buffer register.

The 16-bit counter is not cleared by using the TQnCCRK register.

However, the set value of the TQnCCRKk register is transferred to the CCRk buffer register and
compared with the value of the 16-bit counter. As a result, an interrupt request (INTTQnCCK) is
generated. The value can also be output from the TOQnm pin by setting the TQnOEm bit to 1.

When the TQnCCRK register is not used, it is recommended to set the TQNCCRKk register to FFFFH.
When performing timer output with the TOQnk pin, set the same values to the TQnCCRO register and
one of the TQnCCR1 to TQnCCRS3 registers since the 16-bit timer counter cannot be cleared with the
TQNnCCRK register.

Remark: n=0to1,
m=0to 3
k=1to3

Figure 8-18: Flowchart of Basic Operation in Interval Timer Mode

START

Initial setting

e Select clock (TQnCTLO: TQnCKS2 to
TQNCKS0).

e Set interval timer mode (TQnCTLO:
TQnMD2 to TQnMDO = 000).

e Set compare register (TQnCCRm).

Enable timer operation (TQnCE = 1)
— Transfer value of TQnCCRm
to CCRm buffer register

16-bit counter matches — INTTQnCCk occurs
CCRKk buffer registerNote,

16-bit counter and CCRO
buffer register match.
Clear and start 16-bit counter.

INTTQnCCO occurs

Note: The 16-bit counter is not cleared upon a match between the 16-bit counter and TQnCCRKk.

Remark: n=0,1,m=0to3;k=1103
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Figure 8-19: Basic Operation Timing in Interval Timer Mode (1/2)

(a) When only TQnCCRO register value is rewritten and TOQnm is not output

FFFFH

16-bit
counter

TQnCCRO

CCRO buffer
register

TQnCCR1

CCR1 buffer
register

TQnCCR2

CCR2 buffer
register

TQnCCR3

CCR3 buffer

register

INTTQnCCO

INTTQnCCH

INTTQnCC2

INTTQnCC3

Remarks: 1.

TQNCE = 1
Doz
D11/Dm_ D11}_ D11}/
D3‘/ D31/ D31/
Dot Doz
\ N | | \ |
0000HX Dos ' Doz
| | [ | 1 | [
D11
\ N N | [
0000HX ! D
| [ [ [ ] [ [ ]
D21
\ N N | [
0000HX ! Dz
|| [ [ ] [ [ ] | [
D31
\ N N | [
0000HX ' Do
_|
D01, D02: Setting values of TQnCCRO register (0000H to FFFFH)

D11: Setting value of TQnCCR1 register (0000H to FFFFH)
D21: Setting value of TQnCCR2 register (0000H to FFFFH)
D31: Setting value of TQnCCRS3 register (0000H to FFFFH)

2. Interval time = (Dmk + 1) x (count clock cycle)

n=0to1
m=0to 3
k=11t03
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Figure 8-19: Basic Operation Timing in Interval Timer Mode (2/2)

(b) When D01 = D31, only TQnCCR1 register value is rewritten, and TOQnm is output

TQnCE =1

FFFFH

16-bit Dz~
counter
D21 D21 D21

TQnCCRO Dot

[y | | | | | | |
00005 Dor

CCRO buffer
register

TQnCCR1 Din

X
[ V1 | | | | Y | |
X

0000H>Q Di1

CCR1 buffer
register

TQnCCR2 D21

[
CCR2 buffer
reqistor 0000|-||>Q Des

TQnCCR3 D31

[y | | | | | | | |
0000H Do

CCRB3 buffer
register

INTTQnCCO

INTTQnCCH |

INTTQnCC2 —l

INTTQnCC3

TOQNO

TOQN1

TOQnN2

TOQnN3

Remarks: 1. DO01: Setting value of TQnCCRO register (0000H to FFFFH)
D11, D12: Setting values of TQnCCR1 register (0000H to FFFFH)
D21: Setting value of TQNCCR2 register (0000H to FFFFH)
D31: Setting value of TQNCCRS3 register (0000H to FFFFH)

2. Interval time = (Dmk + 1) x (count clock cycle)
3. n=0,1,m=0t03;k=1103
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8.5.3 External event counter mode (TQnMD2 to TQnMDO = 001)

In the external event count mode, the external event count input (TIQnO pin input) is used as a count-up
signal.

Regardless of the setting of the TQnEEE bit of the TQnCTLO register, 16-bit timer/event counter Q
counts up the external event count input (TIQnO pin input) when it is set in the external event count
mode.

In the external event count mode, an interrupt request (INTTQnCCO) is generated when the set value of
the TQnNCCRO register matches the value of the 16-bit counter, and the value of the 16-bit counter is
cleared.

When a value is set to the TQnCCRm register by a write instruction from the CPU, it is transferred to the
CCRm buffer register, and is compared with the value of the 16-bit counter.

In the external event count mode, the 16-bit counter can be cleared only when its value matches the
value of the CCRO buffer register.

The 16-bit counter cannot be cleared by using the TQnCCRKk register.

However, the set value of the TQnCCRK register is transferred to the CCRKk buffer register and is
compared with the value of the 16-bit counter. As a result, an interrupt request (INTTQnCCK) is
generated.

By setting the TQnOEm bit to 1, a signal can be output from the TOQnm pin.

When performing timer output with the TOQnk pin, set the same values to the TQnCCRO register and
the TQNCCRK register since the 16-bit counter cannot be cleared with the CCRk buffer register.
Rewriting the TQnCCRO register is enabled when TQnCE = 1. When the TQnCCRk register is not
used, it is recommended to set TQnCCRk to FFFFH.

Remark: n=0to1,
m=0to 3
k=1t03
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Notes: 1.
2.

Remark:

328

Figure 8-20: Flowchart of Basic Operation in External Event Counter Mode

START

Initial setting
o Set external event count mode
(TQnCTLO: TQNMD2 to TQNMDO =
001 )Note 1
o Set valid edge (TQnIOC2: TQnEEST,
TQNnEESO).
e Set compare register (TQnNCCRm).

Enable timer operation (TQnCE = 1)
— Transfer value of TQnCCRm
to CCRm buffer register

16-bit counter matches INTTQnCCk occurs
CCRKk buffer registerNote 2
16-bit counter matches — INTTQnCCO occurs
CCRO buffer register.
Clear and start 16-bit counter.

Selection of the TQnEEE bit has no influence.

The 16-bit counter is not cleared when it matches the CCRk buffer register.

n=0to1
m=0to 3
k=1t03
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Figure 8-21: Basic Operation Timing in External Event Counter Mode (1/2)

(a) When only TQnCCRO register value is rewritten and TOQnm is not output

TQnCE =1

FFFFH
Doz

D01_ Dot Dz /
/

16-bit
counter
Da1 D31 D31

TQnCCRO Dot Doz

CCRO buffer [] []
roister  0000H Dot X Do>

TQnCCR1 D11

CCR1 buffer ]
register 0000H

TQnCCR2 D21

CCR2 buffer ¥
register 0000H

TQnCCR3 Dat

\ | N N L]
CCR3 buffer 051\ Dst
register

INTTQnCCO

INTTQnCCH

INTTQnCC2

INTTQNnCC3

Remarks: 1. D01, D02: Setting values of TQnCCRO register (0000H to FFFFH)
D11: Setting value of TQnCCR1 register (0000H to FFFFH)
D21: Setting value of TQnCCR2 register (0000H to FFFFH)
D31: Setting value of TQNCCRS register (0000H to FFFFH)

2. Interval time = (Dmk + 1) x (count clock cycle)
3. n=0to1,m=0to3,k=1t03
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Figure 8-21: Basic Operation Timing in External Event Counter Mode (2/2)

(b) When D01 = D31, only TQnCCR1 register is rewritten, and TOQnm is output

TQnCE =1

FFFFH

16-bit Dizl "
counter
D21 D21 D21

TQnCCRO Dot

CCRO buffer
register OOOOHX Dor

TQnCCR1 Di:

< X

CCR1 buffer
fouitor 0000H>Q D11

TQnCCR2 D21

CCR2 buffer

register

TQnCCR3 Ds1

[ V1 | I |

CCRBS buffer

. 0000H Da1
register

INTTQnCCO

INTTQNCCH |

INTTQnCC2 —l

INTTQnCC3

TOQN1

TOQN2

TOQnN3

Remarks: 1. DO1: Setting value of TQnCCRO register (0000H to FFFFH)
D11, D12: Setting values of TQnCCR1 register (0000H to FFFFH)
D21: Setting value of TQnCCR2 register (0000H to FFFFH)
D31: Setting value of TQnCCRS register (0000H to FFFFH)

Interval time = (Dmk + 1) x (count clock cycle)
3. n=0to1,m=0to3,k=1t03
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8.5.4 External trigger pulse mode (TQnMD2 to TQnMDO = 010)

When TQNnCE = 1 in the external trigger pulse mode, the 16-bit counter stops at FFFFH and waits for
input of an external trigger (TIQNO pin input). When the counter detects the edge of the external trigger
(T1QNO pin input), it starts counting up.

The duty factor of the signal output from the TOQnk pin is set by a reload register (TQNCCRKk) and the
period is set by a compare register (TQnCCRO).

Rewriting the TQNCCRm register is enabled when TQNCE = 1. So that the set value of the TQnNCCRm
register after rewriting is compared with the value of the 16-bit counter (reloaded to the CCRm buffer
register), the TQnCCRO register must be rewritten and then a value is written to the

TQNCCR1 register before the value of the 16-bit counter matches the value of the TQnCCRO register.
When the value of the TQnCCRO register later matches the value of the 16-bit counter, the value of the
TQNnCCRm register is reloaded.

Whether the next reload timing is made valid or not is controlled by writing to the TQnCCR1 register.
Therefore, write the same value to the TQnNCCR1 register when it is necessary to rewrite the value of
only the TQnCCRO register.

Reload is invalid when only the TQnCCRO register is rewritten.

To stop timer Q, clear TQNCE to 0. If the edge of the external trigger (TIQNO pin input) is detected more
than once in the external trigger pulse mode, the 16-bit counter is cleared at the point of edge detection,
and resumes counting up. To realize the same function as the external trigger pulse mode by using a
software trigger instead of the external trigger input (TIQNO pin input) (software trigger pulse mode), a
software trigger is generated by setting the TQnEST bit of the TQnCTL1 register to 1. The waveform of
the external trigger pulse is output from TOQnKk.

In the external trigger pulse mode, the capture function of the TQnCCRm register cannot be used
because this register can be used only as a compare register.

Caution: In the external trigger pulse mode, select the internal clock (TQnEEE bit of TQnCTL1
register = 0) as the count clock.

Remarks: 1. For the reload operation when TQnCCRm is rewritten during timer operation, refer to
8.5.6 PWM mode (TQnMD2 to TQnMDO = 100).

2. n=0to1
m=0to 3
k=1t03
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Figure 8-22: Flowchart of Basic Operation in External Trigger Pulse Output Mode

‘ START )

Initial setting

o Select clock.
(TQnCTL1: TQnEEE = 0)
(TQnCTLO: TQNCKS2 to TQnCKSO0)

« Set external trigger pulse output mode. External trigger
(TQnCTL1: TQnMD2 to TQnMDO = 010) (T1QnO pin) input
e Set compare register.
(TQnCCRm)

Clear and start
16-bit counter.

Enable timer operation (TQnCE = 1)
— Transfer value of TQnCCRm
to CCRm bulffer register

I
External trigger (TIQNO pin) input
— 16-bit counter starts counting

16-bit counter matches INTTQNnCCKk occurs
TQnCCRkNete,
16-bit counter matches TQnCCRO. INTTQnCCO occurs
Clear and start 16-bit counter.

Note: The 16-bit counter is not cleared upon a match between the 16-bit counter and the CCRk buffer
register.

Remark: n=0to1

m=0to 3
k=1t03
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Figure 8-23: Basic Operation Timing in External Trigger Pulse Output Mode

TAQnCE =1

FFFFH

Dot

/ | %

D21 D2y~

16-bit Diy_~] Daz

counter D1z~ D12/
Ds1~] Dat

External trigger

(TIQOO pin)
TQNCCRO Do X Doz
| ) LT | Ly ] | N
CCR‘r’eZ‘gg: 0000HX! Dot X Doz
| [ T T [ ] | [ | LT
TQNCCRH D11 X Die
| ) LT L Ly 1] | N
CCR:eb‘iJ;Ig: 0000H><* D X* D12
9 | LT 1 [ | [ | L1
TQnCCR2 D21
| ) LT L | L | N
CCR?Q‘;{Z; 0000HX! Dz
| [ [ | [ | L1
TQnCCR3 Dot X Ds2
| ) LT L] Ly 1] | N
CCR3 buffer  5o00nyt Do ' Dsz
rengter
TOQNO
TOQn1
TOQnN2
TOQnN3

Remarks: 1. D01, D02: Setting values of TQnCCRO register (0000H to FFFFH)
D11, D12: Setting values of TQnCCR1 register (0000H to FFFFH)
D21: Setting value of TQnCCR2 register (0000H to FFFFH)
D31, D32: Setting values of TQnCCRS3 register (0000H to FFFFH)

2. Duty of TOQnk output = (Set value of TQnCCRKk register) / (Set value of TQnCCRO
register)
Cycle of TOQnk output = (Set value of TQNCCRO register) x (Count clock cycle)

3. n=0to1,m=0to3,k=11t03
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8.5.5 One-shot pulse mode (TQnMD2 to TQnMDO = 011)

When TQNCE is set to 1 in the one-shot pulse mode, the 16-bit counter waits for the setting of the
TQNEST bit (to 1) or a trigger that is input when the edge of the TIQnO pin is detected, while holding
FFFFH. When the trigger is input, the 16-bit counter starts counting up. When the value of the 16-bit
counter matches the value of the CCRk buffer register that has been transferred from the TQnCCRO
register, TOQnk goes high. When the value of the 16-bit counter matches the value of the CCRO buffer
register that has been transferred from the TQnCCRO register, TOQnk goes low, and the 16-bit counter
is cleared to 0000H and stops. Input of a second or subsequent trigger is ignored while the 16-bit
counter is operating. Be sure to input a second trigger while the 16-bit counter is stopped at 0000H.

In the one-shot pulse mode, rewriting the TQNCCRm register is enabled when TQnCE = 1. The set
value of the TQnCCRm register becomes valid after a write instruction from the CPU is executed. They
are then transferred to the CCRm buffer register, and compared with the value of the 16-bit counter.
The waveform of the one-shot pulse is output from the TOQnk pin. The TOQnm pin produces a toggle
output when the value of the 16-bit counter matches the value of the TQnCCRO register.

In the one-shot pulse mode, the TQnCCRm register function only as a compare register. It cannot be
used as a capture register.

Caution: In the one-shot pulse mode, select the internal clock (TQnEEE bit of TQnCTL1
register = 0) for the count clock.
Remark: n=0to1

m=0to 3
k=1to3
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Figure 8-24: Flowchart of Basic Operation in One-Shot Pulse Mode

( START )

Initial setting
* Select clock.
(TQnCTL1: TQnEEE = 0)
(TQNnCTLO: TQNnCKS2 to TQnCKS0)
e Set one-shot pulse mode.
(TQnCTL1: TQnMD2 to TQnMDO = 011)
e Set compare register.

(TQnCCRm)

Enable timer operation (TQnCE = 1)
— Transfer values of TQnCCRO
to CCRO buffer register

Wait for trigger.
16-bit counter stands by at FFFFH

Input external trigger (TIQNO pin)
or TQnEST =1
— 16-bit counter starts counting

Wait for trigger.

16-bit counter stands by at 0000H.

16-bit counter matches
CCRKk buffer registerNote

16-bit counter matches
CCRO buffer register.
Clear 16-bit counter

—_—

—_—

INTTQnCCk occurs

INTTQNCCO occurs

Note: The 16-bit counter is not cleared upon a match between the 16-bit counter and the CCRk buffer
register.

Caution:

Remark:

The 16-bit counter is not cleared even if the trigger is input while the counter is
counting up, and the trigger input is ignored.

n=0to1
m=0to 3
k=1t03
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Figure 8-25: Timing of Basic Operation in One-Shot Pulse Mode

TQnCE=1 TQnEST =1

FFFFH

Do1 Dot

b a
T6bit D21 D21/ D21 }/
-DI
countor Dﬁ/ D11/ D11/

1=

Note

N\

External trigger q
(TIQNO pin) :

TQnCCRO Dot

CORO buft \* [ T [ 7 [ T [T T T I I [ [T 1T
uffer
register 0000H Do

[ [ 1 I [ [ [ T 1 I I I [ T 1

TQnCCR1 D11

GCCR1 buffer \* [ T T T [ T T T T I I [ T T 1T
u
register 0000H D11

[ T T T [ T T T 1 I I [ T T 1T

TQnCCR2 D21

\ [ T T 1 I I [ [ [ T T T
COR2 buffer 000 \/¥ D21
register

l

TQnCCR3 Ds1 X D32
|
X

CCR3 bgffer 0000H ]
register

INTTQnCCO

INTTQnCC1

INTTQnCC2 H

INTTQnCC3

TOQNO

TOQnN1

TOQN2

TOQN3 ‘ TL

Note: The 16-bit counter starts counting up when either TQnEST is set to 1 or external trigger (TIQn0
pin) is input.

Remarks: 1. DO1: Setting value of TQnCCRO register (0000H to FFFFH)
D11: Setting value of TQnCCR1 register (0000H to FFFFH)
D21: Setting value of TQnCCR2 register (0000H to FFFFH)
D31, D32: Setting value of TQnCCR3 register (0000H to FFFFH)

2. n=0,1
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8.5.6 PWM mode (TQnMD2 to TQnMDO = 110)

In the PWM mode, TMQn capture/compare register k (TQnCCRK) is used to set the duty factor and
TMQn capture/compare register 0 (TQNCCRO) is used to set the cycle.

By using these two registers and operating the timer, variable-duty PWM is output.

Rewriting the TQnCCRm register is enabled when TQnCE = 1.

So that the set value of the TQnNCCRm register is compared with the value of the 16-bit counter
(reloaded to the CCRm buffer register), the TQnCCRO register must be rewritten and then a value must
be written to the TQnNCCR1 register before the value of the 16-bit counter matches the value of the
TQNCCRO register. The value of the TQnCCRm register is reloaded when the value of the TQnCCRO
register later matches the value of the 16-bit counter.

Whether the next reload timing is made valid or not is controlled by writing to the TQnCCR1 register.
Therefore, write the same value to the TQnCCR1 register even when only the value of the TQnCCRO
register needs to be rewritten. Reload is invalid when only the value of the TQnCCRO register is
rewritten.

To stop timer Q, clear TQnCE to 0. The waveform of PWM is output from the TOQnk pin.

The TOQnNO pin produces a toggle output when the 16-bit counter matches the TQnCCRO register.

In the PWM mode, the TQnNCCRm register is used only as a compare register. It cannot be used as a
capture register.

Remark: n=0to1

m=0to 3
k=1t03
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Figure 8-26: Flowchart of Basic Operation in PWM Mode (1/2)

(a) When values of TQnCCRm register is not rewritten during timer operation

( START )

Initial setting

¢ Select clock.

(TQnCTLO: TQNCKS2 to TQnCKSO0)
e Set PWM mode.

(TQnCTL1: TQnMD2 to TQnMDO = 100)
e Set compare register.

(TQnCCRm)

Enable timer operation (TQnCE = 1)
— Transfer value of TQnCCRm
register to CCRm buffer register

16-bit counter matches INTTQnCCk occurs

CCRKk buffer register.
TOQnk outputs low level.

16-bit counter matches —— INTTQNnCCO occurs
CCRO buffer register.
Clear and start 16-bit counter.
TOQnNO outputs high level.

Remark: n=0to1
m=0to 3
k=1t03

338 User’'s Manual U16702EE3V2UDO00O



Chapter 8 16-Bit Timer/Event Counter Q

Figure 8-26: Flowchart of Basic Operation in PWM Mode (2/2)

(b) Value of TQnCCRm register rewritten during timer operation

START

Initial setting

o Select clock.

(TQnCTLO: TQNCKS2 to TQnCKS0)
e Set PWM mode.

(TQnCTL1: TQnMD2 to TQnMDO = 100)
e Set compare register.

(TQnCCRm)

Enable timer operation (TQnCE = 1)
— Transfer value of TQnCCRm
register to CCRn buffer register

16-bit counter matches TQnCCRk. — = INTTQNCCK occurs
TOQnk outputs low level.

16-bit counter matches TQnCCRO.
Clear and start 16-bit counter.
TOQn1 to TOQN3 output high level.

Rewrite other than TQnCCR1
(TQnCCRO, TQnCCR2,
TQnCCR3).

16-bit counter matches — INTTQnCCk occurs
CCRKk buffer register. <2> | Note
TOQnk outputs low level.

Rewrite TQnCCR1. <3>

CCRO buffer register matches 16-bit
counter.

Clear and start 16-bit counter.
Value of TQnCCRm is reloaded to
CCRm buffer register.

INTTQNCCO occurs

<1>

Reload is enabled

INTTQNCCO occurs

Note: The timing of <2> in the above flowchart may differ depending on the rewrite timing of steps <1>
and <3> and the value of TQnCCRKk, but make sure that step <3> comes after step <1>.

Remark: n=0to1

m=0to 3
k=1t03
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Figure 8-27: Basic Operation Timing in PWM Mode (1/2)

(a) When rewriting values of TQnCCR1 to TQnCCR3 registers

TQnCE =1
FFFFH
b Do }_ Dot _
21 ] D21
Daz/ Daz/
16-bit D31 D12/ D12/
counter D11/ Dzz/
TQnCCRO Do+
| | [ 1 | [ [ 1 | | | |
CCRO bgffer 0000H ¥ Dor
register i
| | [ [ [T rSame value write T T
TQnCCR1 D11 X D12 D12 X D13
CCR1 buff \v | | | \' | [ 1 \V | | | | \V
uffer
reqistor 0000H | D1|1 | |X ||312 _ |X | l|)12 | |X Dis
TQnCCR2 Der X D22
CCR2 buff \ | | | | | | | 1) | | | |
uffer ooooHX " D2t X' D22
register
| | [ ] | [ [ 1 | | | |
TQnCCR3 Da1 X D32 X \st
CCRS3 buff \* I I - \* I I — I I I T \*
uffer
register 0&0"' Da: Da2 Dss
TOQNO
TOQN1
TOQnN2
TOQN3

Remarks: 1. D10: Setting value of TQnCCRO register (0000H to FFFFH)
D11, D12, D13: Setting values of TQNCCR1 register (0000H to FFFFH)
D21, D22: Setting values of TQnCCR2 register (0000H to FFFFH)
D31, D32, D33: Setting values of TQNCCRS3 register (0000H to FFFFH)

2. Duty of TOQnk output = (Set value of TQNCCRK register) / (Set value of TQnCCRO
register)
Cycle of TOQnk output = (Set value of TQNCCRO register) x (Count clock cycle)
Toggle width of TOQnNO output = (Set value of TQnCCRO register + 1) x (Count clock
cycle)

3. n=0to1
m=0to 3
k=11t03
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16-bit
counter

TQnCCRO

CCRO buffer
register

TQnCCR1

CCR1 buffer
register

TQnCCR2

CC2 buffer
register

TQnCCR3

CCRS buffer
register

TOQNO
TOQN1
TOQN2

TOQnN3

Figure 8-27: Basic Operation Timing in PWM Mode (2/2)

(b) When rewriting values of TQnCCRO to TQnCCR3 registers

TQnCE =1
FFFFH

Dsz) 74—
D31 Das1 D12/ b
Dzz/ 22| ~
D11/ D11 Dss/

L~

Do1 Doz
I | [ 1 | | [ 1) [ 1 [T 1 |
0000HY " Dot X' Doe
| | [ 1 | | [ [ 1 [—Same value write

D21 D22
- I — I I T T T T T 1
0000HX " pote X* D22
| | [ 1 | | [ [ ] [T |
D31 X D32 Das
\ | | | | | | | | | | L1 A1 |
000oHY ! Dst ' Da2 Dss

Note: Reload is not performed because the TQNCCR1 register was not rewritten.

Remarks: 1.

3.

D01, D02: Setting values of TQnCCRO register (0000H to FFFFH)
D11, D12: Setting values of TQnCCR1 register (0000H to FFFFH)
D21, D22: Setting values of TQnCCR2 register (0000H to FFFFH)
D31, D32, D33: Setting values of TQnCCRS register (0000H to FFFFH)

Duty of TOQnk output = (Set value of TQNCCRKk register) / (Set value of TQnCCRO
register)
Cycle of TOQnk output = (Set value of TQNCCRO register) x (Count clock cycle)

Toggle width of TOQNO output = (Set value of TQnNCCRO register + 1) x (Count clock
cycle)

n=0to1,k=11t03
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8.5.7 Free-running mode (TQnMD2 to TQnMDO = 101)

In the free-running mode, both the interval function and the compare function can be realized by
operating the 16-bit counter as a free-running counter and selecting capture/compare operation with
the TQNCCS3 to TQNCCSO bits of the TQNOPTO register.

The settings of the TQNCCS3 to TQNCCSO bits of the TQnNOPTO register are valid only in the
free-running mode.

TQnCCSm Operation
0 Use TQnCCRm register as compare register
1 Use TQnCCRm register as capture register

¢ When TQnCCRm register is used as compare register

When the value of the 16-bit counter matches the value of the CCRm buffer register in the free-running
mode, an interrupt is generated (interval function).

Rewriting the value of the compare register is enabled during timer operation, and a value can be
written to the register at any time (when the value to be compared is written to the register, it is
synchronized with the internal clock and compared with the value of the 16-bit counter).

If timer output (TOQnm) is enabled, TOQnm produces a toggle output when the value of the 16-bit
counter matches the value of the CCRm buffer register.

e When TQnCCRm register is used as capture register

The value of the 16-bit counter is saved to the TQnCCRm register upon TIQnm pin edge detection.

Remark: n=0to1
m=0to 3
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Remark:

Figure 8-28: Flowchart of Basic Operation in Free-Running Mode

START

Initial setting
o Select clock.

¢ Set free-running mode.

(TQnCTLO: TQNCKS2 to TQnCKS0)

(TQnCTL1: TQnMD2 to TQnMDO = 101)

TQnCCSmM =0
(Compare)

Enable timer operation (TQnCE = 1)
— Transfer value of TQnCCRm
to CCRm buffer register

CCRm buffer register
matches 16-bit counter.

16-bit counter
overflows.

Note: TQCCRO edge detection

TQCCR1 edge detection
TQCCR2 edge detection
TQCCRS edge detection

n=0to1,m=01t0 3

: TQnIS1 and TQnNISO bits
: TQnIS3 and TQnNIS2 bits
: TQNIS5 and TQnNIS4 bits
: TQnIS7 and TQnNIS6 bits

TQnCCSm =1
(Capture)

Set detection of edge of TIQnm
(TQnIOCT registerNote),

Enable timer operation (TQNCE = 1)

Edge of TIQnm is detected.
Value of 16-bit counter is
captured to TQnCCRm.

16-bit counter
overflows.
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(1)

()

When TQnCCSn = 0 setting (compare function)

When TQNCE is set to 1, the 16-bit counter counts from 0000H to FFFFH, and continues counting
up in the free-running mode until TQnCE is cleared to 0. If a value is written to the TQnCCRm
register in this mode, it is transferred to the CCRm buffer registers (anytime write). Even if an
one-shot pulse trigger is input in this mode, an one-shot pulse is not generated. If TQnOEm is set
to 1, TOQnm produces a toggle output when the value of the 16-bit counter matches the value of
the CCRm buffer register.

When TQnCCSn = 1 setting (capture function)

When TQNCE is set to 1, the 16-bit counter counts from 0000H to FFFFH, and continues counting
up in the free-running mode until TQnCE is cleared to 0. The value captured by a capture trigger is
written to the TQnCCRm registers.

Capturing before and after overflow (FFFFH) is judged using the overflow flag (TQnOVF).
However, if the interval of the capture trigger is such that the overflow occurs two times (two
periods of more of free-running), the TQnOVF flag cannot be used for judgment.

Remark: n=0to1

344

m=0to 3
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Figure 8-29: Basic Operation Timing in Free-Running Mode (1/4)

(a) (TQnCCS3 =0, TQnCCS2 =0, TQnCCS1 = 0, TQnCCSO = 0)

TQNCE = 1
FFFFH

Dso Dso Dot /

D D:
20 D1P20 D1 20,

16-bit D1ygj D31
counter

TQnCCRO Doo Dot

CCRO blijﬁer 0000H ' Doo ' Dot
reglster —_—

INTTQnCCO _l |
match interrupt

TOQnNO

TQnCCR1 Dio

\ | | ) [ ] | [
CCR1 buffer 55001 Dio X' D11
register —_—

INTTQnCCH
match interrupt

TOQnN1

TQnCCR2 D20

\ | | | |
CCR2buffer 50 N Do
register - —

INTTQnCC2 _l
match interrupt

TOQnN2

TQnCCR3 Dso

\ | | Vol
CCR3 buffer g0, )(7 Dao X' Ds1
register —_—

INTTQnCC3 _l
match interrupt

TOQnN3

Remarks: 1. D00, DO1: Setting values of TQnCCRO register (0000H to FFFFH)
D10, D11: Setting values of TQnCCR1 register (0000H to FFFFH)
D20: Setting value of TQnCCR2 register (0000H to FFFFH)
D30, D31: Setting values of TQnCCR3 register (0000H to FFFFH)

2. Toggle width of TOQnm output = (Set value of TQNCCRm register) x (Count clock cycle)
TOQnm output goes high when counting is started.
n=0to1,m=0to 3
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FFFFH

16-bit

counter D21 /

TIQnO

TQnCCRO 0000H ! Duw 1

INTTQNCCO \
capture interrupt

| |
TIQn1 \ \ | | \
|
TQnCCR1 0000H

INTTQNCC1
capture interrupt

TIQn2

TQnCCR2 0000H D20

INTTQnCC2
capture interrupt

TIQn3

Figure 8-29: Basic Operation Timing in Free-Running Mode (2/4)

(b) (TQNCCS3 =1, TQnCCS2 =1, TQnCCS1 =1, TQnCCSO = 1)

TQnCE =1

|w)
2

D2g
1

Do?}

Deg /]
|

TQnCCR3 0000H Dao

INTTQNCC3
capture interrupt

Remarks: 1.

3.

346

D00, D01, D02: Values captured to TQnCCRO register (0000H to FFFFH

D20, D21, D22: Values captured to TQnCCR2 register (0000H to FFFFH

)
D10, D11, D12: Values captured to TQnCCR1 register (0000H to FFFFH)
)
)

D30, D31, D32: Values captured to TQnCCR3 register (0000H to FFFFH

TIQnO: Set to rising edge detection (TQnIS1, TQnISO = 01)

TIQnO1: Set to falling edge detection (TQNIS3, TQNIS2 = 10)
TIQn2: Set to falling edge detection (TQnIS5, TQNIS4 = 10)
TIQn3: Set to detection of both rising and falling edges (TQnIS7, TQnIS6 = 11)

n=0to 1
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Figure 8-29: Basic Operation Timing in Free-Running Mode (3/4)

(c) (TQnCCS3 =1, TQnCCS2 =1, TQnCCS1 =1, TQnCCSO = 0)

FFFFH

16-bit
counter

TIQNnO

INTTQnCCO

INTTQNCCO
capture interrupt

TIQnN1

TQnCCR1

INTTQNCCH1
capture interrupt

TQnCCR2

CCR2 buffer
register

INTTQnCC2
match interrupt

TQnCCR3

CCR3 buffer
register

INTTQNCC3
match interrupt

Remarks: 1.

TQnCE =1

Doo

Dso

D20 /

Do

Dao)

D11

D1
Doz

D21

Dos

D13

0000H

Dos

0000H

D1o

D11 D12

D13

\
0000HX "

\
0000HX "

D00, D01, D02, D03: Values captured to TQnCCRO register (0000H to FFFFH)

D10, D11, D12, D13: Values captured to TQnCCR1 register (0000H to FFFFH)
D20, D21: Setting values of TQnCCR2 register (0000H to FFFFH)
D30: Setting value of TQnCCRS register (0000H to FFFFH)

TIQNO: Set to rising edge detection (TQnIS1, TQnISO = 01)

TIQn1: Set to falling edge detection (TQnIS3, TQNIS2 = 10)

3.

n=0to1
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Figure 8-29: Basic Operation Timing in Free-Running Mode /4/4)
(d) (TQnCCS3 =0, TQnCCS2 =1, TQnCCS1 =0, TQnCCSO0 = 1)

TQnCE = 1
FFFFH { Do

Dag Dai /
D1o/ D21 Do
Di2 /
16-bit } } /

g

counter

TiQno |

TQnCCRO 0000H Doo Dot Doz Dos

INTTQnCCO \ _l
capture interrupt

TQnCCR1 D1o D12

> <
> <X

CCR1 buffer
register —

INTTQNCCH
match interrupt

D12

TIQn2

TQnCCR2 0000H D20 D21

INTTQnCC2 _l
capture interrupt

TQnCCR3 Dso

\ | \
CCRS buffer 500} Dao X Dot
register

INTTQnCC3
match interrupt

Remarks: 1. D00, D01, D02, D03: Values captured to TQnCCRO register (0000H to FFFFH)
D10, D11, D12: Setting values of TQnCCR1 register (0000H to FFFFH)
D20, D21: Values captured to TQNCCR2 register (0000H to FFFFH)
D30, D31: Setting values of TQnCCRS3 register (0000H to FFFFH)

2. TIQnO: Set to falling edge detection (TQnIS1, TQnISO = 10)
TIQn2: Set to falling edge detection (TQnIS5, TQNIS4 = 10)

3. n=0to1

(3) Overflow flag

When the counter overflows from FFFFH to 0000H in the free-running mode, the overflow flag
(TQNOVF) is set to 1 and an overflow interrupt (INTTQnOV) is output.
The overflow flag is cleared by the CPU writing O to it.
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8.5.8 Pulse width measurement mode (TQnMD2 to TQnMDO = 110)

In the pulse width measurement mode, free-running counting is performed. The value of the 16-bit
counter is captured to capture register m (TQnCCRm) when both the rising and falling edges of the
TIQnm pin are detected, and the 16-bit counter is cleared to 0000H. In this way, the external input pulse
width can be measured.

To measure a long pulse width that exceeds the overflow of the 16-bit counter, use the overflow flag for
detection. A pulse width that causes overflow to occur twice or more cannot be measured. Adjust the
operating frequency of the 16-bit counter.

Caution: In the pulse width measurement mode, select the internal clock (TQnEEE of
TQNnCTL1 register = 0) as a count clock.

Figure 8-30: Flowchart of Basic Operation in Pulse Width Measurement Mode

‘ START )

Initial setting

e Select clock.
(TQnCTLO: TQnCKS2 to TQnCKSO0)
o Set pulse width measurement mode.
(TQnCTL1: TQnMD2 to TQnMDO = 110)
e Set compare register.
(TQnOPTO: TQNCCS3 to TQnCCS0)

Set edge detection of TIQnmNote,
(TQnIS3 to TQNISO)

Enable timer operation (TQnCE = 1).

Input rising edge of pulse to TIQnm.
Capture value to TQNCCRm.
Clear and start 16-bit counter.

Input falling edge of pulse to TIQnm.
Capture value to TQnCCRm.
Clear and start 16-bit counter.

Caution: An external pulse can be input from any of TIQn0 to TIQn3 but only one of them can
be used. Specify that both the rising and falling edges are detected. Specify that the
input edge of an external pulse input that is not used is not detected.

Remark: n=0to1,m=01t03
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Figure 8-31: Basic Operation Timing in Pulse Width Measurement Mode
TQnCE =1
FFFFH FFFFH
Dot | b
03|
16-bit Doo | Doe
counter /
TIano \
TQnCCRO 0000H ' Doo Dot ' Do2 Dos
INTTQnCCO
Cleared by
‘ rwriting 0
TQnOVF | from CPU
INTTQnOV
Remarks: 1. D00, D01, D02, DO3: Values captured to TQnCCRO register (0000H to FFFFH)

2. TIQnO: Set to detection of both rising and falling edges

3.

350

n=0to1

User’'s Manual U16702EE3V2UDO00O



Chapter 8 16-Bit Timer/Event Counter Q

8.6 Timer Synchronization Operation Function

Timer P and timer Q have a timer synchronized operation function (tuned operation mode).
The timers that can be synchronized are listed in Table 8-3 (\N[: Settable, x: Not settable).

Table 8-3: Tuned Operation Mode of Timer

Master Timer Slave Timer V850E/RSH1
TMPO TMP1 - Y
TMp2 TMP3 TMQO %

Cautions: 1.

The tuned operation mode is enabled or disabled by the TPhSYE bit of the
TPnCTL1 register and TQnSYE bit of the TQnCTL1 register. For TMP2, either or
both TMP3 and TMQO can be specified as slaves.

Set the tuned operation mode using the following procedure.

Set the TPnSYE bit of the TPnCTL1 register and the TQnSYE bit of the
TQNnCTL1 register of the slave timer to enable the tuned operation. Set the
TPnMD2 to TPnMDO bits of the TPnCTL1 register and TPnMD2 to TPnMDO bits
of the TQnCTL1 register of the slave timer to the free-running mode.

Set the timer mode by using the TPnMD2 to TPnMDO bits of the TPnCTL1
register and the TPnMD2 to TPnMDO bits of the TQnCTL1 register. At this
time, do not set the TPnSYE bit of the TPnCTL1 register and the TQnSYE bit
of the TQnCTL1 register of the master timer.

Set the compare register value of the master and slave timers.

Set the TPnCE bit of the TPnCTLO register and the TQnCE bit of the TQnCTLO
register of the slave timer to enable operation on the internal operating clock.
Set the TPnCE bit of the TPnCTLO register and the TQnCE bit of the TQnCTLO
register of the master timer to enable operation on the internal operating
clock.

Tables 8-4 and 8-5 show the timer modes that can be used in the tuned operation mode
(V7 Settable, x: Not settable).

Table 8-4: Timer Modes Usable in Tuned Operation Mode

Master Timer Freel\-/lF;L(er;ning PWM Mode Trisc\?&l?\;ggz"e
TMPO 7 7 -
TMP2 N 7 .
T™Q N 7
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Table 8-5: Timer Output Functions

Tuned Ti bi Free-Running Mode PWM Mode Triangular Wave PWM Mode
imer n
Channel Tuning OFF | Tuning ON | Tuning OFF | Tuning ON |  Tuning OFF | Tuning ON
T™MPO | TOPOO PPG - Toggle - N/A -
cho (master)|  TOPO1 PPG “« PWM “« N/A “
T™MP1 | TOP10 PGP « Toggle PWM N/A «
(slave) | TOP11 PPG « PWM « N/A «
TMP2 TOP20 PPG “— Toggle “— N/A “—
oh (master)|  TOP21 PPG « PWM “ N/A «
T™MP3 | TOP30 PPG - Toggle PWM N/A -
(slave) | TOP31 PPG “ PWM “ N/A “
TOQO0 PPG “— Toggle PWM Toggle N/A
cnt | MAg TOQO1 t Triangul
slave (¢ riangular
(slave) 10003 PPG « PWM « wave PWM N/A
TOQ10 PPG «— Toggle «— Toggle “«—
chz | TV TOQ11 t = Tri - |
master (o riangular
( )| toa1a PPG < PWM < wave PWM <
Remark: The timing of transmitting data from the compare register of the master timer to the

352

compare register of the slave timer is as follows.
PPG: CPU write timing
Toggle, PWM, triangular wave PWM: Timing at which timer counter and compare register
match TOPn0 and TOQmMO (n=0t0 3, m=01to 1)
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Chapter 8 16-Bit Timer/Event Counter Q

Figure 8-32:

Unit operation

Tuned Operation Image (TMP2, TMP3, TMQO)

Tuned operation

TMP2

| 16-bit timer/counter

| 16-bit capture/compare

| 16-bit capture/compare

= TOP21 (PWM output)

1

TMP3

| 16-bit timer/counter

| 16-bit capture/compare

| 16-bit capture/compare

1

= TOP31 (PWM output)

TMQO

16-bit timer/counter

16-bit capture/compare

-~ TOQO1 (PWM output)

16-bit capture/compare

I T —

= TOQO02 (PWM output)

| 16-bit capture/compare

16-bit capture/compare

1

= TOQO03 (PWM output)

Five PWM outputs are available when
PWM is operated as a single unit.

TMP2 (master ) + TMP3 (slave) + TMQO (slave)

| 16-bit timer/counter

| 16-bit capture/compare

| 16-bit capture/compare

| 16-bit capture/compare

| 16-bit capture/compare

16-bit capture/compare

16-bit capture/compare

16-bit capture/compare

16-bit capture/compare

= TOP21 (PWM output)

= TOP30 (PWM output)

> TOP31 (PWM output)

= TOQO0 (PWM output)
= TOQO1 (PWM output)
= TOQO02 (PWM output)

= TOQO3 (PWM output)

Seven PWM outputs are available when
PWM is operated in tuned operation mode.
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Chapter 8 16-Bit Timer/Event Counter Q

Figure 8-33: Basic Operation Timing of Tuned PWM Function (TMP2, TMP3, TMQO)

FFFFH

Doo Doo

Deo Do / Deo Dro /
TMP2 Do Dso /’ Dao Dso /’

16-bit
Dao/ Dso/

counter

Dio Dzo/ Dio Dzo/

0000H

TP2CE

TP3CE

L L

TQOCE

TP2CCRO Doo

TP2CCR1

TP3CCRO

TP3CCR1

TQOCCRO

TQOCCRH1

TQOCCR2

PP} P]IP]I P} P]

TQOCCR3 D7o

INTTP2CCO
match interrupt
INTTP2CC1

match interrupt
INTTP3CCO
match interrupt

INTTP3CCA1
match interrupt

INTTQOCCO
match interrupt

INTTQOCCH

match interrupt
INTTQOCC2

match interrupt
INTTQOCC3

match interrupt
TOP20

TOP21

TOP30

TOP31

TOQO0
TOQO1

TOQ02

TOQO3
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Chapter 9 16-Bit Interval Timer M

The V850E/RS1 includes one 16-bit interval timer M (TMMO)

9.1 Features

Timer M (TMMO) supports only a clear & start mode. It does not support a free-running mode. To use
timer M in a manner equivalent to in the free-running mode, set the compare register to FFFFH and
start the 16-bit counter. A match interrupt will occur when the timer overflows.

Interval function
8 clocks selectable

Simple counter x 1
(The simple counter is a counter that does not use a counter read buffer and the counter cannot
be read during timer count operation.)

Simple compare x 1
(Simple compare is a type of compare that does not use a compare write buffer and the
compare register cannot be written during timer counter operation.)

Compare match interrupt x 1
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Chapter 9 16-Bit Interval Timer M

9.2 Configuration

TMMO includes the following hardware.

Table 9-1: Configuration of TMM

Item Configuration
Timer register 16-bit counter
Register TMMO compare register 0 (TMOCMPOQ)
Control register TMMO timer control register (TMOCTLO)

Figure 9-1: Block Diagram of TMMO

8 Internal bus 8
TMOCTLO @ @
[TMOCE [TMOCKS2| TMOCKSTMOCKS() [ T™ocmPo |
i Mateh INTTMOEQO

fx)(/ 64 —
fxx/51 2 ——
fxx/ 32—
fxx/ 88—

fF{ING ™

Controller ——l 16-bit counter |<7

Clear

Selector

Remark: fyy: Internal system clock frequency
fr: Ring-OSC clock frequency

(1) TMMO compare register 0 (TMOCMPO)

The TMOCMPO register is a 16-bit compare register.

This register can be read or written in 16-bit units.

RESET input clears this register to 0000H.

The same value can always be written to the TMOCMPO register by software.
Rewriting the TMOCMPO register is prohibited when the TMOCE bit = 1.

Figure 9-2: TMMO Compare Register 0 (TMnCMPO) Format

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  Address RW 'V”a'rl'f‘e'
TMOCMPOl | \ \ | \ \ | \ \ | \ \ \ \ \ |FFFFF694H R/W  0000H
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Chapter 9 16-Bit Interval Timer M

9.3 Control Register

(1) TMMO timer control register (TMOCTLDO)

The TMMO timer control register (TMOCTLDO) is an 8-bit register used to control the timer
operation.

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

RESET input clears this register to 00H.

The same value can always be written to the TMOCTLO register by software.

Figure 9-3: TMMO Timer Control Register (TMOCTLO0) Format

Symbol  <7> 6 5 4 3 2 1 0 Address Rw After
reset
TMOCTLO| TMOCE| 0 | 0 | 0 | 0 |TMOCKS2|TMOCKS1|TMOCKSO| FFFFF690H R/W O0O0H

TMOCE Internal clock operation enable/disable specification
0 Disable internal operating clock operation (asynchronously reset TMMO).
1 Enable internal operating clock operation.

The TMOCE bit controls the internal operating clock and asynchronously resets TMMO.
When this bit is cleared to 0, the internal operating clock of TMM is stopped (fixed to the low
level), and TMMO is asynchronously reset.

When the TMOCE bit is set to 1, the internal operating clock is enabled within two input
clocks, and the timer counts up.

TMOCKS2 | TMOCKS1 | TMOCKSO Internal count clock selection
0 0 0 fxx
0 0 1 fxx/2
0 1 0 fux/4
0 1 1 fyx/64
1 0 0 fyx/512
1 0 1 fyx/32
1 1 0 fxx/8
1 1 1 fRiNG

Caution: Bits TMOCKS2 to TMOCKSO can be rewritten when TMOCE = 0.
However, bits TMOCKS2 to TMOCKSO0 and bit TMOCE are mapped to the same
register.

Therefore, when changing the value of TMOCE from 0 to 1, it is also possible to

change the value of bits TMOCKS2 to TMOCKSO.

Remark: fyyx: Internal system clock frequency
fring: Ring-OSC frequency
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Chapter 9 16-Bit Interval Timer M

9.4 Operation

9.4.1 Interval timer mode

In the interval timer mode, a match interrupt signal (INTTMOEQQO) is output when the value of the 16-bit
counter matches the value of TMMO compare register 0 (TMOCMPOQ). At the same time, the counter is
cleared to 0000H and starts counting up.

When FFFFH is set to the TMOCMPO register, timer M performs an operation similar to that in the
free-running mode.

Figure 9-4: Interval Timer Mode Timing

Count clock
16-bit counter X M-2 X M-1 X M X 0000H X 0001H
TMOCMPO M

INTTMOEQO /_\_

Caution: To set the interval time to M clocks, set M - 1 to the TMOCMPO register.

9.4.2 Clock generator and clock enable timing

Because the second clock is the first pulse of the timer count-up signal when the TMOCE bit is changed
from 0 to 1, the timer counts one clock less.

Figure 9-5: Count Operation Start Timing

Clock for counting J I_

TMOCE bit

Clock enable signal
(internal signal)

Count clock I |_
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Chapter 10 Functions of Watchdog Timer 2

10.1 Functions

Watchdog Timer 2 has the following functions.

* Default start Watchdog timer Note 1
Reset mode: Reset operation upon overflow of Watchdog timer 2 (generation of WDT2RES
signal)
Non-maskable interrupt request mode: NMI operation upon overflow of Watchdog timer 2
(generation of INTWDT2 signal) Note 2

¢ Input selectable from main oscillator and ring oscillator as the source clock.

Notes: 1. Watchdog timer 2 automatically starts in the reset mode following reset release.
When Watchdog timer 2 is not used, either stop its operation before reset is executed
through this function, or clear Watchdog timer 2 once and stop it within the next interval
time.
Also, perform write for verification purposes only once, even if the default settings (reset

mode, interval time: fz/2'%) need not be changed.

2. Restoring using the RETI instruction following non-maskable interrupt servicing due to a
non-maskable interrupt request (INTWDTZ2) is not possible. Therefore, following completion
of interrupt servicing, perform a system reset.

Figure 10-1: Block Diagram of Watchdog Timer 2

—= INTWDT2
f)()(/29—> Clock

Input C1 G-btlt :> Selector Couttlejlt
Controller ounter ontroller

fr/2% — =

WDT2RES
(internal reset signal)
2 A
3 3
Watchdog Timer Enable 0 |WDM21|WDM20 | WDCS24 | WDCS23 | WDCS22| WDCS21 | WDCS20
Register (WDTE)

Watchdog Timer Mode
Register 2 (WDTM2) ‘ ‘

) Internal Bus g

Remark: fyy: PLL output oscillation frequency
fg: Ring-OSC clock frequency

INTWDT2: Non-maskable interrupt request signal from Watchdog Timer 2
WDT2RES: Watchdog Timer 2 reset signal
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Chapter 10 Functions of Watchdog Timer 2

10.2 Configuration

Watchdog Timer 2 consists of the following hardware.

Table 10-1: Configuration of Watchdog Timer 2

Item Configuration

Oscillation stabilization time select register (OSTS)
Control registers | Watchdog timer mode register 2 (WDTM2)
Watchdog timer enable register (WDTE)

10.3 Control Registers

(1) Oscillation stabilization time select register (OSTS)

The OSTS register selects the oscillation stabilization time following reset or release of the stop
mode.

This register is set by an 8-bit manipulation instruction.

RESET input sets this register to 03H.

Figure 10-2: Oscillation Stabilization Time Select Register (OSTS) Format

Symbol 7 6 5 4 3 2 1 0 Address After reset
OSTS | 0 \ 0 \ 0 \ 0 \ 0 \OSTsz \ OSTS1 ‘OSTSOl FFFFF6COH 03H
RW  RW R/W R/W R/W R/W R/W R/W R/W

Selection of oscillation stabilization time/setup time Note 1
OSTS2 | OSTS1 | OSTSO f, Note 2
Selected clock 8 MHz
0 0 0 219y 0.128 ms
0 0 1 21ty 0.256 ms
0 1 0 2128y 0.512 ms
0 1 1 213ty 1.024 ms
1 0 0 2144y 2.048 ms
1 0 1 215/ 4.096 ms
1 1 0 216/fy 8.192 ms
1 1 1 Setting prohibited

Notes: 1. The oscillation stabilization time and setup time are required when the software stop mode
and idle mode are released, respectively.

2. fy: Main clock oscillator frequency
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(2) Watchdog timer mode register 2 (WDTM2)

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

This register can be read or written in 8-bit or 1-bit units. This register can be read any number of
times, but it can be written only once following reset release. Writing to this register will
automatically clear the Watchdog timer counter to 0000H.

RESET input sets this register to 67H.

Figure 10-3: Watchdog Timer Mode Register 2 (WDTM2) Format

Symbol 7 6 5 4 3 2 1 0 Address After reset
WDTM2| 0 ‘WDM21 \WDMzo \WDCS24\WDcszs\WDcszz\WDCsz1\Wocszo| FFFFF6DOH 67H
RW  RW R/W R/W R/W R/W R/W R/W R/W

WDM21 | WDM20 Selection of operation mode of Watchdog Timer 2
0 0 Stops operation
0 1 Non-maskable interrupt request mode (generation of
INTWDT2)
1 - Reset mode (generation of WDTRES?2)

Cautions: 1. For details of bits WDCS20 to WDCS24, refer to Table 10-2, “Watchdog Timer 2
Clock Selection,” on page 362.

2. Although Watchdog timer 2 can be stopped just by stopping the operation of
Ring-OSC, set the WDTM2 register to 1FH to securely stop the timer (to avoid
selection of the main clock due to an erroneous write operation).

3. If the WDTM2 register is rewritten twice after reset, an overflow signal is forcibly
generated. But, the overflow signal does not occur, even if the WDTM2 register is
written twice after the watch dog timer is suspended.

4. To stop the operation of Watchdog timer 2, set the RSTP bit of the RCM register
to 1 (to stop Ring-OSC) and the WDTM2 register to 1FH.
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Table 10-2: Watchdog Timer 2 Clock Selection

WDCS24 | WDCS23 | WDCS22 |WDCS21 | WDCS20 Si'liflfd 100 kHz (MIN.) | 200 kHz (TYP) | 400 kHz (MAX.)
0 0 0 0 0 212/ 41.0 ms 20.5ms 10.2 ms
0 0 0 0 1 213 81.9 ms 41.0 ms 20.5 ms
0 0 0 1 0 21%g 163.8 ms 81.9 ms 41.0 ms
0 0 0 1 1 215/ 327.7 ms 163.8 ms 81.9 ms
0 0 1 0 0 218/t 655.4 ms 327.7 ms 163.8 ms
0 0 1 0 1 27/ | 1810.7ms 655.4 ms 327.7 ms
0 0 1 1 0 2'8/g | 2621.4ms 1310.7 ms 655.4 ms
0 0 1 1 1 2% | 52429ms | 2621.47 ms 1310.7 ms
fyx = 24 MHz | fyy =32 MHz | fyx = 40 MHz
0 1 0 0 0 2"8/fyx 10.9 ms 8.19 ms 6.6 ms
0 1 0 0 1 219y 21.8ms 16.4 ms 13.1 ms
0 1 0 1 0 220/tyy 43.7 ms 32.8 ms 26.2 ms
0 1 0 1 1 221 iy 87.4 ms 65.5 ms 52.2 ms
0 1 1 0 0 222yy | 174.8ms 131.1 ms 104.9 ms
0 1 1 0 1 2%ty | 349.5ms 262.1 ms 209.7 ms
0 1 1 1 0 2%%ffyy | 699.1 ms 524.3 ms 419.4 ms
0 1 1 1 1 2%5/fyx | 1398.1 ms 1048.6 ms 838.9 ms
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(3) Watchdog timer enable register (WDTE)

The counter of the Watchdog timer is cleared and counting restarted by writing “ACH” to WDTE.
WDTE is set by an 8-bit memory manipulation instruction.
RESET Input sets this register to 9AH.

Figure 10-4: Watchdog Timer Enable Register (WDTE) Format

Symbol 7 6 5 4 3 2 1 0 Address After reset
WDTE| RUN2 \ \ \ \ \ \ \ | FFFFF6D1H  9AH
RW  RW R/W R/W R/W R/W R/W R/W R/W

RUN2 RUN2 Selection of Watchdog timer operation modeN°te
0 Counting stopped
1 Counter cleared and counting started

Note: Once RUN2 is set to 1 it cannot be cleared to O by software. Therefore, counting can be
stopped only by RESET input after counting is started.

Cautions: 1. When a value other than “ACH” is written to the WDTE register, an overflow
signal is forcibly output when “RUN2” bit was previously set to 1.

2. When an 1-bit memory manipulation instruction is executed for the WDTE
register, an overflow signal is forcibly output (an error results in the assembler).

3. The read value of the WDTE register is “9AH” (which differs from written value
“ACH”).
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10.4 Operation

(1) Oscillation stabilization time selection function

The wait time until the oscillation stabilizes after the software STOP mode is released is controlled
by the OSTS register.

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

RESET input sets this register to 03H.

Figure 10-5: Oscillation Stabilization Time Selection Function

Symbol 7 6 5 4 3 2 1 0 Address After reset
osts{ o | o | o | o | o0 |[OSTS2|OSTSt|OSTSO|FFFFF6COH  03H
RW RW RW RW RW RW RW RW RW

Selection of oscillation stabilization time/setup time Note

OSTS2 | OSTS1 | OSTSO fy
Selected clock 8 MHz
0 0 0 21074y 0.128 ms
0 0 1 21ty 0.256 ms
0 1 0 2128y 0.512 ms
0 1 1 2138y 1.024 ms
1 0 0 2144y 2.048 ms
1 0 1 215/t 4.096 ms
1 1 0 218/t 8.192 ms
1 1 1 Setting prohibited

Note: The oscillation stabilization time and setup time are required when the software stop mode and
idle mode are released, respectively.

Cautions: 1. The wait time following release of the software STOP mode does not include the
time until the clock oscillation starts (“a” in the figure below) following release of
the software STOP mode, regardless of whether the software STOP mode is
released by RESET input or the occurrence of an interrupt request signal.

STOP mode release

Voltage waveform of X1 pin
VSS

2. Be sure to clear bits 3to 7 to 0.

3. The oscillation stabilization time following reset release is 2'3/fy (because the
initial value of the OSTS register = 03H).

Remark: fy = Main clock oscillator frequency
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(2) Operation as Watchdog timer 2

Watchdog timer 2 automatically starts in the reset mode following reset release.

The WDTM2 register can be written to only once following reset using byte access. To use
Watchdog timer 2, write the operation mode and the interval time to the WDTM2 register using an
8-bit memory manipulation instruction. After this, the operation of Watchdog timer 2 cannot be
stopped.

The WDCS24 to WDCS20 bits of the WDTM2 register are used to select the Watchdog timer 2
loop detection time interval. Writing ACH to the WDTE register clears the counter of Watchdog
timer 2 and starts the count operation again. After the count operation has started, write ACH to
WDTE within the loop detection time interval.

If the time interval expires without ACH being written to the WDTE register, a reset signal
(WDT2RES) or a non-maskable interrupt request signal (INTWDTZ2) is generated, depending on
the set values of the WDM21 and WDM20 bits of the WDTM2 register.

To not use Watchdog timer 2, write 1FH to the WDTM2 register.

If the non-maskable interrupt request mode has been set, restoring using the RETI instruction
following non-maskable interrupt servicing is not possible. Therefore, following completion of
interrupt servicing, perform a system reset.

Caution: If the set to WDTM2, WDM21 bit = 1 (reset mode), WDT overflow occurred in

oscillation stabilization time, after reset or standby release, internal reset is not
occurred, CPU clock changing for RING-OSC.
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Chapter 11 A/D Converter

11.1 Functions

The A/D converter converts analog input signals into digital values, has a resolution of 10 bits, and can
handle 16 channels of analog input signals (ANIO to ANI15).
The A/D converter has the following features.

10-bit resolution
¢ 16 channels
e Successive approximation method

¢ Operating voltage: AVggrg=4.5t05.5V
¢ Analog input voltage: AVgg to AVRgrg

e The following functions are provided as operation modes.
- Continuous select mode
- Continuous scan mode

e The following functions are provided as trigger modes.
- Software trigger mode
- External trigger mode
- Timer trigger mode

¢ The following extended functions are included
- Diagnostic mode
- Discharge operation

¢ High speed conversion
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Chapter 11 A/D Converter

The block diagram of the A/D converter is shown below.

Figure 11-1: Block Diagram of A/D Converter

<—£—O AVRrero

ADSCM1H.PDB bit —=

ANIOO—] Sample & hold circuit ——r--F-
ANITO T ! Voltage PN
ANRO—{ = PN : comparator ! 55%*@ !
. 1] T 210 G
: 5 | 1258t
' 2| ADSCM1H.PDB bit Lig i
ANItSO— & | 1 T, L_L__=—OAVss
AVreroO— e ]
AVssO—, iADVSMO.VMSEN bit
{ SAR
SELCNT1 — ADSCMOH.CE bit
INTAD
ADTRGO—| ~~
i ADAOCRO
INTP2CCO/ < :>
INTP2CC1 —{ @ Controller ADAOCRT
(TMP2) ADAOCR?2
TRGO bit :
TRGT o N N ADAOCR15
ADAOCRDD
[ADScMoH | | ADscmoL ||ADscM1H || ADvsMo | ADAOCRSS

Internal bus
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11.2 Configuration

The A/D converter includes the following hardware.

Table 11-1: Configuration of A/D Converter

ltem

Configuration

Analog inputs

16 channels (ANIO to ANI15)

Registers

Successive approximation register (SAR)
A/D conversion result registers 0 — 15 (ADAOCRn)
A/D diagnostic mode conversion result registers (ADAOCRDD, ADAOCRSS)

Control registers

A/D converter mode registers 0 to 1 (ADSCMOH, ADSCMOL, ADSCM1H)
A/D converter extended mode control register (ADVMSO0)
A/D external trigger selection register (SELCNT1)

(1) Successive approximation register (SAR)

This register compares the voltage value of the analog input signal with the voltage tap (compare
voltage) value from the series resistor string, and holds the comparison result starting from the
most significant bit (MSB).
When the comparison result has been held down to the least significant bit (LSB) (i.e. when A/D

Remark:

conversion has been completed), the contents of the SAR register are transferred to the A/D

conversion result ADAOCRN register.

n=0to 15

(2) Sample & hold circuit
The sample & hold circuit samples each of the analog input signals sequentially sent from the
input circuit and sends the sampled data to the voltage comparator. This circuit also holds the
sampled analog input signal voltage during A/D conversion.

©)

@

Voltage comparator

The voltage comparator compares a voltage value that has been sampled and held with the

voltage value of the series resistor string.

Series resistor string
This series resistor string is connected between AVRerq and AVgg and generates a voltage for
comparison with the analog input signal.
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Chapter 11 A/D Converter

®)

ANIO to ANI15 pins

These are analog input pins for the 16 channels of the A/D converter and are used to input analog
signals to be converted into digital signals. Pins other than the one selected as analog input with
the analog input channel specification register (ADSCMOL) can be used as input port pins.

Cautions: 1. Make sure that the voltages input to ANIO to ANI15 do not exceed the rated

(6)

)

370

values. In particular if a voltage higher than AVggpq is input to a channel, the

conversion value of that channel becomes undefined, and the conversion values
of the other channels may also be affected.

2. Analog input (ANIO to ANI15) pins are alternate function pins that can also be
used as input port (P70 to P715) pins. When A/D conversion is performed by
selecting any one of ANIO to ANI15, do not execute any input or output operation
to port 7 during conversion. It may decrease the accuracy of conversion
resolution.

AVggpg pin

This is the pin used to input the reference voltage of the A/D converter. The signals input to the
ANIO to ANI15 pins are converted to digital signals based on the voltage applied between the
AVREFO and AVSS pins.

AVSS pln

This is the ground pin of the A/D converter. Always make the potential at this pin the same as that
at the Vgg pin even when the A/D converter is not used.
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A/D Converter

11.3 Control Registers

The A/D converter is controlled by the following registers.

e A/D conversion result register n (ADAOCRn, ADAOCRDD, ADAOCRSS)
¢ A/D converter mode registers 0, 1 (ADSCMOH, ADSCMOL, ADSCM1H)
¢ A/D converter extended mode control register 0 (ADVMSO0)

* A/D converter external trigger control register (SELCNT1)

(1M

A/D conversion result register n (ADAOCRn, ADAOCRDD, ADAOCRSS)

The ADAOCRN register is a 16-bit register that stores the A/D conversion result. ADAOCRN consist
of 16 registers and the A/D conversion result is stored in the 10 lower bits of the register

corresponding to analog input. The upper 6 bits are fixed to 0.
The ADAOCRN register is read with a 16-bit memory manipulation instruction. RESET input clears
this register to 0000H.

Caution: A write operation to A/D converter mode register 0 (ADSCMO0) and A/D converter
mode register 1 (ADSCM1) may cause the contents of the ADAOCRN register to
become undefined. After the conversion, read the conversion result before
performing write to the ADSCMn registers. Correct conversion results may not be
read if a sequence other than the above is used.

Figure 11-2: A/D Conversion Result Register n
(ADAOCRn, ADAOCRDD, ADAOCRSS) Format (1/2)
(a) After RESET: ADAOCRn = 0000H (n= 0 to 15), Read only registers
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address
ADAOCRO | O 0 0 0 0 0 |AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO| FFFFF220H
ADAOCR1 0 0 0 0 0 0 |AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO| FFFFF222H
ADAOCR2 | 0 0 0 0 0 0 |AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO| FFFFF224H
ADAOCR3 | 0 0 0 0 0 0 |AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO| FFFFF226H
ADAOCR4 | O 0 0 0 0 0 |AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO| FFFFF228H
ADAOCR5 | 0 0 0 0 0 0 |AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO|FFFFF22AH
ADAOCR6 | 0O 0 0 0 0 0 |AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO|FFFFF22CH
ADAOCR7 | O 0 0 0 0 0 |AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO|FFFFF22EH
ADAOCRS8 | 0 0 0 0 0 0 |AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO| FFFFF230H
ADAOCR9 | 0 0 0 0 0 0 |AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO| FFFFF232H
ADAOCR10 | O 0 0 0 0 0 |AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO| FFFFF234H
ADAOCR11| 0 0 0 0 0 0 |AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO| FFFFF236H
ADAOCR12 | 0O 0 0 0 0 0 |AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO| FFFFF238H
ADAOCR13 | 0 0 0 0 0 0 |AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO|FFFFF23AH
ADAOCR14 | 0O 0 0 0 0 0 |AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO|FFFFF23CH
ADAOCR15| 0 0 0 0 0 0 |AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO|FFFFF23EH
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Figure 11-2: A/D Conversion Result Register n
(ADAOCRn, ADAOCRDD, ADAOCRSS) Format (2/2)

(b) After RESET: ADAOCRDD, ADAOCRSS = 0000H, Read only registers

Symbol i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address
ADAOCRDD| O | O | O | O | O | O |AD9|AD8(AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO|FFFFF240H
ADAOCRSS| 0 | 0 | O | O | O | O |AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO|FFFFF242H

The relationship between the analog voltage input to an analog input pin (ANIO to ANI15) and the value

of the A/D conversion result register (ADAOCRN) is as follows (n = 0 to 15):

VIN
ADAOCR = INT( ————x 1,024 + 0.5)
VREFO

o,

AVREFO .\ < ADAOCR +0.5) x - RER
024 NS +08) x <552

(ADAOCR - 0.5) x

INT ():  Function that returns integer of value in ()
VN Analog input voltage

AVREFO: AVREFO pin voltage
ADAOCR: Value of A/D conversion result register (ADAOCRN)
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Figure 11-3: Relationship Between Analog Input Voltages and A/D Converter Results

10 283+———1— 71— 71— T—T-"~"~-
102 +——+—F+—F+—+—+-----
A/D conversion result 1021 o mm

(ADAOCRn) 1 1 1 I I 1 I 1 1 I I I 1 1
1 1 1 1 I 1 I I 1 I I I 1 1
| | | | 1 | 1 1 | 1 1 1 | |
1 1 1 1 I 1 I I 1 I I I 1 1
3 1 1 1 1 1 - ‘_ _ 1 | | | 1 1

2 _____

1 _____

o _____
1 1 3 2 5 3 2043 1022 2045 1023 2047 4

2048 1024 2048 1024 2048 1024 2048 1024 2048 1024 2048
Input voltage/AVrero

Remark: n=0to 15
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(2) A/D converter mode register OH (ADSCMOH)
This is an 8-bit register used to specify the operating mode and to control conversion operation.
This register is accessed with an 8-bit or an 1-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 11-4: A/D Converter Mode Register OH (ADSCMOH) Format

Symbol 7 6 5 4 3 2 1 0 Address After reset
ADSCMOH[ CE | ¢S | 0o | MS | P.M | o | TRG? | TRGO | FFFFF201H  00H
R/W R/W R R R/W R/W R R/W R/W

CE A/D conversion enable bit
0 Stops conversion
1 Enables conversion

CS A/D conversion status bit
0 A/D conversion is stopped
1 A/D conversion is executing

MS A/D conversion mode selection bit
0 Scan mode
1 Select mode

PLM A/D polling mode selection bit
0 A/D trigger mode
1 A/D polling mode (only with software trigger mode)

Trigger Mode | TRG1 TRGO A/D Trigger mode

Software 0 0 A/D trigger mode (ADSCMOH.CE bit).

Ext | 0 1 Select the external trigger using register SELCNT1 bit O
xterna

1 1 Select the external trigger using register SELCNT1 bit 1
Others than above Setting prohibited

Caution: If ADSCMOH is written while CS = 1, the active conversion is aborted, and a new
conversion operation is started.
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(3) A/D converter mode register OL (ADSCMOL)
This is an 8-bit register used to specify the analog input channel(s) for conversion.

This register is set with an 8-bit or an 1-bit memory manipulation instruction.
RESET input clears this bit to 00H.

Figure 11-5: A/D Converter Mode Register OL (ADSCMOL) Format (1/2)

Symbol 7 6 5 4 3 2 1 0 Address After reset
ADSCMOLl SANI3 \ SANI2 \ SANIA \ SANIO \ ANIS3 \ ANIS2 | ANIS1 \ ANISO | FFFFF200H 00H
R/W RW RW RW RW RW RW RW RW

SANI3 SANI2 SANN SANIO Scan mode analog input start channel selector

0 0 0 0 ANIO

0 0 0 1 AN

0 0 1 0 ANI2

0 0 1 1 ANI3

0 1 0 0 ANI4

0 1 0 1 ANI5

0 1 1 0 ANI6

0 1 1 1 ANI7

1 0 0 0 ANI8

1 0 0 1 ANI9

1 0 1 0 ANI10

1 0 1 1 ANI11

1 1 0 0 ANI12

1 1 0 1 ANI13

1 1 1 0 ANI14

1 1 1 1 Setting prohibited

Caution: If ADSCMOL is written while CS = 1, the active conversion result is not guaranteed
and should be operated again. Do not write ADSCMOL while CS = 1.
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Figure 11-5: A/D Converter Mode Register OL (ADSCMOL) Format (2/2)

Analog input channel selector

ANIS ADVMSO0.DIAGEN="0" ADVMSO0.DIAGEN="1"

Scan mode conver- Scan mode conversion end chan-

3121 Select mode sion end channel Select mode nel, including Diagnostic Function
(ADSCMOH.MS=1) (ADSCMOH.MS=0) (ADSCMOH.MS=1) (ADSCMOH.MS=0)

0o(0]|0 ANIO Setting prohibited AVREFo Setting prohibited
0|0]|0 ANN SANI — ANI1 AVgs SANI — ANI1 — AVRgprg = AVgg
0|01 ANI2 SANI — ANI2 Setting prohibited | SANI - ANI2 — AVgegp — AVgg
0|01 ANI3 SANI — ANI3 Setting prohibited | SANI — ANI3 — AVgerg — AVgs
0|10 ANI4 SANI — ANI4 Setting prohibited | SANI — ANI4 — AVgepo — AVgg
0|1]0 ANI5 SANI — ANI5 Setting prohibited | SANI — ANI5 — AVgerg — AVgs
0|11 ANI6 SANI — ANI6 Setting prohibited | SANI — ANI6 — AVggpo — AVgg
0|11 ANI7 SANI — ANI7 Setting prohibited | SANI — ANI7 — AVRerg — AVss
1/0(0 ANI8 SANI — ANI8 Setting prohibited | SANI — ANI8 — AVggpo — AVgg
1/0(0 ANI9 SANI — ANI9 Setting prohibited | SANI — ANI9 — AVgepo — AVgg
1/0]1 ANI10 SANI — ANI10 Setting prohibited | SANI — ANI10 — AVRggg — AVgg
1101 ANI11 SANI — ANI11 Setting prohibited | SANI — ANI11 — AVgepg — AVgg
1110 ANI12 SANI — ANI12 Setting prohibited | SANI - ANI12 — AVgggg — AVgg
111]0 ANI13 SANI — ANI13 Setting prohibited | SANI — ANI14 — AVgepg — AVgg
1011 ANI14 SANI — ANI14 Setting prohibited | SANI - ANI14 — AVgggg — AVgg
1011 ANI15 SANI — ANI15 Setting prohibited | SANI — ANI15 — AVRerg — AVgg
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(4) AD converter mode register 1H (ADSCM1H)

This register is used to control the power supply to the AD converter and also set the conversion
time.
RESET input clears this register to 00H.

Figure 11-6: AD Converter Mode Register 1H (ADSCM1H) Format

Symbol 7 6 5 4 3 2 1 0 Address After reset
ADSCMTH[ PDB | 0o | o | o | FR3 | FR2 | FR1 | FRO | FFFFF203H  OOH
R/W R/W R R R R/W R/W R/W R/W
PDB Power down bit
0 A/D converter power OFF
1 A/D converter power ON

Cautions: 1. When bit PDB of A/D converter mode register 1H (ADSCM1H) is changed from 0
to 1, an A/D core stabilization time of 1 ps is required prior to the first conversion
only.

2. When not using the A/D converter, stop its operation by setting the PDB bit = 0.

Conversion Rate (ps)
crslrrelFr1 | Fro Conversion fXX =24 MHz fXX =32 MHz fXX =40 MHz
clock Polling Mode Polling Mode Polling Mode
Select Select
Mode and Mode and Select Mode and
Scan Mode Scan Mode Scan Mode
0 0 0| O fxx /4 15.1 14.7 11.3 11 9.1 8.8
0 0 0 1 fxx /4 9.8 9.3 7.3 7 59 5.6
0 0 1 0 fxx /4 7.1 6.7 5.3 5 4.3 4.0
0 0 1 1 fxx /4 5.8 5.3 4.3 4 3.5 3.2
0 1 0] O fxx / 2 7.5 7.3 5.7 5.5
0 1 0 1 fxx /2 4.9 4.7 3.7 3.5
illegal
0 1 1 0 fxx / 2 3.5 3.3 2.7 2.5
0 1 1 1 fxx / 2 2.9 2.7 2.2 2.0
1 0 0 0 fxx
1 0 0 1 fxx
illegal
1 0 1 0 fyx
1 0 1 1 %
1 1 0| O
! ! 0 1 (setti hibited)
setting prohibite

1 1 1 0 gp
1 1 1 1

Caution: The maximum conversion clock is 16 MHz. Always select a conversion input clock
and internal bus operating frequency that fits this specification.

User’s Manual U16702EE3V2UDO00 377



Chapter 11 A/D Converter

(5) A/D discharge and diagnostic mode register (ADVMSO0)

This register is used to select the extended mode operation of the AD converter.
RESET input clears this register to 01H.

Figure 11-7: AD Converter Extended Mode Register (ADVMSO0)

Symbol 7 6 5 4 3 2 1 0 Address  After reset
ADVMSO[ 0 | o | o |DIAGEN| o | o | 0 | VMSEN |FFFFF204H  00OH
R/W RW RW RW R/W RW  R/W R/W R/W
DIAGEN Diagnostic mode selection bit
0 Conversion of ADAOCRDD and ADAOCRSS is disabled
1 Conversion of ADAOCRDD and ADAOCRSS is enabled
VMSEN Discharge function mode selection bit
0 Standard mode
1 Discharge function mode enabled

Caution: When bit CE of ADSCMOH = “17”, it is prohibited to change the value of bit DIAGEN.
Otherwise the operation and the result conversion can not be guaranteed.
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(6) AD converter external trigger selection register (SELCNT1)

This register is used to select the external source for the conversion start trigger.
RESET input clears this register to 00H.

Figure 11-8: AD Converter External Trigger Selection Register (SELCNT1) Format

Symbol 7 6 5 4 3 2 1 0 Address  After reset
SELCNTY 0 | o | o | o | o | o | ISEL11 | ISEL10 |FFFFF30AH  OOH
R/W R R R R R R R/W R/W

ISEL11 External trigger selection 1
0 ADTRG input
1 INTTP2CCH1 (Timer P2 capture/compare channel 1 interrupt)

ISEL10 External trigger selection 0
0 ADTRG input
1 INTTP2CCO (Timer P2 capture/compare channel 0 interrupt)

Caution: The edge detection function of ADTRG pin input is rising edge only.
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11.4 Operation

11.4.1 Basic operation

(1) Set the operation mode, trigger mode, and conversion time for executing A/D conversion by using
the ADSCMOH, ADSCMOL, ADSCM1H, and ADVMSO registers. When the CE bit of the
ADSCMOH register is set, conversion is started in the software trigger mode and the A/D converter
waits for a trigger.

(2) When A/D conversion is started, the voltage input to the selected analog input channel is sampled

by the sample & hold circuit.

(3) When comparison of the 10 bits is complete, the valid digital result is stored in the SAR register,
which is then transferred to and stored in the ADAOCRN register. At the same time, an A/D
conversion end interrupt request signal (INTAD) is generated.

Figure 11-9: A/D Converter Basic Operation

Conversion time

Sampling

e —

time

A/D converter
operation

Sampling

A/D conversion

o s KRR AR A AR A K
ADAOCRN Conversion
result

INTAD

L
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11.4.2 Trigger mode

Several conversion operations can be specified for A/D converter by specifying operation modes and
trigger modes. Those modes are set using bits PLM, TRGO and TRG1 of A/D conversion mode

register 0 (ADSCMOH).

There are two trigger modes, the software trigger mode and the external trigger mode.
The relationship between operation modes, software and external trigger modes is shown below.

Table 11-2: Software Trigger Mode (ADSCMOH Register Configuration)

Software Trigger Mode PLM bit MS bit TRGO bit | TRG1 bit Operation Mode
0 1 Single select
A/D Trigger -
0 0 Single scan
0 0
1 1 Continuous select
Polling -
1 0 Continuous scan

Other than above

Setting prohibited

Table 11-3: External Trigger Mode (ADSCMOH and SELCNT1 Registers Configuration)

External Trigger Mode

PLM bit | TRG1 bit

TRGO bit

SELCTL11

SELTL10

Operation Mode

A/D Trigger

0

ADTRG trigger input
pin

INTTP2CCO trigger
input

1

ADTRG trigger input
pin

INTTP2CC1 trigger
input

Other than above

Setting prohibited

Note: ADSCMOH.MS bit selects either the scan mode (MS= 0) or the select mode (MS=1) for each

operation mode.
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(1)

()

382

Software trigger mode

The following trigger modes that serve as the start timing of A/D conversion processing are
available: A/D trigger mode and polling mode.
These trigger modes are set using the ADSCMOH register.

(a) A/D trigger mode

In this mode, the A/D conversion is started by setting bit CE of A/D conversion mode register 0
(ADSCMOH) to 1.

To restart the A/D conversion after the INTAD interrupt (A/D conversion completed; CS bit ="0”),
the CE bit has to be set again to start the next conversion.

If registers ADSCMOH, ADSCMOL, and ADSCM1H are written to during conversion, conversion
stops and starts over from the beginning.

(b) Polling mode

In this mode, the A/D conversion is started by setting bit CE of A/D conversion mode register 0
(ADSCMOH) to 1.

Unless the CE bit is set to 0 following conversion, the next conversion operation is performed.
When conversion starts, the CS bit becomes 1 (operation in progress).

If registers ADSCMOH, ADSCMOL, and ADSCM1H are written to during conversion, conversion
stops and starts over from the beginning.

External trigger mode

In this mode, conversion is started by the input of an external trigger. External trigger rising edge
detection of the ADTRG input pin, or by interrupt signal output from Timer P2 can be specified with
bits TRGO and TRG1 of the ADSCMOH register.

In this mode, setting bit CE of the ADSCMOH register to 1 causes the trigger standby state to be
entered, and conversion starts upon input of an external trigger. Upon completion of conversion,
the state changes back to the trigger standby state.

When conversion starts, the CS bit becomes 1 (operation in progress). In the trigger standby state,
the CS bit is 0 (operation stopped).

Upon input of a valid trigger during conversion, the conversion operation stops and starts over
from the beginning.

If registers ADSCMOH, ADSCMOL, and ADSCM1H are written to during conversion, conversion
stops and starts over from the beginning.
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11.4.3 Operation mode

Four operation modes are described below. The operation modes are set with bits MS and PLM of the
ADSCMOH register (refer to 11.3 ”Control Registers” on page 371).

(1) Select mode

In this mode, a single A/D conversion of one analog input specified with bits ANIS3 - ANIS00 of
the ADSCMOL register is performed.
The conversion result for that analog input is saved to the ADAOCRn register. A/D conversion
starts upon detection of a trigger, and the A/D conversion interrupt (INTAD) is output upon each
conversion completion.

Figure 11-10: Example of Select Mode Operation (ANI2) (1/2)

ANI2 (Input)

A/D conversion

ADAOCR2 register

INTAD interrupt

(a) Timing Example

\E/ %/ Data4 |Data5
Data 6 Data 7
Data 1 Data 2 Data 3
Data 1 Data 2 Data 3 Data4 |Data5| Data6 Data 7
(ANI2) (ANI2) (ANI2) (ANI2) |(ANI2)[ (ANI2) (ANI2)

Data 1
(ANI2)

Data 2 Data 3
(ANI2) (ANI2)

Data 4
(ANI2)

Data 6
(ANI2)

|

|

|

Conversion start
(ADSCMOH
register setting)
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CE bit Conversion start
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CE bit

set
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384

Figure 11-10: Example of Select Mode Operation (ANI2) (2/2)

Analog Input

ADSCMOH O\

ANIO O
ANI1 O
ANI2
ANI3 O
ANI4 O
ANI5 O
ANI6 O
ANI7 O
ANI8 O
ANI9 O
ANI10 O
ANI11 O
ANI12 O
ANI13 O
ANI14 O
ANI15 O
AVrero O
AVss O

(b) Block diagram Example

A/D
converter

a) CE bit of ADSCMOH = 1 (enabled)
) A/D conversion of ANI2
) Store conversion result in ADAOCR2

(
(
(
(d) Generate INTAD interrupt

b
c
d
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(2) Single scan mode
In this mode, sequential A/D conversion of the selected analog input channels specified with the
SANI3 - SANIO and ANIS3 - ANISO bits of the ADSCMOL register is performed.
The conversion result for the selected analog inputs is saved to the ADAOCRn registers. A/D
conversion starts upon detection of a trigger, the selected analog inputs are operated in sequence,
and A/D conversion interrupt (INTAD) is output upon conversion completion of the final analog
input channel.

Figure 11-11: Example of Single Scan Mode Operation (4-Channel Scan (ANI2 to ANI5)) (1/2)

(a) Timing Example

ANI2 .
(Input) —— | —
Data 1
Data 5
ANI3 (Input)
Data 2 Data 6
/
ANI4 (Input) [ Data 3 [
\E _/
ANI5 (Input) — T
Data 4
AD . Data 1 Data 2 Data 3 Data 4 Data 5 Data 6
conversion (ANI2) (ANI3) | (ANI4) (ANI5) (ANI2 (ANI3)
) Data 1 Data 2 Data 3 Data 4 Data 5
ADCRn register (ANI2 (ANI3 (ANI4 ANIS}-{ (ANI2
ADAOCR2 | ADAOCR3 [ ADAOCR4 ADAOC 5 [ADAOCR2
Data 1 !
(ANI2) !
INTAD interrupt —‘ ;
Conversion start Conversion start
(ADSCMOH register setting) (ADSCMOH register setting)
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Figure 11-11: Example of Single Scan Mode Operation (4-Channel Scan (ANI2 to ANI5)) (2/2)

(b) Block diagram Example

Analog Input ADAOCRnN
ADSCMOH ANIO O ADAOCRO
ANI1 O ADAOCR1
ANI2 ADAOCR2
ANI3 O ADAOCR3
ANI4 O ADAOCR4
ANI5 ADAOCR5
ANI6 O ADAOCR6
ANI7 O ADAOCR7
ANI8 O A/D ADAOCR8
ANI9 O converter ADAOCR9
ANI10 O ADAOCR10
ANI11 O ADAOCR11
ANI12 O ADAOCR12
ANI13 O ADAOCR13
ANI14 O ADAOCR14
ANI15 O ADAOCR15
AVRrero O ADAOCRDD
AVss O ADAOCRSS

(a) CE bit of ADSCMOH = 1 (enabled)
(b) A/D conversion of ANI2

(c) Store conversion result in ADAOCR2
(d) A/D conversion of ANI3

(e) Store conversion result in ADAOCR3
(f) A/D conversion of ANI4

(g) Store conversion result in ADAOCR4
(h) A/D conversion of ANI5

(i) Store conversion result in ADAOCR5
(j) Generate INTAD interrupt
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(8) Continuous select mode (Polling mode)

In this mode, continuous A/D conversion of one analog input specified with the ADSCMOL register
is performed. The conversion result for that analog input is saved to the ADAOCRN register. A/D
conversion starts upon detection of a trigger, an A/D conversion interrupt (INTAD) is output upon
each conversion completion, and A/D conversion is then started again unless CE bit of ADSCMOH
register is set to 0.

Figure 11-12: Example of Continuous Select Mode Operation (ANI2) (1/2)

ANI2

A/D conversion

ADAOCR2

INTAD

(a) Timing Example

Data 4 Data 5
x Data 1 Data 2 Data 3 Data 6 Data 7
Data 1 Data 2 Data 3 Data4 |Data5| Data6 Data 7
(ANI2) (ANI2) (ANI2) (ANI2) | (ANI2) (ANI2) (ANI2)
Data 1 Data 2 Data 3 Data 4 Data 6
(ANI2) (ANI2) (ANI2) (ANI2) (ANI2)

[ ]

Conversion start

Set CE bit of ADSCMOH to 1
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Figure 11-12: Example of Continuous Select Mode Operation (ANI2) (2/2)

(b) Block diagram Example

Analog Input

ADSCMOH \

ANIO O
ANI1 O
ANI2
ANI3 O
ANI4 O
ANI5 O
ANI6 O
ANI7 O
ANI8 O
ANI9 O
ANI10 O
ANI11 O
ANI12 O
ANI13 O
ANI14 O
ANI15 O
AVrero O
AVss O

A/D
converter

CE bit of ADSCMOH = 1 (enabled)
A/D conversion of ANI2
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(4) Continuous scan mode (Polling mode)

In this mode, A/D conversion is performed starting from ANI2 up to ANI5 specified by the
ADSCMOL register. The A/D conversion result is saved to the ADAOCRN register corresponding to
each analog input. A/D conversion starts from ANIO upon trigger detection, an A/D conversion
interrupt (INTAD) is generated when conversion of the specified analog input ends, and A/D
conversion from ANIO starts again.

Figure 11-13: Example of Continuous Scan Mode Operation (ANI2 to ANI5) (1/2)

(a) Timing Example

ANI2 %7\
Data 1 Data 5

ANI3 ]

Data 2

| Data 7
/ Data 3

Data 6

ANI4 —]
ANI5 —// /
Data 4
AD . Data 1 Data 2 Data 3 Data 4 Data 5 Data 6 Data 7
conversion (ANI2) (ANI3) | (ANI4) (ANI5) (ANI2) | (ANIB) | (ANIg)
ADAOCRN Data 1 Data 2 Data 3 Data 4 Data 5 Data 6
(ANI2) | (ANI3) (ANI4) | (ANI5) (ANI2) | (ANI3)

INTAD ﬂ

Conversion start
Set CE bit of ADSCMOH to 1

Remark: n=2to5
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Figure 11-13: Example of Continuous Scan Mode Operation (ANI2 to ANI5) (2/2)

(b) Block diagram Example

Analog Input ADAOCRN
ADSCMOH ANIO O ADAOCRO
ANI1 O ADAOCR1
ANI2 ADAOCR2
ANI3 O ADAOCR3
ANI4 O ADAOCR4
ANI5 ADAOCR5
ANI6 O ADAOCR6
ANI7 O ADAOCR7
ANI8 O A/D ADAOCR8
ANI9 O converter ADAOCR9
ANI10 O ADAOCR10
ANI11 O ADAOCR11
ANI12 O ADAOCR12
ANI13 O ADAOCR13
ANI14 O ADAOCR14
ANI15 O ADAOCR15
AVRrero O ADAOCRDD
AVss O ADAOCRSS

(a) CE bit of ADSCMOH = 1 (enabled)
(b) A/D conversion of ANI2

(c) Store conversion result in ADAOCR2
(d) A/D conversion of ANI3

(e) Store conversion result in ADAOCR3
(f) A/D conversion of ANI4

(g) Store conversion result in ADAOCR4
(h) A/D conversion of ANI5

(i) Store conversion result in ADAOCR5
(j) Generate INTAD interrupt

(k) Return to (b)
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11.5 Extended Functions

11.5.1 Automatic discharge operation

The automatic discharge operation internally connects the sample and hold circuit to GND in order to
catch open analog inputs and other failure modes. This function is disabled by default and is controlled
by the ADVMSO register (refer to 11.3 ”Control Registers” on page 371).

11.5.2 Diagnostic mode

The diagnostic mode configures the A/D converter to perform a conversion operation on the AVgggq
and AVgg terminals. Using this mode allows the user to implement a software algorithm in the

application program to calibrate conversion results and thereby reduce the effect of certain error factors
such as full scale error and zero offset error. This mode is disabled by default, and is controlled by the
ADVMSO register (refer to 11.3 ”Control Registers” on page 371).

(1) Operation in select mode and continuous select mode
In these modes, AVRegg of AVgg terminals can be selected using the ANISn bits of register

ADSCMOL. The A/D conversion result is stored in the appropriate conversion result register and
interrupt (INTAD) is output. Operation is performed in the same manner described in 11.4.3
”Operation mode” on page 383.

(2) Operation in scan mode and continuous scan mode
In this mode, AVRgro and AVgg terminals are scanned immediately after A/D conversion of the

Scan mode conversion end channel specified in register ADSCMOL. The A/D conversion result is
stored in the appropriate conversion result register and interrupt (INTAD) is output. Operation is
performed in the same manner described in 11.4.3 ”Operation mode” on page 383.

User’s Manual U16702EE3V2UDO00 391



Chapter 11 A/D Converter

11.6 Precautions on Operation

11.6.1 Stopping A/D

If 0 is written in the CE bit of the ADSCMOH register during A/D conversion operation,
it stops A/D conversion operation and an A/D conversion result is not stored in the ADACRNn register
(n=0to 15).

11.6.2 Trigger input during A/D conversion operation

If a trigger is input during A/D conversion operation, the conversion operation stops and starts over from
the beginning

11.6.3 External or timer trigger interval

Make the trigger interval (input time interval) in external or timer trigger mode longer than the
conversion time specified by the FR3 to FRO bits of the ADSCM1H register.

(1) When interval =0

If multiple triggers are input simultaneously, the analog input whose ANIn pin nhumber is smallest
is converted. The other trigger signals input at the same time are ignored (n = 0 to 15).

(2) When 0 < interval < conversion time
If an external or timer trigger is input during A/D conversion operation, that trigger input is ignored.

(3) When interval = conversion time

If an external or timer trigger is input at the same time as A/D conversion termination (comparison
termination signal and trigger contention), interrupt generation and ADAOCRN register storage of
the value with which conversion terminated are performed correctly (n = 0 to 15).

11.6.4 Operation in standby modes

(1) HALT mode
A/D converter continues the operation. When recover from HALT mode, the ADSCMOH,
ADSCMOL, ADSCM1H, ADVMSO, or SELCNT1 register and ADAOCRn, ADAOCRSS or
ADAOCRDD register maintain their values (n = 0 to 15).
If released by RESET input, all registers are initialized.

(2) IDLE mode, software STOP mode

Since clock supply to A/D converter stops, A/D conversion operation is not performed.

If released by NMI or maskable interrupt input, the ADSCMOH, ADSCMOL, ADSCM1H, ADVMSO0,
or SELCNT1 register and ADAOCRn, ADAOCRSS or ADAOCRDD register maintain their values
(n=0to 15).

However, if IDLE mode or software STOP mode is set during A/D conversion operation, A/D
conversion operation stops. If released by a non-maskable interrupt request or an unmasked
maskable interrupt request, conversion resumes but the conversion result written in the ADAOCRnN
register becomes undefined (n = 0 to 15).

If released by RESET input, all registers are initialized.
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11.6.5 Compare match interrupt in timer trigger mode (External trigger mode)

A TMP2 timer P2 capture/compare registers 0, 1 (TP2CCRO, TP2CCR1) underflow interrupt
(INTTP2CC1 or INTTP2CCO) is an A/D conversion start trigger that starts conversion operation. At this
time, the TP2CCRO or TP2CCR1 match interrupt (INTTP2CC1 or INTTP2CCO) also functions as a
compare register match interrupt for the CPU.

In order not to generate these match interrupts for the CPU, disable interrupts using the mask bits
(TP2CCMK1,TP2CCMKO) of the interrupt control registers (IMR1 or TP2CCIC1 and TP2CCICO).

11.6.6 Timing that makes the A/D conversion result undefined

If the timing of the end of A/D conversion and the timing of the stop of operation of the A/D converter
conflict, the A/D conversion value may be undefined. Because of this, be sure to read the A/D
conversion result while the A/D converter is in operation mode.

Furthermore, when reading an A/D conversion result after the A/D converter operation has been
stopped, be sure to have it stop after the time of the next conversion result is complete.

The conversion result read timing is shown in Figures 11-14 and 11-15 below.

Figure 11-14: Conversion Result Read Timing (when Conversion Result is undefined)

A/D conversion end A/D conversion end
ADAOCRnN >< Normal conversion result >< Undefined value

INTAD

CE bit of ADSCMOH

|

Normal conversion A/D operation Undefined
result read stopped value read

Remark: n=0to 15
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Figure 11-15: Conversion Result Read Timing (When Conversion Result Is Normal)

A/D conversion end

|

ADAOCRnN >< Normal conversion result

INTAD

CE bit of ADSCMOH

A/D operation Normal conversion
stopped result read

Remark: n=0to 15
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11.7 Cautions

(1) When A/D converter is not used

When the A/D converter is not used, the power consumption can be reduced by clearing the CE
bit of the ADSCMOH register and PDB bit of the ADSCM1H register to 0.

(2) Input range of ANIO to ANI15 pins

Input the voltage within the specified range to the ANIO to ANI15 pins. If a voltage equal to or
higher than AVRggq or equal to or lower than AVgg (even within the range of the absolute

maximum ratings) is input to any of these pins, the conversion value of that channel is undefined,
and the conversion value of the other channels may also be affected.

(8) Countermeasures against noise

To maintain the 10-bit resolution, the ANIO to ANI15 pins must be effectively protected from noise.
The influence of noise increases as the output impedance of the analog input source becomes
higher. To lower the noise, connecting an external capacitor as shown in Figure 11-16 is
recommended.

Figure 11-16: Processing of Analog Input Pin
Clamp with a diode with a low VF (0.3 V or less)
if noise equal to or higher then AV or equal to
- or lower than AVgs may be generated.

Vbp

/ AVREFo0

-

+—A—

AVSS

GNDO

(4) Alternate I/0

The analog input pins (ANIO to ANI15) function alternately as port pins. When selecting one of the
ANIO to ANI15 pins to execute A/D conversion, do not execute an instruction to read an input port
or write to an output port during conversion as the conversion resolution may drop.

If a digital pulse is applied to a pin adjacent to the pin whose input signal is being converted, the
A/D conversion value may not be as expected due to the influence of coupling noise. Therefore, do
not apply a pulse to a pin adjacent to the pin undergoing A/D conversion.
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(5) Interrupt request flag (ADIF)

The interrupt request flag (ADIF) is not cleared even if the contents of the ADSCMOL register are
changed. If the analog input pin is changed during A/D conversion, therefore, the result of
converting the previously selected analog input signal may be stored and the conversion end
interrupt request flag may be set immediately before the ADSCMOL register is rewritten. If the
ADIF flag is read immediately after the ADSCMOL register is rewritten, the ADIF flag may be set
even though the A/D conversion of the newly selected analog input pin has not been completed.
When A/D conversion is stopped, clear the ADIF flag before resuming conversion.

Figure 11-17: Generation Timing of A/D Conversion End Interrupt Request

ADAOS rewriting ADAOS rewriting )
(ANIn conversion start) (ANIm conversion start) ADIF is set, but ANIm
K conversion does not end
A/D conversion ANIn ANIn ANIm ANIm

t t
N X

t t
l i i

ANIn ANIm ANIm

I E—

INTAD

Remark: n=0to 15
m=0to 15
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6)

)

®

AVRggrg Pin
(a) The AVRggg pin is used as the power supply pin of the A/D converter and also supplies power

to the alternate-function ports. In an application where a backup power supply is used, be sure
to supply the same voltage as Vpp to the AVRggq pin as shown in Figure 11-18.

(b) The AVRerg pin is also used as the reference voltage pin of the A/D converter. If the source
supplying power to the AVRggq pin has a high impedance or if the power supply has a low

current supply capability, the reference voltage may fluctuate due to the current that flows
during conversion (especially, immediately after the conversion operation enable bit CE has
been set to 1). As a result, the conversion accuracy may drop. To avoid this, it is recommended
to connect a capacitor across the AVregg and AVgg pins to suppress the reference voltage

fluctuation as shown in Figure 11-18.

(c) If the source supplying power to the AVRggq pin has a high DC resistance (for example,
because of insertion of a diode), the voltage when conversion is enabled may be lower than
the voltage when conversion is stopped, because of a voltage drop caused by the A/D
conversion current.

Figure 11-18: AVgggg Pin Processing Example

AVREFo

Main power supply —— 22 pF ormore ==

AVpp

Reading ADAOCRN register

When ADSCMOH, ADSCMOL or ADSCM1H register is written, the contents of the ADAOCRn
register may be undefined. Read the conversion result after completion of conversion and before
writing to the ADSCMOH, ADSCMOL and ADSCM1H registers. The correct conversion result may
not be read at a timing different from the above.

About A/D conversion result

The illegal conversion result sometimes occur by noise, in the case that the analogue input pin and
also reference voltage input pin receive the influence of noise. The software processing is
necessary, to avoid that exerts bad influence to the system by this illegal conversion result. Next
the example of software processing is shown.

Please use the mean value of A/D conversion result of the plural time as the result of A/D
conversion.

In the case that does A/D conversion of the plural time continuously and the specific conversion
result was obtained, please use the conversion result that is excluded this value.

Please do abnormal processing after abnormal occurrence is confirmed once again, without doing
abnormal processing right away, in the case that A/D conversion result that is judged that
abnormality occurred to the system was obtained.
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11.8 How to Read A/D Converter Characteristics Table

This section describes the terms related to the A/D converter.

(1) Resolution

The minimum analog input voltage that can be recognized, i.e., the ratio of an analog input voltage
to 1 bit of digital output is called 1 LSB (least significant bit). The ratio of 1 LSB to the full scale is
expressed as %FSR (full-scale range). %FSR is the ratio of a range of convertible analog input
voltages expressed as a percentage, and can be expressed as follows, independently of the
resolution.

1%FSR = (Maximum value of convertible analog input voltage — Minimum value of convertible
analog input voltage)/100
= (AVRgpo — 0)/100
= AVRgpo /100

When the resolution is 10 bits, 1LSB is as follows:

1LSB = 1/21°9= 1/1024
=0.098 %FSR

The accuracy is determined by the overall error, independently of the resolution.

(2) Overall error

This is the maximum value of the difference between an actually measured value and a theoretical
value.

It is a total of zero-scale error, full-scale error, linearity error, and a combination of these errors.
The overall error in the characteristics table does not include the quantization error.

Figure 11-19: Overall Error

Ideal line -

’, ’, ’

Overall error|

Digital output

0 AVREFO
Analog input
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(3) AQuantization error

This is an error of 1/2 LSB that inevitably occurs when an analog value is converted into a digital

value.

Because the A/D converter converts analog input voltages in a range of 1/2 LSB into the same
digital codes, a quantization error is unavoidable.
This error is not included in the overall error, zero-scale error, full-scale error, integral linearity
error, or differential linearity error in the characteristics table.

Figure 11-20: Quantization Error

Digital output

1
1/2LSB = Quantization error

i =~ 1/2LSB
1 1

) )

(4) Zero-scale error

T(
AVREF0

Analog input

This is the difference between the actually measured analog input voltage and its theoretical value
when the digital output changes from 0...000 to 0...001 (1/2 LSB).

Figure 11-21: Zero-Scale Error

111’L L’

100

011

010

Digital output (lower 3 bits)

001

000

Ideal line e

B -\ -
1
Zero-scale error | \\

Analog input (LSB)
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(5) Full-scale error

This is the difference between the actually measured analog input voltage and its theoretical value
when the digital output changes from 1...110 to 0...111 (full scale 3/2 LSB).

Figure 11-22: Full-Scale Error

Full-scale error

z 1} S /i/' _
a ' [
[sp) 1 V4 =1 1
g 100} R L
% ] // ] :
= ' ' '
5 o pe--- !
3 ' 4 ' '
g ot0f ! !
K=y ~ 1
o ~ ~ 1

1

oool (6 ! ! ! 1

0 AVrero-3 AViero-2 AVeero!  AVrero
Analog input (LSB)

(6) Differential linearity error

Ideally, the width to output a specific code is 1 LSB. This error indicates the difference between the
actually measured value and its theoretical value when a specific code is output.

Figure 11-23: Differential Linearity Error

Ideal width of 1 LSB

Digital output

Differential
linearity error

00 -
AVRerFo
Analog input
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)

®

©

Integral linearity error

This error indicates the extent to which the conversion characteristics differ from the ideal linear
relationship. It indicates the maximum value of the difference between the actually measured
value and its theoretical value where the zero-scale error and full-scale error are 0.

Figure 11-24: Integral Linearity Error

Ideal line

Digital output

Integral
linearity error

AVREF0

Analog input

Conversion time

This is the time required to obtain a digital output after an analog input voltage has been assigned.
The conversion time in the characteristics table includes the sampling time.

Sampling time

This is the time for which the analog switch is ON to load an analog voltage to the sample & hold
circuit.

Figure 11-25: Sampling Time

A/D conversion start  |=— Sampling time ‘l A/D conversion end

Conversion time
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Chapter 12 Asynchronous Serial Interface A (UARTA)

The V850E/RS1 includes two asynchronous serial interfaces A (UARTA).

12.1 Features

e Transfer rate: 300 bps to 312.5 kbps

¢ Full-duplex communication:
e UARTA receive data register n (UANRX)
e UARTA transmit data register n (UANTX)

e 2-pin configuration
e TXDAn: Output pin of transmit data
e RXDAnN: Input pin of receive data

¢ Reception error detection function: parity error, framing error, overrun error

¢ Interrupt sources: 2 types

¢ Reception complete interrupt (INTUANR): An interrupt is generated in the reception enabled
status by ORing three types of reception errors. It is also generated when receive data is
transferred from the shift register to receive buffer register n after completion of serial transfer.

e Transmission enable interrupt (INTUANT): Generated when transmit data is transferred from the
transmit buffer register to the shift register in the transmission enabled status.

e Character length of transmit/receive data: 7 or 8 bits
e Parity function: odd, even, 0, none
e Transmission stop bit: 1 or 2 bits

e Dedicated baud rate generator
e MSB/LSB first transfer selectable

* Transmit/receive data reversible

Remark: n=0to1
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12.2 Configuration

UARTA consists of the following hardware:

Table 12-1: Configuration of UARTAO and UARTA1

Item Configuration

UARTAR reception shift register

Register UARTARN reception data register (UANRX)

9 UARTARN transmit shift register

UARTARN transmit data register (UANTX)

Reception data input 2 (RXDAO, RXDA1)

Transmit data output 2 (TXDAO, TXDA1)

Baud rate clock input 2 (ASCKAO0, ASCKAT1)
UARTAR control register 0 to 2 (UANCTLO to UAnCTL2)

Control register UARTAR option control register 0 (UANOPTO)
UARTARN status register (UANSTR)

Remark: n=0to1

The pins of asynchronous serial interface A (UARTA) function alternately as port pins. For how to select
the alternate functions, refer to the description of registers in Chapter 4 Port Functions.

Table 12-2: List of Pins of Asynchronous Serial Interface A

Pin Name | Alternate-Function Pin /0 Function

RXDAO P31/INTP7 Serial receive data input (UARTAOQ)
RXDA1 P95 Input Serial receive data input (UARTA1)
TXDAO P30 Output Serial transmit data output (UARTAO)
TXDA1 P96 Serial transmit data output (UARTA1)
ASCKAQ | P32 Input Baud rate clock input (UARTAOQ)
ASCKA1 | P94/CS303 Baud rate clock input (UARTA1)
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Figure 12-1: Block Diagram of Asynchronous Serial Interface A

S Internal bus S
INTUANT Z X
INTUANR~——————— - e O 2
Reception unit : Transmission
i | UAnRX P : P unit UANTX |
Beceiye Reception Transmission Transmit
+ | shift register controller : : controller shift register
i| Filter Baud rate |-t t.| Baud rate Selector | TXDAR
. T generator : ' generator
i A8 s RXDAN
| Selector :
fxx to fxx/210 BV ]
m— )
ASCKAN —|5 g1
UANCTL1
UANCTL2 UANCTLO UANSTR UANOTPO

Internal bus

Remark: n=0to1
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12.2.1 Control registers

1)

()

©)

(4)

®)

(6)

)

®)

(9

406

UARTAN control register 0 (UAnCTLO)

The UANCTLO register is an 8-bit register that specifies the operation of the asynchronous serial
interface.

UARTAN control register 1 (UANCTL1)

The UANCTL1 register is an 8-bit register that selects the input clock of the asynchronous serial
interface.

UARTAN control register 2 (UANCTL2)

The UANCTL2 register is an 8-bit register that controls the baud rate of the asynchronous serial
interface.

UARTAN option control register 0 (UANOPTO)

The UAnNOPTO register is an 8-bit register that controls serial transfer by the asynchronous serial
interface.

UARTAN status register (UAnNSTR)

The UANSTR register is a collection of flags that indicate the contents of the error when a recep-
tion error occurs. The corresponding reception error flag is set to 1 when a reception error occurs,
and is reset to 0 when the UAnSTR register is read.

UARTAN receive shift register

This shift register converts the serial data input to the RXDAn pin into parallel data. When data of
1 byte is received and then a stop bit is detected, the receive data is transferred to the UAnRX reg-
ister.

This register cannot be directly manipulated.

UARTAN receive data register (UAnRX)

The UANRX register is an 8-bit buffer register that holds receive data. When seven characters are
received, O is stored in the higher bit (in LSB-first reception).

While reception is enabled, receive data is transferred from the UARTAN receive shift register to
the UANRX register in synchronization with completion of shift-in processing of one frame.

When the data has been transferred to the UAnRX register, a reception complete interrupt request
signal (INTUANR) is generated.

UARTAN transmit shift register

The transmit shift register converts the parallel data transferred from the UANTX register into serial
data.

When data of 1 byte is transferred from the UANnTX register, the data of the shift register is output
from the TXDAn pin.

This register cannot be directly manipulated.

UARTAN transmit data register (UAnTX)

The UANTX register is an 8-bit buffer for transmit data. By writing transmit data to the UANTX reg-
ister, a transmission operation is started. When data can be written to the UANnTX register (when
data of one frame is transferred from the UANTX register to the UARTAN transmit shift register), a
transmission enable interrupt request signal (INTUANT) is generated.
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12.3 Control Registers

(1) UARTAN control register 0 (UANCTLDO)

The UANCTLO register is an 8-bit register that controls the serial transfer operation of UARTAN.
This register can be read or written in 8-bit or 1-bit units.
Reset input sets this register to 10H.

Caution: Set the UAnPWR bit to 1 and UAnNRXE bit to 1 while a high level is being input to the
RXDAn pin (when the UAnRDL bit of the UAnOPO register is 0). If the UAnPWR and
UANnRXE bits are set to 1 while a low level is being input to the RXDAn pin, reception
is started.

Figure 12-2: UARTAn Control Register 0 (UAnCTLO) Format (1/2)

Address: UAOCTLO: FFFFFAOOH, UA1CTLO: FFFFFA10H
Symbol 7 6 5 4 3 2 1 0 Address R/W After Reset
UAnCTLOlUAnPWR‘UAnTXE‘UAnRXE‘UAnDIR‘UAnPS1|UAnPSO‘ UANCL \ UANSL | RW  10H

Remark: n=0to1

UAnPWR Control of operation of UARTAN
0 Disable clock operation (asynchronously reset UARTAN).
1 Enable clock operation.

The UAnPWR bit controls the operating clock and asynchronously resets UARTAN. When this bit is cleared to 0,
the output of the TXDAnN pin is fixed to the high level for UAnTDL=0 or low level for UAnTDL=1.

UANTXE Transmission operation enable
0 Stop transmission operation.
1 Enable transmission operation.

When the UANTXE bit is cleared to 0, the output of the TXDAn pin is fixed to the high level for UANTDL=0 or low
level for UAnTDL=1.

This bit is synchronized with the operating clock. When the transmission unit is initialized, therefore, set the
UANTXE bit from 0 to 1. The transmission operation will be enabled two clocks later.

A value written to the UANTXE bit is ignored when the UANPWR bit = 0.

UANRXE Reception operation enable
0 Stop reception operation.
1 Enable reception operation.

When the UANRXE bit is cleared to 0, the reception operation is stopped. Consequently, even if specified data is
transferred, the reception complete interrupt is not output, and the UAnRX register is not updated.

The UAnRXE bit is synchronized with the operating clock. When the reception unit is initialized, therefore, set the
UANRXE bit from 0 to 1. The reception operation will be enabled two clocks later.

A value written to the UANRXE bit is ignored when the UANPWR bit = 0.
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Figure 12-2: UARTAn Control Register 0 (UAnCTLO) Format (2/2)

UANDIR Selection of transfer direction mode (MSB/LSB)
0 MSB first
1 LSB first

This bit can be rewritten only when the UAnNPWR bit = 0 or when UANTXE bit = UAnRXE bit = 0.

UANPS1 UANPSO Selection of parity for transmission Selection of parity for reception
0 0 No parity output Reception without parity
0 1 Qutput 0 parity Reception with 0 parity
1 0 Output odd parity Identified as odd parity
1 1 Output even parity Identified as even parity

¢ This bit can be rewritten only when the UAnPWR bit = 0 or when the UAnTXE bit = UAnRXE bit = 0.
¢ If “Reception with 0 parity” is selected for reception, the parity is not identified.

e Consequently, the UAnPE bit of the UANSTR register is not set, and an error interrupt is not generated even if

a parity error occurs.

UANCL Specification of data character length of one frame of transmit/receive data.
0 7 bits
1 8 bits

This bit can be rewritten only when the UAnPWR bit = 0 or when the UANTXE bit = UAnRXE bit = 0.

UANSL Specification of stop bit length of transmit data.
0 1 bit
1 2 bits

This bit can be rewritten only when the UANPWR bit = 0 or when the UAnTXE bit = UAnRXE bit = 0.

Remark:

408

For details of the parity, refer to 12.5.9 Types and operation of parity.
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(2) UARTAN control register 1 (UANCTL1)

The UANnCTL1 register is an 8-bit register that selects the clock of UARTAN.
This register can be read or written in 8-bit units only.
Reset input clears this register to 00H.

Figure 12-3: UARTAN Control Register 1 (UAnCTL1) Format

Address: UAOCTL1: FFFFFAO1H, UA1CTL1: FFFFFA11H

Symbol 7 6 5 4 3 2 1 0 Address R/W After Reset

UAnCTL1| 0 \ 0 | 0 \ 0 ‘UAnCKSSUAnCK82|UAnCKS1|UAnCKSO| RW  OOH

Remark: n=0to1

UANCKS3 | UAnCKS2 | UANnCKSH UANCKSO Selection of base clock (fyc k)
0 0 0 0 fxx
0 0 0 1 fyx/2
0 0 1 0 fyx/4
0 0 1 1 fyx/8
0 1 0 0 fxx/16
0 1 0 1 fyx/32
0 1 1 0 fxx/64
0 1 1 1 fyx/128
1 0 0 0 fyx/256
1 0 0 1 fxx/512
1 0 1 0 fyx/1024
1 0 1 1 External clock (ASCKAn pin)
Other than above Setting prohibited

Caution: This register can be rewritten only when the UAnPWR bit of the UAnCTLO register = 0.
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(3) UARTAN control register 2 (UANCTLZ2)

The UANCTL2 register is used to select the baud rate (serial transfer rate) clock of UARTAN.
This register can be read or written in 8-bit units.
Reset input sets this register to FFH.

Figure 12-4: UARTAn Control Register 2 (UAnCTL2) Format

Address: UAOCTL2: FFFFFAO2H, UA1CTL2: FFFFFA12H After
Symbol 7 6 5 4 3 2 1 0  Address R/w Reset
UAnCTL2|UAnBRS?\UAnBR86|UAnBRss\UAnBRS4|UAnBRSS\UAnBR82|UAnBRs1\UAnBRso| R/W FFH

Remark: n=0to1

UAnBRS7|UANBRS6|UANBRS5|UANBRS4{UANBRS3|UANBRS2|UANBRS1|UANBRS0O v‘:zl(tae?k) Serial clock
0 0 0 0 0 0 - - - Setting prohibited
0 0 0 0 0 1 0 0 4 fxoLk/4
0 0 0 0 0 1 0 1 5 fxcLk/5
0 0 0 0 0 1 1 0 6 fxcLk/6
1 1 1 1 1 1 0 0 252 fycLk/252
1 1 1 1 1 1 0 1 253 fxcLk/253
1 1 0 1 1 1 1 0 254 fxcLk/254
1 1 1 1 1 1 1 1 255 fxcLk/255

Remark: fyc) k is the frequency of the base clock selected by the UAnNCTL1 register.

Cautions: 1. This register can be rewritten only when the UAnPWR bit of the UAnNCTLO register
= 0 or when the UANTXE bit = UAnRXE bit = 0.

2. The baud rate is the serial clock divided by two.

For details on the baud rate generator, please refer to section 12.6 “Dedicated Baud Rate Genera-
tor” on page 425.
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(4) UARTAN option control register 0 (UANOPTO)
The UAnOPTO register is an 8-bit register that controls the serial transfer operation of UARTAN.
This register can be read or written in 8-bit or 1-bit units.
Reset input sets this register to 14H.

Figure 12-5: UARTAnN Option Control Register 0 (UAhOPTO0)

Address: UAOOPTO: FFFFFA03H, UA1OPTO: FFFFFA13H After
Symbol 7 6 5 4 3 2 1 0  Address R/W Reset
UAnOPTOl 0 \ 0 \ 0 \ 1 \ 0 \ 1 ‘UAnTDL‘UAnRDLl RW 14H

Remarks: 1. n=0to 1
2. Itis mandatory to write the fixed bits to the values given above to ensure proper opera-

tion.
UANTDL Transmit data level control bit
0 Normal output of transfer data
1 Inverted output of transfer data

e The value of the TXDAnN bit can be inverted by the UAnTDL bit.
e This bit can be set when the UAnPWR bit of the UANCTLO register = 0 or when the UANTXE bit of the
UANCTLO register = 0.

UAnRDL Receive data level control bit
0 Normal input of transfer data
1 Inverted input of transfer data

¢ The value of the RXDAn pin can be inverted by the UAnRDL bit.
e This bit can be set when the UAnNPWR bit of the UANCTLO register = 0 or when the UANRXE bit of the
UANCTLO register = 0.

Remark: For details of the parity, refer to 12.5.9 Types and operation of parity.
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(5) UARTAN status register (UANSTR)

The UANnSTR register is an 8-bit register that indicates the transfer status of UARTANn and the con-
tents of a reception error.

This bit can be read or written in 8-bit or 1-bit units, but the UAnTSF bit can only be read. The
UANnPE, UANnFE, and UANOVE bits can be read or written, but they can only be cleared by writing
0 to them, and cannot be set by writing 1 (if 1 is written to these bits, they hold the current status).
The following table shows the initialization conditions of these bits.

Register/Bit Initialization Conditions

¢ Resetinput
¢ UANnPWR bit of UANCTLO register = 0

UANTSF bit e UANTXE bit of UANCTLO register = 0

e Writing of O
¢ UANRXE bit of UAnNCTLO register = 0

UANSTR register

UANPE, UAnFE, UAnOVE bits

Figure 12-6: UARTAnN Status Register (UAnSTR) Format (1/2)

Address: UAOSTR: FFFFFA04H, UA1STR: FFFFFA14H After
Symbol 7 6 5 4 3 2 1 0  AddressR/w Reset
UAnSTRlUAnTSF‘ 0 \ 0 \ 0 \ 0 \ UANPE \ UANFE ‘UAnOVEl R/W 00H
Remark: n=0to 1

UANTSF Transfer status flag

* When UAnPWR bit of UANCTLO register = 0 or when UANTXE bit of UANCTLO register = 0
* |f next transfer data is not in UAnTX after completion of transfer

1 Writing to UANTX register

0

The UANTSF bit is always 1 when transmission is executed continuously. Before initializing the transmission unit,
check that the UANTSF bit = 0. If the transmission unit is initialized while the UAnTSF bit = 1, the transmit data
cannot be guaranteed.

UANnPE Parity error flag

¢ When UAnPWR bit of UANCTLDO register = 0 or when UAnRXE bit of UANCTLO register = 0
¢ When 0 is written to this bit

0

1 When the parity of the received data does not match the parity bit
e The operation of the UANnPE bit differs depending on how the UAnPS1 and UANnPSO bits of the UAnNCTLO reg-
ister are set.

¢ Although the UANnPE bit can be read or written, it can only be cleared by writing 0, and cannot be set by writ-
ing 1. It holds the current status when 1 is written.

412 User’'s Manual U16702EE3V2UDOO



Chapter 12 Asynchronous Serial Interface A (UARTA)

Figure 12-6: UARTAN Status Register (UAnSTR) Format (2/2)

UANFE Framing error flag
0 e When UAnPWR bit of UANCTLO register = 0 or when UAnRXE bit of UANCTLO register = 0
e When 0 is written
1 When a stop bit is not detected on reception

¢ Only the first bit of the receive data is checked as a stop bit, regardless of the value of the UAnSL bit of the
UANCTLO register.

¢ Although the UANFE bit can be read or written, it can only be cleared by writing 0, and cannot be set by writ-
ing 1. It holds the current status when 1 is written.

UANOVE Overrun error flag
0 e When UANPWR bit of UANCTLO register = 0 or when UAnRXE bit of UANCTLO register =0
e When 0 is written
1 When receive data is set to the UAnRX register and the next reception operation is completed

before that data is read

¢ [f an overrun error occurs, the next receive data is not written to the receive buffer but discarded.

¢ Although the UAnOVE bit can be read or written, it can only be cleared by writing 0, and cannot be set by
writing 1. It holds the current status when 1 is written.
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(6) UARTAN receive data register (UAnRX)

The UANRX register is an 8-bit buffer register that stores the parallel data converted by the receive
shift register.

On completion of reception of 1 byte of data, the data stored in the receive shift register is trans-
ferred to the UANRX register.

If the data length is specified to be 7 bits and when data is received with the LSB first, the receive
data is transferred to bits 6 to 0 of the UAnRX register, and the MSB is always 0. If data is received
with the MSB first, the receive data is transferred to bits 7 to 1 of the UAnRX register, and the LSB
is always 0.

If an overrun error (UANOVE) occurs, the receive data at that time is not transferred to the UANRX
register.

The UAnRX register is read-only, in 8-bit units.

Reset input and setting the UANPWR bit of the UAnNCTLO register to 0 set this register to FFH.

Figure 12-7: UARTAN Receive Data Register (UAnRX) Format

Address: UAORX: FFFFFAO6H, UA1RX: FFFFFA16H
Symbol 7 6 5 4 3 2 1 0 Address  R/W After Reset
UANRX | | | | | | | | | R  FFH

Remark: n=0to1

(7) UARTAN transmit data register (UAnTX)

The UANTX register is an 8-bit register that sets transmit data.
This register can be read or written in 8-bit units.
Reset input sets this register to FFH.

Figure 12-8: UARTAnN Transmit Data Register (UAnTX) Format

Address: UAOTX: FFFFFAO7H, UA1TX: FFFFFA17H
Symbol 7 6 5 4 3 2 1 0 Address  R/W After Reset
UANTX | | | | | | | | | RW  FFH

Remark: n=0to1
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12.4 Interrupt Request Signals

UARTAN generates the following two types of interrupt request signals.

¢ Reception complete interrupt request signal (INTUANR)

e Transmission enable interrupt request signal (INTUANT)

Of these two interrupt request signals, the reception complete interrupt request signal has the higher

priority by default, and the priority of the transmission enable interrupt request signal is lower.

Table 12-3: Interrupts and Their Default Priority

Interrupt Priority
Reception complete High
Transmission enable Low

(1) Reception complete interrupt request signal (INTUANnR)
When data is shifted in to the receive shift register with reception enabled, and transferred to the

(2

UANRX register, the reception complete interrupt request signal is generated.

This interrupt request signal can also be generated if a reception error occurs, instead of a recep-

tion error interrupt.

When the reception complete interrupt request signal is acknowledged and the data is read, read

the UANSTR register to check that the result of reception is not an error.
Reception complete interrupt request signals are not generated while reception is disabled.

Transmission enable interrupt request signal (INTUANT)
The transmission enable interrupt request signal is generated when transmit data is transferred

from the UANTX register to the UARTAN transmit shift register with transmission enabled.
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12.5 Operation

12.5.1 Data format

Full-duplex serial data is transmitted or received.

The transmit/receive data is in the format shown in Figure 12-9, consisting of a start bit, character bits,
a parity bit, and 1 or 2 stop bits.

The character bit length in one data frame, parity, stop bit length, and whether data is transferred with
the MSB or LSB first, are specified by the UANCTLO register.

The UANTDL bit of the UANOPTO register is used to specify whether the signal output from the TXDAnN
pin is inverted or not.

e Start bit ... 1bit

e Character bit ... 7 or 8 bits

¢ Parity bit ... Even parity, odd parity, O parity, or no parity
e Stop bit ... 1or2bits

Figure 12-9: Format of Transmit/Receive Data of UARTA (1/2)

(a) 8-bit data length, LSB first, even parity, 1 stop bit, transfer data: 55H

I 1 data frame |

Start Parity| Stop
bit Do | D1 | D2 | D3 | D4 | b5 | b6 | D7 bit bit

(b) 8-bit data length, MSB first, even parity, 1 stop bit, transfer data: 55H

I 1 data frame |

Start Parity| Stop
bit D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO bit | bit

(c) 8-bit data length, MSB first, even parity, 1 stop bit, transfer data: 55H, TXDAn inverted

I 1 data frame |

Start Parity| Stop
bit D7 | D6 | D5 | b4 | D3 | D2 | D1 | DO bit | bit

416 User’'s Manual U16702EE3V2UDOO



Chapter 12 Asynchronous Serial Interface A (UARTA)

Figure 12-9: Format of Transmit/Receive Data of UARTA (2/2)

(d) 7-bit data length, LSB first, odd parity, 2 stop bits, transfer data: 36H

[ 1 data frame |

Start Parity| Stop | Stop
bit DO | D1 | D2 | D3 | D4 | D5 | D6 bit | bit | bit

(e) 8-bit data length, LSB first, no parity, 1 stop bit, transfer data: 87H

} 1 data frame I

Start| by | p1 | p2 | D3 | D4 | D5 | D6 | D7 |StoP
bit bit

12.5.2 UART transmission

When the UAnPWR bit of the UANCTLO register is set to 1, the TXDAn pin outputs a high level.

If the UANTXE bit of the UANCTLO register is subsequently set to 1, transmission is enabled. Transmis-
sion is started by writing transmit data to the UAnTX register. A start bit, parity bit, and stop bit are auto-
matically appended to the transmit data.

When transmission is started, the data in the UAnTX register is transferred to the UARTAN transmit shift
register.

As soon as the data of the UAnTX register has been transferred to the UARTAN transmit shift register, a
transmission enable interrupt request signal (INTUANT) is generated. Then the UARTAR transmit shift
register sequentially outputs the data to the TXDAnN pin, starting from the LSB. When the INTUANT sig-
nal is generated, writing the next transfer data to the UAnTX register is enabled.

By writing the data to be transmitted next to the UAnTX register during transfer, transmission can be
continuously executed.

Figure 12-10: UART Transmission

Stat| po | p1 | D2 | D3 | D4 | D5 | D6 | D7 |Parity[ Stop
bit bit bit

INTUANT —|
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12.5.3 Procedure of continuous transmission

With UARTA, the next transmit data can be written to the UAnTX register as soon as the UARTAN trans-
mit shift register has started its shift operation. The timing at which data is transferred to the UARTAN
transmit shift register can be identified by the transmission enable interrupt request signal (INTUARNT).
The INTUANT signal enables continuous transmission even while an interrupt is being serviced after
transmission of 1 data frame, so that an efficient communication rate can be realized.

During continuous transmission, do not write the next transmit data to the UAnTX register before a
transmit request interrupt signal (INTUANT) is generated after transmit data is written to the UANTX reg-
ister and transferred to the UARTAN transmit shift register. If a value is written to the UAnTX register
before a transmit request interrupt signal is generated, the previously set transmit data is overwritten by
the latest transmit data.

Caution: Continuous transmission operating (UAnTSF bit is 1), can not change register. While
continuous transmission is being executed, execute initialization after checking that
the UANTSEF bit is 0. If initialization is executed while the UANTSF bit is 1, the transmit
data cannot be guaranteed.

Figure 12-11: Processing Flow of Continuous Transfer

=

Set registers.

Write UAnTX.

Transmission interrupt
occurred?

Necessary number
of data written?

=
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Figure 12-12: Timing of Continuous Transmission Operation

(a) Start of transfer
TXDAN , \ Start ,' Data (1) ':'Parity, Stop \ Start : Data (2) ':' Parity, Stop \ Start
UANTX X Data (1) X Data (2) X Data (3)
Transmit v\ v\ “\
shift X Data (1) X Data (2) x
register
INTUANT |_| |_| | |

UANTSF

(b) End of transfer

UATTXD Parity/ Stop \Start; Data (n-1) ::Parity/ Stop \Start,: Data (n) ::Parity/ Stop

UANTX Data (n-1) X Data (n)
Transmit
shift X Data (n-1) X Data (n) FF

register

x
i i \

UANTSF

UANPWR or UANTXE \
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12.5.4 UART reception

When the UANPWR bit of the UAnNCTLO register is set to 1 and then the UAnNRX bit of the UAnNCTLO reg-
ister is set to 1, UARTA waits for reception. In the reception wait status, the RXDAn pin is monitored and
the start bit is detected.

To recognize the start bit, a two-stage detection routine is used.

When the falling of the RXDAn pin is detected, an 8-bit counter starts counting. When the 8-bit counter
has counted the set value of the UANCTL2 register, the level of the RXDAn pin is monitored again (indi-
cated by V in Figure 12-13). If the RXDAn pin is low at this time, the start bit is recognized. When the
start bit is recognized, reception is started, and serial data is sequentially stored in the UARTAN receive
shift register at the selected baud rate.

When the stop bit is received, a reception complete interrupt request signal (INTUANR) is generated
and, at the same time, the data of the UARTAN receive shift register is written to the UAnRX register. If
an overrun error occurs (indicated by the UAnOVE bit of the UANSTR register), the receive data is not
written to the UANRX register.

Even if a parity error (indicated by the UAnPE bit of the UANSTR register) or framing error (indicated by
the UANFE bit of the UAnSTR register) occurs in the middle of reception, reception continues to the
reception position of the stop bit. The INTUANR signal is generated when reception is completed.

Figure 12-13: UART Reception

V

Start Parity| Stop

bit Do | D1 | D2 | D3 | D4 | D5 | D6 | D7 bit | bit
INTUANR |

UANRX

Cautions: 1. Be sure to read the UAnRX register even when a reception error occurs. Unless
the UAnRX register is read, an overrun error occurs when the next data is
received, and the reception error status persists.

2. It is always assumed that the number of stop bits is 1 during reception. A second
stop bit is ignored.

3. When reception is completed, read the UAnRX register after the reception com-
plete interrupt (INTUANR) has been generated and before clearing the UAnPWR or
UANnRXE bit to 0. If UAnNPWR or UAnRXE is cleared to 0 before the interrupt
occurred, the read value of UAnRX is undefined.
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12.5.5 Reception errors

Reception errors are classified into three types: parity errors, framing errors, and overrun errors. As a
result of receiving data, an error flag is set in the UANSTR register, and a reception complete interrupt
request signal (INTUANR) is generated.

By reading the contents of the UANSTR register in the reception error interrupt servicing, which error
has occurred during reception can be checked.

The reception error flag is cleared by writing 0 to it.

Table 12-4: Reception Error Causes

Error Flag Reception Error Cause
UANPE Parity error Received parity bit does not match setting.
UANnFE Framing error Stop bit is not detected.

Next data reception is completed before data is read from

UANOVE Overrun error .
receive buffer.

Figure 12-14: Receive Data Read Flow

=

INTUANR Signal
generated?

Read UANnRX register

Read UANSTR register

Error occured?

Error processing

=
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When a reception errors occur, perform the following procedures depending upon the type of error:

e Parity error
If false data is received due to problems such as noise in the reception line, discard the received
data and retransmit.

* Framing error
A baud rate error may have occurred between the reception side and transmission side or the start
bit may have been erroneously detected. Since this is a fatal error for the communication format,
check the operation stop in the transmission side, perform initialization processing each other, and
then start the communication again.

e Qverrun error
Since the next reception is completed before reading receive data, 1 frame of data is discarded. If
this data was needed, do a retransmission.

Caution: If a receive error interrupt occurs during continuous reception, read the contents of
the UANSTR register must be read before the next reception is completed, then per-
form error processing.
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12.5.6 Types and operation of parity

The parity bit is used to detect a bit error in communication data. Usually, the same type of parity bit is
used on both the transmission side and reception side.

Even parity and odd parity can be used to detect a “1” bit error (odd number). With zero parity and no
parity, no errors are detected.

(1M

(2

3

@

Even parity

(a) During transmission

The number of bits that are “1” in the transmit data, including the parity bit, is controlled to be even.
The value of the parity bit is as follows.

¢ Number of bits that are “1” in transmit data is odd: 1
¢ Number of bits that are “1” in transmit data is even: 0
(b) During reception

The number of bits that are “1” in the receive data, including the parity bit, is counted. If it is odd, a
parity error occurs.

Odd parity
(a) During transmission

Opposite to even parity, the number of bits that are “1” in the transmit data, including the parity bit,
is controlled to be odd. The value of the parity bit is as follows.

* Number of bits that are “1” in transmit data is odd: 0
¢ Number of bits that are “1” in transmit data is even: 1

(b) During reception

The number of bits that are “1” in the receive data, including the parity bit, is counted. If it is even,
a parity error occurs.

0 parity

The parity bit is cleared to 0 during transmission, regardless of the transmit data.

The parity bit is not checked during reception. Therefore, a parity error does not occur regardless
of whether the parity bitis 0 or 1.

No parity
No parity bit is appended to the transmit data.

Reception is performed assuming that there is no parity bit. Because no parity bit is used, a parity
error does not occur.
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12.5.7 Noise filter of receive data

The RXDAn pin is sampled using the UART internal clock (fyc k)-

If the sampled value is the same twice in a row, the output of the match detector changes, and the sig-
nal on the RXDAn pin is sampled as input data.

Because the circuit configuration of the noise filter is as shown in Figure 12-15, internal processing of a
reception operation is delayed two clocks from the external signal status.

Figure 12-15: Noise Filter Circuit

fxclk
(internal UART clock)

Internal signal A Internal signal B
RXDAn —{In Q In Q In Q

Internal signal C

* Match

— = detector LD_EN
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12.6 Dedicated Baud Rate Generator

The dedicated baud rate generator consists of a source clock selector and 8-bit programmable
counters, and generates a serial clock for transmission/reception by UARTAN. The output of the dedi-
cated baud rate generator can be selected as the serial clock on a channel by channel basis.

8-bit counters are provided separately for transmission and reception.

(1) Configuration of baud rate generator

Figure 12-16: Configuration of Baud Rate Generator

UANPWR
fxx ©—=
fxx/2 ©—=
bos4 © UAnPWR, UANTXEn (or UANRXE)
fxx/8 ©——=
fxx/16 ©—= l
fxx/32 ©—= Clock
X3 Selector 8-bit counter
fxx/64 ©—= (fxcL)
xx/128 ©——
xx/256 (©O——
fxx/512 ©—
fxx/1024 ©——
m 5 Match detector 1/2 |—— Baud rate
UANCTLI1: UANCTL2:
UANnCKS3 to UAnCKSO0 UANnBRS7 to UAnBRS0O

Remarks: 1. n=0to 1

2. fyy: Internal system clock

(a) Base clock

The clock selected by the UAnCKS3 to UANCKSO bits of the UANCTL1 register is supplied to the
8-bit counter when the UANPWR bit of the UAnCTLO register is 1. This clock is called the base
clock, and its frequency is called fyc k. When the UANPWR bit is 0, the base clock is fixed to the

low level.
(b) Generation of serial clock

A serial clock can be generated in accordance with the setting of the UANCTL1 and UANCTL2 reg-
isters (n=0to 1).

The base clock is selected by using the UAnCKS3 to UANCKSO bits of the UANCTL1 register.
The division ratio of the 8-bit counter can be selected by using the UAnNBRS7 to UAnBRSO bits of
the UANCTL2 register.
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(2) UARTAN control register 1 (UANCTL1)

The UANCTL1 register is used to select the clock for UARTAN.
For details, refer to 12.3 (2) UARTAN control register 1 (UANCTL1).

(3) UARTAN control register 2 (UANCTLZ2)

The UANCTL2 register is used to select the baud rate (serial transfer rate) clock for UARTAN.
For details, refer to 12.3 (3) UARTAN control register 2 (UANCTL2).

(4) Baud rate
The baud rate can be calculated by the following expression.

fxcLk

Baud rate = %k [bps]

fxcLk = Frequency of base clock selected by UANCKS3 to UANCKSO bits of UANCTL1 register
k = Value set by UAnBRS7 to UAnBRSO bits of UAnNCTL2 register (k =4, 5, 6, ..., 255)

(5) Error of baud rate
The baud rate error is calculated by the following expression.

Actual baud rate (baud rate with error)
Desired baud rate (normal baud rate)

Error (%) = ( 1) x 100

Cautions: 1. Keep the baud rate error on the transmission side to within the permissible error
on the reception side.

2. Keep the baud rate error on the reception side to within the range described in (7)
Permissible baud rate range for reception.

Example:

Frequency of base clock = 32 MHz

Selection of fyx/2 as base clock

Set value of UANBRS7 to UANBRSO bits of UANCTL2 register = 01101000B (k = 52)
Target baud rate = 153600 bps

Baudrate = (32000000/2)/ (2 ¥ 52)
= 153846 [bps]

Error = (153846/153600 — 1) ¥ 100
=0.160 [%]
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(6) Example of baud rate setting

Table 12-5: Baud Rate Generator Set Data

Baud Rate fxx = 40 MHz fyx = 32 MHz fyx = 24 MHz
(bps)  [UANCTL1|UANCTL2| ERR (%) | UANCTL1 | UANCTL2] ERR (%) | UANCTL1 | UARCTL2 | ERR (%)
300 O0AH 41H 0.16 O0AH 34H 0.16 O0AH 27H 0.16
600 09H 41H 0.16 0AH 1AH 0.16 09H 27H 0.16
1200 08H 41H 0.16 O0AH ODH 0.16 08H 27H 0.16
2,400 o7H 41H 0.16 09H ODH 0.16 o7H 27H 0.16
4,800 06H 41H 0.16 08H ODH 0.16 06H 27H 0.16
9,600 05H 41H 0.16 07H ODH 0.16 05H 27H 0.16
19,200 04H 41H 0.16 06H ODH 0.16 04H 27H 0.16
31,250 07H 05H 0.00 07H 04H 0.00 06H 06H 0.00
38,400 03H 41H 0.16 05H ODH 0.16 03H 27H 0.16
57,600 02H 41H -0.22 01H 8BH -0.08 04H ODH 0.16
76,800 02H 41H 0.16 04H ODH 0.16 02H 27H 0.16
115,200 01H 57H -0.22 00H 8BH -0.08 03H ODH 0.16
153,600 01H 41H 0.16 03H ODH 0.16 01H 27H 0.16
230,400 00H 57H -0.22 00H 45H 0.64 02H ODH 0.16
312,500 04H 04H 0.00 00H 33H 0.39 01H 13H 1.05
Remark: fyyx: Internal system clock

ERR: Baud rate error [%]
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(7) Permissible baud rate range for reception
The permissible baud rate error during reception is shown below.

Caution: Be sure to set the baud rate error for reception to within the permissible error range,
by using the expressions shown below.

Figure 12-17: Permissible Baud Rate Range for Reception

Latch
timing
\4 \4 \4 v v #7
Transfer rate . . . . . | .
of UARTAN \ Start bit /< Bit 0 X Bit 1 x x Bit 7 XParlty blty Stop bit \

B ————

FL

1 data frame (11 x FL)

Permissible
minimum Start bit Bit 0 Bit 1 Bit 7 Parity bit | Stop bit
transfer rate

FLmin

Permissible
maximum Start bit Bit 0 Bit 1 Bit 7 Parity bit Stop bit
transfer rate

FLmax

After the start bit is detected, the counter set by the UANCTL2 register determines the latch timing
of the receive data, as shown in Figure 12-17. If the last data (stop bit) is received at this latch tim-
ing, the data can be correctly received.

Assuming 11 bits of data are to be received, the theoretical baud rate is as follows.

FL = (Brate) — 1

Brate: Baud rate of UARTANn (n=0to 1)
k: Set value of UANCTL2 (n=0to 1)
FL: 1-bit data length

Margin of latch timing: 2 clocks

Permissible minimum transfer rate:

k-2

Fimin=11xFL— K-2 ,p -21k+2
2k

FL
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Therefore, the maximum receivable baud rate on the transmission side is as follows.

22k

=Siks 2 Crae

BRmax = (FLmin/11)"

Similarly, the permissible maximum transfer rate can be calculated as follows.

10 & FLmax = 11 XFL—:+—2 W« FL = 21k-2

11 x k 2 x Kk

FLmax = —21 k-2
= o0k FL x 11

The minimum receivable baud rate on the transmission side is as follows.

BRmin = (Flmalx/11)'1 = ﬂ Brate
21k -2

The permissible error of the baud rate from the transmission side of UARTAN can be calculated by
the above expressions of the minimum/maximum baud rate. The result is as shown in Table 12-6.

Table 12-6: Permissible Maximum/Minimum Baud Rate Error

Division Ratio Permissible Maximum Permissible Minimum
(k) Baud Rate Error Baud Rate Error
8 +3.53% -3.61%
20 +4.26% —4.31%
50 +4.56% —4.58%
100 +4.66% —4.67%
255 +4.72% —4.73%

Remarks: 1. The reception accuracy is dependent upon the number of bits in 1 frame, input clock fre-
quency, and division ratio (k). The higher the input clock frequency and the higher the
division ratio (k), the higher the accuracy.

2. k: Setvalue of UANCTL2 (n=0to 1)
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(8) Transfer rate for continuous transmission

The transfer rate from the stop bit to the start bit of the next data is extended two clocks when con-
tinuous transmission is executed. However, the timing on the reception side is initialized when the
start bit is detected, and therefore, the transfer result is not affected.

Figure 12-18: Transfer Rate for Continuous Transmission

Start bit in

1 data frame '/ second byte
\ Start bit /< Bit 0 X Bit 1 N x Bit 7 XParity bity Stop bit \ Start bit ‘ Bit 0 x
FL FL FL F

FL L FLstp FL FL

Where 1 bit data length is FL, stop bit length is FLstp, and base clock frequency is fyc k. the stop
bit length can be calculated by the following expression.

FLstp = FL + 2/fXCLK

Therefore, the transfer rate for continuous transmission is as follows.

Transfer rate = 11 x FL + 2/fxc

12.7 Caution for Use in On-chip Debug Mode

When a break command is detected while UARTA received data in on-chip debug mode, an overrun
error is generated.
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Chapter 13 3-Wire Serial Interface (CSIB)

The V850E/RS1 includes two 3-wire serial interfaces (CSIB).

13.1 Features

¢ Master mode and slave mode selectable

¢ 3-wire serial interface for 8-bit to 16-bit transfer

e Interrupt request signals (INTCBnT and INTCBnR)

e Serial clock and data phase selectable

e Transfer data length selectable from 8 to 16 bits in 1-bit units

¢ Data transfer with MSB- or LSB-first selectable

e 3-wire SOBn: Serial data output
SIBn: Serial data input
SCKBn: Serial clock 1/0

¢ Transmission mode, reception mode, and transmission/reception mode selectable

Remark: n=0,1

13.2 Configuration

CSIB consists of the following hardware:

Table 13-1: Configuration of CSIB0O, CSIB1

Item Configuration
Register CSIBn receptipn data register (CBnRX)
CSIBn transmit data register (CBnTX)
Reception data input 2 (SIBo, SIB1)
Transmit data output 2 (SOBO0, SOB1)

Serial clock input/output 2 (SCKBO0, SCKBH1)

CSIBn control register 0 to 2 (CBnCTLO to CBnCTL2)
CSIBn status register (CBnSTR)

Control register

Remark: n=0,1
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The pins of the 3-wire serial interface (CSIB) function alternately as port pins. For how to select the
alternate function, refer to the descriptions of the registers in Chapter 4 “Port Functions” on
page 105.

Table 13-2: List of 3-Wire Serial Interface Pins

Pin Name | Alternate-Function Pin 1/0 Function

SIBO P40 Inout Serial receive data input (CSIBO0)
npu

SIB1 P97 P Serial receive data input (CSIB1)

SOBO P41 Serial transmit data input (CSIBO)
Output

SOB1 P98 Serial transmit data input (CSIB1)

SCKBO P42 . Serial clock I/0 (CSIBO0)

SCKB1 P99 Serial clock 1/0 (CSIB1)

Figure 13-1: Block Diagram of 3-Wire Serial Interface

8 Internal bus
CBnCTL1 CBnCTLO CBnCTL2
,
CBnSTR
T
:"> INTCBNnT
b2 Controller INTCBNR
fxx/4 ——— A
xx/8 ——— _ ] v
fxx/[16 ——= g P I B A T
fxx/32 ———= % ! :
farG (rl:xi/%‘)l _]° L I_IP hase controll—‘
TOPO1 (n=1) ——— :

: Phase
SO latehf——~{ * = —(© SOBn

SiBn ©

Shift register i

Remark: n=0,1
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13.3 Control Registers Overview

M

&)

©)

@

®)

(6)

CSIBn control register 0 (CBnCTLO)
The CBnCTLO register is an 8-bit register that specifies the operation of the 3-wire serial interface.

CSIBn control register 1 (CBnCTL1)

The CBnCTL1 register is an 8-bit register that selects the transmission/reception timing and input
clock of the 3-wire serial interface.

CSIBn control register 2 (CBnCTL2)
This is an 8-bit register that controls the number of serial transfer bits of CSIB.

CSIBn status register (CBnSTR)

The CBnSTR register is a collection of flags that indicate the nature of a reception error that has
occurred. Each error flag is set to 1 if the corresponding reception error occurs.

CSIBn receive data register (CBnRX)

The CBnRX register is a 16-bit buffer register that holds receive data.
When data is transferred to the CBnRX register, a reception complete interrupt request signal
(INTCBNR) is generated.

CSIBn transmit data register (CBnTX)

The CBnTX register is a 16-bit buffer register that holds transmit data.
When data is transferred to the CBnTX register, a transmission enable interrupt request signal
(INTCBnNT) is generated.
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13.4 Control Registers Description

(1) CSIBn control register 0 (CBnCTLO)

This register controls the serial transfer operation of CSIB.
This register can be read or written in 8-bit or 1-bit units.
Reset input sets this register to 01H.

Figure 13-2: CSIBn Control Register 0 (CBnCTLO) Format (1/2)

Address: CBOCTLO: FFFFFDOOH, CB1CTLO: FFFFFD10H After
Symbol 7 6 5 4 3 2 1 0 R/W Reset

CBnCTLO|CBnPWR|cBnTXENCte|cBnRXEN®te| cBnDIRNOte| 0 0 |cBnTMSNote CBNnSCE| R/W 01H

Remark: n=0,1

CBnPWR Specification of CSIB operation stop or enable
0 Stop clock operation (asynchronously reset CSIBn).
1 Enable clock operation.

The CBnPWR bit controls the operating clock of CSIB and resets the internal circuit.

CBnTXENote Specification of transmission operation stop or enable
0 Stop transmission.
1 Enable transmission.

When the CBnTXE bit is cleared to 0, the serial output pin SOBn is fixed to the low level and communication is
stopped.

CBnRXENete Reception operation enable
0 Stop reception.
1 Enable reception.

When the CBnRXE bit is cleared to 0, because reception is stopped, the reception complete interrupt is not out-
put and the receive data in the CBnRX register is not updated even if the specified data is transferred.

CBnDIRNote Specification of transfer direction mode (MSB/LSB)
0 MSB first
1 LSB first

Note: This register can be rewritten only when the CBnPWR bit = 0. However, the CBnPWR bit can
also be set to 1 at the same time as rewriting these bits.
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Figure 13-2: CSIBn Control Register 0 (CBnCTLO) Format (2/2)

CBnTMSNote Specification of transfer mode
0 Single transfer mode
1 Continuous transfer mode

When the CBnTMS bit = 0, the single transfer mode is set in which continuous transmission/reception is not sup-
ported. Even when only transmission is executed, an interrupt is output on completion of reception transfer.

CBnSCE Specification of start transfer disable or enable
0 Disable transfer operation.
1 Enable transfer operation.

The CBnSCE bit controls starting of the transfer operation in the master mode.

If only reception is enabled in the single transfer mode (CBnRXE bit = 1, CBnTXE bit = 0), the reception operation
is started when the CBnRX register is read. To read the last receive data, clear the CBnSCE bit to 0, read the last
receive data, and then disable starting the next reception operation.

Similarly, if only reception is enabled in the continuous transfer mode (CBnTMS bit = 1), starting the reception
operation can be disabled after completion of reception of the last receive data, by clearing the CBnSCE bit to 0
one clock before reception of the last receive data is completed. After the last data is read, reception is enabled
by setting the CBnSCE bit to 1 again and reading the CBnRX register. In the slave reception mode, the CBnSCE
bit also enables the internal operating clock, and therefore, set the CBnSCE bit to 1.

Note: This register can be rewritten only when the CBnPWR bit = 0. However, the CBnPWR bit can
also be set to 1 at the same time as rewriting these bits
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(2) CSIBn control register 1 (CBnCTL1)

This is an 8-bit register that selects the transmission/reception timing and input clock of CSIBn.
This register can be read or written in 8-bit or 1-bit units.
Reset input clears this register to 00H.

Caution: The CBnCTL1 register can be rewritten only when the CBnPWR bit of the CBnCTLO
register is 0.

Figure 13-3: CSIBn Control Register 1 (CBnCTL1) Format (1/2)

Address: CBOCTL1: FFFFFDO1H, CB1CTL1: FFFFFD11H
Symbol 7 6 5 4 3 2 1 0 R/W After Reset
CBnCTL1| 0 \ 0 0 CBnCKP | CBnDAP |CBnCKS2 CBnCKS1‘CBnCKSO| RW  OOH

Remark: n=0,1

CBnCKP | CBnDAP Specification of transmission/reception timing of data of SCKBn

SCKBn (I/0) | I | I | I | I | I | I | I | I
SOBn (output) ( D7 X D6 } D5 X D4 X D3 X D2 X D1 X DO
SIBn capture T T T T T T T T

SCKBn (I/0) | I | I | I | I | I | I | I | I
0 1 soen (outpu Y07 X D6 Y05 X Da Y05 XDz Y01 X b0
SIBn capture f f T T T T T T

SCKBn (1/0) pEpEpEpEnEnEnEn
1 0 S0Bn (output) Y07 X106 X 05X 04 X0 Y 02 X o7 X 0o

SIBn capture L B B I

SCKBn (I/0) I | I | I | I | I | I | I | I |
1 1 s08n (output) Y07 {06 X 05 Y02 X D3 X 02 X o1 X oo
SIBn capture I 5
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Figure 13-3: CSIBn Control Register 1 (CBnCTL1) Format (2/2)

CBnCKS2 | CBnCKS1 CBnCKSO0 Input clock Mode
n=0 ‘ n=1
0 0 0 fxx/2 Master mode
0 0 1 fx/4 Master mode
0 1 0 fxx/8 Master mode
0 1 1 fxx/16 Master mode
1 0 0 fxx/32 Master mode
1 0 1 fxx/64 Master mode
1 1 0 ferghote TMPO (TOPO1) Master mode
1 1 1 External clock (SCKBn) Slave mode

Note: fgrg: Output clock frequency of prescaler 3

For details of the prescaler, refer to 13.9 ”Prescaler 3” on page 461.
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(3) CSIBn control register 2 (CBnCTL2)

This is an 8-bit register that controls the number of serial transfer bits of CSIB.
It can be read or written in 8-bit units.
Reset input clears this register to 00H.

Caution: The CBnCTL2 register can be rewritten when the CBnPWR bit of the CBnCTLO regis-
ter = 0 or when the CBOTXE and CBORXE bits = 0.

Figure 13-4: CSIBn Control Register 2 (CBnCTL2) Format

Address: CBOCTL2: FFFFFD02H, CB1CTL2: FFFFFD12H
Symbol 7 6 5 4 3 2 1 0 R/W After Reset
CBnCTL2| 0 \ 0 0 0 CBnCL3 | CBnCL2 | CBnCL1 ‘CBnCLOl RW  OOH

Remark: n=0,1

CBnCL3 CBnCL2 CBnCLA1 CBnCLO Bit length of serial register
0 0 0 0 8 bits
0 0 0 1 9 bits
0 0 1 0 10 bits
0 0 1 1 11 bits
0 1 0 0 12 bits
0 1 0 1 13 bits
0 1 1 0 14 bits
0 1 1 1 15 bits
1 X X X 16 bits

Caution: If the number of transfer bits is not 8 or 16, prepare data, justifying it to the least sig-
nificant bit of the CBnTX or CBnRX register.
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(4) CSIBn status register (CBnSTR)

This is an 8-bit register that indicates the status of CSIB.

Although this register can be read or written in 8-bit or 1-bit units, the CBnSTF flag is read-only.
Reset input clears this register to 00H.

Clearing the CBnPWR bit of the CBnCTLO register to 0 also initializes this register.

Figure 13-5: CSIBn Status Register (CBnSTR) Format

Address: CBOSTR: FFFFFDO3H, CB1STR: FFFFFD13H
Symbol 7 6 5 4 3 2 1 0 R/W After Reset
CBnSTR|CBnTSF| 0 | 0 0 0 0 0 |CBnOVE| RW  OOH

Remark: n=0,1

CBnTSF Transfer operation status flag
0 Idle status
1 Operating status

This bit is set when data is prepared in the CBnTX register for transmission. It is set when dummy data is read
from the CBnRX register for reception.
It is cleared when the edge of the last clock is completed.

CBnOVE Overrun error flag
0 No overrun
1 Overrun

e An overrun error occurs if the next reception is started without the CPU reading the value of the receive buffer
during reception or on completion of a reception operation.

e The CBnOVE flag indicates occurrence of this overrun error.
e The OBnOVE flag is cleared when 0 is written to it. It is not set when 1 is written to it.
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(5) CSIBn receive data register (CBnRX)
The CBnRX register is a 16-bit buffer register that holds receive data.
This register is read-only, in 16-bit units.
If reception is enabled, a reception operation is started when the CBnRX register is read.
If the transfer data length is 8 bits, the lower 8 bits of the CBnRX register are read-only in 8-bit
units as the CBnRXL register.
Reset input clears this register to 0000H.
Clearing the CBnPWR bit of the CBnCTLO register to 0 also initializes this register.

Figure 13-6: CSIBn Receive Data Register (CBnRX) Format

Address: CBORX: FFFFFDO4H, CB1RX: FFFFFD14H
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  R/MWAfter Reset
cemx| | | [ [ [ [ [ [ [ [ [ | | | | | m ooooH

Remark: n=0,1

(6) CSIBn transmit data register (CBnTX)

The CBnTX register is a 16-bit buffer register to which transfer data of CSIB is written.

This register can be read or written in 16-bit units.

If transmission is enabled, a transmission operation is started when the CBnTX register is written.
If the transfer data length is 8 bits, the lower 8 bits of the CBnTX register can be read or written in
8-bit units as the CBnTXL register.

Reset input clears this register to 0000H.

Figure 13-7: CSIBn Transmit Data Register (CBnTX) Format

Address: CBOTX: FFFFFDO6H, CB1TX: FFFFFD16H
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  R/MWAfter Reset
cenx| [ | | | | [ [ [ [ [ [ [ [ [ | | rw ooooH

Remark: n=0,1
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13.5 Transfer Data Length Change Function

The transfer data length of CSIB can be changed from 8 to 16 bits in 1-bit units by using the CBnCLS3 to
CBNCLO bits of the CBnCTL2 register.

If a transfer data length of other than 16 bits is specified, set data in the CBnTX or CBnRX register, jus-
tifying to the least significant bit, regardless of whether the first transfer bit is the MSB or LSB. Any data
can be set to the higher bits that are not used, but the receive data is 0 after serial transfer.

Figure 13-8: Changing Transfer Data Length
(a) When transfer bit length = 10 bits, MSB first

SOBn
SIBn

15 10 9 0

L Insert 0

(b) When transfer bit length = 12 bits, LSB first

SIBn SOBn
15 12 11 0
|‘E- Insert 0
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13.6 Interrupt Request Signals

CSIBn can generate the following two types of interrupt request signals.

¢ Reception complete interrupt request signal (INTCBnR)
e Transmission enable interrupt request signal (INTCBNT)

Of these two interrupt request signals, the reception complete interrupt request signal has the higher
priority by default, and the priority of the transmission enable interrupt request signal is lower.

(1)

()

442

Table 13-3: Interrupts and their Default Priority

Interrupt Priority
Reception complete High
Transmission enable Low

Reception complete interrupt request signal (INTCBnR)

When receive data is transferred to the CBnRX register while reception is enabled, the reception
complete interrupt request signal is generated.

This interrupt request signal can also be generated if a reception error occurs, instead of a recep-
tion error interrupt.

When the reception complete interrupt request signal is acknowledged and the data is read, read
the CBnSTR register to check that the result of reception is not an error.

The reception complete interrupt request signal is not generated while reception is disabled.

Transmission enable interrupt request signal (INTCBnT)

The transmission enable interrupt request signal is generated when transmit data is transferred
from the CBnTX register while transmission enabled.
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13.7 Operation

13.7.1 Single transfer mode (master mode, transmission/reception mode)

Figure 13-9 shows the transfer timing when data is transferred with the MSB first (CBnDIR bit of
CBnCTLO register = 0), when the CBnCKP bit of the CBnCTL1 register = 0, when the CBnDAP bit of
the CBnCTL1 register = 0, and when the transfer data length is 8 bits (CBnCL3 to CBnCLO bits of the
CBnCTL2 register =0, 0, 0, 0).

&)

—_ o~~~
o O
- =

S

Figure 13-9: Single Transfer Timing (Master Mode, Transmission/Reception Mode)

CBnTX write (55H) CBnRX read (AAH)
SCKBn
CBnTX X 55H (transmit data)
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ [
Shift ABH 56H ADH 5AH B5H 6AH D5H X AAH XooH
[ N o
CBnRX AAH  X0OH
INTCBnR
CBnTSF
SIBn 1 0 1 0 1 0 1 0|(AAH)
SOBn 0 1 0 1 0 1 0 1 (55H)

Clear the CBnPWR bit of the CBnCTLO register.

Set the CBnCTL1 and CBnCTL2 registers to specify the transfer mode.

Specify the transfer mode by using the CBnDIR bit of the CBnCTLO register and, at the same time,
enable transmission/reception by setting the CBnTXE, CBnRXE and CBnCSE bits of the
CBnCTLO register to 1.

Enable CSIB operating clock supply by setting the CBnPWR bit of the CBnCTLO register to 1.
Write transfer data to the CBnTX register (start transmission).

The reception complete interrupt request signal (INTCBnR) is generated to inform the CPU that
the CBnRX (CBnRXL) register can be read.

Read the CBnRX register before clearing the CBnPWR bit to 0.

Confirm that the CBnTSF bit of the CBnSTR register = 0, and stop clock supply to CSIB by clear-
ing the CBnPWR bit to 0 (end of transmission/reception).

To transfer more data, repeat (5) to (7) before (8).

Remark: The processing in (3) and (4) can be set simultaneously.
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13.7.2 Single transfer mode (master mode, reception mode)

Figure 13-10 shows the transfer timing when data is transferred with the MSB first (CBnDIR bit of
CBNnCTLO register = 0), when the CBnCKP bit of the CBnCTL1 register = 0, when the CBnDAP bit of
the CBnCTL1 register = 0, and when the transfer data length is 8 bits (CBnCL3 to CBnCLO bits of the
CBnCTL2 register =0, 0, 0, 0).

Figure 13-10: Single Transfer Timing (Master Mode, Reception Mode)

CBnRX read (55H) CBnRX read (AAH)

CBnRX 55H (receive data) AAH XOOH

Shift ABH 56H ADH 5AH B5H 6AH D5H AAH  XO0OH
register

SCKBn

INTCBnR

CBnTSF

SIBn 1 0 1 0 1 0 1

o

(AAH)

SOBn L

CBnSCE

—_~ —~
N =
— ~

Clear the CBnPWR bit of the CBnCTLO register.

Specify the transfer mode by setting the CBnCTL1 and CBnCTL2 registers.

Specify the transfer mode by using the CBnDIR bit of the CBnCTLO register and, at the same time,
enable reception by setting the CBnRXE and CBnCSE bits of the CBnCTLO register to 1.

Enable CSIB operating clock supply by setting the CBnPWR bit of the CBnCTLO register to 1.
Read dummy data from the CBnRX register (reception start trigger).

The reception complete interrupt request signal (INTCBnR) is generated to inform the CPU that
the CBnRX (CBnRXL) register can be read.

Get the last receive data ready by clearing the CBnSCE bit of the CBnCTLO register to 0.

Read the CBnRX register before clearing the CBnPWR bit to 0.

Confirm that the CBnTSF bit of the CBnSTR register = 0, and stop clock supply to CSIB by clear-
ing the CBnPWR bit to 0 (end of reception).

&)

— o~ —~
o O b
- =

—_ o~ —~
© 00 N
- = -

To transfer more data, repeat (5) and (6) before (7) (at this time, read receive data that is also used as a
reception trigger, instead of dummy data).

Remark: The processing in (3) and (4) can be set simultaneously.

444 User's Manual U16702EE3V2UDO0O



Chapter 13 3-Wire Serial Interface (CSIB)

13.7.3 Continuous mode (master mode, transmission/reception mode)

Figure 13-11 shows the transfer timing when data is transferred with the MSB first (CBnDIR bit of
CBNCTLO register = 0), when continuous transfer mode (CBnTMS bit of CBNnCTLO register = 1), when
the CBnCKP bit of the CBnCTL1 register = 0, when the CBnDAP bit of the CBnCTL1 register = 0, and
when the transfer data length is 8 bits (CBnCL3 to CBnCLO bits of the CBnCTL2 register = 0, 0, 0, 0).

—
—_

—_ o~
o O
- =

(8)

Figure 13-11: Continuous Transfer Timing (Master Mode, Transmission/Reception Mode)

CBnTX 55H AAH

SCKBn —l

SOBn

SIBn

m M

INTCBnR

CBnTSF

Shift register CCH 96H X OOH
SO latch
CBnRX X CCH 96H X O0H
I | ! ! |
M-4 © (6) @) (]

Clear the CBnPWR bit of the CBnCTLO register.

Specify the transfer mode by setting the CBnCTL1 and CBnCTL2 registers.

Specify the transfer mode by using the CBnDIR bit of the CBnCTLO register and, at the same time,
enable transmission/reception by setting the CBnTXE, CBnRXE and CBnCSE bits of the
CBnCTLO register to 1.

Enable CSIB operating clock supply by setting the CBnPWR bit of the CBnCTLO register to 1.
Write transfer data to the CBnTX register (start transmission).

Write the transfer data to the CBnTX register when the transmission enable interrupt request sig-
nal (INTCBNT) is generated.

The reception complete interrupt request signal (INTCBnR) is generated to inform the CPU that
the CBnRX (CBnRXL) register can be read. Read the CBnRX register before the next receive data
arrives or before the CBnPWR bit is cleared to 0.

Confirm that the CBnTSF bit of the CBnSTR register = 0, and stop clock supply to CSIB by clear-
ing the CBnPWR bit to 0.

To transfer more data, repeat (5) to (7) before (8).
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13.7.4 Continuous mode (master mode, reception mode)

Figure 13-12 shows the transfer timing when data is transferred with the MSB first (CBnDIR bit of
CBNCTLO register = 0), when continuous transfer mode (CBnTMS bit of CBnCTLO register = 1), when
the CBnCKP bit of the CBnCTL1 register = 0, when the CBnDAP bit of the CBnCTL1 register = 1, and
when the transfer data length is 8 bits (CBnCL3 to CBnCLO bits of the CBnCTL2 register = 0, 0, 0, 0).

Figure 13-12: Continuous Transfer Timing (Master Mode, Reception Mode)

e amnnnninEnnhhnhine

CBnSCE

SiBn 010101011|0101010

INTCnR

CBnTSF |

Shift
register AAH XOOH

CBnRX X 55H X AAH @
| |
; 6) ®)

(1) Clear the CBnPWR bit of the CBnCTLO register.

Specify the transfer mode by setting the CBnCTL1 and CBnCTL2 registers.

Specify the transfer mode by using the CBnDIR bit of the CBnCTLO register and, at the same time,

enable reception by setting the CBnRXE bit of the CBnCTLO register to 1.

Enable CSIB operating clock supply by setting the CBnPWR bit of the CBnCTLO register to 1.

Read dummy data from the CBnRX register (reception start trigger).

The reception complete interrupt request signal (INTCBnR) is generated to inform the CPU that

the CBnRX (CBnRXL) register can be read. Read the CBnRX register before the next receive data

arrives or before the CBnPWR bit is cleared to 0.

(7) Prepare the last receive data by clearing the CBnSCE bit of the CBnCTLO register to 0.

(8) Confirm that the CBnTSF bit of the CBnSTR register = 0, and stop clock supply to CSIB by clear-
ing the CBnPWR bit to 0 (end of reception).

CIS

CIGRC

To transfer more data, repeat (5) and (6) before (7).
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13.7.5 Continuous reception mode (error)

Figure 13-13 shows the transfer timing when data is transferred with the MSB first (CBnDIR bit of
CBNCTLO register = 0), when continuous transfer mode (CBnTMS bit of CBNnCTLO register = 1), when
the CBnCKP bit of the CBnCTL1 register = 0, when the CBnDAP bit of the CBnCTL1 register = 1, and
when the transfer data length is 8 bits (CBnCL3 to CBnCLO bits of the CBnCTL2 register = 0, 0, 0, 0).

&)

CRGRC

Figure 13-13: Continuous Transfer Timing (Error)

SCKBn

SIBn

INTCBnR

CBNnTSF |

Shift

register 55H AAH X00H

CBnRX X 55H X AAH X0OH

CBnOVE

Clear the CBnPWR bit of the CBnCTLO register.

Specify the transfer mode by setting the CBnCTL1 and CBnCTL2 registers.

Specify the transfer mode by using the CBnDIR bit of the CBnCTLO register and, at the same time,
enable reception by setting the CBnRXE bit of the CBnCTLO register to 1.

Enable CSIB operating clock supply by setting the CBnPWR bit of the CBnCTLO register to 1.
Read dummy data from the CBnRX register (reception start trigger).

The reception complete interrupt request signal (INTCBnR) is generated to inform the CPU that
the CBnRX (CBnRXL) register can be read.

If the data cannot be read before the next transfer is completed, the CBnOVE flag of the CBnSTR
register is set on completion of reception, and the reception complete interrupt request signal
(INTCBnNR) is generated. Read the CBnRX register before the next receive data arrives.

Confirm that the CBnOVE bit = 1, in the INTCBnR interrupt processing, and perform overrun error
processing.

Clear the CBnOVE bit to 0.

Confirm that the CBnTSF bit of the CBnSTR register = 0. Clear the CBnPWR bit to 0 and stop
clock supply to CSIB.
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13.7.6 Continuous mode (slave mode, transmission/reception mode)

Figure 13-14 shows the transfer timing when data is transferred with the MSB first (CBnDIR bit of
CBNCTLO register = 0), when continuous transfer mode (CBnTMS bit of CBnCTLO register = 1), when
the CBnCKP bit of the CBnCTL1 register = 0, when the CBnDAP bit of the CBnCTL1 register = 1, and
when the transfer data length is 8 bits (CBnCL3 to CBnCLO bits of the CBnCTL2 register = 0, 0, 0, 0).

Figure 13-14: Continuous Transfer Timing (Slave Mode, Transmission/Reception Mode)

CBnTX ) 55H AAH

SCKBn

SOBn

SIBn

] B

INTCBNnR

CBnTSF

Shift
register

SO latch

CBnRX

(1) Clear the CBnPWR bit of the CBnCTLO register.

(2) Specify the transfer mode by setting the CBnCTL1 and CBnCTL2 registers.

Specify the transfer mode by using the CBnDIR bit of the CBnCTLO register and, at the same time,

enable transmission/reception by setting the CBnTXE, CBnRXE and CBNnCSE bits of the

CBnCTLO register to 1.

Enable CSIB operating clock supply by setting the CBnPWR bit of the CBnCTLO register to 1.

Write transfer data to the CBnTX.

Write the transfer data to the CBnTX register when the transmission enable interrupt request sig-

nal (INTCBnNT) is generated.

(7) The reception complete interrupt request signal (INTCBnR) is generated to inform the CPU that
the CBnRX register can be read. Read the CBnRX register before the next receive data arrives or
before the CBnPWR bit is cleared to 0.

(8) Confirm that the CBnTSF bit of the CBnSTR register = 0, and stop clock supply to CSIB by clear-
ing the CBnPWR bit to 0 (end of transmission/reception).

&)

— o~ —~
o O N
- =

To transfer more data, repeat (5) to (7) before (8).
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13.7.7 Continuous mode (slave mode, reception mode)

Figure 13-15 shows the transfer timing when data is transferred with the MSB first (CBnDIR bit of
CBNCTLO register = 0), when continuous transfer mode (CBnTMS bit of CBNnCTLO register = 1), when
the CBnCKP bit of the CBnCTL1 register = 0, when the CBnDAP bit of the CBnCTL1 register = 0, and
when the transfer data length is 8 bits (CBnCL3 to CBnCLO bits of the CBnCTL2 register = 0, 0, 0, 0).

Figure 13-15: Continuous Transfer Timing (Slave Mode, Reception Mode)

= T T UUUUUUUL —

SIBn of 1 0 1 0 1 o |1 110 1 0 1 0 1 0

INTCBnR

CBnTSF

register

CBnRX 55H AAH |X00H

—_
N =
— ~

Clear the CBnPWR bit of the CBnCTLO register.

Specify the transfer mode by setting the CBnCTL1 and CBnCTL2 registers.

Specify the transfer mode by using the CBnDIR bit of the CBnCTLO register and, at the same time,
enable reception by setting the CBnRXE and CBnCSE bits of the CBnCTLO register to 1.

Enable CSIB operating clock supply by setting the CBnPWR bit of the CBnCTLO register to 1.
Read dummy data from the CBnRX register (reception start trigger).

The reception complete interrupt request signal (INTCBnR) is generated to inform the CPU that
the CBnRX register can be read. Read the CBnRX register before the next receive data arrives or
before the CBnPWR bit is cleared to 0.

(7) Confirm that the CBnTSF bit of the CBnSTR register = 0, and stop clock supply to CSIB by clear-
ing the CBnPWR bit to 0 (end of reception).

&)

CIGRC

To transfer more data, repeat (5) and (6) before (7).
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13.7.8 Clock timing

SCKBn

SIBn
capture

SOBn
Reg-R/W
INTCBNT

interrupt

INTCBnR
interrupt

CBnTSF

SCKBn

SIBn
capture

SOBn

Reg-R/W

INTCBNnT
interrupt

INTCBnR
interrupt

CBnTSF

450

Figure 13-16: Clock Timing (1/2)

(a) CBnCKP =0, CBnDAP = 0

S 5 I I O
t ¢ttt

X o7 X pe X bs X b4 X b3 X D2 X D1 X DO

(b) CBnCKP =1, CBnDAP =0

SN [ I I I O
t t t 9

X o7 X ps X bs k' pa X ps X b2 X D1 X DO
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SCKBn

SIBn
capture

SOBn

Reg-R/W

INTCBNnT
interrupt

INTCBnR
interrupt

CBnTSF

SCKBn

SIBn
capture

SOBn

Reg-R/W

INTCBNnT
interrupt

INTCBnR
interrupt

CBnTSF

Figure 13-16: Clock Timing (2/2)

(c) CBnCKP =0, CBnDAP = 1

t ¢ttt

L L

D7 XDGXDSXD4XD3XD2XD1XDO

(d) CBnCKP =1, CBnDAP = 1

L L L L L L L
t t t 9

D7 X ps X s X psa ¥ b3 X b2 X D1 X Do
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13.7.9 Output pin status with operation disabled

(1) SCKBn pin
The output status of the SCKBn pin is as follows when CSIBn operation is disabled (when the
CBnPWR bit of the CBnCTLO register = 0).

CBnCKP SCKBn Pin Output
0 Fixed to high level
1 Fixed to low level

Remarks: 1. The output of the SCKBn pin changes if the CBnCKP bit of the CBnCTL1 register is
rewritten.

2. n=0,1

(2) SOBn pin
The output status of the SOBnN pin is as follows when CSIBn operation is disabled
(CBnPWR bit = 0).

CBnTXE | CBnDAP | CBnDIR SOBn Pin Output
0 X X Fixed to low level
1 0 X Value of SOBn latch (low level)
1 1 0 Value of CBnTX (MSB)
1 1 1 Value of CBnTX (LSB)

Remarks: 1. The output of the SOBnN pin changes if any of the CBnTXE, CBnDAP, and CBnDIR bits
of the CBnCTL1 register is rewritten.

2. n=0,1

3. x:don’t care
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13.8 Operation Flow

(1) Single transmission

Figure 13-17: Single Transmission Flow

(s )

Initial setting
CBnCTLON*/CBNnCTLA, etc.

Write CBnTX register
(=> start transfer)

INTCBnR = 1?

Transfer end?

CBnPWR=0
(CBnCTLO register)

=

Note: Setthe CBnSCE bit to 1 at the initial setting.
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(2) Single reception (master)

Figure 13-18: Single Reception Flow (Master)

=

Initial settings
CBNnCTLON**/CBNnCTLA, etc.

CBnRX dummy read

INTCBnR = 1?

Yes

Transfer end?

CBnSCE =0
(CBnCTLO)
CBnRX read
\
CBnRX read
\
CBnPWR =0
(CBnCTLO)

=

Note: Setthe CBnSCE bit to 1 at the initial setting.
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(8) Single Transmission/reception

Figure 13-19: Single Transmission/Reception Flow (Master)

(s )

Initial settings
CBnCTLON**®'/CBNnCTL1, etc.

Write CBnTX Nete2
(=> start transfer)

<

INTCBNR = 12 No

Transmission only | Yes

Transmission/reception
or reception only

CBnRX read

Transfer end?

CBnPWR = 0,
CBnTXE=CBnRXE=0
(CBnCTLO)

=

Notes: 1. Set the CBnSCE bit to 1 at the initial setting

2. If the transfer is reception only, write dummy data to the CBnTX register.

Caution: Even in single mode, the CBnOVE flag (CBnSTR register) is set to 1. If only transmis-
sion is used in the transmission/reception mode, there is no need to check this flag.
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(4) Single reception (slave)

Figure 13-20: Single Reception Flow (Slave)

=

Initial settings
CBNnCTLON***/CBnCTLA1, etc.

CBnRX dummy read

INTCBnR = 1?

CBnRX read

Transfer end?

CBnPWR =0
(CBnCTLO)

Note: Setthe CBnSCE bit to 1 at the initial setting.
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(5) Continuous transmission

Figure 13-21: Continuous Transmission Flow

(s )

Initial settings
CBnCTLO"**/CBNnCTL1, etc.

CBNnTX write
(=> transfer start)

INTCBNT = 1?

Transfer end?

CBnPWR =0
(CBNCTLO)

=

Note: Setthe CBnSCE bit to 1 at the initial setting.

Remark: The flow shown below the broken lines is the flow of transmission. Execute this flow to start
transmission a second and subsequent time.
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(6) Continuous reception (master)

Figure 13-22: Continuous Reception Flow (Master)

=

Initial settings
CBNnCTLON**/CBNnCTL1, etc.

CBnRX dummy read

INTCBnR = 1?

Yes

Last Transmission?

CBnSCE =0
N
(CBnCTLO) °
CBnRX read
CBnRX read

INTCBNnR = 1?

CBnRX read

CBnPWR =0
(CBnCTLO)

-

Note: Setthe CBnSCE bit to 1 at the initial setting.

(7) Continuous transmission/reception (master)
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Figure 13-23: Continuous Transmission/Reception Flow (Master)

=0

Initial settings
CBnCTLON***/CBNnCTL1, etc.

Write CBnTX register
(=> start transfer)

No

INTCBNnT = 1?

Last transmission?

Yes Write CBnTX register)

INTCBNnT = 1?

Read CBnRX register)

No

Last transfer?

CBnPWR =0
(CBnCTLO)

=

Note: Setthe CBnSCE bit to 1 at the initial setting.
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(8) Continuous reception (slave)

Figure 13-24: Continuous Reception Flow (Slave)

=

Initial settings
CBNnCTLO"*'/CBnCTLI1, etc.

CBnRX dummy read

INTCBNnR = 1?

CBnRX read

Transfer end?

CBnPWR = 0
(CBNCTLO)

=

Note: Setthe CBnSCE bit to 1 at the initial setting.

Remark: The flow shown below the broken lines is the flow of transmission. Execute this flow to start
transmission a second and subsequent time.

460 User’'s Manual U16702EE3V2UDO00O



Chapter 13 3-Wire Serial Interface (CSIB)

13.9 Prescaler 3
Prescaler 3 has the following function.

e Generation of count clock for watch timer and CSIBO (source clock: main oscillation clock)

13.9.1 Control registers of prescaler 3

(1) Prescaler mode register 0 (PRSMO0)
The PRSMO register is used to control generation of the count clock for the watch timer and

CSIBO.
This register can be read or written in 8-bit or 1-bit units.
Reset input clears this register to O0H.

Cautions: 1. Do not change the values of the BGCS01 and BGCSO00 bits while the watch timer
is operating.

2. Set the PRSMO register before setting the BGCEDO bit to 1.

Figure 13-25: Prescaler Mode Register 0 (PRSM0) Format

symbol 7 6 5 4 3 2 1 0 Address RW AT
PRSMo| o | o | o [BGCEO| 0 | 0 |BGCSO1|BGCS00|FFFFF8BOH R/W OOH
BGCEO Prescaler output
0 Disabled
1 Enabled
BGCS01 | BGCSO00 Selection of count clock (fgrg) = 8 MHz
8 MHz
0 0 fx 125 ns
0 1 fx/2 250 ns
1 0 fy/4 0.5 s
1 1 fx/8 1 us
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(2) Prescaler compare register 0 (PRSCMO0)

This is an 8-bit compare register.
It can be read or written in 8-bit units.
Reset input clears this register to 00H.

Cautions: 1. Do not rewrite the PRSCMO register while the watch timer is operating.
2. Set the PRSCMO register before setting the BGCEOQ bit of the PRSMO register to 1.

Figure 13-26: Prescaler Compare Register 0 (PRSCMO0) Format

After
Reset

PRSCMOlPRSCMO?‘PRSCMOG|PRSCM05‘PRSCM04‘PRSCM03‘PRSCMOQ‘PRSCM01 ‘PRSCMOOlFFFFFSB1H R/W O0OH

Symbol 7 6 5 4 3 2 1 0 Address R/W

13.9.2 Generation of count clock

The clock input to the watch timer or CSIBO (fgrg) can be corrected to 32.768 kHz.
The relationship between the main clock (fx), set value of count clock selection bits BGCS00 and
BGCSO01 (m), set value of the PRSCMO register (N), and output clock (fggRr) is as follows.

f &
BRG ™ om N x 2

Example:

Where fy = 8.00 MHz, m = 0 (BGCSO01 bit = BGCSO00 bit = 0), and N = 7AH
fBGR = 32.787 kHz

Remark: fgrg: Count clock

N: Set value of PRSCMO register (01H to FFH)
N = 256 if the set value of the PRSCMO register is 00H.
m: Set value of BGCS01 and BGSCOO bits (00B to 11B)
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14.1 Features

¢ 3-wire serial synchronous transfers

* The following 7 pins are provided to enable a 3-wire serial interface:
(@) SOB3 (serial data output)
(b)  SI3 (serial data input)

(c)  SCKa (serial clock 1/0)

(d) CS30 - CS33 (Chip Select)

¢ Master mode and slave mode selectable

e Serial clock and data phase selectable

e Transfer date length selectable from 8 to 16 bits in 1-bit units
e Data transfer with MSB- for LSB-first selectable

e Three selectable transfer modes:
(a) transmit only mode
(b)  receive only mode
(¢)  transmit/receive mode

e Transmit and receive FIFO (16 elements)

e Selection between single buffer transfer mode and FIFO buffer transfer mode
¢ Internal baud rate generator

¢ Programmable baudrate through BRG output (master) or slave clock

¢ DMA transfer of received data to memory available

e Maximum SCKa3 frequency: 10 MHz
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14.1.1 Queued CSI Block Diagram

SCK3n

Figure 14-1:

Queued CSI Block Diagram

NPB (NEC Peripheral Bus)

BRG

SEL|

16x2
19 0

Window Register

M G

INTC3nO
FIFO Full

20 bits x 16 elements Flag

Tor

S03n (O)=

~

SI3n @

CS3n0 @

CS3n1 @

CS3n2 @

cs3nz ©

4 <
i‘ SIo
~_ 16 \7—> INTC3nl
cs | Rx Buffer |
Control
16

14.1.2 Input/Output Pins

The table below shows the input/output pins of the CSIS3.

Table 14-1: Input/Output Pins of the CSI3

Signal IO Active level Disabled level Function

name
SCK3n /0 - H Serial clock signal
SI3n I - - Input serial data signal
SO3n (0] - - Output serial data signal
CS3n0 0 | Note 2 HNote 2 Serial peripheral chip select signal
CS3n1 0 | Note 2 HNote 2 Serial peripheral chip select signal
CS3n2 (@) | Note 2 HNote 2 Serial peripheral chip select signal
CS3n2 0 | Note 2 HNote 2 Serial peripheral chip select signal

Notes: 1. n=0, 1

2. The active level is programmable for each chip select.
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14.2 Queued CSI Control Registers

(1) Register Map
The tables below show the Special Function Registers for the Queued CSI modules CSI30 and

CSI31.
Table 14-2: CSI30
Access
Register name Function Address Reset Value R/W
1-bit | 8-bit | 16-bit

CSIMO Queued CSl operation mode | eeeengon | goH o] o - | rRwW

register
CSICO Queued CSl clock selection | creeppgy | o7H o|o| - |Rw

register
SIRBO Receive data buffer FFFFFD42H | 0000H - - 0] R
SIRBOL Receive data buffer L FFFFFD42H | OOH - 0] - R
SFCS0 Chip Select FIFO buffer FFFFFD44H | FFFFH - - o] R/W
SFCSoL Chip Select FIFO buffer L FFFFFD44H | FFH - O - R/W
SFDBO Transmit data FIFO buffer FFFFFD46H | 0000H - - (0] R/W
SFDBOL Transmit data FIFO buffer L FFFFFD46H | OOH - 0] - R/W
SFAO FIFO status register FFFFFD48H | 20H (0] (0] - R/W
CSILO Data length select register FFFFFD49H | OOH (0] (0] - R/W
SFNO ;I(’er?nsfer number select regis- FFFFFD4CH | 00H o o i RIW

Table 14-3: CSI31
Access
Register name Function Address Reset Value R/W
1-bit | 8-bit | 16-bit

CSIM1 Queued CSl operation mode | crrenson | goH o| o - | rRw

register
csicH Queued CSl clock selection | peerengyy | o7H o|o| - |~w

register
SIRB1 Receive data buffer FFFFFD62H | 0000H - - O R
SIRB1L Receive data buffer L FFFFFD62H | OOH - 0] - R
SFCSH1 Chip Select FIFO buffer FFFFFD64H | FFFFH - - 0] R/W
SFCS1L Chip Select FIFO buffer L FFFFFD64H | FFH - O - R/W
SFDBH1 Transmit data FIFO buffer FFFFFD66H | 0000H - - 0] R/W
SFDB1L Transmit data FIFO buffer L FFFFFD66H | OOH - o - R/W
SFA1 Transmit FIFO status register | FFFFFD68H | 20H (0] (0] - R/W
CSIL Data length select register FFFFFD69H | O0OH (0] (0] - R/W
SFN1 Trar_13m|t data number select FFFFFD6CH | 00H o o i R/W

register
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(2) Queued CSI Operation Mode Registers (CSIMO0, CSIM1)

The CSIM registers control the Queued CSI macro's operations.

These registers can be read or written in 1-bit and 8-bit units.

TRMD, DIR, CSIT, CSWE, CSMD bits can only be written when CTXE = 0 and CRXE = 0.
The registers are initialized to 00H at reset.

Figure 14-2: Queued CSI Operation Mode Registers (CSIM0, CSIM1) Format (1/2)

Symbol 7 6 5 4 3 2 1 0 Address  Rw After
reset
CSIMn FFFFFD40H,
(n=0,1) POWER| CTXE | CRXE | TRMD DIR CSIT | CSWE | CSMD FEFFFDBOH R/W 00H
POWER Queued CSI operation clock control
0 Stop macro operation clock (Reset internal control circuits)
1 Provide macro operation clock

Clearing POWER = "0" resets the internal circuits asynchronously, stops operation and sets the
Queued CSI to standby state. Input clock is not provided to internal circuits.
Set POWER = "1" to activate the Queued CSI.

When changing the POWER bit, do not change any other bit at the same time.

While POWER="0", the only registers that can be accessed are CSIM, SFDB, SFDBL,
and SFA.

Set the POWER bit before writing any of the other bits of CSIMn.

Caution:

CTXE Transmission enable/disable
0 Transmission disabled
1 Transmission enabled

CRXE Receive enable/disable
0 Receive disabled
1 Receive enabled

TRMD Transfer mode select
0 Single buffer transfer mode
1 FIFO buffer transfer mode

Caution: Write is permitted only when CTXE = 0 and CRXE = 0.
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Figure 14-2: Queued CSI Operation Mode Registers (CSIMO, CSIM1) Format (2/2)

DIR Serial data direction selection
0 Data is sent/received with MSB first
1 Data is sent/received with LSB first

Caution: Write is permitted only when CTXE = 0 and CRXE = 0.

See section 14.3.2 ”Serial Data Direction Select Function” on page 477 for further details on
the DIR bit setting.

CSIT Interrupt delay mode select (INTC3nl signal)

0 No delay

1 Half clock delay

Caution: Write is permitted only when CTXE = 0 and CRXE = 0.
This bit is only valid in master mode. In slave mode, no delay is generated.

CSWE Transmission wait enable/disable select
0 Transmission wait disable. Not insert 1 clock (SCK3) wait at transmission start.
1 Transmission wait enable. Insert 1 clock (SCK3) wait at transmission start.

Caution: Write is permitted only when CTXE = 0 and CRXE = 0.
This bit is only valid in master mode. In slave mode, no wait is generated.

CSMD Chip Select mode select

Chip select inactive level output disable. Do not force chip select inactive state after each
transfer of a data element.

Chip select inactive level output enable. Hold all chip selects inactive for halt-length SCK3
after each transfer of a data element.

Caution: Write is permitted only when CTXE = 0 and CRXE= 0.
This bit is only valid for CSWE=1.
This bit is only valid in master mode. In slave mode, CS signals are always held at
inactive level.

In combination:

CSWE | CSMD Transmission wait Chip Select inactive level
0 0 None Not output
0 1 None Not output
1 0 One SCK3 length clock wait Not output
I e

See section 14.3.10 ”Additional Timing and Delay Selections” on page 486 for further details
on the timing selections by CSIT, CSWE, CSMD bits.
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(3) Queued CSI Clock Selection Registers (CSICO0, CSIC1)

The CSIC register is an 8-bit register that is used to control the serial transfer operations.
This register can be read or written in 1-bit and in 8-bit units.

Caution: This register can be written only while CSIM register's CTXE = 0 and CRXE = 0.

Figure 14-3: Queued CSI Clock Selection Registers (CSIC0, CSIC1) Format (1/2)

Symbol 7 6 5 4 3 2 1 0 Address  Rw After
reset
CSICn FFFFFD41H,
(10, 1)| MDL2 | MDL1 | MDLO | CKP | DAP | OKS2 | CKS1 | CKSO |\rorcncy RW 07H
CKP DAP Operation mode

SCK3

S03 (output) X D7 X D6 X D5 X D4 X D3 X D2 X D1 X Do

SI3 capture i

SCK3

0 1 S03 (outputy X D7 { D6 X D5 D4 X D3 X D2 X D1 X Do

SI3 capture SIS R S S N MO W

SCK3

S03 (output) X D7 X D6 X D5 X D4 X D3 X D2 X D1 X Do

SI3 capture i T T e

sews | LT LML LT LT LML L
1 1 so3 (output) X D7 X D6 X D5 X D4 Y D3 X D2 X D1 X DO

sdcapre __ + + ¢ + ¢+ t %+ ¢

Caution: Modification of these bits is permitted only when CTXE = 0 and CRXE = 0.

Remark: CKP: Clock phase selection bit
DAP: Data phase selection bit

468 User’'s Manual U16702EE3V2UDO00O



Chapter 14 Queued CSI (CSI30, CSI31)

Figure 14-3: Queued CSI Clock Selection Registers (CSICO, CSIC1) Format (2/2)

CKS2 | CKS1 | CKSO Pre(;";"secr)ﬁ%pm Mode K
0 0 0 facsi Master Mode 0
0 0 1 facsi2 Master Mode 1
0 1 0 facsi/4 Master Mode 2
0 1 1 facsi/8 Master Mode 3
1 0 0 facs/16 Master Mode 4
1 0 1 facsi/32 Master Mode 5
1 1 0 facsi/64 Master Mode 6
1 1 1 SCK3 (input) Note Slave Mode -

These bits are used to select the input clock

Note: SCKS3 pin is configured as input mode for serial transfer clock.

facs is the clock supply of the Queued-CSI macro.

Caution: Rewriting these bits is only permitted when CSIE = 0.

See sections 14.3.4 ”Slave Mode” on page 479 and 14.3.5 “Master Mode” on page 479 for

further explanation on slave mode and master mode.

MDL2 MDL1 MDLO Operation clock N
0 0 0 BRG disable - BRG stop for power saving
0 0 1 PRSOUT/2 1
0 1 0 PRSOUT/4 2
0 1 1 PRSOUT/6 3
1 0 0 PRSOUT/8 4
1 0 1 PRSOUT/10 5
1 1 0 PRSOUT/12 6
1 1 1 PRSOUT/14 7

These bits are used to modulate the selected clock

Caution: Rewriting these bits is only permitted when CTXE = 0 and CRXE = 0.
MDL [2:0] = [0,0,1] is prohibited when CKS [2:0] = [0,0,0].

See section 14.3.6 “Transmission Clock Select Function” on page 480 for further explanation
on the transfer clock selection.
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The baudrate for the transmission is calculated with the following formula:

Transmission Baud Rate = f/(N*2(K+1))

where: f: fqcg) frequency,
N=1-7,
K=0-6.

Figure 14-4: Queued CSI Baud Rate Block Diagram

SCK3 (input)——»| 111
Transfer clock

facsi PRSOUT
Prescaler » BRG p-| default

Y A

MDL2, 1,0 CKS2,1,0
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(4) Receive Data Buffer Registers (SIRBO, SIRB1)

The SIRB register is a 16-bit register or separated as upper 8 bits (SIRBH) and lower 8 bits
(SIRBL), that is used to store receive data. This register can be read in 8-bit or 16-bit units and is
initialized to 0000H by reset.

Figure 14-5: Receive Data Buffer Registers (SIRB0, SIRB1) Format

5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0  Addess RwW "0
value

SIRBN FFFF FD42H,
(n=0, 1) CEEE FDgo PIW 0000

SIRB15 - SIRBO | Data received from the SIO serial shift register.

Caution: The receive data buffer register is considered as emptied by the application software
whenever the lower 8 bits of the register are read. It is therefore necessary to read
SIRBH before SIRBL when 8-bit access is used.

(5) Chip Select Data Buffer Registers (SFCS0, SFCS1)

The SFCS register is a 16-bit register, or separated as upper 8 bits (SFCSH) and lower 8 bits
(SFCSL), that stores Chip Select data. This register is read/write-enabled and is accessible in
8-bit or 16-bit units. Initial value is FFFFH by reset.

Following the FIFO write pointer, the value written to SFCS is stored in the FIFO data buffer as
Chip Select bits. The value is stored to these bits when the transmit data is written to its register
(SFDB or SFDBL).

SFCS write is prohibited when POWER = 1 and focg) is stopped.

Figure 14-6: Chip Select Data Buffer Registers (SFCS0, SFCS1) Format

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  Address Rw Mia
value
SFCSn SFCS|SFCS|SFCS|SFCS| FFFF FD44H,
m=0, ) | 0 | ! | | | |8 ]2 1| 0 |FFFFFD64H RIW FFFFH
SFCSm Chip Select Output Selection (m=0 to 3)
0 Output an active level at the CS3nm pin during the data transfer
1 Output an inactive level at the CS3nm pin during the data transfer

Caution: The Chip Select register is stored in the FIFO buffer when the transmit data is written
to its register. It is therefore necessary to write the SFCS register before the SFDB
(SFDBL) register.

Remark: The active level for each chip select is defined in the CSILn register (CSA[3:0] bits)
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(6) Transmission Data Buffer registers (SFDB0, SFDB1)

The SFDB register is a 16-bit buffer register, or separated as upper 8 bits (SFDBH) and lower
8 bits (SFDBL), that stores transmission data. The SFDB register is read/write-enabled and is
accessible in 8-bit or 16-bit units. Initial value is 0000H by reset.

Incrementing and following the FIFO buffer write pointer, the value written to SFDB is stored to the
FIFO buffer as transmission data.

SFDB write is prohibited when POWER = 1 and focg is stopped.

Figure 14-7: Transmission Data Buffer Registers (SFDB0, SFDB1) Format

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  Addess Rw MU
value

SFDBn FFFF FDA46H,
(n=0, 1) ceer Epgey /W 0000H

SFDB15 - SFDBO Write data is gtored to the FIFO data buffer as transmission data.
A read operation reads out the last stored transmission data.

Caution: The transmit data buffer register is considered as written whenever the lower 8 bits
of the register are written. It is therefore necessary to write SFDBH before SFDBL
when 8-bit access is used.

(7) FIFO Buffer Status Registers (SFA0, SFA1)

The SFA register is an 8-bit register that shows the FIFO buffer status. The SFA register is read/
write-enabled, accessible in 1-bit or 8-bit units. However, the bits SFFUL, SFEMP and CSOT are
read only. Initial value is 20H by reset.

SFA read is prohibited when POWER = 1 and fqcg is stopped.

Figure 14-8: FIFO Buffer Status Registers (SFAO, SFA1) Format (1/2)

Symbol 7 6 5 4 3 2 1 0 Address  R/w After
reset
SFAn FFFFFD48H,
(n=0,1) FPCLR | SFFUL | SFEMP| CSOT | SFP3 | SFP2 | SFP1 SFPO FEFFFD68H R/W 20H
FPCLR FIFO buffer pointer clear command
0 No operation

1 Clear all FIFO pointers to "0"

Remark: Read value is always “0”.
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Figure 14-8: FIFO Buffer Status Registers (SFAO, SFA1) Format (2/2)

SFFUL FIFO buffer full status flag
0 FIFO buffer is not full
1 FIFO buffer is full

Remark: Read only

SFEMP FIFO buffer empty status flag

0 FIFO buffer is not empty
1 FIFO buffer is empty

Remark: Read only

CSOoT Transmission status flag
0 Idle state
1 Transmission in on going or preparing

Remarks: 1. Read only bit.
2. This bitis cleared to “0” by POWER = 0 or (CTXE = 0 and CRXE = 0).
3. In Single Buffer Transfer Mode, this bit holds “1” from transmission start to FIFO empty.

4. In FIFO Buffer Transfer Mode, this bit holds “1” from transmission start until finish trans-
ferring all data to be sent.

SFP3 - SFPO Transmission data count

In Single transfer mode, SFP3 - SFPO indicates the number of remaining transfers in the
FIFO. This value can be understood as:
(Write FIFO pointer) - (SIO load pointer)

SFP3 - SFPO is read only in Single transfer mode.
nnnnH

In FIFO transfer mode,SPF3 - SFPO indicates the number of data transfers completed.
In case of SFP3 - SFPO = OH:

- SFEMP = 0, SFP3 - SFP0 = OH: Number of receptions completed = 0

- SFEMP =1, SFP3 - SFPO = OH: Number of receptions completed = 16

Remarks: 1. Read only bits.
2. SFP3 - SFPO holds its value until RESET or FPCLR = 1.

Caution: SFFUL, SFEMP, CSOT and SFP3 - SFPO are continuously updated with the current
status of the Queued CSI. This means that a value read might be outdated shortly
after the read was executed.

When writing accidentally a 17th data element in FIFO, an overflow interrupt
(INTC3nO) will occur to indicate the error.
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(8) Queued CSI Data Length Selection Registers (CSILO, CSIL1)
The CSIL register is an 8-bit register that specifies the active voltage level of the Chip Select pins
and the Queued CSI data length.
This register can be read or written in 1-bit and 8-bit units.
This register can be overwritten only while CTXE = 0 and CRXE = 0 (CSIM register). Write opera-
tion during CTXE = 1 or CRXE = 1 is prohibited.
Initial value is O0H by reset.

Figure 14-9: Queued CSI Data Length Selection Registers (CSILO, CSIL1) Format

Symbol 7 6 5 4 3 2 1 0 Address  R/W g;‘;
(ncf"o"’”” CSLv3 | CsLv2 | GSLv1 | CSwvo | coLs | colz | oLt | coLo | R ooH
CSLV3 - CSLVO Chip Select active level selection
0 Chip Select signal is active low
1 Chip Select signal is active high
CCL3 CCL2 CCL1 CCLo Transfer data length
0 0 0 0 Data length is 16 bits
0 0 0 1
0 0 1 0
0 0 1 1
0 1 0 0 Setting prohibited
0 1 0 1
0 1 1 0
0 1 1 1
1 0 0 0 Data length is 8 bits
1 0 0 1 Data length is 9 bits
1 0 1 0 Data length is 10 bits
1 0 1 1 Data length is 11 bits
1 1 0 0 Data length is 12 bits
1 1 0 1 Data length is 13 bits
1 1 1 0 Data length is 14 bits
1 1 1 1 Data length is 15 bits

Caution: Rewriting this register is only permitted when CTXE = 0 and CRXE = 0.

See section 14.3.3 ”Data Length Select Function” on page 478 for further explanation on the
data length selection.
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(9) AQueued CSI Transfer Number Selection Registers (SFNO, SFN1)

The SFN register is an 8-bit register that specifies the number of data elements to be transferred in
FIFO buffer transfer mode. It can be read or written in 1-bit and 8-bit units.
Initial value is 00H by reset.

Figure 14-10: Queued CSI Transfer Number Selection Registers (SFNO, SFN1) Format

Symbol 7 6 5 4 3 2 1 0 Address  Rw After
reset

SFNn Note Note Note Note FFFFFD4CH,

n=01| © 0 0 0 SFN3 | SFN2 | SFN1 | SFNO | oo il RAW O0OH

Note: Unused bits must be written as 0.

SFN3 SFN2 SFN1 SFNO Transfer data number
0 0 0 0 Transfer 16 data elements
0 0 0 1 Transfer 1 data element
0 0 1 0 Transfer 2 data elements
0 0 1 1 Transfer 3 data elements
0 1 0 0 Transfer 4 data elements
0 1 0 1 Transfer 5 data elements
0 1 1 0 Transfer 6 data elements
0 1 1 1 Transfer 7 data elements
1 0 0 0 Transfer 8 data elements
1 0 0 1 Transfer 9 data elements
1 0 1 0 Transfer 10 data elements
1 0 1 1 Transfer 11 data elements
1 1 0 0 Transfer 12 data elements
1 1 0 1 Transfer 13 data elements
1 1 1 0 Transfer 14 data elements
1 1 1 1 Transfer 15 data elements
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14.3 Explanation of Queued CSI Functions

14.3.1 Transmit Buffer

Chip select data and transmission data can be stored to the transmit FIFO buffer continuously by
writing to the SFCS register and SFDB register. The Writing FIFO pointer is automatically incremented
when data is written to SFDB. The size of the transmit FIFO buffer is 20 bits x 16 entries.

In slave mode, chip select data does not need to be set.

The transfer start condition (SFEMP = 0) is to write to the lower bits of SFDB register. If the transmis-
sion data length is 9 bits or more, data should be written by a 16-bit write to SFDB or by two 8-bit writes
to first SFDBH, then SFDBL (in that order). When transmission data length is 8 bits, data should be set
by one 8-bit write to SFDBL or by one 16-bit write to SFDB. For the 16-bit write the upper 8 bits are
ignored in the 8-bit transmission.

The SFFUL bit in the SFA status register is set “1” after 16 writes have been made to the transmit buffer,
assuming the Writing FIFO pointer was reset previously.

When a transmission write is attempted while the FIFO is full (SFFUL=1), the interrupt INTC3nO is gen-
erated to indicate an overflow. In that case, the transmission and chip select data are discarded and not
stored.

When a transfer cycle is finished and the SIO Loading FIFO pointer is incre