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Notice

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

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

@® PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

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 once, when it has occurred. Environmental control
must be adequate. When it is dry, humidifier should be used. It is recommended to avoid using
insulators that easily build 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 bench and floor should be grounded. The operator should be grounded using
wrist strap. Semiconductor devices must not be touched with bare hands. Similar precautions need
to be taken for PW boards with semiconductor devices on it.

(® HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

No connection for CMOS device inputs can be cause of malfunction. If no connection is provided
to the input pins, it is possible that an internal input level may be generated due to noise, etc., hence
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Inputlevels
of CMOS devices must be fixed high or low by using a pull-up or pull-down circuitry. Each unused
pin should be connected to Voo or GND with a resistor, if it is considered to have a possibility of
being an output pin. All handling related to the unused pins must be judged device by device and
related specifications governing the devices.

® STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, I/O settings or contents of registers. Device is not initialized until the
reset signal is received. Reset operation must be executed immediately after power-on for devices
having reset function.
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e The information in this document is current as of 13.01, 2005. 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 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 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 NEC Electronics 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 customer's equipment shall be done
under the full responsibility of customer. NEC Electronics 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
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 NEC Electronics sales representative
in advance to determine NEC Electronics 's willingness to support a given application.

Notes: 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 02.10

Preliminary User's Manual U16241EE1V1UMO00 3



Regional Information

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

e Device availability
e Orderinginformation

e Product release schedule

* Availability of related technical literature

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

e Network requirements

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

from country to country.

NEC Electronics America Inc.

Santa Clara, California

Tel:  408-588-6000
800-366-9782

Fax: 408-588-6130
800-729-9288

NEC Electronics (Europe) GmbH
Duesseldorf, Germany

Tel: 0211-65 03 1101

Fax: 0211-65 03 1327

Sucursal en Espana
Madrid, Spain

Tel: 091- 504 27 87
Fax: 091- 504 28 60

Succursale Francaise
Veélizy-Villacoublay, France
Tel: 01-30-67 58 00
Fax: 01-30-67 58 99

Filiale Italiana
Milano, Italy

Tel: 02-66 75 41
Fax: 02-66 75 42 99

Branch The Netherlands
Eindhoven, The Netherlands
Tel:  040-244 58 45

Fax: 040-244 45 80

Branch Sweden
Taeby, Sweden

Tel: 08-63 80 820
Fax: 08-63 80 388

United Kingdom Branch
Milton Keynes, UK

Tel: 01908-691-133
Fax: 01908-670-290

NEC Electronics Hong Kong Ltd.
Hong Kong

Tel: 2886-9318

Fax: 2886-9022/9044

NEC Electronics Hong Kong Ltd.
Seoul Branch

Seoul, Korea

Tel: 02-528-0303

Fax: 02-528-4411

NEC Electronics Singapore Pte. Ltd.
Singapore

Tel: 65-6253-8311

Fax: 65-6250-3583

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Tel: 02-2719-2377

Fax: 02-2719-5951
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Preface

Readers This manual is intented for users who want to understand the functions of the
V850E/CA4 (nickname HELIOS).

Purpose This manual presents the hardware manual of V850E/CAA4.

Organization This system specification describes the following sections:
* Pin function

* CPU function

Internal peripheral function

* Flash memory

Legend 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 name is over-scored) or
Ixxx (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 XxxxB

Decimal . . . XXxX

Hexadecimal . . . XXXXH or Ox XXXX
Prefixes representing powers of 2 (address space, memory capacity)

K (kilo) : 210 = 1024

M (mega) : 220 = 10242 = 1,048,576

G (giga) : 230 = 10248 = 1,073,741,824
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Chapter 1 Introduction

1.1 General

The V850E/CA4 HELIOS single 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 applications. The V850E CPU offers easy pipeline handling and programming, resulting in
compact code size comparable to 16-bit CISC CPUs.

The V850E/CA4 offers an excellent combination of general purpose peripheral functions, like serial
communication interfaces (UART, clocked SI), timers and measurement 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/CA4 HELIOS is ideally
suited for automotive applications.

@)

)

®3)

V850E CPU

The V850E CPU supports the RISC instruction set, and through the use of basic instructions that
can each be executed in 1-clock period and an optimized pipeline, achieves marked improvements
in instruction execution speed. In addition a 32-bit hardware multiplier enables this CPU to support
multiply instructions, saturated multiply instructions, bit operation instructions, etc.

Also, through 2-byte basic instructions and instructions compatible with high level languages, etc.,
object code efficiency in a C compiler is increased, and program size can be made more compact.
Further, since the on-chip interrupt controller provides high speed interrupt response, including
processing, this device is suited for high level real time control fields.

On-chip flash memory

The pPD70F3175 has 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/CA4 is mounted. In such case system development time can be reduced and
system maintainability after shipping can be markedly improved.

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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Chapter 1 Introduction

1.2 Device Features

CPU

- Core:

Instruction set:
- V850E

- Signed multiplication

Number of instructions:
Min. instruction execution time:
General-purpose registers:

V850E

81

31.2 ns (@ 32 MHz operation, 4.5V t0 5.5 V)
32 bits x 32 registers:

(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

Part Number Main Clock Program Internal RAM CAN RAM
Type Memory

HPD70F3175 Crystal (oo momeryy | 12KOYIeS | o O ers

HPD703175 Crystal (ﬁanesl}ftI;y(t)el\j) 12 Kbytes 32 meisﬁgﬁiuffers

WPD703176 Crystal (ﬁ’jsﬁbgg&) 10Kbytes | 45 meisﬁgyéiuﬁers

WPD703174 Crystal (ﬁfs‘;bgge;) 8 Kbytes 32 meisﬁtéfiuﬁers

Flash secure selfprogramming support

Clock Generator

- Main oscillator frequency range

Built-in power saving modes:

Power supply voltage range

Temperature range:

I/O lines:

- Input only lines:
- Input/output lines:

A/D Converter:

Serial Interfaces
- 3-wire mode:
- UART mode:

fx = fxx» 2fxx; 4xxo
fxx = 6 or 8 MHz
(fxx =connected X1, X2 oscillator)

HALT, IDLE, WATCH, STOP

45V <Vpp<55V

Ta = -40°C to +85°C @ 32 MHz (A grade)
76

14

62

10-bit resolution; 14 channels

3 channels
2 channels

Preliminary User's Manual U16241EE1V1UMO00O




Chapter 1

Introduction

CAN Interface (2.0B active):

Timers

- 16-bits dual time-base timer (TMG)
- 16-bits compare timer (TMD)

- Watch timer:

- Watchdog timer:

Interrupts

- Internal interrupt sources

- External interrupt sources

Non maskable interrupts

Software exceptions

Exception trap

Eight levels of priorities can be set
(maskable interrupts)

Direct Memory Access

Package

2 channels

2 channels
2 channels
1 channel
1 channel

54 vectored interrupts
45 (44 maskable + 1 non-maskable)
11 (10 maskable + 1 non-maskable)

2 (1 external: NMI, 1 internal: Watchdog)

32
1

4 independent channels

100-pin plastic LQFP, 0.5 mm pin-pitch, 14 x 14 mm

1.3 Application Fields

The V850E/CA4 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 number

Package

Internal ROM

MPD70F3175GC-32

100-pin plastic LQFP, 0.5 mm pin-pitch, 14 x 14 mm

Flash memory

HPD703175GC-32-xxx | 100-pin plastic LQFP, 0.5 mm pin-pitch, 14 x 14 mm Mask ROM
MPD703175GC-24-xxx | 100-pin plastic LQFP, 0.5 mm pin-pitch, 14 x 14 mm Mask ROM
MPD703176GC-32-xxx | 100-pin plastic LQFP, 0.5 mm pin-pitch, 14 x 14 mm Mask ROM
HPD703176GC-24-xxx | 100-pin plastic LQFP, 0.5 mm pin-pitch, 14 x 14 mm Mask ROM
MPD703174GC-24-xxx | 100-pin plastic LQFP, 0.5 mm pin-pitch, 14 x 14 mm Mask ROM

Remarks: 1. xxx indicates ROM code suffix

Note:

2.

-24- and -32- indicate CPU frequency

Only available in grade A.
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1.5 Pin Configuration (Top View)

100-pin LQFP (0.5 mm pin

pitch) (14 x 14 mm)

Figure 1-1: Pin Configuration of the uPD70F317x

o - o m
= o
edaNoYLOrR2SSS S =
zzzzzzzzzzg<lg< |
LLLLLLLLLL3553528c.,0289528Yy
PNRNRINRRERRRINNTOwWEgSS00000
opooQoOoQOQAOOQCOOOQRAOAXESS>DDODAQCALA
OOmmr\mmmeHo N~ O WY ON oo o~ ©
9909053000000 D®D DD @ 0o ~NN~ N~
AVREF ——=| 1 75 [+— PCT6
AVDD —— 2 74 [+~— PCT4
AVss — 3 73 [~ PCT1
P10/TIGOO/INTP10 ~— 4 72 [+=— PCTO
P11/TIG01/TOGOl -—| 5 71 |[~— PDH8
P12/TIG02/TOG02 <-—»| 6 70 f+——> PDH7
P13/TIGO3/TOGO03/SI10 «+— 7 69 |«—» PDH6
P14/TIG04/TOG04/SO10 =—| 8 68 |=——= PDH5
P15/TIGO5/INTP15/SCK10 =+~— 9 67 f~—> PDH4
REGC_0 10 66 [«— PDH3
Cvbp — 11 65 |«—» PDH2
CVss — 12 64 BVDD1
XL ——= 13 V850E/CA4 "HELIOS" 63 BVss1
X2 — 14 62 VPP
RESET —— 15 61 MODE1
MODEO —{ 16 60 f«— PDH1
P20/TIG10/INTP20 =—{ 17 59 [+— PDHO
P21/TIG11/TOG11 -— 18 58 |+~— PDL15
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PO1/FCTXD1/INTPO1l =— 24 52 |=—— PDL9
P30/RXD60/INTP30 <—| 25 51 f«— pPDLS
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Pin Identification

ANIO to ANI13
AVpp

AVgg

AVRer

PCL
FCRXDO,
FCRXD1

FCTXDO,
FCTXD1

INTPOO, INTPO1,
INTPO2, INTP10,
INTP15, INPT20,
INTP25, INTP30,
INTP32, INTP34

NMI

POO to P02
P10 to P15

P20 to P25

P30 to P35
P40 to P45
P70 to P713
PCMO to PCM3

PCTO, PCT1,
PCT4, PCT6

PCD2 to PCD3
PDLO to PDL15
PDHO to PDH8
RXD60, RXD61
TXD60, TXD61

SCKO00, SCKO01,
SCK10

SI00, SI01, SI10

S0O00, SO01,
SO10

Analog Inputs
Analog Power Supply
Analog Ground

Analog reference Voltage sup-
ply

Processor Clock Output

CAN Receive Data for channel
Oand 1

CAN Transmit Data for chan-
nel 0 and 1

External Interrupt Input

Non-Maskable Interrupt Input

Port 0

Port 1

Port 2

Port 3
Port 4
Port 7
Port CM

Port CT

Port CD
Port DL
Port DH
UART Receive Data

UART Transmission Data
Synchronous Interface Clock
Synchronous Interface Input

Synchronous Interface Output

Preliminary User's Manual U16241EE1V1UMO00

TOGO1 to TOG04
TOG11 to TOG14
TIGOO to TIGO5

TIG10 to TIG15

REGC_MO,
REGC_M1

REGC_O

MODEO, MODE1

X1, X2

RESET

CVpp, CVgg

Vboo

Vsso, Vss1

BVDDO to BVDDZ

Vep

Timer GO Compare Output
Timer G1 Compare Output
Timer GO Capture Input

Timer G1 Capture Input

Main Regulator Output

Osc and PLL Regulator Output

Operation mode select

Main System Clock

Reset Input

Oscillator and PLL power sup-
ply

Digital power supply for Flash,
CPU and I/O buffer

Digital Ground for Flash, CPU
and /O buffer

I/O buffers Ground
I/O buffers supply

Programming Voltage
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1.6 Configuration of Function Block

1.6.1 Block Diagram of V850E/CA4

Figure 1-2: Block Diagram of the V850E/CA4 Microcontroller

NMI
INTP0O to INTPO2Z ——={  |nterrupt ROM CPU
INTP10, INTP15 ——»  ontroller Buooo
INTP20, INTP25 ——»{ 256 K —— Busso
INTP30, |:\'1\‘TTF§,324i - (Flash —— Bun
& Mask) [=—~ Multiplier || ——B
P vss1
TIGO0 10 TIG0S ——~ 1 o oo i 0r112982KK/ 32-bit Barrel 32x32=64 Buooz
TOGO1 to TOG04 TMGO Shifter Bussz
(Mask) —— V,»(Flash only)
System v
. DDO
TIG10 to TIG15 16-bit Timer Registers N
TMG1 oltage |\,
TOG11to TOG14 RAM General | /. Regulator| = o
12K Registers | REGC_M1
16-bit Timer (Flash 82-bitx 32 | e -
TMDO & Mask) [«~—
C
or 10 K/ Voltage | o™
— 8K Regulator ves
16-bit Timer (Mask) DMA I REGCO
TMD1
Watch
Timer
Watchdog NPB
Timer -« Bus
bridge
PCL«— PLLDIV [|[=— Internal Peripheral Bus
RXD60 —
UART60 [+~—
TXD60 <—] 10-bit ADC
ports 14 channels Oscillator and 72;
RXD61 Clock Generator
— UART61 [«~— +~—MODEL1
NWOWWLWOW®MMNO© ©LW ™ ) +—MODEO
EEe8adrR83TAD = =23 System Control [,
SI00—| S92896%8558 g < RESET
S000~—— CSI00 |~ “‘L“&“Eégbgﬁ' 2
SCKO00 ~—] o <
SI01—] ~—| BRGO
SO01 ~— Cslio1 -
SCKOL~—+]
SI10——»]
SO10 ~— Csl10
SCK10~—=|
FCRXDO— =
FCAN1 [=—+
FCTXDO ~——]
FCRXD1— =
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Chapter 1 Introduction

1.6.2 On-chip units

)

2

®3)

4

(®)

(6)

()

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) and the barrel shifter (32 bits), help accelerate processing of complex
instructions.

ROM

The uPD70F3175 has an on-chip flash memory of 256 Kbytes.

The pPD703175 has an on-chip mask ROM memory of 256 Kbytes.

The pPD703176 has an on-chip mask ROM memory of 192 Kbytes.

The puPD703174 has an on-chip mask ROM memory of 128Kbytes.

During instruction fetch, flash memory can be accessed from the CPU in 1-clock cycles.
The memory mapping is done from address 00000000H.

RAM

The RAM area is mapped from address FFFFCOO0OH for the uPD70F3175 and uPD703175.
The RAM area is mapped from address FFFFC800H for the uPD703176.

The RAM area is mapped from address FFFFDOOOH for the uPD703174.

Data in RAM can be accessed from the CPU in 1-clock cycles.

Interrupt controller (INTC)

This controller handles hardware interrupt requests (NMI, INTPxy) from on-chip peripheral 1/0 and
external hardware. Eight levels of interrupt priorities can be specified for these interrupt requests,
and multiple-interrupt servicing control can be performed for interrupt sources.

Clock generator (CG)

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

Serial interface (SI10)

The 2-channels asynchronous serial interface (UART6), 3-channels clocked serial interface (CSIO
and CSI1) and 2-channels FCAN are provided as serial interface.

UART® transfers data by using the TXD6n and RXD6n pins. (n =0, 1).

CSIO0 transfers data by using the SO0n, SIOn, and SCKOn pins. (n = 0 to 1).
CSI1 transfers data by using the SO10, SI10, and SCK10 pins.

FCAN performs data transfer using FCTXDn and FCRXDn pins. (n =0 to 1).

Real time pulse unit

The timers provided with HELIOS have compare and capture functions with 16 bits capability.
Two dual-timebase timers G are provided, each with 6 16-bits compare registers and 4 16-bits
capture registers.

Two general purpose timers D are also provided, each with one 16-bits compare register.
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(8) DMA
The DMA controller handles 4 independent prioritized channels.

(9) A/D converter (ADC)

One high-resolution 10-bit A/D converter, it includes 14 analog input pins. Conversion uses the
successive approximation method.

(10) Ports

Refer to Chapter 13 "Port Feature” on page 437 for detailed description of each port and alter-
nate function.
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Chapter 2 Pin Functions

2.1 List of Pin Functions

The names and functions of this product’s pins are listed below. These pins can be divided into port
pins and non-port pins according to their functions.

(1) Port pins

Table 2-1: Port Pins (1/3)

Pin Name I/O Function Driver Type Alternate
POO FCRXD1/INTPOO
PO1 110 Port 0: 3-bit input/output port 5-K FCTXD1/INTPO1
P02 PCL/INTPO2
P10 TIGOO/INTP10
P11 TIG01/TOGO1
P12 o TIG02/TOG02
513 /0 Port 1: 6-bit input/output port 5-K T1G03/TOG03/SI10
P14 TIG04/TOG04/S010
P15 TIGO5/INTP15/SCK10
P20 TIG10/INTP20
P21 TIG11/T0G11
P22 o TIG12/T0G12
— /0 Port 2: 6-bit input/output port 5-K TIG13/T0G13
P24 TIG14/T0G14
P25 TIG15/INTP25
P30 RXD60/INTP30
P31 TXD60
P32 o RXD61/INTP32
— 110 Port 3: 6-bit input/output port 5-K D61
P34 FCRXDO/INTP34
P35 FCTXDO
P40 SI00
P41 SO00
P42 o SCKO00
e 110 Port 4: 6-bit input/output port 5-K Sio1
P44 SO01
P45 SCKO01

Preliminary User's Manual U16241EE1V1UMO00
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Table 2-1: Port Pins (2/3)

Pin Name

110

Function

Driver Type

Alternate

P70

P71

P72

P73

P74

P75

P76

P77

P78

P79

P710

P711

P712

P713

Port 7: 14-bit input port

ANIO

ANI1

ANI2

ANI3

ANI4

ANI5

ANI6

ANI7

ANI8

ANI9

ANI10

ANI11

ANI12

ANI13

PCTO

PCT1

PCT4

PCT6

110

Port CT: 4-bit input/output port

PDHO

PDH1

PDH2

PDH3

PDH4

PDH5

PDH6

PDH7

PDH8

110

Port DH: 9-bit output port

PCMO

PCM1

PCM2

PCM3

I/1O

Port CM: 4-bit output port

PCD2

PCD3

I/10

Port CD: 2-bit output port

30
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Table 2-1: Port Pins (3/3)

Pin Name

110

Function

Driver Type

Alternate

PDLO

PDL1

PDL2

PDL3

PDL4

PDL5

PDL6

PDL7

PDL8

PDL9

PDL10

PDL11

PDL12

PDL13

PDL14

PDL15

/0

Port DL: 16-bit input/output port

Preliminary User's Manual U16241EE1V1UMO0

31



Chapter 2 Pin Functions

(2) Non-port pins

Table 2-2:  Non-Port Pins
NuFr)7i1rE)er Pin name Connection for normal operation I/1O

1 AVREE Analog voltage reference for A/D converter -

2 AVpp Analog Power Supply -

3 AVgg Analog Ground -
10 |REGC_O connect to CVgg via a capacitor Note 1 Output
11 CVpp Power supply pin for oscillator and PLL -

12 CVsgg Ground potential pin for oscillator and PLL -

13 X1 -
" 5 Refer to page 33 for recommended circuit -
15 RESET External system reset input Input
16 MODEO Connect to Vggp, via a resistor Input
34 |REGC_M1 |Connectto Vgg; via a capacitor NOt€ 2 Output
35 Vss1 Ground potential pin for Flash, CPU and I/O buffers -
36 BVsso Ground potential pin for I/O buffers -
37 BVpbpo Power supply pin for I/O buffers -
NMI NMI NMI Input
61 MODEL1 connect to Vgg, via a resistor Input
62 Vpp Note 3 On Flash devices connect Vpp to ground via a resistor. Input
63 BVssi1 Ground potential pin for I/O buffers

64 BVpp1 Power supply pin for I/O buffers

81 BVpp2 Power supply pin for I/O buffers -
82 BVgso Ground potential pin for I/0O buffers -
83 Vsso Ground potential pin for Flash, CPU and I/O buffers -
84 Vppo Power supply pin for Flash, CPU and I/O buffers -
85 REGC._MO %o;ende;t](tzg)REGC_Ml pin with the shortest way (lowest Output

Notes: 1. NEC specifies to connect a minimum 330 nF Capacitor.
2. NEC specifies to connect a minimum 1 pF Capacitor.
3. Only for ypD70F3175 (Flash product)
Cautions: 1. On REGC-pin and each pin of Vpp,, a capacitor has to be attached as tight as

32

possible to the pin.
2. The capacitors used should have only very low serial impedance.
All ground pin have to be connected together.

4. For EMI optimization, NEC recommend to separate power supply for Vppn, CVppn
and BVpp (refer to Figure 2-1, “Power Supply Connection,” on page 33).
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Figure 2-1: Power Supply Connection

Il 330 nF min
REGC 0
BVppn
I/O Buffer 5V Power Supply
CVss /Vssn L
BVssn / AVss V850E/CA4 HELIOS T
PLL = CVop
VREG T 5V Power Supply
oscC I
REGC_M1 Vbpo
- CPU, Flash VREG 1 5V Power Supply
J_ and
10 nF I
I Peripherals
AVpp
| AD T 5V Power Supply
REGC_MO0 I
_L AVRer
I 1 pyF min ;E 10 nF
(3) Pin related to V850E/CA4 status
Table 2-3: Pin Related to V850E/CA4 Status
Pin name HALT mode WATCH mode STOP mode In Reset After Reset
P00 to P05
P10 to P15
P20 to P25
P30 to P34
P40 to 47
P50 to P57 Status Hold Status Hold Status Hold Hi-Z Hi-Z
P70to P711
PCTO, PCT1,
PCT4, PCT6
PDHO to PDH5
PCMO to PCM3
PDLO to PDL15
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Table 2-4:  Pin Functions (1/4)

Pin Function /o Buffer
No. Name Default Alternate Type
Reference-Voltage supply pin
AV - -
! REF for A/D converter
2 |AVpp Power supply pin for A/D con- ) i
verter
3 |AVes Ground potential for A/D con- i i
verter
TimerGO Capture Trigger O
4 |PLOTIGOO/INTP10 External interrupt input INTP10 Vo
TimerGO0 Capture Trigger O
5 |P11/TIG01/TOGO1 TimerG0 Compare Output 0 1/0
TimerGO0 Capture Trigger O
6 |P12/TIG02/TOG02 TimerGO Compare Output 0 Vo
Port 1: TimerGO Capture Trigger 0
7 |P13/TIG03/TOGO03/SI10 6-bit input/output port TimerGO Compare Output O o | 5K
CSI1 channel O serial data input
TimerGO0 Capture Trigger O
8 |P14/TIG04/TOG04/S0O10 TimerG0 Compare Output O 110
CSI1 channel 0 serial data output
TimerGO0 Capture Trigger O
9 |P15/TIGO5/INTP15/SCK10 External interrupt input INTP15 110
CSI1 channel 0 serial clock input
10 |REGC O _Pln for ext(_arnal 3.3V Regulat- i ) i
ing Capacitor
Power supply pin for oscillator
CV - - -
1 bb and PLL
Ground potential pin for oscil-
Ccv - - -
12 SS lator and PLL
13 Ix1 Resonator connection for i ) i
clock
14 |x2 Resonator connection for ) ) )
clock
15 |RESET External System reset input - - 2
16 |MODEO MODE Definition Input pins - 2

34
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Table 2-4: Pin Functions (2/4)

Pin Function 1o Buffer
No. Name Default Alternate Type
TimerG1 Capture Trigger 0
17 |P20/TIG1O/INTP20 External interrupt input INTP20 Vo
TimerG1 Capture Trigger O
18 |P21/TIG11/TOG11 TimerG1 Compare Output 0 I/0
TimerG1 Capture Trigger O
19 |P22/TIG12/TOG12 Port 2: TimerG1 Compare Output 0 I/0
6-bit input/output port TimerG1 Capture Trigger O
20 |P23/TIG13/TOG13 TimerG1 Compare Output 0 I/0
TimerG1 Capture Trigger O
21 |P24/TIG14/TOG14 TimerG1 Compare Output 0 I/0
TimerG1 Capture Trigger O
22 |P25/TIGIS/INTP25 External interrupt input INTP25 Vo
FCAN channel 1 serial data input
23 |POO/FCRXDI/INTPOO Port O: External interrupt input INTPOO Vo
3-bit input/output port FCAN channel 1 serial data output 5-K
24 |POL/FCTXDL/INTPOL External interrupt input INTPO1 Vo
UARTG60 asynchronous data input
25 |PSO/RXDEO/INTP30 Port 3: External interrupt input INTP30 Vo
6-bit input/output port .
26 |P31/TXD60 p put p ESRTGO asynchronous data out /O
27 |P40/SI00 CSI0 channel 0 serial data input 110
28 [P41/SO00 CSI0 channel 0 serial data output | I/O
29 |P42/SCKO00 Port 4: CSIO0 channel O serial clock input | 1/0
30 |P43/sI01 6-bit input/output port CSIO0 channel 1 serial data input | 1/O
31 [P44/S001 CSIO0 channel 1 serial data output | I/O
32 |P45/SCKO01 CSIO0 channel 1 serial clock input | I/O
Port O: Processor clock output
33 |P02/PCL/AINTPO2 3-bit input/output port External interrupt input INTP02 Vo
pin for external 3.3 V Regulat- i i i
34 |REGC_M1 ing Capacitor
35 |V Ground potential pin for Flash, i i i
SS1 CPU and I/O buffers
Ground potential pin for 1/0
BV - - -
36 SSO buffers
37 |BVpoo Power supply pin for 1/0 buff- i i i
ers
38 |NMI Non-maskable interrupt input i | 2
pin
UARTG61 asynchronous data input
39 |P32/RXD61/INTP32 External interrupt input INTP32 Vo
40 |P33/TXD61 _ UARTG61 asynchronous data out- /0
Port 3: put 5.K
6-bit input/output port CCAN o 10 serial data inout
channel O serial data inpu
41 |P34/FCRXDO/INTP34 External interrupt input INTP34 Vo
42 |P35/FCTXDO0 FCAN channel 0 serial data output| 1/0
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Table 2-4: Pin Functions (3/4)

Pin Function /o Buffer

No. Name Default Alternate Type
43 |PDLO i o)

44 |PDL1 - /0

45 |PDL2 - e

46 |PDL3 - e

47 |PDL4 - 110

48 |PDL5 - e

49 |PDL6 - e

50 |PDL7 Port DL: - 110

51 |PDLS 16-bit input/output port _ /0

52 |PDL9 - 110 >
53 |PDL10 - e

54 |PDL11 - /0

55 |PDL12 _ e

56 |PDL13 - e

57 |PDL14 - 1/0

58 [PDL15 - 1/0

59 |PDHO Port DH: - 110

60 |PDH1 9-bit output port - 1/0

61 |MODE1l MODE Definition Input pins - I/0 2
62 |Vpp Note High Voltage _apply pin to pro- i i )

gram the device

63 |BVss; bGur;)f;:]Sd potential pin for I/O i )
64 |BVppy Eroswer supply pin for /O buff- i )
65 |PDH2 - 110

66 |PDH3 - 110

67 |PDH4 - 1/0

68 |PDHS S-Obrltt Ig:'t:put port . o

69 |PDH6 - 110

70 |PDH7 - 110

71 |PDH8 - 110

72 |PCTO - 110

73 |PCT1 Port CT: - ol °
74 |PCT4 4-bit input/output port _ /0

75 |PCT6 - /0

76 |PCD2 Port CD: - 110

77 |PCD3 2-bit output port i /o

78 |PCMO - 1/O

79 |PeMi Z—Obrltt Sl':/lt;)ut port ) o

80 |PCM2 - 110

36
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Table 2-4: Pin Functions (4/4)

Pin Function 1o Buffer
No. Name Default Alternate Type
81 |BVpps Power supply pin for I/0O buff- i i i
ers
Ground potential pin for 1/0
BV - - -
82 SS2 buffers
83 |V Ground potential pin for Flash, i i i
SS0 CPU and I/O buffers
Power supply pin for Flash,
84 1Vooo CPU and I/O buffers i i i
85 |REGC_MO pin for extt_arnal 3.3V Regulat- i i i
ing Capacitor
Port CM:
86 |PCM3 4-bit output port i Vo1 5
87 |P713/ANI13 ANI13 I/0
88 |P712/ANI12 ANI12 I/O
89 |P711/ANI11 ANI11 I/0
90 [P710/ANI10 ANI10 I/0
91 [P79/ANI9 ANI9 I/0
92 |P78/ANI8 ANI8 I/0
93 |P77/ANI7 ANI7 I/0
Port 7: 14-bit input port 9
94 |P76/ANI6 ANI6 I/0
95 |P75/ANI5 ANI5 I/0
96 |P74/ANI4 ANI4 I/O
97 |P73/ANI3 ANI3 I/0
98 |P72/ANI2 ANI2 I/0
99 |P71/ANI1 ANI1 I/0
100 |P70/ANIO ANIO I/0
Note: Only for yPD70F3175 (Flash product)
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2.2 Description of Pin Functions

(1)

38

P00 to P02 (Port 0) ... Input/output

Port 0 is an 3-bit input/output port in which input or output can be set in 1-bit units.

Besides functioning as an input/output port, PO0 and P01 operate as CAN channel 1 data recep-
tion and transmission, and P02 operates as processor clock output.

In addition, each PO bit POO to P02 operates as external interrupt request input pin.

An operation mode of port or control mode can be selected for each bit and specified by the port 0
mode control register (PMCO).

(a) Port mode

P00 to P02 can be set to input or output in 1-bit units using the port 0 mode register (PMO).

(b) Control mode

P00 to P02 can be set to port or control mode in 1-bit units using PMCO.

(c) FCTXD1 (Transmit data for controller area network channel 1) ... Output

This pin outputs FCAN channel 1 serial transmit data.

(d) FCRXD1 (Receive data for controller area network channel 1) ... Input

This pin inputs FCAN channel 1 serial receive data.

(e) PCL (Processor Clock Output)

This is the internal system clock output pin.

(f) INTPOO to INTPO2 (Interrupt request from peripherals) ... Input

These are maskable external interrupt request input pins.
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(2) P10to P15 (Port 1) ... Input/output

Port 1 is an 6-bit input/output port in which input or output can be set in 1-bit units.

Besides functioning as an input/output port, in control mode, P10 to P15 operate as Timer GO
input/output and P13 to P15 operate as input/output for the clocked serial link CSI10.
Furthermore P10 and P15 operate as maskable external interrupt request input pins.

An operation mode of port or control mode can be selected for each bit and specified by the port 1
mode control register (PMC1).

(a) Port mode

P10 to P15 can be set to input or output in 1-bit units using the port 1 mode register (PM1).

(b) Control mode

P10 to P15 can be set to port or control mode in 1-bit units using PMC1.

(c) TOGO1 to TOGO4 (Timer output) ... Output

These pins output a Timer GO PWM pulse signal.

(d) TIGOO to TIGO5 (Timer input) ... Input

These pins input a Timer GO external capture input pin.

(e) SO10 (Serial output) ... Output

This pin outputs CSI10 serial transmit data.

(f) SI10 (Serial input) ... Input

This pin inputs CSI10 serial receive data.

(g) SCK10 (Serial clock) ... Input/output

This is CSI10 serial clock input/output pin.

(h) INTP10 and INTP15 (Interrupt request from peripherals) ... Input

These are maskable external interrupt request input pins.
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3)

40

P20 to P25 (Port 2) ... Input/Output

Port 2 is a 6-bit input/output port in which input or output can be set in 1-bit units.

Besides functioning as an input/output port, in control mode, P20 to P25 operate as Timer G1
input/output.

Furthermore P20 and P25 operate as maskable external interrupt request input pins.

An operation mode of port or control mode can be selected for each bit and specified by the port 2
mode control register (PMC2).

(a) Port mode

P20 to P25 can be set to input or output in 1-bit units using the port 2 mode register (PM2).

(b) Control mode

P20 to P25 can be set to port or control mode in 1-bit units using PMC2.

(c) TOG11 to TOG14 (Timer output) ... Output

These pins output a Timer G1 PWM pulse signal.

(d) TIG10 to TIG15 (Timer input) ... Input

These pins input a Timer G1 external capture input pin.

(e) INTP20 and INTP25 (Interrupt request from peripherals) ... Input

These are maskable external interrupt request input pins.
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(4) P30to P35 (Port 3) ... Input/Output

Port 3 is a 6-bit input/output port in which input or output can be set in 1-bit units.

Besides functioning as an input/output port, in control mode, P30 and P31 operate as UART60
data emission/reception, P32 and P33 operate as UART61 data emission/reception, P34 and P35
operate as CAN channel 0 data reception and transmission.

Furthermore P30, P32 and P34 operate as maskable external interrupt request input pins.

An operation mode of port or control mode can be selected for each bit and specified by the port 3
mode control register (PMC3).

(a) Port mode

P30 to P35 can be set to input or output in 1-bit units using the port 3 mode register (PM3).

(b) Control mode

P30 to P35 can be set to port or control mode in 1-bit units using PMC3.

(c) TXD60, TXD61 (Transmit data) ... Output

These pins output UART60 and UART61serial transmit data.

(d) RXD60, RXD61 (Receive data) ... Input

These pins input UART60 and UARTG61 serial receive data.

(e) FCTXDO (Transmit data for controller area network channel 0) ... Output

This pin outputs FCAN channel 0 serial transmit data.

(f) FCRXDO (Receive data for controller area network channel 0) ... Input

This pin inputs FCAN channel O serial receive data.

(9) INTP30, INTP32 and INTP34 (Interrupt request from peripherals) ... Input

These are maskable external interrupt request input pins.
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(5)

42

P40 to P45 Port 4) ... Input/output
Port 4 is a 6-bit input/output port in which input or output can be set in 1-bit units.

Besides functioning as an input/output port, in control mode, P40 to P42 operate as clocked serial
link CSI00 input/output, and P43 to P45 operate as clocked serial link CSI01 input/output.

An operation mode of port or control mode can be selected for each bit and specified by the port 4
mode control register (PMC4).

(a) Port mode

P40 to P47 can be set to input or output in 1-bit units using the port 4 mode register (PM4).

(b) Control mode

P40 to P47 can be set to port or control mode in 1-bit units using PMC4.

(c) SO00 and SOO01 (Serial output) ... Output

These pins output CSIO0 and CSIO01 serial transmit data.

(d) SI00 and SI01 (Serial input) ... Input

These pins input CSI00 and CSI01 serial receive data.

(e) SCKO00 and SCKO1 (Serial clock) ... Input/output

These are CSIO0 and CSl01serial clock input/output pins.
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(6) P70to P713 (Port 7) ... Input
Port 7 is a 14-bit input-only port.

Besides functioning as an input port, in control mode, P70 to P713 operate as analog input pins to
the A/D converter.

An operation mode of port or control mode can be selected in 8-bit units and specified by the port
7 mode control register (PMCT7).

(a) Port mode

P70 to P713 are input-only pins.

(b) Control mode

P70 to P713 can be set to port or control mode in 8-bit units using PMC?7.

(c) ANIO to ANI13 (Analog input) ... Input

These are analog input pins to the A/D converter.
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(7)

44

PDLO to PDL15 (Port DL) ... Input/output
Port DL is a 16-bit input/output port in which input or output can be set in 1-bit units.

(a) Port mode

PDLO to PDL15 can be set to input or output in 1-bit units using the port DL mode register (PMDL).
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(8) PDHO to PDHS8 (Port DH) ... Input/output
Port DH is a 9-bit input/output port in which input or output can be set in 1-bit units.

(a) Port mode

PDHO to PDH8 can be set to input or output in 1-bit units using the port DH mode register
(PMDH).
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(9) PCTO0O0, PCTO1, PCT04 and PCTO06 (Port CT) ... Input/output
Port CT is a 4-bit input/output port in which input or output can be set in 1-bit units.

(a) Port mode

PCTO00, PCTO01, PCT04 and PCTO06 can be set to input or output in 1-bit units using the port CT
mode register (PMCT).
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(10) PCD2 to PCD3 (Port CD) ... Input/output
Port CD is a 2-bit input/output port in which input or output can be set in 1-bit units.

(a) Port mode

PCD2 to PCD3 can be set to input or output in 1-bit units using the port CD mode register
(PMCD).

Preliminary User's Manual U16241EE1V1UMO0 a7



Chapter 2 Pin Functions

(11) PCMO to PCM3 (Port CM) ... Input/output
Port CM is a 4-bit input/output port in which input or output can be set in 1-bit units.

(a) Port mode

PCMO to PCM3 can be set to input or output in 1-bit units using the port CM mode register
(PMCM).
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(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

Vpp (Flash Memory Programming Voltage)

High voltage apply pin for FLASH programming mode setting. Connect to BVgg; in normal operat-

ing mode. To use this pin for on board flash programming connect this pin with a pull down resistor
to BVSSl'

RESET (Reset) ... Input

RESET input is asynchronous input. When a signal having a certain low level width is input in
asynchronous with the operation clock, a system reset that takes precedence over all operations
occurs.

Besides a normal initialize or start, this signal is also used to release a standby mode (HALT,
WATCH, IDLE or STOP).

NMI (Non-Maskable Interrupt Request)... input
This is the non-maskable interrupt request input pin.

X1, X2 (Crystal)

These pins connect a resonator or crystal for system clock generation.
They also can input external clocks. For external clock input, connect to the X1 pin and leave the
X2 pin open.

REGC_O, REGC_MO0 and REGC_M1 (Capacitor)

These pins connect an external Capacitor for the internal voltage system. This capacitor is used
as a regulating capacitor for the internal voltage generator.

BVppo to BVpp, (Power supply)
This is the positive power supply pin for the I/O buffers.

BVSSO to BVSSZ (Ground)
This is the ground pin for the 1/O buffers.

Vppg (Power supply)
This is the positive power supply pin for the flash, CPU and I/O buffer.

VSSO and VSSl (Ground)
These are the ground pins for the flash, CPU and I/O buffer.

CVpp (Clock power supply)
This is the positive power supply pin for the oscillator and PLL.
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(22) CVgg (Clock ground)
This is the ground pin for the oscillator and PLL.

(23) AVpp (Analog power supply)

This is the analog positive power supply pin for the A/D converter.

(24) AVgs (Analog ground)

This is the ground pin for the A/D converter.

(25) AVRer (Analog reference voltage) ... Input
This is the reference voltage supply pin for the A/D converter.

(26) MODEO and MODEL (Operating modes)... Input
These are the mode definition pins and must be connected to ground.
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Pin Functions

Figure 2-2:

Pin 1/O Circuits

Type 2 Type 9
P-ch
L Comparator
IN O——
T
N-ch I
N © Vrer (Threshold Voltage)
enable
Type 5 Type 5-K

Vop
»———O IN/OUT
Output N-ch
disable
Vss

-

enable

Vop
Data F:Db_l P-ch
—O IN/OUT
Output N-ch
disable
Vss

enable
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The CPU of the V850E/CA4, which is based on RISC architecture, executes almost all instructions in
one clock cycle due to its five-stage pipeline control.

3.1 Features

* Number of instructions: 81
¢ Minimum instruction execution time: 31.2 ns (@ 32 MHz operation, 4.5V to 5.5V)

¢ Memory space
- Program area: 256 MB linear address space
- Data area: 4 GB linear address space
- Memory bank division function: 2, 4, or 8 MB/bank

e General-purpose registers: 32 bits x 32 registers
< Internal 32-bit architecture
« b5-stage pipeline control

* Instruction set
- Upwardly compatible with V850 CPU
- Saturated calculation instructions (with overflow/underflow detection function)
- 32-bit shift instructions: 1 clock
- Load/store instructions with long/short format
- Signed load instructions
- 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 type of bit manipulation instructions
- Set
- Clear
- Not
- Test
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3.2 CPU Register Set

The CPU registers of the V850E/CA4 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. U14559EJ2VOUMOO (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)

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

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

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

ré
r7

| ECR (Interrupt source register) |

r8 |
r9

r10
ril
r1i2

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

PSW (Program status word) |

CTPC (CALLT execution status saving register)

CTPSW  (CALLT execution status saving register)

115 DBPSW  (Exception/debug trap status saving register)

rl6
r17 CTBP (CALLT base pointer) |
rl8

r19

r20

r21

r22

r23

124

25

r26

r27

r28

r29

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

31 0
PC (Program counter)
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3.2.1 Program register set

The program register set includes general-purpose registers and a program counter.

)

General-purpose registers (rO to r31)

Thirty-two general-purpose registers, r0 to r31, are available. All of these registers can be used as
a data variable or address variable.

However, r0 and r30 are implicitly used by instructions and care must be exercised when using
these registers. r0 always holds 0 and is used for operations that use 0 or offset 0 addressing. r30
is used as a base pointer when performing memory access with the SLD and SST short instruc-
tions.

Also, rl, r3 to r5, and r31 are implicitly used by the assembler and C compiler. Therefore, before
using these registers, their contents must be saved so that they are not lost, and they must be
restored to the registers after use. There are cases when r2 is used by the real-time OS. If r2 is not
used by the real-time OS, r2 can be used as a variable register.

Table 3-1: Program Registers

Name Usage Operation
ro Zero register Always holds 0
rl Assembler-reserved register | Working register for generating 32-bit immediate

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

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

r4 Global pointer Used to access global variable in data area

5 Text pointer Register to indicate the start of the text area (area for placing program

code)

r6 to r29 | Address/data variable register

r30 Element pointer Base pointer when memory is accessed
r31 Link pointer Used by compiler when calling function
(2) Program counter (PC)

This register holds the instruction address of the next instruction to be executed. The lower 26 bits
of this register are valid, and bits 31 to 26 are fixed to 0. If a carry occurs from bit 25 to bit 26, it is
ignored.

Bit 0 is fixed to 0, and branching to an odd address cannot be performed.

Figure 3-2: Program Counter (PC) Format

31 2625 10
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

System Register Enabled fof meruston
No. Name Function LDSR STSR
0 EIPC PC value at Interrupt handler entry Note 1 Yes Yes
1 EIPSW | PSW value at Interrupt handler entry Note 1 Yes Yes
2 FEPC PC value at NMI handler entry Yes Yes
3 FEPSW PSW value at NMI handler entry Yes Yes
4 ECR Exception Cause Register No Yes
5 PSW Program status word Yes Yes
Reserved numbers for future function expan-
6to 15 - sion No No
(The operation is not guaranteed if accessed.)
16 CTPC PC value at CALLT subroutine entry NOt€ 2 Yes Yes
17 CTPSW | PSW value at CALLT subroutine entry Not€ 2 Yes Yes
18 DBPC PC value at exception/debug trap entry Yes Yes
19 DBPSW PSW value at exception/debug trap entry Yes Yes
20 CTBP CALLT base pointer Yes Yes
Reserved numbers for future function expan-
21to 31 - sion No No
(The operation is not guaranteed if 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.

Caution: Even if bit 0 of EIPC, FEPC, or CTPC is set to (1) by the LDSR instruction, bit 0 is
return with the RETI instruction following interrupt servicing
(because bit 0 of PC is fixed to 0). When setting a value to EIPC, FEPC, and CTPC, set

ignored during

an even number (bit 0 = 0).

56
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1)

Interrupt context saving registers (EIPC, EIPSW)

There are two context saving registers, EIPC and EIPSW.

Upon occurrence of a software exception or a maskable interrupt, the content of the program
counter (PC) is saved to EIPC and the content of the program status word (PSW) is saved to
EIPSW (upon occurrence of a hon-maskable interrupt (NMI), the contents are saved to the NMI
context saving registers (FEPC, FEPSW)).

The address of the next instruction following the instruction executed when a software exception or
maskable interrupt occurs is saved to EIPC, except for the DIVH instruction (please see

Chapter 5 "Interrupt/Exception Processing Function” on page 109).

The current PSW contents are saved to EIPSW.

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

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

Figure 3-3: Interrupt Context Saving Registers (EIPC, EIPSW) Format

31 2625 0

L L L L L L e L After reset
EIPC 0o|0|0|0|0|O (PC contents) 0

XXXXXXXH
(x: Undefined)

31 8 0

1T 1 1 T T 1

After reset
EIPSW oljo|jojo0|0|0O|0O|O|O|O|O|O|0O|O|O|O|O|O|O|O|O|O|O|O (PSW contents) 000005xxH

(x: Undefined)

The values of EIPC and EIPSW are restored to PC and PSW during execution of a RETI instruc-
tion.
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(@)

NMI context saving registers (FEPC, FEPSW)

There are two NMI context saving registers, FEPC and FEPSW.

Upon occurrence of a non-maskable interrupt (NMI), the content of the program counter (PC) is
saved to FEPC and the content of the program status word (PSW) is saved to FEPSW.

The address of the next instruction following the instruction executed when a non-maskable inter-
rupt occurs is saved to FEPC, except for the DIVH instruction.

The current PSW contents are saved to FEPSW.

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

Figure 3-4: NMI Context Saving Registers (FEPC, FEPSW) Format

31 2625 0

L L L L L L L L L e L After reset
FEPC o|j0fo0|0|0|0 (PC contents)

OXXXXXXXH
(x: Undefined)

31 8 0

1 1 T 1 11

After reset
FEPSW o|o|ofjo|jo0|0|O|0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]|O (PSW contents) 00000xxxH

(3)

58

(x: Undefined)

The values of FEPC and FEPSW are restored to PC and PSW during execution of a RETI instruc-
tion.

Exception Cause Register (ECR)

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

Figure 3-5: Interrupt Source Register (ECR) Format

31 1615 0
Cen T T T 11 \FE\CC\ T T T 11 T T T 11 \EI\CC\ T T T 11 After reset
00000000H
Bit position | Bit name Description
31to 16 FECC | Exception code of non-maskable interrupt (NMI)
15t0 0 EICC Exception code of exception or maskable interrupt

The list of exception codes is tabulated in Table 5-1, “Interrupt Source List,” on page 109.

Preliminary User's Manual U16241EE1V1UMO00



Chapter 3 CPU Functions

(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

31 876543210
L L L L L L L L L L I
After reset
PSW RFU NP|EP|ID [SAT|CY|OV|S | Z 00000020H
Bit position | Bit name Description
31to 8 RFU Reserved field. Fixed to 0.

Indicates that non-maskable interrupt (NMI) servicing is in progress. This flag is set
to 1 when an NMI request is acknowledged, and disables maskable interrupts.

0: NMI servicing not in progress

1: NMI servicing in progress

Indicates that exception processing is in progress. This flag is set to 1 when an
exception occurs. Moreover, interrupt requests can be acknowledged even when
6 EP this bit is set.

0: Exception processing not in progress

1: Exception processing in progress

Indicates whether maskable interrupt request acknowledgment is enabled.
5 ID 0: Interrupt enabled
1: Interrupt disabled

Indicates that the result of executing a saturated operation instruction has over-
flowed and that the calculation result is saturated. Since this is a cumulative flag, it is
set to 1 when the result of a saturated operation instruction becomes saturated, and
it is not cleared to 0 even if the operation results of successive instructions do not
become saturated. This flag is neither set nor cleared when arithmetic operation
instructions are executed.

0: Not saturated

1: Saturated

4 SATNO'[E

Indicates whether carry or borrow occurred as the result of an operation.
3 CcYy 0: No carry or borrow occurred
1: Carry or borrow occurred

Indicates whether overflow occurred during an operation.
2 oyNote 0: No overflow occurred
1: Overflow occurred.

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

Indicates whether operation result is 0.
0 z 0: Operation result is not 0.
1: Operation 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 OV flag is set to 1 during satu-
rated operation. This is explained on the following table.
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Table 3-3: Saturated Operation Results

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

(5)

CALLT execution context saving registers (CTPC, CTPSW)

There are two CALLT execution context saving registers, CTPC and CTPSW.

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

CTPC, and the program status word (PSW) contents are saved to CTPSW.
The contents saved to CTPC consist of the address of the next instruction after the CALLT

instruction.

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

expansion.

Figure 3-7:

31

CALLT Execution Context Saving Registers (CTPC, CTPSW) Format

2625
1 1 T T T 11

CTPC 0|0{0|0|0]|0

(PC contents)

After reset
OXXXXXXXH

31

(x: Undefined)

CTPSW o|0j0j0|0|0|0O|0O|O|OfO|0O|O0O]|O

N I R
(PSW contents)

After reset
00000xxxH

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

instruction.

60
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(6) Exception/debug trap context saving registers (DBPC, DBPSW)
There are two exception/debug trap context saving registers, DBPC and DBPSW.
Upon occurrence of an exception trap or debug trap, the contents of the program counter (PC) are
saved to DBPC, and the program status word (PSW) contents are saved to DBPSW.
The contents saved to DBPC consist of the address of the next instruction after the instruction
executed when an exception trap or debug trap occurs.
The current PSW contents are saved to DBPSW.
Bits 31 to 26 of DBPC and bits 31 to 8 of DBPSW are reserved (fixed to 0) for future function
expansion.
Figure 3-8: Exception/Debug Trap Context Saving Registers (DBPC, DBPSW) Format
31 2625 0
rrrrrrrrrrrrrrrr T After reset
DBPC o|ofo|oj0|0 (PC contents) 0
XXXXXXXH
(x: Undefined)
31 8 0
T
After reset
DBPSW [o|o|o|o|0|0|0|0|0|0|0|0|0|0|0O|0|0|0|0|0|0|0|0|0O| (PSW contents) 0000000cH

()

(x: Undefined)

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

CALLT base pointer (CTBP)

The CALLT base pointer (CTBP) is used to specify CALLT table start address and generate target

addresses (bit 0 is fixed to 0).

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

Figure 3-9: CALLT Base Pointer (CTBP) Format
31 2625 0
T Aft t

CTBP olo|o|o|o|o (Base address) 10 Oxxirx;iiz

(x: Undefined)
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3.2.3 Special registers

Special registers are registers that prevent invalid data from being written when an inadvertent program
behaviour occurs.
The V850E/CA4 has the following two special registers.

« Power save control register (PSC)
« Processor clock control register (CKC)

Moreover, they are also two command registers (PRCMD and PHCMD), which are protection registers
for write operations to the special registers. Write access to the special registers is performed with a
special sequence and illegal store operations are notified to the system status register (PHS).

Writing to PSC is controlled by the PRCMD register, and writing to CKC is controlled by the PHCMD
register. Occurrences of illegal writes to PSC and CKC can be checked in the PHS register.

(1) Setting datato special registers
Setting data to a special registers is done with the sequence detailed below.

(2) Command register (PRCMD, PHCMD)

The PRCMD and PHCMD registers are 8-bit registers used to prevent data from being written to
registers that may have a large influence on the system, possibly causing the application system
to unexpectedly stop. Only the first write operation to the special register (PSC or CKC) following
the execution of a previously executed write operation to the PRCMD or PHCMD register, is valid.
As a result, register values can be overwritten only using a preset sequence, preventing invalid
write operations.

PRCMD and PHCMD protect special registers from an inadvertent write access. PRCMD and
PHCMD registers must be written with store instruction execution by CPU only (not with DMA

transfer). If an illegal store operation to a special register takes place, it can be checked by the
PERR flag of the system status register (PHS).

This register can be written in 8-bit units only. Undefined data is read from this register.

Figure 3-10: Processor Command Register Format

7 6 5 4 3 2 1 0 Address  After RESET
PRCMD| 8 bits Registration Code FFFF F1FCH xxH

w w w w w w w w

7 6 5 4 3 2 1 0 Address  After RESET
PHCMD| 8 hits Registration Code FFFF F800H xxH

w w w w w w w w

Remark: Registration Code is any 8-bit data.
Note: PRCMD, PHCMD, PSC, CKC 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 status register (PHS).
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(3) System status register (PHS)

The PHS register is an 8-bit register to which the PERR flag showing the generation of protection
errors is assigned.

If a write operation to a special register has not been executed in the correct sequence including
the access to the command register (PRCMD or PHCMD), the write operation to the planned reg-
ister is not executed, a protection error is generated and the PERR flag is set to 1. The value of
this register becomes “00H” by RESET input.

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

Figure 3-11: System Status Register Format

1 0 Address  After RESET
pis| o | o | o [ o | o | o | o |PERR |FFFFF802H 00H
RIW

Operation conditions of PERR flag

» Set condition:

Attempted write operation to a special register without previously write access to PRCMD or
PHCMD register.

If the first store instruction operation after data has been written to the PRCMD or PHCMD
register is to memory or peripheral 1/0Os other than a special register.

* Reset condition:

When “0” is written to the PERR flag of the PHS register.
On system reset.

Cautions: 1. If 0 is written to the PERR bit of the PHS register (that is not a special register)
immediately following write to the PRCMD or PHCMD register, the PERR bit
becomes 0 (write priority).

2. If datais written to the PRCMD or PHCMD register (that are not special registers)
immediately following write to the PRCMD or PHCMD register, the PERR bit
becomes 1.
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(4) Examples for setting data in a special register

Data setting in the PSC register follows the following sequence:

<1> Prepare data that shall be set in the PSC register in any optional general register

<2> The contents of the general register prepared in <1> is written to the command register (PRCMD)
using the store instruction (ST/SST).

<3> The contents of the general register prepared in <1> is written to the PSC register with the next
instruction (has to be executed immediately after write to PRCMD register).
- Store Instruction (ST/SST instruction)
- Bit Operation Instruction (SET1/CLR1/NOT1 instruction)

<4> In case of a move to software STOP mode, at least 5 NOP instructions should be inserted.

Example 1

<1> mov 0x02,r11
movea base_address, r0, r20; base_address = FFFFOOOH
<2> st.b r11, PRCMD[r20]; PRCMD = O1FCH
<3> st.b r1l1, PSC[r20]; PSC = O1FEH
<4> nop
nop
nop
nop
nop

Example 2

<1> mov 0x02,rl11

movea OxF1FCH,r0,r20

movea OxF1FEH,rO,r21
<2> st.b rll,0x0[r20]; r20
<3> st.b rll,0x0[r21]; r2l
<4> nop

nop

nop

nop

nop

FFFFFIFCH (= PRCMD)
FFFFFIFEH (= PSC)

Caution: Interrupts are not acknowledged when executing the store instruction to the PRCMD
or PHCMD register.
If another instruction is placed between step <2> and <3>, the correct sequence may
not be realized when an interrupt is acknowledged for that instruction, resulting in
the writing to the protected register to be not done, and an error to be stored in the
PERR bit of the PHS register.
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3.3 Operation Modes

The VB50E/CA4 has the following operating modes.

(1) Normal operating mode

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

)

Flash memory programming mode

The internal flash memory can be written or erased when 10 V + 0.3 V is applied to the Vpp pin.

Vep

Operating Mode

ov

Normal operation mode

78V

Flash memory programming mode

Other than
above

Setting prohibited
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3.4 Address Space

3.4.1 CPU address space

The CPU of the V850E/CA4 uses a 32-bit architecture and supports up to 4 GB of linear address space
(data space) during operand addressing (data access). When addressing instruction, a linear address
space (program space) of up to 256 MB is supported. However, both the program and data spaces
include areas whose use is prohibited.

For details, refer to Figure 3-13, “Address Space Image,” on page 67.

Figure 3-12 shows the CPU address space.

Figure 3-12: CPU Address Space

CPU address space

FFFF FFFFH
P gt Data area
(4 GB linear)
1FFF FFFFH
OFFF FFFFH
Program area
(256 MB linear)
OFFF FFFFH

66 Preliminary User's Manual U16241EE1V1UMO0



Chapter 3 CPU Functions

3.4.2 Image

When addressing an instruction address, up to 64 MB of linear address space (program space) and
Internal RAM area are supported.

For operand addressing (data access), up to 4 GB of linear address space (data area) is supported. On
this 4 GB address space, however, 256 MB physical address spaces can be seen as an image.
Therefore, whatever the values of bits 31 to 29 of an address may be, a physical address space of the
same 256 MB is accessed.

Figure 3-13: Address Space Image

1 Peripheral I/O area
Image 15 !
\ ," Internal RAM area
\ ; External memory area
L . L v : Programmable
. ‘.‘ ! Peripheral I/0 area
|
Peripheral /O area |, ; |
\ Py External memory area
Internal RAM area ‘\ ' ‘\
" 4GB Y
External memory area ! '\
\| Internal ROM area
Programmable ;
Peripheral 1/0 area \ ' ;!
External memory area \ /
) Image 1 .
256 MB Image 0
Internal ROM area (256 MB)
(up to 1 MB)
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3.4.3 Wrap-around of CPU address space

(1) Program space
Of the 32 bits of the program counter (PC), the higher 6 bits are fixed to 0 and only the lower
26 bits are valid. Even if a carry or borrow occurs from bit 25 to bit 26 as a result of branch address
calculation, the higher 6 bits ignore this and remain 0.
Therefore, the lower-limit address of the program space, 00000000H, and the upper-limit address,
03FFFFFFH, are contiguous addresses, and the program space is wrapped around at the
boundary of these addresses.

Caution: No instructions can be fetched from the 4 KB area of 03FFFO00H to O3FFFFFFH
because this areais a peripheral I/0O area. Therefore, do not execute any branch oper-
ation instructions in which the destination address will reside in any part of this area.

Figure 3-14: Program Space

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

(2) Data space

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

Figure 3-15: Data Space

FFFFFFFEH|  DA@space
FFFFFFFFH
(+) direction (-) direction
00000000H
00000001H
Data space
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Memory map for 192 KB ROM version (uPD703176) is shown in Figure 3-17.

Memory map for 256 KB flash and mask version (WPD70F3175, uPD703175) is shown in Figure 3-16

Memory map for 128 KB ROM version (uPD703174) is shown in Figure 3-18.

Figure 3-16:

FFF FFFFH

(16 KB)

External memory area

3FF FFFFH
Access prohibited
3FF FOOOH v/
3FF EFFFH
Image of Internal RAM
3FF CO00H
3FF BFFFH

010 0000H
00F FFFFH

External memory area

000 0000H

Internal ROM area
(1 MB)

Memory Map for 256 KB Flash Version (uWPD70F3175, uPD703175)

Programmable peripheral I/O
(CAN RAM and registers)

Start address set by BPC
Size 16 Kbytes

Reserved area

FFF FFFFH
On-chip peripheral /O area
(4 KB)
FFF FOOOH
FFF EFFFH
Internal RAM area
(12 KB)
FFF COOOH
FFF BFFFH

00F FFFFH

004 0000H
003 FFFFH

Internal ROM area
(256 KB) 000 0000H

Preliminary User's Manual U16241EE1V1UMO00

69



70

010 0000H
00F FFFFH

000 O00OH

Chapter 3 CPU Functions
Figure 3-17: Memory Map for 192 KB ROM Version (uUPD703176)
FFF FFFFH[ |~~~ g FFF FFFFH
On-chip peripheral I/0 area
(14 KB) K (4 KB)
----- o FFF FOOOH
v FFF EFFFH
External memory area ‘\
3FF FFFFH ’ A Internal RAM area
- (10 KB)
Access prohibited
3FF FOOOH :
3FF EFFFH |
v FFF C800H
Image of Internal RAM FFF BFFFH
3FF COOOH -~
3FF BFFFH

External memory area

Internal ROM area
(1 MB)

Programmable peripheral I/O
(CAN RAM and registers)

Start address set by BPC
Size 16 Kbytes

Reserved area

Figure 3-18: Memory Map for 128 KB ROM Version (uUPD703174)
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00F FFFFH

003 0000H
002 FFFFH
Internal ROM area
(192 KB) 000 O00O0OH



FFF FFFFH
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K FFF FFFFH
On-chip peripheral I/O area
(12 KB) , (4 KB)
----- G FFF FOOOH
H p FFF EFFFH
b .
External memory area ‘\
3FF FFFFH ’ o Internal RAM area
S (8 KB)
Access prohibited
3FF FOOOH ; ;
3FF EFFFH v
v FFF DOOOH
Image of Internal RAM FFF CFFFH
3FF C800H -
3FF C7FFH

010 0000H
00F FFFFH

Programmable peripheral I/O
(CAN RAM and registers)

Start address set by BPC
Size 16 Kbytes

External memory area

Internal ROM area

000 0000H

(1 MB)
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00F FFFFH
Reserved area
002 0000H
001 FFFFH
Internal ROM area
(128 KB) 000 0000H
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3.45 Areas

1)

()

3)

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

Interrupt/exception table

The V850E/CA4 increases the interrupt response speed by assigning handler addresses corre-
sponding to each interrupt/exception.

This group of handler addresses is called an interrupt/exception table. This table is located in the
internal ROM area. When an interrupt/exception request is acknowledged, execution jumps to the
handler address and the program written in that memory is executed.

For detailed list of the interrupt/exception sources and the corresponding handler addresses,
please refer to Chapter 5 "Interrupt/Exception Processing Function” on page 109,

Table 5-1: "Interrupt Source List” on page 109.

Internal RAM area

An area of 12 KB maximum from FFF COOOH to FFF EFFFH is reserved for the internal RAM
area.

The same contents are seen at address ranges FFF COO0H to FFF EFFFH and 3FF COOOH to
3FF EFFFH in the uPD70F3175 (12 KB).

The same contents are seen at address ranges FFF C800H to FFF EFFFH and 3FF C800H to
3FF EFFFH in the uPD703176 (10 KB).

The same contents are seen at address ranges FFF DOOOH to FFF EFFFH and 3FF DOOOH to
3FF EFFFH in the uPD703174 (8 KB).

On-chip peripheral I/O area (SFR area)

A 4 KB area from FFF FOOOH to FFF FFFFH is provided as the on-chip peripheral 1/0 area.

Peripheral 1/0O registers assigned with functions such as on-chip peripheral I/O operation mode
specification and state monitoring are mapped to the on-chip peripheral I/O area. Program fetches
are not allowed in this area.

Cautions: 1. If word access of aregister is attempted, half-word access to the word area is

72

performed twice, first for the lower byte, then for the higher byte, ignoring the
lower 2 address bits.

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

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

The programmable peripheral area is 16 KB wide and is used to map the FCAN registers and
RAM.

The first address of this area is defined by the BPC register: PAO to PA13 set address bits

Al4 to A27 of the peripheral area.

BPC is a read/write 16-bit accessible register.

Figure 3-19: Programmable Peripheral Area Control Register BPC

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  Address AtReset
BPC‘PAlS‘ 0 ‘PAlS‘PAlZ‘PAll‘PAlO‘PAQ‘PA8‘PA7‘PAG‘PAS‘PAAlPA3‘PA2‘PAI‘PAO|FFFFF064H 00H

PA15 Access to programmable peripheral area BPC read Value
0 Disabled 0000H
1 Enabled 8FFBH

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 3.4.8 "FCAN RAM and reg-
isters” on page 83.

For example, if BPC = 0x8040, the programmable area is set to 0x100000.
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Figure 3-20: Programmable Peripheral Area

Device address

3FF FFFFH
Peripheral I/O area
3FF FOOOH
RAM and External
1/0 area NPB local address
XXX NFFFH [ | Image of 3FFFH
Peripheral I/O
XXX MOOOH | | 4 KB 3000H
2CFFH
| 2C00H NPB local address
2CBFH
Programmable Extra
Peripheral I/O area Peripheral 110 FCAN
12 KB
[NO,4,8CH (0 1 | 2800H
[M=3,7, B, FH 27FFH
XXX NOOOH 0000H

Caution: it is recommended to locate the programmable peripheral area in the first 32 Mbytes
of the physical memory.
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3.4.6 Areaaccess time

Be sure to set the VSWC register before using the V850E/CAA4.

(1) Number of access clocks
The number of basic clocks necessary for accessing each resources is as follow:

Resource (bus width)

Bus Cycle Type

Internal ROM (32 bits)

Internal RAM (32 bits)

Peripheral 1/0 (16 bits)

Instruction fetch

(continuous/normal mode) L Lor2 Disable
Instruction fetch (branch) 2 10r2 Disable
Operand data access 3 1 3 + VSWC setting

Remark: Unit: Clock / access

(2) System wait control register (VSWC)

The system wait control register (VSWC) controls the bus access wait time for the on-chip periph-
eral I/O registers.

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

Figure 3-21: System Wait Control Register (VSWC) Format
7 6 5 4 3 2 1 0 Address  After RESET
vswc| 0 |SUWL2 \ SUWL1 | SUWLO‘ 0 |VSWL2 \ VSWL1 \ VSWLO | FFFF FOBEH 77H
R R R R R R R RIW

After reset, VSWC holds 77H.
For internal operation at 32 MHz, set the value 12H to VSWC.
For operation slower than 32 MHz, set the value 11H to VSWC for faster operation.

System clock Setup wait Strobe wait VSWC value
FCPU =32 MHZ 1 2 12H
FCPU < 32 MHz 1 1 11H
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3.4.7 Peripheral I/O registers

Table 3-4: Peripheral /O Registers (1/7)

Address Special Function Register Name Symbol R/W Accessibllty After
1-bit| 8-bit|16-bit| Reset
FFFFF004 Port DL register PDL R/IW | x x |undefined
FFFFFO04 |Port DL register L PDLL R/W | x X undefined
FFFFFOO5 |Port DL register H PDLH R/W | x X undefined
FFFFFO06 Port DH register PDH R/W | x x |undefined
FFFFFO06 |Port DH register L PDHL R/W | x X undefined
FFFFFOO7 |Port DH register H PDHH R/W | x X undefined
FFFFFOOA Port CT register PCT R/W | x X undefined
FFFFFOOC Port CM register PCM R/W | x X undefined
FFFFFOOE Port CD register PCD R/W | x X undefined
FFFFF024 Port DL mode register PMDL R/W | x x |FFFFH
FFFFF024 |Port DL mode register L PMDLL R/W | x X FFH
FFFFF025 |Port DL mode register H PMDLH R/W | x X FFH
FFFFF026 Port DH mode register PMDH R/W | x x |FFFFH
FFFFF026 |Port DH mode register L PMDHL R/W | x X FFH
FFFFF027 |Port DH mode register H PMDHH R/W | x X FFH
FFFFFO2A Port CT mode register PMCT R/W | x X 53H
FFFFF02C Port CM mode register PMCM R/W | x x OFH
FFFFFO2E Port CD mode register PMCD R/W | x X OCH
FFFFF064 Programmable Peripheral Area control register |BPC R/W x |0000H
FFFFF066 Bus size configuration register BSC R/W x |5555H
FFFFFO6E System wait control register VSwWC RIW | x X 77H
FFFFF0O80 DMA source address register OL DSAOL R/W x |undefined
FFFFF082 DMA source address register OH DSAOH R/W x |undefined
FFFFF084 DMA destination address register OL DDAOL R/W x |undefined
FFFFF086 DMA destination address register OH DDAOH R/W x |undefined
FFFFF088 DMA source address register 1L DSA1L R/W x |undefined
FFFFFO8A DMA source address register 1H DSA1H R/W x |undefined
FFFFFO8C DMA destination address register 1L DDA1L R/W x |undefined
FFFFFOSE DMA destination address register 1H DDA1H R/W x |undefined
FFFFF090 DMA source address register 2L DSA2L R/W x |undefined
FFFFF092 DMA source address register 2H DSA2H R/W x |undefined
FFFFF094 DMA destination address register 2L DDA2L R/W x |undefined
FFFFF096 DMA destination address register 2H DDA2H R/W x |undefined
FFFFF098 DMA source address register 3L DSA3L R/W x |undefined
FFFFFQO9A DMA source address register 3H DSA3H R/W x |undefined
FFFFF09C DMA destination address register 3L DDA3L R/W x |undefined
FFFFFO9E DMA destination address register 3H DDA3H R/W x |undefined
FFFFFOCO DMA transfer count register 0 DBCO R/W x |undefined
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Table 3-4: Peripheral I/0O Registers (2/7)

Address Special Function Register Name Symbol R/IW Accessibilty After
1-bit | 8-bit | 16-bit| Reset
FFFFFOC2 DMA transfer count register 1 DBC1 R/W x |undefined
FFFFFOC4 DMA transfer count register 2 DBC2 R/W x |undefined
FFFFFOC6 DMA transfer count register 3 DBC3 R/W x |undefined
FFFFFODO DMA addressing control register O DADCO R/W x |undefined
FFFFFOD2 DMA addressing control register 1 DADC1 R/W x |undefined
FFFFFOD4 DMA addressing control register 2 DADC2 R/W x |undefined
FFFFFOD6 DMA addressing control register 3 DADC3 R/W x |undefined
FFFFFOEO DMA channel control register 0 DCHCO R/W | x x OOH
FFFFFOE2 DMA channel control register 1 DCHC1 R/W | x X O00OH
FFFFFOE4 DMA channel control register 2 DCHC2 R/W | x x OOH
FFFFFOEG DMA channel control register 3 DCHC3 R/W | x x OOH
FFFFFOFO DMA disable status register DDIS R/W | x X O0H
FFFFFOF2 DMA restart register DRST R/W | x X OOH
FFFFF100 Interrupt mask register OL IMRO R/W x |FFFFH
FFFFF100 |Interrupt mask register OL IMROL R/W | x X FFH
FFFFF101 |Interrupt mask register OH IMROH R/W | x x FFH
FFFFF102 Interrupt mask register 1 IMR1 R/W x |FFFFH
FFFFF102 |Interrupt mask register 1L IMRI1L R/W | x X FFH
FFFFF103 |Interrupt mask register 1H IMR1H R/W | x x FFH
FFFFF104 Interrupt mask register 2 IMR2 R/W x |FFFFH
FFFFF104 |Interrupt mask register 2L IMR2L R/W | x X FFH
FFFFF105 |Interrupt mask register 2H IMR2H R/W | x x FFH
FFFFF106 Interrupt mask register 3 IMR3 R/W x |FFFFH
FFFFF106 |Interrupt mask register 3L IMR3L R/W | x X FFH
FFFFF107 |Interrupt mask register 3H IMR3H R/W | x x FFH
FFFFF110 Interrupt control register POOIC R/W | x X 47H
FFFFF112 Interrupt control register PO1IC R/W | x X 47H
FFFFF114 Interrupt control register P02IC R/W | x x 47H
FFFFF116 Interrupt control register DETIC R/W | x x 47H
FFFFF118 Interrupt control register WTIC R/W | x X 47H
FFFFF11A Interrupt control register TMGOOIC R/W | x x 47H
FFFFF11C Interrupt control register TMGO1IC R/W | x X 47H
FFFFF11E Interrupt control register CCGooIC R/W | x X 47H
FFFFF120 Interrupt control register CCGOo1IC R/W | x x 47H
FFFFF122 Interrupt control register CCcaGoziC R/W | x x 47H
FFFFF124 Interrupt control register CCGOo3IC R/W | x X 47H
FFFFF126 Interrupt control register CCGo4IC R/W | x x 47H
FFFFF128 Interrupt control register CCGO5IC R/W | x X 47H
FFFFF12A Interrupt control register TMG10IC R/W | x X 47H
FFFFF12C Interrupt control register TMG11IC R/W | x x 47H
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Table 3-4: Peripheral /0 Registers (3/7)

Address Special Function Register Name Symbol RIW Accessibilty After
1-bit | 8-bit | 16-bit| Reset
FFFFF12E Interrupt control register CCGioIC R/W | x X 47H
FFFFF130 Interrupt control register CCG11IC R/W | x X 47H
FFFFF132 Interrupt control register CCG1izIC R/W | x X 47H
FFFFF134 Interrupt control register CCG1i3IC R/W | x x 47H
FFFFF136 Interrupt control register CCG14IC R/W | x X 47H
FFFFF138 Interrupt control register CCG15IC R/W | x X 47H
FFFFF13A Interrupt control register CMDOIC R/W | x X 47H
FFFFF13C Interrupt control register CMDO1lIC R/W | x X 47H
FFFFF13E Interrupt control register WDTMIC R/W | x X 47H
FFFFF140 Interrupt control register DMAOQIC R/W | x X 47H
FFFFF142 Interrupt control register DMALIC R/W | x X 47H
FFFFF144 Interrupt control register DMA2IC R/W | x X 47H
FFFFF146 Interrupt control register DMASIC R/W | x X 47H
FFFFF148 Interrupt control register FC1RXIC R/W | x X 47H
FFFFF14A Interrupt control register FC1TXIC R/W | x X 47H
FFFFF14C Interrupt control register FC1ERIC R/W | x X 47H
FFFFF14E Interrupt control register MACIC R/W | x X 47H
FFFFF150 Interrupt control register cSslooiC R/W | x X 47H
FFFFF152 Interrupt control register csloiicC R/W | x X 47H
FFFFF154 Interrupt control register SR60IC R/W | x X 47H
FFFFF156 Interrupt control register ST60IC R/W | x X 47H
FFFFF158 Interrupt control register SREG0IC R/W | x X 47H
FFFFF15A Interrupt control register SR61IC R/W | x X 47H
FFFFF15C Interrupt control register ST61IC R/W | x X 47H
FFFFF15E Interrupt control register SREG61IC R/W | x X 47H
FFFFF160 Interrupt control register ADIC R/W | x X 47H
FFFFF162 Interrupt control register FC2RXIC R/W | x X 47H
FFFFF164 Interrupt control register FC2TXIC R/W | x X 47H
FFFFF166 Interrupt control register FC2ERIC R/W | x X 47H
FFFFF168 Interrupt control register P10IC R/W | x X 47H
FFFFF16A Interrupt control register P15IC R/W | x X 47H
FFFFF16C Interrupt control register pP20IC R/W | x X 47H
FFFFF16E Interrupt control register P25IC R/W | x X 47H
FFFFF170 Interrupt control register P30IC R/W | x X 47H
FFFFF172 Interrupt control register P32IC R/W | x X 47H
FFFFF174 Interrupt control register P34IC R/W | x X 47H
FFFFF176 Interrupt control register WTIIC R/W | x X 47H
FFFFF178 Interrupt control register CSl10IC R/W | x X 47H
FFFFF17A Interrupt control register DOVFIC R/W | x X 47H
FFFFF1FA In service priority register ISPR R x X OOH
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Table 3-4: Peripheral I/0O Registers (4/7)

Address Special Function Register Name Symbol R/IW Accessibilty After
1-bit | 8-bit | 16-bit| Reset
FFFFF1FC Command register PRCMD w x undefined
FFFFF1FE Power save control register PSC R/W | x x OOH
FFFFF200 A/D scan mode register 0 ADSCMO R/W x |0000H
FFFFF200 |A/D scan mode register OL ADSCMOL |R/W | x x O0H
FFFFF201 |A/D scan mode register OH ADSCMOH |R/W | x x OOH
FFFFF202 A/D scan mode register 1 ADSCM1 R/W | x X O0OH
FFFFF204 A/D Voltage detect mode register ADETM R/W x |0000H
FFFFF204 |A/D Voltage detect mode register L ADETML R/W | x x OOH
FFFFF205 |A/D Voltage detect mode register H ADETMH R/W | x X O0OH
FFFFF210 A/D conversion result register 0 ADCRO R x |undefined
FFFFF212 A/D conversion result register 1 ADCR1 R x  |undefined
FFFFF214 A/D conversion result register 2 ADCR2 R x |undefined
FFFFF216 A/D conversion result register 3 ADCR3 R x |undefined
FFFFF218 A/D conversion result register 4 ADCR4 R x |undefined
FFFFF21A A/D conversion result register 5 ADCRS5 R x |undefined
FFFFF21C A/D conversion result register 6 ADCR6 R x |undefined
FFFFF21E A/D conversion result register 7 ADCR7 R x  |undefined
FFFFF220 A/D conversion result register 8 ADCRS8 R x |undefined
FFFFF222 A/D conversion result register 9 ADCR9 R x |undefined
FFFFF224 A/D conversion result register 10 ADCR10 R x |undefined
FFFFF226 A/D conversion result register 11 ADCR11 R x |undefined
FFFFF228 A/D conversion result register 12 ADCR12 R x |undefined
FFFFF22A A/D conversion result register 13 ADCR13 R x  |undefined
FFFFF400 Port O register PO R/W | x X undefined
FFFFF402 Port 1 register P1 R/W | x x undefined
FFFFF404 Port 2 register P2 R/W | x x undefined
FFFFF406 Port 3 register P3 R/W | x X undefined
FFFFF408 Port 4 register P4 R/W | x x undefined
FFFFF40E Port 7 register P7 R x |undefined
FFFFF40E |Port 7 register L P7L R X X undefined
FFFFF40F |Port 7 register H P7H R X x undefined
FFFFF420 Port 0 mode register PMO R/W | x x O7H
FFFFF422 Port 1 mode register PM1 R/W | x X 3FH
FFFFF424 Port 2 mode register PM2 R/W | x x 3FH
FFFFF426 Port 3 mode register PM3 R/W | x X 3FH
FFFFF428 Port 4 mode register PM4 R/W | x X 3FH
FFFFF440 Port 0 mode control register PMCO R/W | x x OOH
FFFFF442 Port 1 mode control register PMC1 R/W | x x OOH
FFFFF444 Port 2 mode control register PMC2 R/W | x X O0OH
FFFFF446 Port 3 mode control register PMC3 R/W | x x OOH
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Table 3-4: Peripheral /0 Registers (5/7)

Address Special Function Register Name Symbol RIW Accessibilty After
1-bit | 8-bit |16-bit| Reset
FFFFF448 Port 4 mode control register PMC4 R/W | x X OOH
FFFFF44E Port 7 mode control register PMC7 R/W | x X OOH
FFFFF540 Timer counter DO TMDO R x |0000H
FFFFF542 Compare register DO CMDO R/W x |0000H
FFFFF544 Timer D control register 0 TMCDO R/W | x X OOH
FFFFF550 Timer counter D1 TMD1 R x |0000H
FFFFF552 Compare register D1 CMD1 R/W x |0000H
FFFFF554 Timer D control register 1 TMCD1 R/W | x X OOH
FFFFF580 Timer GO mode register TMGMO R/W x |0000H
FFFFF580 |Timer GO mode register L TMGMOL R/W | x X OOH
FFFFF581 |Timer GO mode register H TMGMOH R/W | x X OOH
FFFFF582 Timer GO channel mode register TMGCMO R/W x |0000H
FFFFF582 |Timer GO channel mode register L TMGCMOL |R/W | x X OOH
FFFFF583 |Timer GO channel mode register H TMGCMOH [R/W | x X OOH
FFFFF584 Timer GO output control register OCTLGO R/W x |4444H
FFFFF584 |Timer GO output control register L OCTLGOL R/W | x X 44H
FFFFF585 |Timer GO output control register H OCTLGOH R/W | x X 44H
FFFFF586 Timer GO status register TMGSTO R X X OOH
FFFFF588 Timer GO Count Register 0 TMGOO0 R x |0000H
FFFFF58A Timer GO Count Register 1 TMGO01 R x |0000H
FFFFF58C Timer GO Capture/Compare Register 0 GCCO00 R/W x |0000H
FFFFF58E Timer GO Capture/Compare Register 1 GCCO01 R/W x |0000H
FFFFF590 Timer GO Capture/Compare Register 2 GCCO02 R/W x |0000H
FFFFF592 Timer GO Capture/Compare Register 3 GCCO03 R/W x |0000H
FFFFF594 Timer GO Capture/Compare Register 4 GCCo04 R/W x |0000H
FFFFF596 Timer GO Capture/Compare Register 5 GCCO05 R/W x |0000H
FFFFF600 Timer G1 mode register TMGM1 R/W x |0000H
FFFFF600 |Timer G1 mode register L TMGM1L R/W | x X OOH
FFFFF601 |Timer G1 mode register H TMGM1H R/W | x X OOH
FFFFF602 Timer G1 channel mode register TMGCM1 R/W x |0000H
FFFFF602 |Timer G1 channel mode register L TMGCM1L [R/W | x X OOH
FFFFF603 |Timer G1 channel mode register H TMGCM1H [R/W | x X OOH
FFFFF604 Timer G1 output control register OCTLG1 R/W x |4444H
FFFFF604 |Timer G1 output control register L OCTLG1L R/W | x X 44H
FFFFF605 |Timer G1 output control register H OCTLG1H R/W | x X 44H
FFFFF606 Timer G1 status register TMGST1 R X X OOH
FFFFF608 Timer G1 Count Register 0 TMG10 R x |0000H
FFFFF60A Timer G1 Count Register 1 TMG11 R x |0000H
FFFFF60C Timer G1 Capture/Compare Register 0 GCC10 R/W x |0000H
FFFFF60E Timer G1 Capture/Compare Register 1 GCC11 R/W x |0000H
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Table 3-4: Peripheral I/0O Registers (6/7)

Address Special Function Register Name Symbol R/IW Accessibilty After
1-bit| 8-bit |16-bit| Reset
FFFFF610 Timer G1 Capture/Compare Register 2 GCC12 R/W x |0000H
FFFFF612 Timer G1 Capture/Compare Register 3 GCC13 R/W x |0000H
FFFFF614 Timer G1 Capture/Compare Register 4 GCC14 R/W x |0000H
FFFFF616 Timer G1 Capture/Compare Register 5 GCC15 R/W x |0000H
FFFFF680 Watchdog Timer Mode Register WDTM R/W | x x 67H
FFFFF681 Watchdog Timer Enable Register WDTE R/W X 9AH
FFFFF6EO Watch Timer Mode Register WTM R/W | x x OOH
FFFFF6FO Timer Input Select Register TIS R/W | x x OOH
FFFFF800 Peripheral command Register PHCMD w X undefined
FFFFF802 Peripheral Status Register PHS R/W | x x OOH
FFFFF810 DMA trigger source select 0 DTFRO R/W | x x OOH
FFFFF812 DMA trigger source select 1 DTFR1 R/W | x X O0OH
FFFFF814 DMA trigger source select 2 DTFR2 R/W | x x OOH
FFFFF816 DMA trigger source select 3 DTFR3 R/W | x x OOH
FFFFF820 Power Save Mode Register PSM R/W | x X OOH
FFFFF822 Processor Clock Control Register CKC R/W | x x O0H
FFFFF824 PLL status register PSTAT R X X 00H
FFFFF830 Reset source monitor register RSM R X O0OH
FFFFF840 PCL control register PCLCNT R/W | x x OOH
FFFFF842 PLL divider factor register PDIV R/W | x X 00H
FFFFFAQO UART mode register 0 ASIMO R/W | x X 01H
FFFFFAQ2 UART Reception Register 0 RXB_ASISO (R x |FFOOH
FFFFFAO2 |UART Receive buffer register O RXBO X FFH
FFFFFAO3 |UART status register O ASISO R x OOH
FFFFFAO4 UART Transmit buffer register 0 TXBO R/W x FFH
FFFFFAQ5 UART transmission status register 0 ASIFO R X OOH
FFFFFAQ6 UART Clock Control register 0 CKSR_BRGCO |R/W | x x |00OFFH
FFFFFAO6 |UART Clock selection register 0 CKSRO R/W X O0H
FFFFFAO7 |UART Baud rate generator control register 0 |BRGCO R/W | x x FFH
FFFFFAO8 LIN Control Register 0 ASICLO R/W | x X 16H
FFFFFAL0 UART mode register 1 ASIM1 R/W | x x 01H
FFFFFA12 UART Reception Register 1 RXB_ASIS1 |R x |FFOOH
FFFFFA12 |UART Receive buffer register 1 RXB1 X FFH
FFFFFA13 |UART status register 1 ASIS1 R x OOH
FFFFFAl14 UART Transmit buffer register 1 TXB1 R/W X FFH
FFFFFA15 UART transmission status register 1 ASIF1 R X OOH
FFFFFAL6 UART Clock Control register 1 CKSR_BRGC1 |R/W | x x |00FFH
FFFFFA16 |UART Clock selection register 1 CKSR1 R/W X O00H
FFFFFA17 |UART Baud rate generator control register 1 |BRGC1 R/W | x X FFH
FFFFFA18 LIN Control Register 1 ASICL1 R/W | x x 16H
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Table 3-4: Peripheral /0O Registers (7/7)

Address Special Function Register Name Symbol RIW Accessibilty After
1-bit | 8-bit |16-bit| Reset
FFFFFCO00 External Interrupt Mode Register 0 INTMO R/W | x X OOH
FFFFFCO02 External Interrupt Mode Register 1 INTM1 R/W | x X OOH
FFFFFC04 External Interrupt Mode Register 2 INTM2 R/W | x X O00OH
FFFFFCO06 External Interrupt Mode Register 3 INTM3 R/W | x x OOH
FFFFFCO08 External NMI Mode Register NMIM R/W X 03H
FFFFFCAO Baud rate generator prescaler mode register 0 |PRSMO R/W | x X O0OH
FFFFFCA1 Baud rate generator divider register O PRSCMO R/W | x X OOH
FFFFFDOO CSI 00 control register CSIM_CSICO  |R/W x |0000H
FFFFFDOO |CSI 00 operation mode control register CSIMO R/IW | x X O0OH
FFFFFDO1 |CSI 00 clock selection register CSICo R/W | x X OOH
FFFFFDO2 CSI 00 receive buffer register SIRBO R x |0000H
‘FFFFFDOZ CSI 00 receive buffer register L SIRBOL R X OOH
FFFFFDO4 CSI 00 transmit buffer register SOTBO R/W x |0000H
‘FFFFFDO4 CSI 00 transmit buffer register L SOTBOL R/W X OOH
FFFFFDO8 CSI 00 first transmit buffer register SOTBFO R/W x |0000H
‘FFFFFDOS CSI 00 first transmit buffer register L SOTBFOL R/W X OOH
FFFFFDOA CSI 00 shift register SI00 R x |0000H
‘FFFFFDOA CSI 00 shift register L SIOOL R X OOH
FFFFFD10 CSI 01 control register CSIM_CSICL  |R/W x |0000H
FFFFFD10 |CSI 01 operation mode control register CSIM1 R/W | x X OOH
FFFFFD11 |CSI 01 clock selection register CSIC1 R/W | x X OOH
FFFFFD12 CSI 01 receive buffer register SIRB1 R x |0000H
‘FFFFFDlZ CSI 01 receive buffer register L SIRBI1L R X OOH
FFFFFD14 CSI 01 transmit buffer register SOTB1 R/W x |0000H
‘FFFFFD14 CSI 01 transmit buffer register L SOTB1L R/W X OOH
FFFFFD18 CSI 01 first transmit buffer register SOTBF1 R/W x |0000H
‘FFFFFD18 CSI 01 first transmit buffer register L SOTBF1L R/W X OOH
FFFFFD1A CSI 01 shift register SI01 R x |0000H
‘FFFFFDlA CSI 01 shift register L SIO1L R X OOH
FFFFFD20 CSI 10 control register CSIM10 R/W | x X O0OH
FFFFFD21 CSI 10 clock selection register CSIC10 R/W | x X OOH
FFFFFD22 CSI 10 shift register SI010 R X OOH
FFFFFD24 CSI 10 transmit buffer register SOTB10 R/W X O0OH
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3.4.8 FCAN RAM and registers

In this table the addresses are offsets in the FCAN area, which begins at offset 2800H from the address
of the programmable peripheral area defined with the BPC register (Figure 3-20,
Peripheral Area,” on page 74).

Table 3-5: CAN RAM Mapping (1/3)

“Programmable

Accessibility
Address CAN Buffer Name R/W - - - Reset
1-bit | 8-bit | 16-bit Value
000H M_EVTO00 R/W X undefined
001H M_EVTO1 R/W x undefined
002H M_EVTO02 - undefined
003H M_EVTO03 R/W X undefined
004H M_DLCO R/W x undefined
005H M_CTRLO R/W X undefined
006H M_TIMEO R/W X undefined
008H M_DATAOQ0 R/W x x undefined
009H M_DATAO01 R/W X undefined
00AH M_DATA02 R/W X undefined
00BH M_DATA03 R/W x undefined
00CH M_DATA04 R/W X undefined
O0ODH M_DATAO5 R/W X undefined
00EH M_DATA06 R/W x undefined
00FH M_DATAO07 R/W X undefined
010H M_IDLO R/W X undefined
012H M_IDHO R/W X undefined
014H M_CONFO R/W X undefined
015H M_STATO R/W X undefined
016H SC_STATO R X undefined
018H - undefined
019H - undefined
01AH - undefined
01BH - undefined
Reserved

01CH - undefined
01DH - undefined
O1EH - undefined
01FH - undefined
020H Message buffer 1 Same access rights )

to undefined

(same structure as buffer 0) as for buffer 0

03FH
040H Message buffer 2 Same access rights .

to undefined

(same structure as buffer 0) as for buffer 0

05FH
060H Message buffer 3 Same access rights )

to undefined
07EH (same structure as buffer 0) as for buffer 0
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Table 3-5: CAN RAM Mapping (2/3)

Accessibility
Address CAN Buffer Name R/W - - - Reset
1-bit ‘ 8-bit | 16-bit Value
080H Message buffer 4 Same access rights )
to undefined
(same structure as buffer 0) as for buffer 0
09FH
OAOH Message buffer 5 Same access rights )
to undefined
(same structure as buffer 0) as for buffer 0
OBFH
OCOH Message buffer 6 Same access rights )
to undefined
(same structure as buffer 0) as for buffer 0
ODFH
OEOH Message buffer 7 Same access rights )
to undefined
(same structure as buffer 0) as for buffer 0
OFFH
100H Message buffer 8 Same access rights '
to undefined
(same structure as buffer 0) as for buffer 0
11FH
120H Message buffer 9 Same access rights '
to undefined
(same structure as buffer 0) as for buffer 0
13FH
140H Message buffer 10 Same access rights '
to undefined
(same structure as buffer 0) as for buffer 0
15FH
160H Message buffer 11 Same access rights )
to undefined
(same structure as buffer 0) as for buffer 0
17FH
180H Message buffer 12 Same access rights )
to undefined
(same structure as buffer 0) as for buffer 0
19FH
1AOH Message buffer 13 Same access rights '
to undefined
(same structure as buffer 0) as for buffer 0
1BFH
1COoH Message buffer 14 Same access rights '
to undefined
(same structure as buffer 0) as for buffer 0
1DFH
1EOH Message buffer 15 Same access rights '
to undefined
(same structure as buffer 0) as for buffer 0
1FFH
200H Message buffer 16 Same access rights '
to undefined
(same structure as buffer 0) as for buffer 0
21FH
220H Message buffer 17 Same access rights )
to undefined
(same structure as buffer 0) as for buffer 0
23FH
240H Message buffer 18 Same access rights )
to undefined
(same structure as buffer 0) as for buffer 0
25FH
260H Message buffer 19 Same access rights '
to undefined
(same structure as buffer 0) as for buffer 0
27FH
280H Message buffer 20 Same access rights '
to undefined
29FH (same structure as buffer 0) as for buffer 0
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Table 3-5: CAN RAM Mapping (3/3)

Accessibility
Address CAN Buffer Name R/W - - - Reset
1-bit ‘ 8-bit ‘ 16-bit Value
2A0H Message buffer 21 Same access rights )
to undefined
(same structure as buffer 0) as for buffer 0
2BFH
2COH Message buffer 22 Same access rights )
to undefined
(same structure as buffer 0) as for buffer 0
2DFH
2EOH Message buffer 23 Same access rights .
to undefined
(same structure as buffer 0) as for buffer 0
2FFH
300H Message buffer 24 Same access rights )
to undefined
(same structure as buffer 0) as for buffer 0
31FH
320H Message buffer 25 Same access rights )
to undefined
(same structure as buffer 0) as for buffer 0
33FH
340H Message buffer 26 Same access rights )
to undefined
(same structure as buffer 0) as for buffer 0
35FH
360H Message buffer 27 Same access rights )
to undefined
(same structure as buffer 0) as for buffer 0
37FH
380H Message buffer 28 Same access rights .
to undefined
(same structure as buffer 0) as for buffer 0
39FH
3A0H Message buffer 29 Same access rights )
to undefined
(same structure as buffer 0) as for buffer 0
3BFH
3COH Message buffer 30 Same access rights )
to undefined
(same structure as buffer 0) as for buffer 0
3DFH
SEOH Message buffer 31 Same access rights )
to undefined
3EFH (same structure as buffer 0) as for buffer 0
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Table 3-6: CAN Registers Mapping (1/2)

) Accessibility Reset
Address | CAN register name Symbol R/IW - - -
1-bit | 8-bit | 16-bit| Value
400H |CSTOP CAN stop register R/W X x  |0000OH
404H |CCINTP CAN interrupt pending register R X x |0000H
R X X X
410H |[CGST CAN global status register W 0000H
X
. ) R X X X
412H |CGIE CAN global interrupt enable register W 0000H
X
R X X X
414H |CGCS CAN main clock select register 7FO5H
W X X X
416H |[CGTEN CAN timer event enable register R/W x x x |0000H
R X X X
418H |[CGTSC CAN global time system counter W 0000H
X
CGMSS CAN message search start register W% x
41AH - undefined
CGMSR CAN message search result register R X X x
41CH |CTBR CAN test bus register R/W X x |0000H
i i R X X
420H |CGINTP CAN global interrupt pending 0000H
register W %
R X X
422H |C1INTP CANL1 interrupt pending register W 0000H
X X
) ) ) R X X
424H |C2INTP CANZ2 interrupt pending register W 0O0O0C0H
X X
440H |[C1MASKLO CAN1 mask 0 register L R/W x x | undefined
442H | C1IMASKHO CAN1 mask 0 register H R/W X x  [undefined
444H |CIMASKL1 CAN1 mask 1 register L R/W X x | undefined
446H |C1MASKH1 CAN1 mask 1 register H R/W x % |undefined
448H | C1IMASKL2 CAN1 mask 2 register L R/W X x  |undefined
44AH | CIMASKH?2 CAN1 mask 2 register H R/W X x  |undefined
44CH | C1MASKL3 CAN1 mask 3 register L R/W x x | undefined
44EH | CIMASKH3 CAN1 mask 3 register H R/W X x  [undefined
R X X
450H |C1CTRL CAN1 control register W 0101H
X
R X X
452H |C1DEF CAN1 definition register W 0000H
X
454H |[C1LAST CAN1 information register R x x |00OFFH
456H |C1lERC CAN1 error counter register R x x  |0000H
. . R X x
458H |[ClIE CAN1 interrupt enable register W 0000H
X
R X X
45AH |C1BA CAN1 bus activity register W O0FFH
X
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Table 3-6: CAN Registers Mapping (2/2)

) Accessibility Reset
Address | CAN register name Symbol R/W - - -
1-bit | 8-bit |16-bit| Value
R X X
C1BRP CANL1 bit rate prescaler register 0000H
45CH * *
C1DINE _CANl bus diagnostic information reg- | R X * |0000H
ister
R X X
45EH |C1SYNC CANZ1 synchronization control register 0218H
X X
480H |C2MASKLO CAN2 mask O register L R/W X X
482H | C2MASKHO CAN2 mask 0 register H R/W x x| undefined
484H | C2MASKL1 CAN2 mask 1 register L R/W X x  |undefined
486H | C2MASKH1 CAN2 mask 1 register H R/W X x | undefined
488H | C2MASKL2 CAN2 mask 2 register L R/W x x  |undefined
48AH | C2MASKH?2 CAN2 mask 2 register H R/W X x | undefined
48CH |C2MASKL3 CAN2 mask 3 register L R/W X x  |undefined
48EH | C2MASKH3 CAN2 mask 3 register H R/W X x | undefined
. R x x |undefined
490H |C2CTRL CAN2 control register W
X
0101H
R X X
492H |C2DEF CANZ2 definition register W
X
0000H
494H |C2LAST CAN2 information register R X X
496H |[C2ERC CAN2 error counter register R X x  |0O0OFFH
. ) R X x  |0O000H
498H |C2IE CAN2 interrupt enable register W
X
0000H
R X X
49AH |C2BA CAN2 bus activity register W
X
OOFFH
R X X
C2BRP CANZ2 bit rate prescaler register
49CH - - - 0000H
C2DINE _CAN2 bus diagnostic information reg- | R X x
ister
R X x |0000H
49EH |C2SYNC CANZ2 synchronization control register
w x x |0218H
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Chapter 4 DMA Functions (DMA Controller)

The VB50E/CA4 includes a direct memory access (DMA) controller (DMAC) that executes and controls
DMA transfer.
The DMAC controls data transfer between internal RAM memory and 1/Os, based on DMA requests

issued by the on-chip peripheral I/O, or software triggers.

4.1 Features

4 independent DMA channels

Transfer units: 8, 16 and 32 bits

Maximum transfer count: 65,536 (216)

One type of transfer
- two cycle transfer

One transfer mode
- Single transfer mode

Transfer requests
- Request by interrupts from on-chip peripheral I/O
- Requests by software trigger

Transfer objects
- Internal RAM < 1/O
- Internal RAM < Internal RAM

Next address setting function
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4.2 Control Registers

4.2.1 DMA source address registers high-word (DSAQOH to DSA3H)

These registers are used to set the DMA source addresses (28 bits each) for DMA channel n

(n =0to 3). They are divided into two 16-bit registers, DSAnH and DSAnNL.

Since these registers are configured as 2-stage FIFO buffer registers, a new source address for DMA
transfer can be specified during DMA transfer.

(1) DMA source address registers high-word (DSAOH to DSA3H)
These registers can be read/written in 16-bit units.

Caution: When setting an address of a peripheral 1/O register for the source address, be sure
to specify an address between FFFFOOOH and FFFFFFFH. An address of the periph-
eral I/O register image (3FFFO00H to 3FFFFFFH) must not be specified.

Figure 4-1: DMA Source Address Registers DSAOH to DSA3H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

DSAOH | IR \ 0 | 0 \ 0 |5A26\SA26\SA25\5A24\SA23|5A22\SAzl\SAzo\SAlg\SA18|5A17\SA16|FFFFF082H undef.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

DSALH | IR \ 0 | 0 \ 0 |5A26\SAze\SA25\5A24\SA23|5A22\SAzl\SAzo\SAlg\SA18|5A17\SA16|FFFFF08AH undef.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

DSA2H | IR \ 0 | 0 \ 0 |SA26‘SAZG‘SA25‘5A24‘8A23|SA22‘SAZl‘SAZO‘SAIQ‘SA18|SA17‘SAlGlFFFFF092H undef.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

DSA3H | IR \ 0 | 0 \ 0 |SA26‘SAZG‘SA25‘8A24‘SA23|5A22‘SAZl‘SAZO‘SAlQ‘SA18|SA17‘SA16|FFFFF09AH undef.

Bit Position | Bit Name Function

15 IR Specifies the DMA source address.
0: On-chip peripheral 1/O
1: Internal RAM

11to 0 SA27to |Sets the DMA source addresses (A27 to A16). During DMA transfer, it stores the next
SA16 DMA transfer source address.
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(2) DMA source address registers low-word (DSAOL to DSA3L)
These registers can be read/written in 16-bit units.

Figure 4-2: DMA Source Address Registers DSAOL to DSA3L

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value
DSAOL [SA15[SA14|SA13|SA12 [SALL |SAL0| SAY | SA8 | SAT | SA6 | SAS | SA4 | SA3 | SA2 | SAL [ SAQ |FFFFFOBOH undet.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value
DSALL |SA15|SA14‘SA13‘SA12‘8A11‘8A10| SA9 \ SA8 | SA7 \ SAG \ SA5 \ SA4 \ SA3 | SA2 \ SAL ‘SAO |FFFFF088H undef.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Inital
value
DSA2L |SA15|5A14\SA13\SA12\8A11\3A10| SA9 \ SA8 | SA7 \ SAG \ SA5 \ SA4 \ SA3 | SA2 \ SAL \SAO |FFFFF090H undef.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Inital
value
DSA3L |5A15|SA14\5A13 \3A12\5A11 \SA10| SA9 \ SA8 | SA7 \ SAG \ SA5 \ SA4 \ SA3 | SA2 \ SAL \ SAO |FFFFF098H undef.

Bit Position | Bit Name Function

15t0 0 SAl5to | Sets the DMA source address (A15 to AO). During DMA transfer, it stores the next
SAO0 DMA transfer source address.
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4.2.2 DMA destination address registers high-word (DDAOH to DDA3H)

These registers are used to set the DMA destination address (28 bits each) for DMA channel n

(n =0to 3). They are divided into two 16-bit registers, DDAnH and DDAnL.

Since these registers are configured as 2-stage FIFO buffer registers, a new destination address for
DMA transfer can be specified during DMA transfer.

(1) DMA destination address registers DDAOH to DDA3H
These registers can be read/written in 16-bit units.

Caution: When setting an address of a peripheral I/0O register for the destination address, be
sure to specify an address between FFFFOOOH and FFFFFFFH. An address of the
peripheral I/O register image (3FFFO00H to 3FFFFFFH) must not be specified.

Figure 4-3: DMA Destination Address Registers high-word (DDAOH to DDA3H)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

DDAOH | IR \ 0 | 0 \ 0 |DA27\DA26\DA25\DA24\DA23|DA22\DA21\DAzo\DAlg\DA18|DA17\DA16|FFFFF086H undef.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

DDALH | IR \ 0 | 0 \ 0 |DA27\DAze\DA25\DA24\DA23|DA22\DAzl\DAzo\DAlg\DA18|DA17\DA16|FFFFF085H undef.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

DDA2H | IR \ 0 | 0 \ 0 |DA27\DA26\DA25\DA24\DA23|DA22\DAzl\DAzo\DAlg\DA18|DA17\DA16|FFFFF096H undef.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

DDA3H | IR \ 0 | 0 \ 0 |DA27‘DA26‘DAZS‘DA24‘DA23|DA22‘DA21‘DAZO‘DAIQ‘DA18|DA17‘DA16|FFFFF09EH undef.

Bit Position | Bit Name Function

15 IR Specifies the DMA destination address.
0: On-chip peripheral I/O
1: Internal RAM

11to 0 DA27 to | Sets the DMA destination addresses (A27 to A16). During DMA transfer, it stores the
DA16 next DMA transfer destination address.
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(2) DMA destination address registers low-word (DDAOL to DDA3L)
These registers can be read/written in 16-bit units.

Figure 4-4: DMA Destination Address Registers low-word (DDAOL to DDA3L)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Inital

value

DDAOL |DA15|DA14‘DA13‘DAlZ‘DAll‘DA10|DA9‘DA8|DA7‘DA6‘DA5‘DA4‘DA3|DA2‘DA1‘DAOlFFFFF084H undef.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial

value

DDALL |DA15|DA14‘DA13‘DAlZ‘DAll‘DAlO|DA9‘DAS|DA7‘DA6‘DA5‘DA4‘DA3|DA2‘DA1‘DAOlFFFFFOSCH undef.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Inital

value

DDA2L [DA15 [DA14|DA13 |DA12 |DA11[DA10| DAY | DAS | DA7 | DAG | DAS | DA4 | DAS | DA2 | DAL [ DAO | FFFFFO94H  undet.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Inital

value

DDASL [DA15 [DA14|DA13 |DA12 |DA11[DA10| DAY | DAS | DA7 | DAG | DAS | DA4 | DAS | DA2 | DAL [ DAO |FFFFFO9CH  undet.
Bit Position | Bit Name Function

15t0 0 DA15to | Setsthe DMA destination address (A15 to AO). During DMA transfer, it stores the next

DAO DMA transfer destination address.

Preliminary User's Manual U16241EE1V1UMO00 93



Chapter 4 DMA Functions (DMA Controller)

4.2.3 DMA transfer count registers 0 to 3 (DBCO to DBC3)

These 16-bit registers are used to set the transfer counts for DMA channels n (n = 0 to 3). They store
the remaining transfer counts during DMA transfer.

Since these registers are configured as 2-stage FIFO buffer registers, a new DMA transfer count for
DMA transfer can be specified during DMA transfer.

During DMA transfer these registers are decremented by 1 for each transfer that is performed. DMA
transfer is terminated when an underflow occurs (from 0 to FFFFH). On terminal count these registers
are rewritten with the value that was set immediately before.

These registers can be read/written in 16-bit units.

Figure 4-5: DMA Transfer Count Registers 0 to 3 (DBCO to DBC3)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

DBCO |BC15 \5014 |BC13 ‘BC12 |BC11 ‘BClO‘ BCY \ BCS \ BC7 | BC6 \ BC5 \ BC4 \ BC3 \ B2C | BC1 \ BCO |FFFFFOCOH undef,

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

DBC1 |BC15 \3014 |BC13 \3012 |BC11 ‘BClO‘ BCY \ BCS \ BC7 | BC6 \ BC5 \ BC4 \ BC3 \ B2C | BC1 \ BCO |FFFFFOC2H undef.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

DBC2 |BC15 \3014 |BC13 \3012 |BC11 ‘BClO‘ BCY \ BCS \ BC7 | BC6 \ BCS \ BC4 \ BC3 \ B2C | BC1 \ BCO |FFFFFOC4H undef.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value

DBC3 |BC15 \Bc14 |BC13 \BClz |BCll \BClo\ BCY \ BCS \ BC7 | BC6 \ BCS \ BC4 \ BC3 \ B2C | BC1 \ BCO |FFFFFOC6H undef.

Bit Position | Bit Name Function
15t0 0 BC15to | Sets the transfer count. It stores the remaining transfer count during DMA transfer.
BCO DBCn States
0000H Transfer count 1 or remaining transfer count
0001H Transfer count 2 or remaining transfer count
FFFFH Transfer count 65,536 (216) or remaining transfer count
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4.2.4 DMA addressing control registers 0 to 3 (DADCO to DADC3)

These 16-bit registers are used to control the DMA transfer modes for DMA channel n (n = 0 to 3).
These registers cannot be accessed during DMA operation.
They can be read/written in 16-bit units.

Figure 4-6: DMA Addressing Control Registers 0to 3 (DADCO to DADC3)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value
papco [ ost | pso | o [ o [ o [ 0 [ o | o [sap1]sapo|oapt|oaDo| o | 0 | 0 [ 0 | FFFFFODOH  000OH
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value
DADCL |DSl|DSO‘ 0 \ 0 \ 0 \ 0 | 0 \ 0 |SAD1‘SADO‘DAD1‘DADO‘ 0 | 0 \ 0 \ 0 | FFFFFOD2H  0000H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value
DADC2 |DSl|DSO‘ 0 \ 0 \ 0 \ 0 | 0 \ 0 |SAD1‘SADO‘DAD1‘DADO‘ 0 | 0 \ 0 \ 0 |FFFFFOD4H 0000H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Initial
value
papcs [ st |pso | o [ o [ o [ 0 [ o [ o [sapi]sapo|oap|oapo| o | o | 0 [ 0 | FFFFFODGH  0000H
Bit Position | Bit Name Function
Sets the transfer data size for DMA transfer.
DS1 DSO0 Transfer Data Size
0 0 8 bits
15, 14 DS1, DSO 0 L 16 bits
1 0 32 bits
1 1 Setting prohibited
For the peripheral I/O and programmable peripheral I/O registers, ensure the transfer
size matches the access size.
Sets the count direction of the source address for DMA channel n (n = 0 to 3).
SAD1 SADO Count Direction
0 0 Increment
SAD1,
7,6 SADO 0 1 Decrement
1 0 Fixed
1 1 Setting prohibited
Sets the count direction of the destination address for DMA channel n (n =0 to 3).
DAD1 DADO Count Direction
0 0 Increment
5 4 DAD1,
’ DADO 0 1 Decrement
1 0 Fixed
1 1 Setting prohibited
Caution: all others bits in the DADCn registers must be kept to 0.
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4.2.5 DMA channel control registers 0to 3 (DCHCO to DCHC3)

These 8-bit registers are used to control the DMA transfer start, end an interruption for DMA channel n
(n=0to 3).

These registers can be read/written in 8-bit or 1-bit units. (However, bit 7 is read only and bits 2 and 1
are write only. If bits 2 and 1 are read, the read value is always 0.)

Figure 4-7: DMA Channel Control Registers 0to 3 (DCHCO to DCHC3)

7 6 5 4 3 2 1 0 Address Initial
value
DCHCO| TCO | 0 ‘ 0 | 0 ‘ MLEO | INITO ‘ STGO ‘ ENO |FFFFFOEOH 00H
7 6 5 4 3 2 1 0 Address Initial
value
DCHC1| TC1 | 0 ‘ 0 | 0 ‘ MLE1 | INITL ‘ STG1 ‘ EN1 |FFFFFOE2H 00H
7 6 5 4 3 2 1 0 Address Initial
value
DCHC2| TC2 | 0 ‘ 0 | 0 ‘ MLE | INIT ‘ STG ‘ EN2 |FFFFFOE4H 00H
7 6 5 4 3 2 1 0 Address Initial
value
DCHC3| TC3 | 0 ‘ 0 | 0 ‘ MLE | INIT ‘ STG ‘ EN3 |FFFFFOE6H 00H
Bit Position | Bit Name Function
7 TCn This status bit indicates whether DMA transfer through DMA channel n has ended or
not. It is read-only, and is set to 1 when DMA transfer ends and cleared (0) when it is
read.

0: DMA transfer had not ended.
1: DMA transfer had ended.

3 MLEn When this bit is set to 1 at terminal count output, the ENn bit is not cleared to 0 and
the DMA transfer enable state is retained. Moreover, the next DMA transfer request
can be accepted even when the TCn bit is not read.

When this bit is cleared to 0 at terminal count output, the ENn bit is cleared to 0 and
the DMA transfer disable state is entered. At the next DMA request, the setting of the
ENn bit to 1 and the reading of the TCn bit are required.

2 INITn When this bit is set to 1, DMA transfer is forcibly terminated.
This bit is always read as 0.
1 STGn If this bit is set to 1 in the DMA transfer enable state (TCn bit = 0, ENn bit = 1), DMA

transfer is started.
This bit is always read as 0.

0 ENn Specifies whether DMA transfer through DMA channel n is to be enabled or disabled.
This bit is cleared to 0 when DMA transfer ends. It is also cleared to 0 when DMA
transfer is forcibly terminated by means of setting the INITn bit to 1 or by NMI input.
0: DMA transfer disabled
1: DMA transfer enabled

Remark: n=0to3
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4.2.6 DMA disable status register (DDIS)

This register holds the contents of the ENn bit of the DCHCn register during NMI input (n = 0 to 3).
This register is read-only in 8-bit or 1-bit units.

Figure 4-8: DMA Disable Status Register (DDIS)

7 6 5 4 3 2 1 0 Address Initial
value
DDIS | 0 ‘ 0 ‘ 0 ‘ 0 | CH3 ‘ CH2 | CH1 ‘ CHO | FFFFFOFOH  OOH
Bit Position | Bit Name Function
3t00 CH3to | Reflects the contents of the ENn bit of the DCHCn register during NMI input. The con-
CHO tents of this register are held until the next NMI input or until the system is reset.

4.2.7 DMA restart register (DRST)

This register is used to restart DMA transfer that has been forcibly interrupted by a non-maskable inter-
rupt (NMI). The ENn bit of this register and the ENn bit of the DCHCn register are linked to each other
(n =0 to 3). Following forcible interrupt by NMI input, the DMA channel that was interrupted is con-
firmed from the contents of the DDIS register, and DMA transfer is restarted by setting the ENn bit of
the corresponding channel to 1.

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

Figure 4-9: DMA Restart Register (DRST)

7 6 5 4 3 2 1 0 Address Initial
value

DRSTl 0 ‘ 0 ‘ 0 ‘ 0 ‘DRSTEN3 DRSTENZ‘DRSTENl‘DRSTENOlFFFFFOFZH 00H

Bit Position | Bit Name Function
3t00 EN3to | Specifies whether DMA transfer through DMA channel n is to be enabled or disabled.
ENO This hit is cleared to 0 when DMA transfer is completed in accordance with the termi-

nal count output.
Itis also cleared to 0 when DMA transfer is forcibly terminated by setting the INITn bit
to 1 or by NMI input.

0: DMA transfer disabled

1: DMA transfer enabled
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4.2.8 DMA trigger factor register 0 (DTFRO)

This 8-bit registers is used to control the DMA transfer trigger of DMA channel O through interrupt
requests from on-chip peripheral 1/0. The interrupt requests set with these registers serve as DMA
transfer trigger factors.
This register can be read/written in 8-bit/1-bit units.

Figure 4-10: DMA Trigger Factor Registers 0 (DTFRO)

7 6 5 4 3 2 1 0 Address Initial
value
DTFRO | DRQO |DOFLO‘ 1 | 0 ‘ 0 | IFC02 ‘ IFCO1 ‘ IFC00 | FFFFF810H  OOH
Bit Position Bit Name Function
DMA Request:
7 DRQONOte 0: no DMA transfer is pending for channel 0
1: no DMA transfer is pending for channel 0
DMA request Overflow:
6 DOELoNote 0: no DMA request overflow occurred
1: DMA request overflow detected
30 IF”C::é)g(;o Sets the interrupt source that serves as the DMA trigger factor.

IFCO02 | IFCO1 | IFCO0 Peripheral Source
0 0 0 CSI00
0 0 1 Csl01
0 1 0 CSI10
0 1 1 UART60, Reception
1 0 0 UART®61, Reception
1 0 1 ADC end of conversion
1 1 0 Timer TMGO capture/compare 1
1 1 1 Timer TMG1 capture/compare 1

Note: DRQO and DOFLO are set by hardware and reset by software. Setting these bits by software is
not possible. A “0” must be written to the respective bit location to reset DRQO or DOFLO.

Cautions: 1. Be sure to stop DMA operation before making changes to DTFRO register

settings.

2. Aninterrupt request input in standby mode (IDLE, WATCH or STOP mode) cannot
be used as a DMA transfer start factor.

3. Always write 1 in bit 5 of DTFRO.
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4.2.9 DMA trigger factor register 1 (DTFR1)

This 8-bit registers is used to control the DMA transfer trigger of DMA channel 1 through interrupt
requests from on-chip peripheral 1/0. The interrupt requests set with these registers serve as DMA
transfer trigger factors.
This register can be read/written in 8-bit/1-bit units.

Figure 4-11: DMA Trigger Factor Registers 1 (DTFR1)
7 6 5 3 2 1 0 Address Initial
value
DTFR1 | DRQ1 ‘ DOFL1 ‘ 1 ‘ | 0 ‘ IFC12 | IFC11 ‘ IFC10 | FFFFF812H 00H
Bit Position Bit Name Function
DMA Request:
7 DRQlNOte 0: no DMA transfer is pending for channel 1
1: no DMA transfer is pending for channel 1
DMA request Overflow:
6 DOFEL1Note 0: no DMA request overflow occurred
1: DMA request overflow detected
3to0 IF”C::éigo Sets the interrupt source that serves as the DMA trigger factor.

IFC12

IFC11

IFC10

Peripheral Source

0

0

0

CsI00

Cslio1

CSI10

UARTG60, Reception

UART®61, Reception

ADC end of conversion

Timer TMGO capture/compare 2

R|lRr|Rr|r|lo|lo|lo

R|lkr|o|lo| k|| o

Rr|lo|r|o|rRr|oO| R

Timer TMDO compare match

Note: DRQ1 and DOFL1 are set by hardware and reset by software. Setting these bits by software is
not possible. A “0” must be written to the respective bit location to reset DRQ1 or DOFL1.

Cautions: 1. Be sure to stop DMA operation before making changes to DTFR1 register

settings.

2. Aninterrupt request input in standby mode (IDLE, WATCH or STOP mode) cannot
be used as a DMA transfer start factor.

3. Always write 1 in bit 5 of DTFR1.
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4.2.10 DMA trigger factor register 2 (DTFR2)

This 8-bit registers is used to control the DMA transfer trigger of DMA channel 2 through interrupt
requests from on-chip peripheral 1/0. The interrupt requests set with these registers serve as DMA
transfer trigger factors.
This register can be read/written in 8-bit/1-bit units.

Figure 4-12: DMA Trigger Factor Registers 2 (DTFR2)
7 6 5 4 3 2 1 0 Address Initial
value
DTFR2 | DRQ2 | DOFL2 ‘ 1 | 0 ‘ 0 | IFC22 ‘ IFC21 ‘ IFC20 | FFFFF814H  OOH
Bit Position Bit Name Function
DMA Request:
7 DRQzNOte 0: no DMA transfer is pending for channel 2
1: no DMA transfer is pending for channel 2
DMA request Overflow:
6 DOEL2Note 0: no DMA request overflow occurred
1: DMA request overflow detected
30 IF”C:ZS%O Sets the interrupt source that serves as the DMA trigger factor.

IFC22 | IFC21 | IFC20 Peripheral Source

0 0 0 CsSI00

0 0 1 Cslo1

0 1 0 CSI10

0 1 1 UARTG60, Transmission

1 0 0 UART61, Transmission

1 0 1 ADC end of conversion

1 1 0 Timer TMGO capture/compare 3
1 1 1 Timer TMG1 capture/compare 3

Note: DRQZ2 and DOFL2 are set by hardware and reset by software. Setting these bits by software is
not possible. A “0” must be written to the respective bit location to reset DRQ2 or DOFL2.

Cautions: 1. Be sure to stop DMA operation before making changes to DTFR2 register

settings.

2. Aninterrupt request input in standby mode (IDLE, WATCH or STOP mode) cannot
be used as a DMA transfer start factor.

3. Always write 1 in bit 5 of DTFR2.
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4.2.11 DMA trigger factor register 3 (DTFR3)

This 8-bit registers is used to control the DMA transfer trigger of DMA channel 3 through interrupt
requests from on-chip peripheral 1/0. The interrupt requests set with these registers serve as DMA
transfer trigger factors.
This register can be read/written in 8-bit/1-bit units.

Figure 4-13: DMA Trigger Factor Registers 3 (DTFR3)

7 6 5 3 2 1 0 Address Initial
value
DTFR3 | DRQ3 ‘ DOFL3 ‘ 1 ‘ | 0 ‘ IFC32 | IFC31 ‘ IFC30 | FFFFF816H 00H
Bit Position Bit Name Function
DMA Request:
7 DRQgNOte 0: no DMA transfer is pending for channel 3
1: no DMA transfer is pending for channel 3
DMA request Overflow:
6 DOFL3Note | 0: no DMA request overflow occurred
1: DMA request overflow detected
300 ”:”C:: 2230 Sets the interrupt source that serves as the DMA trigger factor.

IFC32

IFC31

IFC30

Peripheral Source

0

0

0

CsI00

Cslio1

CSI10

UART60, Transmission

UART61, Transmission

ADC end of conversion

Timer TMGO capture/compare 4

R|lRr|Rr|r|lo|lo|lo

R|lkr|o|lo| k|| o

Rr|lo|r|oOo|Rr|oO| R

Timer TMD1 compare match

Note: DRQ3 and DOFL3 are set by hardware and reset by software. Setting these bits by software is
not possible. A “0” must be written to the respective bit location to reset DRQ3 or DOFL3.

Cautions: 1. Be sure to stop DMA operation before making changes to DTFR3 register

settings.

2. Aninterrupt request input in standby mode (IDLE, WATCH or STOP mode) cannot
be used as a DMA transfer start factor.

3. Always write 1 in bit 5 of DTFR3.
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4.3 DMA Bus States

4.3.1 Types of bus states

The DMAC bus states consist of the following 8 states.

1)

)

(3)

(4)

()

(6)

(7)

(8)

102

Tl state
The Tl state is an idle state, during which no access request is issued.

TO state

DMA transfer ready state (state in which a DMA transfer request has been issued and the bus
mastership is acquired for the first DMA transfer).

T1R state

The bus enters the T1R state at the beginning of a read operation in the two-cycle transfer mode.
Address driving starts. After entering the T1R state, the bus invariably enters the T2R state.

T2R state

The T2R state corresponds to the last state of a read operation in the two-cycle transfer mode, or
to a wait state.

In the last T2R state, read data is sampled. After entering the last T2R state, the bus invariably
enters the T1W state.

T2RI state

State in which the bus is ready for DMA transfer to on-chip peripheral I/O or internal RAM (state in
which the bus mastership is acquired for DMA transfer to on-chip peripheral I/O or internal RAM).
After entering the last T2RI state, the bus invariably enters the T1W state.

T1W state

The bus enters the T1W state at the beginning of a write operation in the two-cycle transfer mode.
Address driving starts. After entering the T1W state, the bus invariably enters the T2W state.

T2W state

The T2W state corresponds to the last state of a write operation in the two-cycle transfer mode, or
to a wait state.
In the last T2W state, the write strobe signal is made inactive.

TE state

The TE state corresponds to DMA transfer completion. The DMAC generates the internal DMA
transfer completion signal and various internal signals are initialized. After entering the TE state,
the bus invariably enters the Tl state.
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4.3.2 DMAC bus cycle state transition

Each time the processing for a DMA transfer is completed, the bus mastership is released.

Figure 4-14: DMAC Bus Cycle (Two-Cycle Transfer) State Transition

(28

ORO)
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4.4 Transfer Mode

4.4.1 Single transfer mode

In single transfer mode, the DMAC releases the bus at each byte/halfword/word transfer. If there is a
subsequent DMA transfer request, transfer is performed again once. This operation continues until a
terminal count occurs.

When the DMAC has released the bus, if another higher priority DMA transfer request is issued, the
higher priority DMA request always takes precedence.

4.5 Transfer Types

4.5.1 Two-cycle transfer

In two-cycle transfer, data transfer is performed in two cycles, a read cycle (source to DMAC) and a
write cycle (DMAC to destination).

In the first cycle, the source address is output and reading is performed from the source to the DMAC.
In the second cycle, the destination address is output and writing is performed from the DMAC to the
destination.

4.6 Transfer Object

4.6.1 Transfer type and transfer object

Table 4-1 lists the relationships between transfer type and transfer object.

Table 4-1: Relationship Between Transfer Type and Transfer Object

Destination

Two-Cycle Transfer

On-Chip Peripheral /10 Internal RAM
g On-chip peripheral I1/0 X x
>
3 Internal RAM X x

Caution: Addresses between 3FFFO0O0H and 3FFFFFFH cannot be specified for the source and
destination address of DMA transfer. Be sure to specify an address between
FFFFOOOH and FFFFFFFH.
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4.7 DMA Channel Priorities

The DMA channel priorities are fixed as follows.
DMA channel 0 > DMA channel 1 > DMA channel 2 > DMA channel 3

These priorities are valid in the Tl state only. In the block transfer mode, the channel used for transfer is
never switched.

In the single-step transfer mode, if a higher priority DMA transfer request is issued while the bus is
released (in the Tl state), the higher priority DMA transfer request is acknowledged.

4.8 Next Address Setting Function

The DMA source address registers (DSAnH, DSAnL), DMA destination address registers (DDANH,
DDAnNL), and DMA transfer count register (DBCn) are buffer registers with a 2-stage FIFO configuration
(n=0to 3).

When the terminal count is issued, these registers are automatically rewritten with the value that was
set immediately before.

Therefore, during DMA transfer, transfer is automatically started when a new DMA transfer setting is
made for these registers and the MLEn bit of the DCHCn register is set to 1 (however, the DMA transfer
end interrupt may be issued even if DMA transfer is automatically started).

Figure 4-15 shows the configuration of the buffer register.

Figure 4-15: Buffer Register Configuration

My
Data read |
0 |
>
e}
<
£
Q .
IS Data write Master Slave Address/
register register count
controller
-/
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4.9 DMA Transfer Start Factors
There are two types of DMA transfer start factors, as shown below.

(1) Request from software

If the STGn, ENn, and TCn bits of the DCHCn register are set as follows, DMA transfer starts
(n=0to 3).

e STGnhit=1
« ENnbit=1
e TCnbit=0

(2) Request from on-chip peripheral I/O

If, when the ENn and TCn bits of the DCHCn register are set as shown below, an interrupt request
is issued from the on-chip peripheral I/O that is set in the DTFRn register, DMA transfer starts

(n=0to 3).
« ENnbit=1
e TCnbit=0

4.10 Forcible Interruption

DMA transfer can be forcibly interrupted by NMI input during DMA transfer. At such a time, the DMAC
resets the ENn bit of the DCHCn register of all channels to 0 and the DMA transfer disabled state is
entered. An NMI request can then be acknowledged after the DMA transfer executed during NMI input
is terminated (n = 0 to 3).

In the single-step transfer mode or block transfer mode, the DMA transfer request is held in the DMAC.
If the ENn bit is set to 1, DMA transfer restarts from the point where it was interrupted.

In the single transfer mode, if the ENn bit is set to 1, the next DMA transfer request is acknowledged
and DMA transfer starts.

Figure 4-16: Example of Forcible Interruption of DMA Transfer

NMI (input) I\ /_\—
Forcible Transfer Forcible
r interruption r restart r interruption

DMAtransferXDMAtransferstopX DMA transfer X DMA transfer stop

DDIS register X \ 01H X

DRST register X\ 01H

EOQO bit of DCHC register \ <Z; \

106 Preliminary User's Manual U16241EE1V1UMO0



Chapter 4 DMA Functions (DMA Controller)

4.11 DMA Transfer End

4.11.1 DMA transfer end interrupt

When DMA transfer ends and the TCn bit of the DCHCn register is set to 1, a DMA transfer end inter-
rupt (INTDMAN) is issued to the interrupt controller (INTC) (n = 0 to 3).

4.11.2 Terminal count output upon DMA transfer end

The terminal count signal becomes active for one clock during the last DMA transfer cycle.

4.12 Forcible Termination

In addition to the forcible interruption operation by means of NMI input, DMA transfer can be forcibly ter-
minated by the INITn bit of the DCHCn register (n = 0 to 3).

Remark: The next condition can be set even during DMA transfer because the DSAn, DDAn, and
DBCn registers are buffered registers. However, the setting to the DADCn register is invalid
(refer to 4.8 Next Address Setting Function and 4.2.4 DMA addressing control regis-
ters 0 to 3 (DADCO to DADC3)).

4.13 Precautions

(1) Memory boundary

The transfer operation is not guaranteed if the source or the destination address exceeds the area
of DMA objects (internal RAM, or peripheral I/O) during DMA transfer.

(2) Transfer of misaligned data
DMA transfer of 16-bit/32-bit bus width misaligned data is not supported.

(3) Times related to DMA transfer
The overhead before and after DMA transfer and the minimum execution clock for DMA transfer
are shown below.

* Internal RAM access: 2 clocks

(4) Bus arbitration for CPU

The CPU can access on-chip peripheral I/0O, and internal RAM not undergoing DMA transfer.
While data transfer is being executed between internal RAMs, the CPU can access external mem-
ory and peripheral 1/O.

(5) Interrupt factors

DMA transfer is interrupted if a bus hold is issued.
If the factor (bus hold) interrupting DMA transfer disappears, DMA transfer promptly restarts.
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Chapter 5 Interrupt/Exception Processing Function

5.1 Outline

The V850E/CA4 HELIOS is provided with a dedicated interrupt controller for interrupt servicing, which
realizes a high-performance interrupt function that can service interrupt requests from a total of

59 sources.

An interrupt is an event that occurs asynchronously (independently of program execution), and an
exception is an event that occurs synchronously (dependently on program execution). Generally, an
exception takes precedence over an interrupt.

The V850E/CA4 HELIOS can process interrupt requests from the internal peripheral hardware and
external sources. Moreover, exception processing can be started (exception trap) by the TRAP instruc-
tion (software exception) or by generation of an exception event (fetching of an illegal op code).

5.1.1 Features

e Interrupts
» Non-maskable interrupt: 2 sources
» Maskable interrupt: 54 sources
» 8 levels programmable priorities
» Mask specification for the interrupt request according to priority
» Mask can be specified to each maskable interrupt request.
» Valid edge for detection of external interrupt request signal can be specified.

« Exceptions
» Software exceptions: 32 sources

» Exception trap: 1 source (illegal op code exception)

Interrupt/exception sources are listed in Table 5-1.

Table 5-1: Interrupt Source List (1/3)

. Interrupt | Interrupt
Type Dgfaglt Name Trigger Exception ) Handler Control Request
Priority Code Address .
Register |Flag Name
Reset - RESET Reset input, Watchdog Reset |0000H 00000000H |-
Non- - NMIWDT WatchDog Timer overflow 0010H 00000010H |-
maskable |- NMI NMI pin input 0030H  |00000030H |-
- TRAPON |\ rpap instruction (n=0-FH)  |994™M  100000040H |-
Software Note Note
exception
xeepton | TRAPIN 1o AP instruction (n=0-FH)  [292"H 150000050H |-
Note Note
tEr;;ep“O” ; ILGOP lllegal op code 0060H  |00000060H |-
Note: n=0to FH
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Table 5-1: Interrupt Source List (2/3)

. Interrupt | Interrupt
Type De_faglt Name Trigger Exception | Handler Control Request
Priority Code Address .
Register |Flag Name
0 INTPOO Edge detection on INTP0OO pin |0080H 00000080H |POOIC POOIF
1 INTPO1 Edge detection on INTPO1 pin |0090H 00000090H |PO1IC PO1IF
2 INTPO2 Edge detection on INTP02 pin |00AOH 000000AOQH |PO2IC PO2IF
3 INTDET AD voltage drop detection 00BOH 000000BOH [DETIC DETIF
4 INTWT Watch timer overflow 00COH 000000COH |WTIC WTIF
5 INTTMGOO |16-bits timer GOO overflow 00DOH 000000DOH | TMGOO0IC | TMGOOIF
6 INTTMGO1 |16-bits timer GO1 overflow 0OEOH 000000EOH | TMGO1IC | TMGO1IF
TIGOO0 valid edge detection or
7 INTCCGO00 GCCO00 and TMGOO match O0FOH 000000FOH |CCGOO0IC | CCGOOIF
TIGO1 valid edge detection or
8 INTCCGO1 GCCO1 and TMGON match 0100H 00000100H |CCGO1IC | CCGO1IF
TIGO02 valid edge detection or
9 INTCCGO02 GCCO02 and TMGON match 0110H 00000110H |CCGO2IC | CCGO2IF
TIGO03 valid edge detection or
10 INTCCGO03 GCCOo3 and TMGON match 0120H 00000120H |CCGO3IC | CCGO3IF
TIGO04 valid edge detection or
11 INTCCGO04 GCCOo4 and TMGON match 0130H 00000130H |CCGO04IC | CCGO4IF
TIGO5 valid edge detection or
12 INTCCGO05 GCCO5 and TMGO1 match 0140H 00000140H |CCGO5IC | CCGO5IF
13 INTTMG10 |16-bits timer G10 overflow 0150H 00000150H |TMG10IC | TMG1O0IF
14 INTTMG11 |16-bits timer G11 overflow 0160H 00000160H |TMG11IC | TMG11IF
TIG10 valid edge detection or
15 INTCCG10 GCC10 and TMG10 match 0170H 00000170H |CCG10IC | CCG10IF
Maskable - -
TIG11 valid edge detection or
Interrupt |16 INTCCG11 GCC11 and TMG1n match 0180H 00000180H |CCG11IC | CCG11IF
TIG12 valid edge detection or
17 INTCCG12 GCC12 and TMG1n match 0190H 00000190H |CCG12IC | CCG12IF
TIG13 valid edge detection or
18 INTCCG13 GCC13 and TMG1n match 01A0H 000001A0H |CCG13IC | CCG13IF
TIG14 valid edge detection or
19 INTCCG14 GCC14 and TMG1n match 01BOH 000001B0OH |CCG14IC | CCG14IF
TIG15 valid edge detection or
20 INTCCG15 GCC15 and TMG11 match 01COH 000001COH|CCG15IC | CCG15IF
21 |INTCMDO ;6{;:)0';3 timer DO compare 01DOH  |000001DOH |CMDOIC | CMDOIF
22 |INTCMD1 ;6&;:’6';5 timer D1 compare 01EOH  |000001EOH |CMD1IC | CMDLIF
23 INTWDTM |WatchDog maskable interrupt |01FOH 000001FOH |WDTMIC | WDTMIF
24 INTDMAO |DMA channel 0 end of transfer |0200H 00000200H |DMAOIC |DMAOIF
25 INTDMA1 |DMA channel 1 end of transfer [0210H 00000210H |DMALIC |DMAL1IF
26 INTDMA2 |DMA channel 2 end of transfer |0220H 00000220H |DMA2IC |DMAZ2IF
27 INTDMA3 |DMA channel 3 end of transfer |0230H 00000230H |DMA3IC |DMA3IF
28 INTFC1RX |FCANO receive 0240H 00000240H |FC1RXIC | FC1RXIF
29 INTFC1TX |FCANO transfer 0250H 00000250H |FC1TXIC | FC1TXIF
30 INTFC1ER |FCANO communication error |0260H 00000260H |FC1ERIC |FC1ERIF
31 INTMAC FCAN MAC interrupt 0270H 00000270H |MACIC MACIF
32 INTCSIOO0 |CSI00 end of transfer 0280H 00000280H |CSI00IC | CSIO0IF
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Table 5-1: Interrupt Source List (3/3)
. Interrupt | Interrupt
Type [P)flfoa;:il; Name Trigger Ex(c;(;ztelon :;gii CoqtrcE)I Requer)t
Register |Flag Name
33 INTCSIO1 |CSIO1 end of transfer 0290H 00000290H |CSI01IC CSIOlIF
34 INTSR60 UARTG60 end of reception 02A0H 000002A0H [SR60IC SR60IF
35 INTST6E0 UART60 end of transmission |02BOH 000002BOH [ST60IC ST60IF
36 INTSRE60 |UART60 reception error 02COH 000002COH |SREG0IC | SER60IF
37 INTSR61 UARTG61 end of reception 02DOH 000002D0H [SR61IC SR61IF
38 INTST61 UART61 end of transmission |02EOH 000002EQOH |ST61IC ST61IF
39 INTSRE61 |UART61 reception error 02FOH 000002FOH |SRE61IC | SER61IF
40 INTAD AD conversion done 0300H 00000300H [ADIC ADIF
41 INTFC2RX |FCANL receive 0310H 00000310H |FC2RXIC | FC2RXIF
42 INTFC2TX |FCANL transfer 0320H 00000320H [FC2TXIC | FC2TXIF
43 INTFC2ER |FCAN1 communication error |0330H 00000330H |FC2ERIC |FC2ERIF
m;ﬁtﬁg{e 44 INTP10 Edge detection on INTP10 pin |0340H 00000340H |P10IC P10IF
45 INTP15 Edge detection on INTP15 pin |0350H 00000350H |P15IC P15IF
46 INTP20 Edge detection on INTP20 pin |0360H 00000360H |P20IC P20IF
47 INTP25 Edge detection on INTP25 pin |0370H 00000370H |P25IC P25IF
48 INTP30 Edge detection on INTP30 pin |0380H 00000380H |P30IC P30IF
49 INTP32 Edge detection on INTP32 pin |0390H 00000390H |P32IC P32IF
50 INTP34 Edge detection on INTP34 pin |03A0H 000003A0H [P34IC P34IF
51 |INTWTI X\é"xd‘ timer interval imer over-| pap411  |000003BOH |WTIIC | WTIIF
52 INTCSI10 |CSI10 end of transfer 03COH 000003COH |CSI10IC  |CSI10IF
53 INTDOVF DMA request overflow 03DOH 000003DO0OH |DOVFIC DOVFIF
54 INTBRG Baud rate generator 0O3EOH 000003EOH [BRGIC BRGIF
Remarks: 1. Default Priority: Priority that takes precedence when two or more maskable interrupt

requests are present at the same time. The highest priority is 0.

2. The execution address of the illegal instruction when an illegal op code exception
occurs is equal to (saved PC - 4).

3. The choice between a non-maskable interrupt (NMIWDT) and a maskable interrupt
(INTWDTM) generation from the Watchdog Timer is made with the bits WDM1 and

WDMO of the watchdog timer mode register (WDTM).

The value of PC saved when an interrupt/exception (other than RESET) occurs is the value of the cur-
rent PC, which holds the address of the next instruction to be executed when returning from interrupt
handling routine. However if the interrupt request occurs during execution of a DIVH instruction, the
value saved is the address of the DIVH instruction itself (rather than the address of the instruction fol-
lowing the DIVH), because the DIVH is cancelled in this case, and restarted completely after interrupt

servicing.
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5.2 Non-Maskable Interrupt

The non-maskable interrupt is acknowledged unconditionally, even when interrupts are disabled
(DI state). The NMI is not subject to priority control and takes precedence over all the other interrupts.
Non-maskable interrupts of the V8B50E/CA4 HELIOS are available for the following two requests:

« NMI pin input (NMI)
* Non-maskable watchdog timer interrupt request (NMIWDT)

When the valid edge specified by the register NMIM is detected at the NMI pin, a non-maskable inter-
rupt occurs.

The non-maskable interrupt from Watchdog Timer (NMIWDT) can occur only if the watchdog timer

mode register (WDTM) is set with (WDM1,WDMO) = (0,1).

5.2.1 NP flag

The NP flag is a status flag that indicates that non-maskable interrupt (NMI) servicing is under execu-
tion. This flag is set when the NMI interrupt request has been acknowledged.
The NP flag is stored in the PSW register.

Figure 5-1: NP Flag (NP)

Symbol 31 8 7 6 5 4 3 2 1 0 After
Reset
PSW 0 ‘NP‘EP‘ ID‘SAT‘CY‘OV‘ S ‘ z |ooooooon
NP NMI Servicing State
0 No NMI interrupt servicing

NMI interrupt currently servicing
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5.2.2 Watchdog Timer NMI Operation

If the non-maskable interrupt is generated by the Watchdog Timer, the CPU performs the following
processing, and transfers control to the handler routine:

1)
)
®3)
(4)
®)

Saves the current PC to FEPC.

Saves the current PSW to FEPSW.
Writes exception code 0010H to the higher half-word (FECC) of ECR.

Sets the NP and ID bits of PSW and clears the EP bit.

Loads the handler address (00000010H) of the non-maskable interrupt routine to the PC, and

transfers control.

Figure 5-2: Watchdog Timer Non-Maskable Interrupt Servicing

-

- ( Watchdog NMI input )

INTC accepted

}L (Non-maskable interrupt request)

CPU processing

PSW. NP

FEPC
FEPSW

PSW. NP
PSW. EP
PSW. ID
PC

«— current PC
-— current PSW

ECR. FECC =— exception code

-1
-—0
-1

-— 00000010H

( Interrupt servicing )

A

QVatchdog Interrupt request pendi@

While the service routine of the non-maskable interrupt is being executed (PSW.NP = 1), the acknowl-
edgement of another non-maskable interrupt request from the watchdog timer is kept pending. The
pending NMI is acknowledged after the original service routine of the non-maskable interrupt under
execution has been terminated (by the RETI instruction), or when PSW.NP is cleared to 0 by the LDSR
instruction. Note that if two or more NMI requests are generated by the watchdog timer during the exe-
cution of the NMI service routine, the number of NMIs that will be acknowledged after PSW.NP goes to
“0", is only one.
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Figure 5-3: Acknowledging Watchdog Non-Maskable Interrupt Request

(a) If anew Watchdog NMI request is generated while an NMI service routine is executing:

( Main routine )

(PSW. NP = 1)

Watchdog

NMI request— NMI request

—| NMI request pending because PSW. NP = 1

Pending Watchdog NMI request processed

(b) If anew Watchdog NMI request is generated twice while an NMI service routine is executing:

C Main routine )

Watchdog
NMI request

Kept pending because NMI service program is being processed

Watchdog

NMI request Kept pending because NMI service program is being processed

y

Only one NMI request is accepted even though
two or more NMI requests are generated
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5.2.3 External NMI Operation

An external NMI request is always acknowledged, regardless of the state of the NP bit.

Figure 5-4: External Non-Maskable Interrupt Servicing

=4 ( External NMI input >

Y

(Non-maskable interrupt request)

CPU processing '

INTC accepted

FEPC «— current PC
FEPSW -— current PSW
ECR. FECC =— exception code
PSW.NP =—1

PSW.EP =—0

PSW. ID -1

PC -— 00000030H

( Interrupt servicing >

Note: The execution of the NMI handler can be interrupted by a new incoming external NMI request.

(a) Nesting of external NMI handlers

As the V850E/CA4 HELIOS provides just one context saving area for NMI (FEPC, FEPSW), the
acknowledgement of the new external NMI request causes FEPC and FEPSW to be overwritten:
the context saved by the first handler activation is lost.

So, like with maskable interrupts, the way to return correctly from nested NMI handlers is
« at handler prolog, save FEPC, FEPSW
 at handler epilog, restore FEPC, FEPSW

Caution: Even when using the above described method, if a new external NMI request arrives
during handler prolog or epilog, correct return cannot be achieved: if such configura-
tion may appear, nesting NMIs is not possible, and the only way to avoid program
crash is to generate an internal reset with the watchdog timer at the end of the NMI
handler. Note that it is possible to check if the new NMI occurred during prolog or epi-
log by comparing the value of FEPC with the boundaries of the NMI handler.
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(b) Edge detection function of NMI pin

The NMI pin valid edge can be selected from falling edge, rising edge or both edges, and the level
of the NMI pin can be read through the NMIM register.

The NMIM register can be read/written in 8-bit units.

Only the first write access to NMIM after reset release is granted.

Figure 5-5: NMI Edge Specification: NMIM Register Format

7 6 5 4 3 2 1 0 Address After reset
NmiM|PNmi [ 0 [ o | o | o | o |[ESNL|ESNO |FFFFFCOSH  03H
R R R R R R R/W R/W
ESN1 ESNO Edge Selection for NMI
0 0 Falling edge selected
0 1 Rising edge selected
1 0 Both rising and falling edges selected
1 1 Both rising and falling edges selected

116

PNMI NMI pin level
0 Read level is 0
1 Read level is 1

(c) Noise elimination circuit of NMI pin

NMI pin noise is eliminated by the noise elimination circuit with analog delay. Therefore, a signal
input to the NMI pin is not detected as an edge, unless it maintains its input level for a certain
period. The edge is detected after a certain period has elapsed.

NMI pin can be used for cancelling the standby mode, even if the clock is stopped, because the
noise elimination is based on analog delay.
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5.2.4 Watchdog or external NMI Restore

Execution is restored from the non-maskable interrupt service by the RETI instruction.

Operation of RETI instruction

When the RETI instruction is executed, the CPU performs the following processing, and transfers con-
trol to the address of the restored PC.

(1) Restores the values of PC and PSW from FEPC and FEPSW, respectively, because the EP bit of
PSW is 0 and the NP bit of PSW is 1.
(2) Transfers control back to the address of the restored PC and PSW.

How the RETI instruction is processed is shown below.

Figure 5-6: RETI Instruction Processing

( RETI instruction )

3 0

| 1

1 PSW.NP

S - 0
PC -—EIPC PC -— FEPC
PSW -—EIPSW PSW -— FEPSW

( Original processing restored )

Caution: When the PSW.EP bit and PSW.NP bit are changed by the LDSR instruction during
the non-maskable interrupt service, in order to restore the PC and PSW correctly dur-
ing recovery by the RETI instruction, it is necessary to set PSW.EP back to 0 and
PSW.NP back to 1 using the LDSR instruction immediately before the RETI instruc-
tion.
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5.3 Maskable Interrupts

The V850E/CA4 HELIOS has 54 maskable interrupt sources.

Maskable interrupt requests can be masked by interrupt control registers.

If two or more maskable interrupt requests are generated at the same time, they are acknowledged
according to the default priority. In addition to the default priority, eight levels of priorities can be speci-
fied by using the interrupt control registers, allowing programmable priority control.

When an interrupt request has been acknowledged, the acknowledgement of other maskable interrupts
is disabled and the interrupt disabled (DI) status is set.

When the El instruction is executed in an interrupt servicing routine, the interrupt enabled (El) status is
set which enables interrupts having a higher priority to immediately interrupt the current service routine
in progress. Note that only interrupts with a higher priority will have this capability; interrupts with the
same priority level cannot be nested.

To use multiple interrupts, it is necessary to save EIPC and EIPSW to memory or a register before exe-
cuting the El instruction, and restore EIPC and EIPSW to the original values before the RETI instruc-
tion.

When the WDCS1 and WDCSO bits of the watchdog timer mode register (WDTM) are set to 0, the
watchdog timer overflow interrupt functions as a maskable interrupt (INTWDTM).

5.3.1 Operation

If a maskable interrupt occurs, the CPU performs the following processing, and transfers control to a
handler routine:

(1) Saves the current PC to EIPC.

(2) Saves the current PSW to EIPSW.

(3) Writes an exception code to the lower half-word of ECR (EICC).

(4) Sets the ID bit of PSW and clears the EP bit.

(5) Loads the corresponding handler address to the PC, and transfers control.

While an interrupt is being serviced (when PSW.NP = 1 or PSW.ID = 1), a new interrupt request is inter-
nally kept pending. When the interrupts are unmasked, or when PSW.NP = 0 and PSW.ID = 0 by using
the RETI or LDSR instructions, the pending interrupt is input to start the new maskable interrupt servic-
ing.

How the maskable interrupts are serviced is shown below.
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Figure 5-7: Maskable Interrupt Servicing

- C INT input )

Yes

-

Interrupt acceptance

No
Interrupt enable mode?

Priority higher than
that of interrupt currently
serviced?

Priority higher
than that of other interrupt
request?

ighest default
priority of interrupt requests
with the same priority?

f}{f C Maskable interrupt request) C Interrupt request pending )

CPU processing

EIPC -— current PC C Interrupt request pending )
EIPSW -— current PSW

ECR. EICC «— exception code
PSW.EP =0

PSW.ID =1

PC -— handler address

( Interrupt servicing )
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5.3.2 Restore

To restore execution from the maskable interrupt servicing, the RETI instruction is used.

Operation of RETI instruction

When the RETI instruction is executed, the CPU performs the following steps, and transfers control to
the address of the restored PC.

(1) Restores the values of PC and PSW from EIPC and EIPSW because the EP bit of PSW is 0 and
the NP bit of PSW is 0.
(2) Transfers control to the address of the restored PC and PSW.

The processing of the RETI instruction is shown below.

Figure 5-8: RETI Instruction Processing

< RET]I instruction >

PC ~— EIPC PC ~— FEPC
PSW - EIPSW PSW <— FEPSW

( Restores original processing >

Caution: When the PSW.EP bit and the PSW.NP bit are changed by the LDSR instruction dur-
ing the maskable interrupt service, in order to restore the PC and PSW correctly dur-
ing recovery by the RETI instruction, it is necessary to set PSW.EP back to 0 and
PSW.NP back to 0 using the LDSR instruction immediately before the RETI instruc-
tion.
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5.3.3 Priorities of maskable interrupts

The V850E/CA4 HELIOS provides a multiple interrupt service that acknowledges an interrupt while
servicing another interrupt. Multiple interrupts can be controlled by priority levels.

There are two types of priority level control: control based on the default priority levels, and control
based on the programmable priority levels which are specified by interrupt priority level specification
bits (xxnPR bits in the Interrupt Control Register xxnIC). When two or more interrupts having the same
priority level specified by xxnPR are generated at the same time, interrupts are serviced in order
depending on the priority level allocated to each interrupt request types (default priority level) before-
hand. For more information, refer to Table 5-1, “Interrupt Source List,” on page 109. The programmable
priority control customizes interrupt requests into eight levels by setting the priority level specification
bits.

Note that when an interrupt request is acknowledged, the ID flag of PSW is automatically set to “1".
Therefore, when multiple interrupts are to be used, clear the ID flag to “0” beforehand (for example, by
placing the El instruction into the interrupt service program) to set the interrupt enable mode.

Please see Figure 5-9, “Example of Interrupt Nesting Service (1/2),” on page 122 and Figure 5-10,
“Example of Servicing Interrupt Requests Simultaneously Generated,” on page 124.
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Figure 5-9: Example of Interrupt Nesting Service (1/2)

( Main routine )

Servicing of a Servicing of b

m—
m

Interrupt
Interrupt request a — request b

(level 3) (level 2)— Interrupt request b is acknowledged because the priority of

b is higher than that of a and interrupts are enabled.

Servicing of ¢

\ /)

Interrupt request ¢ — Interrupt request d

(level 3) (level 2)—=
Although the priority of interrupt request d is higher
than that of ¢, d is kept pending because interrupts
\ Servicing of d are disabled.
Servicing of e
/l|
Interrupt re?uesltze - Interrupt request f Interrupt request f is kept pending even if interrupts are
(level 2) (level 3)— enabled because its priority is lower than that of e.

Servicing of f

/l

Servicing of g

Interrupt request g —= Interrupt request h
(level 1) (level 1) — Interrupt request h is kept pending even if interrupts are

Servicing of h enabled because its priority is the same as that of g.

/]

Caution: The values of EIPC and EIPSW must be saved before executing multiple interrupts.

Remarks: 1. “a”to“u”in the figure are the names of interrupt requests shown for the sake of explana-
tion.

2. The default priority in the figure indicates the relative priority between two interrupt
requests.
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Figure 5-9: Example of Interrupt Nesting Process (2/2)

C Main routine )

El

Servicing of i
El Processing of k

Interrupt
Interrupt request i —— rlequ?sst J
(level 2) mterﬁﬁ,\{?equlstk Interrupt request j is kept pending because its
(level 1) priority is lower than that of i. k that occurs after j

is acknowledged because it has the higher priority.

Servicing of j

Servicing of |

nterrupt Interrupt requests m and n are kept pending
request m because servicing of | is performed in the interrupt
(level 3) = disabled status.

Interrupt request n
Pending interrupt requests are acknowledged after

servicing of interrupt request I.

At this time, interrupt requests n is acknowledged
first even though m has occurred first because the
priority of n is higher than that of m.

Interrupt request | —
(level 2)

Servicing of n

Servicing of m

Servicing of o

requestp —= request q Interrupt
(level 2) (level 1)

EI Servicing of p Senvici "
Interrupt request 0 —= \/TEI ervicing of g N
(level 3) Interrupt Interrupt EM Servicing of r
El

requestr —-
(level 0)

If levels 3 to 0 are acknowledged

Servicing of s

Pending interrupt requests t and u are
acknowledged after processing of s.

Interrupt

request t
Interrupt request s — (|evg| 2) | Note1 Because the priorities of t and u are the same, u is
(level 1) Interrupt request u acknowledged first because it has the higher
level 2)-w| Note2 default priority, regardless of the order in which the

interrupt requests have been generated.

;

Servicing of u

Servicing of t

Notes: 1. Lower default priority

2. Higher default priority
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Figure 5-10: Example of Servicing Interrupt Requests Simultaneously Generated

( Main routine )

- -

Interrupt request a (level 2)
Interrupt request b (level 1)

Servicing of interrupt request b Interrupt request b and c are
Interrupt request c (level 1) 9 ptreq pLreq

acknowledged first according to their
priorities.

Because the priorities of b and c are
the same, b is acknowledged first
because it has the higher default
priority.

Servicing of interrupt request ¢

Servicing of interrupt request a
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5.3.4 Interrupt control register (xxnIC)

An interrupt control register is assigned to each maskable interrupt and sets the control conditions for
each maskable interrupt request.
The interrupt control register can be read/written in 8-bit or 1-bit units.

Caution: Write access to xxnlIC registers may cause spurious interrupt to be generated. So be
sure to manipulate xxnIC (and xxnlF flags) while interrupts are disabled.
Figure 5-11: Interrupt Control Register (xxnIC) Format
7 6 5 4 3 2 1 0 Address After reset
FFFF F110H
xxnlC | xxnlF | xxnMK 0 0 0 xXNPR2 [ xxnPR1 | xxnPRO to 47H
FFFF F17AH

R/W R/W R/W R/W R/W R/W R/W R/W

xxnlF Interrupt request flag Note
0 Interrupt request not generated
1 Interrupt pending from xxn source
xXnMK Interrupt mask flag
0 Enables interrupt servicing (interrupt NOT masked)
1 Disables interrupt servicing (interrupt masked)
xxnPR2 | xxnPR1 | xxnPRO Interrupt priority specification bit
0 0 0 Specifies level 0 (highest)
0 0 1 Specifies level 1
0 1 0 Specifies level 2
0 1 1 Specifies level 3
1 0 0 Specifies level 4
1 0 1 Specifies level 5
1 1 0 Specifies level 6
1 1 1 Specifies level 7 (lowest)

Note: Automatically reset by hardware when interrupt request is acknowledged.

Remark:

xx:ldentification name of each peripheral unit (PO, CSI, DMA...))
n:Peripheral unit number.

The detailed list of the interrupt control register names and interrupt request flags is shown in Table 5-1,
“Interrupt Source List,” on page 109.
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5.3.5 Interrupt Mask Registers (IMRn)

In addition to the individual bitwise manipulation capability offered by the xxnMK bits, the V850E/CA4
HELIOS allows the manipulation of the interrupt masks with the Interrupt Mask Registers IMRn
(n=0to 3).

These registers can be manipulated with 16-bit, 8-bit or 1-bit memory manipulation instructions.

Figure 5-12: Interrupt Mask Register Format IMRO

(&) When using 16-bit access to IMRO, use IMRO

7 6 5 4 3 2 1 0 Address  ATer
reset
IMRO [CCGOOMK[TMGO1IMK[TMGOOMK] WTMK | DETMK | PO2MK | POIMK | POOMK |FFFF F100H FFH
RIW RIW RIW RIW RIW RIW RIW RIW
15 14 13 12 11 10 9 8
CCG10MK|TMG11MK[TMG10MK|CCGO5MK|CCG04MK|CCGO3MK|CCG02MK|CCGOIMK
RIW RIW RIW RIW RIW RIW RIW RIW

(b) When using 8-bit access to IMR, use IMROL for the LSB byte, and IMROH for the MSB

byte
7 6 5 4 3 2 1 0 Address  ~ter
reset
IMROL|[CCGOOMK[TMGOIMK[TMGOOMK] WTMK | DETMK | PO2MK | POIMK | POOMK |FFFF F100H FFH
RIW RIW RIW RIW RIW RIW RIW RIW
7 6 5 4 3 2 1 0 Address  Ater

reset
IMROH|CCG10MK|TMG11MK|TMG10MK|CCG05MK|CCG04MK|CCGO3MK|CCG02MK|CCGO1MK| FFFF F101H FFH
R/W R/W R/W R/W R/W R/W R/W R/W

(c) When using 1-bit access, use the xxnMK flag name.
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Figure 5-13: Interrupt Mask Register Format IMR1

(&) When using 16-bit access to IMR1, use IMR1

After
reset

IMR1 (WDTMMK| CMD1MK | CMDOMK |CCG15MK|CCG14MK|CCG13MK|CCG12MK|CCG11MK|FFFF F102H FFH

7 6 5 4 3 2 1 0 Address

R/W R/W R/W R/W R/W R/W R/W R/W
15 14 13 12 11 10 9 8
MACMK |FC1ERMK|FC1TXMK|FC1RXMK| DMA3MK | DMA2MK | DMA1MK | DMAOMK
R/W R/W R/W R/W R/W R/W R/W R/W

(b) When using 8-bit access, use IMRL1L for the LSB byte, and IMR1H for the MSB byte.

After
reset

IMR1L|WDTMMK| CMD1MK | CMDOMK |CCG15MK|CCG14MK|CCG13MK|CCG12MK|CCG11MK| FFFF F102H FFH
R/W R/W R/W R/W R/W R/W R/W R/W

7 6 5 4 3 2 1 0 Address

After
reset

IMR1H] MACMK |FC1ERMK|FC1TXMK|FC1RXMK| DMA3MK | DMAZMK | DMA1IMK | DMAOMK | FFFF F103H FFH
R/W R/W R/W R/W R/W R/W R/W R/W

7 6 5 4 3 2 1 0 Address

(c) When using 1-bit access, use the xxnMK flag name.
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Figure 5-14: Interrupt Mask Register Format IMR2

(@) When using 16-bit access to IMR2, use IMR2

7 6 5 4 3 2 1 0 Address  ATter
reset
IMR2 [ SERIMK | STIMK | SRIMK | SEROMK | STOMK | SROMK | CSIOIMK | CSIOOMK | FFFF F104H FFH
RIW RIW RIW RIW RIW RIW RIW RIW
15 14 13 12 11 10 9 8
P25MK | P20MK | P15MK | P1OMK |FC2ERMK|FC2TXMK|FC2RXMK| ADMK
RIW RIW RIW RIW RIW RIW RIW RIW

(b) When using 8-bit access, use IMR2L for the LSB byte and IMR2H for the MSB byte

7 6 5 4 3 2 1 0 Address  fter

reset

IMR2L[ SERIMK [ STIMK | SRIMK | SEROMK| STOMK | SROMK | CSIOIMK | CSIOOMK | FFEF F104H FFH
RIW RIW RIW RIW RIW RIW RIW RIW

7 6 5 4 3 2 1 0 Address  After

reset

IMR2H [ P25MK | P20MK | P15MK | P10OMK |FC2ERMK|FC2TXMK|FC2RXMK| ADMK |FFFF F105H FFH
RIW RIW RIW RIW RIW RIW RIW RIW

(c) When using 1-bit access, use the xxnMK flag name.
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Figure 5-15: Interrupt Mask Register Format IMR3

(&) When using 16-bit access to IMR3, use IMR3

After
reset

IMR3 1 BRGMK |DOVFMK [CSI1OMK| WTIMK | P34MK | P32MK \ P30MK |FFFF F106H FFH
RIW RIW RIW RIW R/W R/W RIW RIW

7 6 5 4 3 2 1 0 Address

15 14 13 12 11 10 9 8
O I S N A I N
RW RW RW RW RW RW RW RW

(b) When using 8-bit access, use IMR3L for the LSB byte.

7 6 5 4 3 2 1 0 Address T

reset

MR3L 1 1 DOVFMK | CSITOMK | WTIMK | P34MK | P32MK | P30MK |FFFF F106H FFH
RIW RIW RIW RIW RIW RIW RIW RIW

(c) When using 1-bit access, use the xxnMK flag name.
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5.3.6 In-service priority register (ISPR)

This register holds the priority levels of the maskable interrupts currently acknowledged. When an inter-
rupt request is acknowledged, the bit of this register corresponding to the priority level of that interrupt is
set to 1 and remains set while the end of the interrupt service.

When the RETI instruction is executed, the bit corresponding to the interrupt request having the highest
priority is automatically reset to O by hardware. However, it is not reset when execution is returned from
non-maskable processing or exception processing.

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

Figure 5-16: In-Service Priority Register (ISPR) Format

7 6 5 4 3 2 1 0 Address After reset
ISPR | ISPR7 | ISPR6 | ISPR5 | ISPR4 | ISPR3 | ISPR2 | ISPR1 | ISPRO |FFFFFIFAH  OOH
R R R R R R R R
ISPRNn Indicates Priority of Interrupt Currently Acknowledged
0 Interrupt request with priority n not acknowledged
1 Interrupt request with priority n acknowledged

Remark: n:0to 7 (priority level)
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5.3.7 Global interrupt mask: ID (Interrupt Disable)

The global interrupt mask (ID) of the PSW controls the enabling and disabling of maskable interrupt

requests. As a status flag, it also displays the current maskable interrupt acknowledgment condition.

Figure 5-17: Interrupt Disable Flag (ID)

Symbol 31 8 7 6 5 4 3 2
PSW 0 NP [EP | D [saT|[cy[ov ]| s | z |00000020H
ID Specifies Maskable Interrupt ServicingN°te
0 Maskable interrupt acknowledgement enabled
1 Maskable interrupt acknowledgement disabled (pending)

Note: Interrupt disable flag (ID) function

e ltis setto 1 by the Dl instruction and reset to 0 by the El instruction. Its value is also modi-

fied by the RETI instruction or LDSR instruction when referencing the PSW.

* Non-maskable interrupt and exceptions are acknowledged regardless of this flag. When a

maskable interrupt is acknowledged, the ID flag is automatically set to 1 by hardware.

« The interrupt request generated during the acknowledgement disabled period (ID = 1) can

be acknowledged when the xxnlF bit of xxnIC is set to 1, and the ID flag is reset to 0.
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5.3.8 Edge detection function

Valid edges of the INTPn pins can be selected for each pin from the falling, rising, or both edges.
The choice between rising and falling edge is controlled by the INTMn register (n = 0 to 3).

After reset, the valid edge of each interrupt source is set to falling edge.

Figure 5-18: External Interrupts Edge Selection Register INTMO

7 6 5 4 3 2 1 0 Address After reset
INTMO| 0 | 0 | ES021 | ES020 | ESO11 | ES010 | ES001 | ES000 |FFFF FCOOH 00H
R/W R/W R/W R/W R/W R/W R/W R/W

Figure 5-19: External Interrupts Edge Selection Register INTM1

7 6 5 4 3 2 1 0 Address After reset
INTM1| 0 | 0 | 0 | 0 | ES151 | ES150 | ES101 | ES100 |FFFF FCO2H 00H
R/W RIW R/W R/W R/W RIW R/W R/W

Figure 5-20: External Interrupts Edge Selection Register INTM2

7 6 5 4 3 2 1 0 Address After reset
INTM2| 0 | 0 | 0 | 0 | ES251 | ES250 | ES201 | ES200 |FFFF FCO4H 00H
RIW RW RW RW RMW RW RW  RMW

Figure 5-21: External Interrupts Edge Selection Register INTM3

7 6 5 4 3 2 1 0 Address After reset
INTM3| 0 | 0 | ES341 | ES340 | ES321 | ES320 | ES301 | ES300 |FFFF FCO6H 00H
R/W RIW R/W R/W R/W RIW R/W R/W

Input ESxx1 ESxx0 Valid edge selected
0 0 Falling edge
0 1 Rising edge
INTPxx 9°e79
1 0 (reserved)
1 1 both edges

When using Pxy/INTPn as interrupt input, the port control registers PMCx and PMx should be set to
enable the alternate function of the Pxy/INTPn pin.
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5.4 Software Exception

A software exception is generated when the CPU executes the TRAP instruction, and is always
accepted.

For details of the instruction function, refer to the V850E Family User’s Manual Architecture.

» TRAP instruction format: TRAP vector (where vector is 0 to 1FH)

5.4.1 Operation

If a software exception occurs, the CPU performs the following processing, and transfers control to the
handler routine:

@)
)
®)
(4)
(®)

Saves the current PC to EIPC.

Saves the current PSW to EIPSW.

Writes an exception code to the lower 16 bits (EICC) of ECR (interrupt source).
Sets the EP and ID bits of PSW.

Loads the handler address (00000040H or 00000050H) of the software exception routine in the

PC, and transfers control.

How a software exception is processed is shown below.

Figure 5-22: Software Exception Processing

- ( TRAP instruction )

EIPC -«— current PC
EIPSW -— current PSW
ECR.EICC -— exception code
PSW.EP w1

PSW.ID -

PC -—handler address

CPU processing

) . Handler address:
Exception processing 00000040H (ECR = 4nH)
00000050H (ECR = 5nH)

n: operand of TRAP1
or TRAPO instruction
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5.4.2 Restore

To restore or return execution from the software exception service routine, the RETI instruction is used.
Operation of RETI instruction

When the RETI instruction is executed, the CPU performs the following steps, and transfers control to
the address of the restored PC.

(1) Restores the PC and PSW from EIPC and EIPSW because the EP bit of PSW is 1.
(2) Transfers control to the address of the restored PC and PSW.

The processing of the RETI instruction is shown below.

Figure 5-23: RETI Instruction Processing

( RETI instruction )

0

° ?
PC -—EIPC PC -—FEPC
PSW -—EIPSW PSW -— FEPSW

( Original processing restored )

Caution: When the PSW.EP bit and the PSW.NP bit are changed by the LDSR instruction dur-
ing the software exception process, in order to restore the PC and PSW correctly dur-
ing recovery by the RETI instruction, it is necessary to set PSW.EP back to 1 using
the LDSR instruction immediately before the RETI instruction.
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5.4.3 EPflag

The EP flag in PSW is a status flag used to indicate that exception processing is in progress. It is set
when on exception occurs, and the interrupt is disabled.

Figure 5-24: EP Flag (EP)

Symbol 31 8 7 6 5 4 3 2 1 0 F'?eﬁsegt
PSW 0 ‘NP‘EP‘ ID‘SAT‘CY‘OV‘ S ‘ z |00000020H

EP

Exception Processing

Exception processing is not in progress

Exception processing is in progress
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5.5 Exception Trap

The exception trap is an interrupt that is requested when illegal execution of an instruction takes place.
In the VB50E/CA4 HELIOS, an illegal op code exception (ILGOP: ILeGal OPcode trap) is considered as
an exception trap.

« lllegal op code exception: occurs if the sub op code field of an instruction to be executed next
is not a valid op code.

5.5.1 lllegal op code definition

An illegal op code is defined to be a 32-bit word with bits 5 to 10 being 111111B and bits 23 to 26 being
0011B to 1111B.

Figure 5-25: lllegal op Code

15 13121110 5 4 0 31 27 26 23222120 17 16

T 1 T 1 1 T 1 1 1 1 1 T 1 T 1.1 1 1 1
0011

X X X|Xx xf1 1 1111|{Xx X X X X[X X X X X to X X|X X X X|X
1111

Remark: x: don't care
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5.5.2 Operation

If an exception trap occurs, the CPU performs the following processing, and transfers control to the han-
dler routine:

1)
)
®3)
(4)
®)

Saves the current PC to EIPC.

Saves the current PSW to EIPSW.

Writes an exception code (0060H) to the lower 16 bits (EICC) of ECR.

Sets the EP and ID bits of PSW.

Loads the handler address (00000060H) for the exception trap routine to the PC, and transfers
control.

How the exception trap is processed is shown below.

Figure 5-26: Exception Trap Processing

- ( Exception trap (ILGOP) occurs )

EIPC -«— current PC
EIPSW -— current PSW
ECR.EICC -— exception code
PSW.EP -1

PSW.ID -1

PC ~— 00000060H

( Exception processing )

CPU processing
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5.5.3 Restore

To restore or return execution from the exception trap, the RETI instruction is used.
Operation of RETI instruction

When the RETI instruction is executed, the CPU performs the following processing, and transfers con-
trol to the address of the restored PC.

(1) Restores the PC and PSW from EIPC and EIPSW because the EP bit of PSW is 1.
(2) Transfers control to the address of the restored PC and PSW.

The processing of the RETI instruction is shown below.

Figure 5-27: RETI Instruction Processing

( RET]I instruction >

0
‘w 1
;i 0 !
PC <—EIPC PC <—FEPC
PSW -— E|PSW PSW -— FEPSW
D

< Jump to PC >

Caution: When the PSW.EP bit and the PSW.NP bit are changed by the LDSR instruction dur-
ing the exception trap process, in order to restore the PC and PSW correctly during
recovery by the RETI instruction, it is necessary to set PSW.EP back to 1 using the
LDSR instruction immediately before the RETI instruction.
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5.6 Priority Control

5.6.1 Priorities of interrupts and exceptions

Table 5-2: Priorities of Interrupts and Exceptions

RESET | NMI INT TRAP | ILGOP
RESET x x « ¥
NMI x < Pl -
INT x D - -
TRAP x 1 0 -
ILGOP x 0 ) )

RESET:
NMI:
INT:
TRAP:
ILGOP:

reset

non-maskable interrupt
maskable interrupt
software exception
illegal op code exception

Item on the left ignores the item above.

Item on the left is ignored by the item above.
Item above is higher than the item on the left in priority.
Item on the left is higher than the item above in priority.
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5.6.2 Multiple interrupt processing

Multiple interrupt servicing is a function that allows the nesting of interrupts. If a higher priority interrupt
is generated and acknowledged, it will be allowed to stop a current interrupt service routine in progress.
Execution of the original routine will resume once the higher priority interrupt routine is completed.

If an interrupt with a lower or equal priority is generated and a service routine is currently in progress,
the later interrupt will be kept pending.

Multiple interrupt servicing control is performed when the processor is in the interrupt enable state

(ID = 0). Even in an interrupt servicing routine, this state must be entered by executing an El instruction,
which sets ID = 0. If multiple nested interrupts are allowed, EIPC and EIPSW must be saved at the
entry of the interrupt handler.

The following example shows the procedure of interrupt nesting.

(1) To acknowledge maskable interrupts in service program

Service program of maskable interrupt or exception

» Saves EIPC to memory or register
e Saves EIPSW to memory or register
¢ El instruction (enables interrupt acknowledge-

ment)
~ Acknowledges interrupt such as INTP input.

* Dl instruction (disables interrupt acknowledge-
ment)

* Restores saved value to EIPSW

- Restores saved value to EIPC

e RETI instruction

140 Preliminary User's Manual U16241EE1V1UMO0



Chapter 5 Interrupt/Exception Processing Function

(2) To generate exception in service program

Service program of maskable interrupt or exception

e Saves EIPC to memory or register

« Saves EIPSW to memory or register

« El instruction (enables interrupt acknowledge-
ment)

~ Acknowledges exception such as TRAP instruction.

= TRAP instruction — Acknowledges exception such as illegal op code.
« lllegal op code

« Restores saved value to EIPSW
« Restores saved value to EIPC
 RETI instruction

Priorities 0 to 7 (0 is the highest) can be programmed for each maskable interrupt request for multiple
interrupt processing control. To set a priority level, write values to the xxnPRO to xxnPR2 bits of the
interrupt request control register (xxnlC) corresponding to each maskable interrupt request. At reset,
the interrupt request is masked by the xxnMK bit, and the priority level is set to 7 by the xxnPRO to
XXNPR2 bits.

Priorities of maskable interrupts
(High) Level 0> Level 1> Level 2> Level 3> Level4>Level5>Level 6> Level 7 (Low)
Interrupt servicing that has been suspended as a result of multiple interrupt servicing is resumed after
the interrupt servicing of the higher priority has been completed and the RETI instruction has been exe-
Zu:)eeiding interrupt request is acknowledged after the current interrupt servicing has been completed

and the RETI instruction has been executed.

Caution: Inthe non-maskable interrupt servicing routine (time until the RETI instruction is exe-
cuted), maskable interrupts are not acknowledged but are suspended.
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5.7 Interrupt Latency Time

The following table describes the interrupt latency time (from interrupt request generation to start of
interrupt servicing).

Figure 5-28: Pipeline Operation at Interrupt Request Acknowledgement

5 system clocks

|

IF | 1D | Ex [MEM| wB

Interrupt request J

Instruction 1

|

Instruction 2 IFX | IDX
Interrupt acknowledgement operation INT1 | INT2|INT3|INT4
Instruction (start instruction of IF | ID | EX

interrupt processing routine)

Remark: INT1 to INT4: interrupt acknowledge processing
IFX: invalid instruction fetch
IDX: invalid instruction decode

Interrupt Latency Time (system clock)

- - Condition
Internal interrupt External interrupt

5 + analog delay | Time to eliminate noise (analog delay) is also neces-

Minimum 5 time sary for external interrupts, except when:
* In IDLE/software STOP mode
» External bit access
Maximum 11 11 +analog delay |, Two or more interrupt request non-sample instruc-

time . . .
tions are executed in succession

« Access to interrupt control register
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5.8 Periods Where Interrupt Is Not Acknowledged

An interrupt is acknowledged while an instruction is being executed. However, no interrupt will be
acknowledged between interrupt non-sample instruction and next instruction.

Interrupt request non-sample instruction
» Elinstruction
» Dl instruction
* LDSR regl, 0x5 instruction (Load PSW with regl value)
» LD.Breg2, PHCMD (write access to register PHCMD)
» LD.Breg3, PRCMD (write access to register PRCMD)
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Chapter 6 Clock Generator

6.1 Features

The clock generator is the circuit that generates the clock pulses supplied to the CPU and the periph-
eral hardware. It consists mainly of an oscillator, a PLL synthesizer, dividers and a controller.

The oscillator is able to generate a clock from an external ceramic or crystal resonator, in a range
from 6 to 8 MHz. When the oscillator is stopped, as in STOP mode, and restarted, a stabilization time is
insured by an on-chip counter.

The PLL synthesizer is designed to multiply by 8 the external frequency input at the X1 pin, and can
supply the chip with an internal clock of up to 32 MHz.

When the system is reset, the PLL multiplier is disabled, and should be started by software to allow
high-speed operation.

The controller allows the selection of the various prescalers/dividers and manages the switching
between operating and standby modes.

The features of the clock generator are shown below:
» Oscillator for external resonator
» Multiplier using PLL synthesizer
» Oscillator stabilization time counter
 Dividers for on-chip peripherals

» Power saving control
- HALT mode
- IDLE Mode
- WATCH mode
- STOP mode

These operating and standby modes can be combined and switched to suit the target application, and
enable effective implementation of low-power systems.
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6.2 Configuration

The following figure shows a functional description of the clock generator.

Figure 6-1: Clock Generator Configuration

Prescaler Watchdog Timer

.
2 Prescaler Watch Timer
g ) CPU
X1O— ) 1/1 [5) -
Oscillator PLL x 8 [+ —  1/2 0
X20— frx 1/2 L Baud Rate
Divider
Generator
T 1 Prescaler Timers G
WATCH IDLE PCLK
PLLEN WATCH Prescaler Timers D
1 Prescaler
CSI_CLKO _ CSin
CSI_CLK1
[ Prescaler
FCANn
- FCAN_CLK
Divider CAN_C -
PCL
Prescaler UARTn
PCLCNT
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6.3 Clock Oscillator

The system clock oscillator oscillates with a crystal or ceramic resonator connected to the X1 and X2
pins. A maximum 32 MHz system clock can be generated by connecting a 8 MHz crystal resonator or
ceramic resonator to the X1 and X2 pins.

Figure 6-2: Main System Clock Oscillator

P o |

—

Note: Resistor R is optional and depends on resonator supplier.
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6.4 Control Registers

The clock generator has the following control registers:
e CKC (Clock Control Register)
« PDIV (PLL Divider Factor Register)
e PCLCNT (PCL and peripheral clock Control Register)

and the following status register:

e PSTAT (PLL Status Register)

In addition the standby modes are controlled by the following control registers:
* PSM (Power Save Mode Register)
* PSC (Power Save Control Register)
CKC and PSC are specific registers that can only be written using a specific sequence of instructions.

Please, refer to Chapter 3.2.3 "Special registers” on page 62 for a description of these specific regis-
ters access method.
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6.4.1 Clock control register CKC

This is an 8-bit register that controls the internal system clock frequency in enabling the PLL.
As the several stages of the clock generation need stabilization time and synchronisation, HELIOS is
equipped with one timer, the Time Base Counter, which “freezes” the clock delivery to the chip while the
clock is not ready. The choice between 2 time values for this Time Base Counter is possible.
CKC is a specific register, and can be written only after a write access to the PHCMD register (see sec-

tion 3.2.3

place, it can be checked by the PERR flag of the status register (PHS).

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

Figure 6-3: Clock Control Register CKC

"Special registers” on page 62). If an illegal store operation to this specific register takes

Symbol 7 6 5 4 3 2 1 0 Address At Reset
CKC [PLLEN| 0 [ T7BCS | © 0 | o | o | o |FFFFF822H OOH
R/W R/W R/W R/W R/W R/W R/W R/W R/W

PLLEN PLL enable
0 PLL disable mode (direct mode): system clock is fyx
1 PLL enable mode: after the PLL lock-up time has passed, the system clock is automatically
switched to PLL output (4 x fyx or 2 x fyyx, depending on PDIVO)
Time base count (oscillation stabilization time) select
WATCH mode release STOP mode release
TBCS - .
Number of Count Time Number of Count Time
fxx periods | ¢ . —6.00MHz | fyy=8.00MHz |fxx Periods | f . -6 00MHz | fyy=8.00MHz
0 5300 0.88 ms 0.66 ms 50300 8.4 ms 6.3 ms
1 10600 1.77 ms 1.33 ms 100600 16.8 ms 12.6 ms
Caution: When releasing the WATCH mode, TBCS must be 1, so set TBCS = 1 before entering

the WATCH mode.
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6.4.2 PLL divider factor register PDIV

This register enables the internal PLL divider by 2, and can be used to scale the system frequency.
PDIV must be set before PLLEN.

This register can be read/written with 1-bit or 8-bit memory access.

Bit 1 is read as 0, and should be written with 0.

Figure 6-4: PLL Divider Factor Register PDIV

Symbol 7 6 5 4 3 2 1 0 Address At Reset
pov | o | o | o | o | o | o | 0 |[PDNVO|FFFFF842H  OOH
R/W R R R R R R R/W R/W

PDIVO PLL divider factor
0 If PLLEN = 1, system clock is PLL output (fxx x 4)
1 If PLLEN = 1, system clock is PLL output divided by 2 (fyyx x 2)
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6.4.3 PCL and peripheral clock control register PCLCNT

It is possible to output the CPU Clock on pin PO2/INTP02/PCL. The processor clock output frequency is
equal to the selected CPU frequency fepy. Corresponding ports registers have to be set accordingly:
PMCO02 bit of PMCO must be set to 1.

(Please refer to Chapter 13  "Port Feature” on page 437.)

When setting HALT mode, PCL still operates. In WATCH, IDLE and STOP mode, PCL is disabled.
PCLCNT controls the PLL divider, and can be used to set the PCL clock output frequency, and to

generate some clock signals dispatched to FCAN, CSI0, CSI1 and CSI10 clock controllers.
This register can be read/written with 8 bits memory access.

Figure 6-5: PCL and Peripheral Clock Control Register PCLCNT (1/2)

7 6 5 4 3 2 1 0 Address At Reset
CSIPCL | CSIPCL | CSIPCL PCL FCAN | FCAN
PCLCNT| CDEN 0 SEL2 SELL SELO SEL SEL1 SELO FFFF F840H OOH
R/W R R/W R/W R/W R/W R/W R/W
CDEN Clock Divider Enable
0 Clock divider for FCAN, CSI0, CSI1, CSI10 and PCL is disabled
1 Clock divider for FCAN, CSI0, CSI1, CSI10 and PCL is enabled

Note: It is better to start at first the PLL, before enable the clock divider via the CDEN bit.

CSICPL | CSICPL | CSICPL CSl_CLKO (MHZ) CS|_CLK1 (MHZ) PCL PCL (MHZ)
SEL2 SEL1 SELO fXX:8 MHz fXX:G MHz fXX:8 MHz fXX:6 MHz SEL fXX:8 MHz fXX:6 MHz
0 10.67 8
0 X 0 - 8 - -
1 21.33 16
0 8 6
0 X 1 8 6 - -
1 16 12
0 5.33 4
1 0 X 5.33 4 - 8
1 10.67 8
0 4 3
1 1 X 4 3 8 6
1 6

Remark: X: don't care
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Figure 6-5: PCL and Peripheral Clock Control Register PCLCNT (2/2)
FCAN_CLK (MHz)
FCANSEL1 | FCANSELO
fxx:8 MHz fxx:6 MHz

0 0 PCLK PCLK

0 1 - 16

1 0 PCLK PCLK

1 1 16 -

Empty cells represent a combination of settings that does not insure correct operation.

Note:

Caution:

152

PCLK is the peripheral clock and is internally connected to the CPU clock

the input clock of the FCAN interface should not be greater than 16 MHz.

Connecting the FCAN clock to the CPU clock (alias the Peripheral Clock) is provided
for use when the PLL is disabled: in this case PCLK is the external oscillator clock.
When the PLL is enabled, set (FCANSEL1, FCANSELO) = (1, 1) when running

@ 8 MHz, and to (0, 1) when running @ 6 MHz.
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6.4.4 PLL status register PSTAT

This register holds the status of the PLL.

Following a power-on reset or when exiting the STOP or WATCH mode, an amount of time will be
required for the PLL to stabilize before using any of the HELIOS hardware functions which rely on clock.
This required time is called PLL lock-up time: the status in which the frequency is not stable is called
unlock status and the status in which it has been stabilized is called lock status.

There is a VBSTAT flag in the PSTAT register which reflects the PLL's frequency stabilization state.
Static processing such as setting of the on-chip hardware units and initialization of the register data and
memory data, however, can be executed before the VBSTAT flag is set.

This register can be read only in 8-bit units.

Figure 6-6: PLL Status Register PSTAT

Symbol 7 6 5 4 3 2 1 0 Address At Reset
psTAT [vBsTAT| o | o | o | o | o | o | 0 |FFFFF824H OOH
R R R R
VBSTAT PLL status
0 PLL unlocked: system clock is fxx
1 PLL locked: system clock is PLL output (fyx x 4 or fyx x 2) if PLLEN = 1
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6.4.5 Power save mode register PSM

This is a 8-bit register to specify power save mode. Read/Write is possible by 8-bit or 1-bit memory
operation instructions. All contents are set to “O0H” by RESET input and bit 2, 3 and 7 are fixed to 0 by
hardware.

Figure 6-7: Power Save Mode Register Format

Symbol 7 6 5 4 3 2 1 0 Address At Reset
PSM 0 gNote oNote oNote 0 0 PSM1 | PSMO | FFFF F820H OOH
R/W R R/W R/W R/W R R R/W R/W

Note: Bits 6, 5, 4 should be always overwritten by 0. If this value is set to “1”, then proper operation
cannot be guaranteed.

PSM1 PSMO This selection is valid Wher?gl'?;tlboi?((I):’fssééi[])dglyP'\g(??egister has been set to "1".
0 0 IDLE Mode
0 1 STOP mode
1 0 WATCH Mode
1 1 Setting prohibited
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6.4.6 PSC - power save control register

This register controls entering and leaving power save mode. This register is a specific register: any

write access can only be done just after a dummy write to PRCMD register (see Chapter 3.2.3
"Special registers” on page 62).

Read access to PSC is possible without any write access to PRCMD. PSC register must be written with

store instruction execution by CPU only.

Depending of the setting of the PSM1 and PSMO bits of PSM register, either WATCH, STOP or IDLE

mode will be set. Standby mode can be released by either unmasked INT, NMI or RESET signal.

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

Figure 6-8: Power Save Control Register Format

7 6 5 4 3 2 1 0 Address After Reset
PSC [NMIM2] 0 [NMIMO[ INTM [ 0 | 0 | STB | 0 |[FFFFFIFEH  OOH
R/W R/W R/W R/W R R R/W
STB Standby mode enable
0 Normal mode
1 Set standby mode WATCH, STOP or IDLE, according to PSM register
Bit Name Wake-up Sources Mask

Wake-up from non-maskable interrupt request from Watchdog timer
NMIM2 0: enabled
1: disabled

Wake-up from non-maskable interrupt request from NMI pin
NMIMO 0: enabled
1: disabled

Wake-up from maskable interrupt request (INTn-INTO) from INTPn-INTPO pin
INTM 0: enabled
1: disabled

Remark: If INTM, NMIM2, NMIMO and STB bit in the PSC register are set simultaneously, settings for
INTM, NMIM2 and NMIMO are ignored. If INTM, NMI2 or NMIMO bit have to be modified to
enter power save mode, set them before setting STB bit.
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6.5 System Operating Modes

HELIOS can operate in the following modes:
« Main clock operation
e HALT mode
e |IDLE mode
« WATCH mode
* STOP mode

Figure 6-9: System Operating and Standby Modes Block Diagram

RESET input

RESET

Clock change
with PLLEN, PDIV

Oscillator
Stabilization

!

-] MAIN Operation

T

Oscillator
Stabilization

Core &
-—Flash
Regulator

HALT
instruction

NMI, INT
input

HALT mode

Setting
PMSR, PSC

NMI, INT
input
WATCH mode

l NMI, INT

M 1 input
STOP mode

l NMI, INT
input
IDLE mode

Reset input or Watchdog Timer reset

Note: Itis necessary to switch off the PLL before you enter Halt and Idle mode.
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6.5.1 Main clock operation mode

In this mode, the clock oscillator and the PLL output can supply the CPU. CPU frequency is selected
through PDIVO bit of PDIV register. Available clock frequencies are fyy, fxx x 2, fxx x 4.

Corresponding settings are described in section 3.2.3 "Special registers” on page 62.

After reset signal is released, device always starts operating with fyy system clock after oscillation sta-
bilization time elapsed, and with the PLL disabled.

6.5.2 HALT mode

In this mode, the supply of the operating clock to the CPU is stopped, and on-chip peripherals continue
to operate. Combining this mode with the normal operating mode to provide intermittent operations
enables the overall system power consumption to be reduced.

In the HALT mode, program execution is stopped but the contents of all registers and internal RAM are

retained as is. On-chip peripheral hardware irrelevant to the CPU instruction execution also continues
to operate. The state of the various hardware units in the HALT mode is tabulated below.

Table 6-1: Operating Status in HALT Mode

Item Status
Main oscillator Operates
PLL controller Operates
CPU Stopped
_ UART6N Operates
Serial o CSin Operates
Communications
FCANN Operates
Watchdog Timer Operates
) Watch Timer Operates
Timers .
Timer Gn Operates
Timer Dn Operates
A/D converter Operates
Ports Unchanged
External interrupts Operate
PCL Operates
Retains all internal data before entering
Internal data HALT mode, such as CPU registers,
status, data, and on-chip RAM.

(1) Entering HALT mode

This mode is entered by executing the dedicated instruction (HALT) and can be released by any
interrupt request.

Even after the HALT instruction is executed, instruction fetch operations continue until the internal
instruction pre-fetch queue is full. After the queue becomes full, the CPU stops with the items set
as tabulated above. This is the reason why the implementation of 5 NOP instructions following the
HALT instruction is recommended.
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(@)

HALT mode release

The HALT mode is released by an unmasked maskable interrupt request, a NMI request, RESET
signal input or Watchdog timer reset.

(a) Release by interrupt or NMI request

The HALT mode is released unconditionally by an

< unmasked maskable interrupt request, regardless of its priority level, and regardless of the
INTM bit in the PSC register.

¢ an unmaskable interrupt request, regardless NMIMO or NMIM2 bits in the PSC register.

However, depending on the interrupt enable status and on the current interrupt level, the operation
differs on interrupt priority levels as follows:

« If the priority level of incoming interrupt is lower than the priority level of the current interrupt:
the incoming interrupt is not acknowledged: the HALT mode is released, the incoming interrupt
request is kept pending, and the program continues in sequence, after the HALT instruction.

« If the priority level of incoming interrupt is higher than the priority level of the current interrupt

(NMI has the highest priority):

the incoming interrupt request is acknowledged: the HALT mode is released, then

- if PSW.ID = 0 (the interrupt state is: enable)
the program branches to the vector address of the incoming interrupt, and the RETI of the
incoming interrupt handler returns to the instruction following the HALT instruction.

- if PSW.ID = 1 (the interrupt state is: disable)
the program branches to the instruction following the HALT instruction.

Table 6-2: Operation after Releasing HALT Mode by Interrupt Request

(higher priority) handler address

Release Source Interrupt Enabled (El) Status Interrupt Disabled (DI) Status
Non-maskable interrupt request Execution branches to the NMI handler address
Maskable interrupt request Execution branches to the interrupt

The next instruction is executed

Maskable interrupt request
(lower or same priority)

The next instruction is executed The next instruction is executed
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(b) Release by Watchdog timer reset
The device operation is the same as normal reset operation.
(c) Release by RESET pin

The device operation is the same as normal reset operation.
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6.5.3 IDLE mode

In this mode, the supply of the operating clock to the CPU is stopped, and some on-chip peripherals
continue to operate. Combining this mode with the normal operating mode to provide intermittent oper-
ations enables the overall system power consumption to be reduced.

In the IDLE mode, program execution is stopped but the contents of all registers and internal RAM are
retained as is. On-chip peripheral hardware irrelevant to the CPU instruction execution also continues

to operate. The state of the various hardware units in the IDLE mode is tabulated below.

Table 6-3: Operating Status in IDLE Mode

Item Status
Main oscillator Operates
PLL controller Operates
CPU Stopped
UART6N Stopped
_ csin Opera?es in slave mode
Serial Operates with PLL DIVIDER clock

Communications

Operates if PLL DIVIDER clock

FCANnN (PCLCNT register) has been selected
otherwise it is stopped
Watchdog Timer Operates
) Watch Timer Operates

Timers . .
Timer Gn Operates in counter mode
Timer Dn Stopped

A/D converter Stopped

Ports Unchanged

External interrupts Operate

PCL

Operates if PLL DIVIDER clock
(PCLCNT register) has been selected
otherwise it is stopped (Low level)

Internal data

Retains all internal data before entering
IDLE mode, such as CPU registers,
status, data, and on-chip RAM.

(1) Entering IDLE mode
The IDLE mode is entered by writing to the PSC register and can be released by any interrupt

request.

To enter this mode, the bit 0 and 1 of the PSM register must be set to "00". Then PSC register
should be set with store (ST/SST) instruction or bit manipulation instructions just after a write
access to the PRCMD register.
Refer to Chapter 3.2.3 "Special registers” on page 62.
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(2) IDLE mode release

The IDLE mode is released by an unmasked maskable interrupt request, a NMI request, RESET
signal input or Watchdog timer reset.

After IDLE mode release, it is not necessary to secure the oscillator oscillation stabilization time
and the PLL lock-up time, it is possible to quickly switch to the normal operating mode and the first
instruction is executed.

(a) Release by interrupt or NMI request

The IDLE mode is released by

« the detection of a valid edge on NMI pin (unmaskable interrupt request), if the NMIMO bit in the
PSC register is 0.

« an unmaskable interrupt request from the watchdog timer, if the NMIM2 bit in the PSC register
is 0.

< unmasked maskable interrupt request, regardless of its priority level, if the INTM bit in the PSC
register is 0.

However, depending on the interrupt enable status and on the current interrupt level, the operation
differs on interrupt priority levels as follows:

« If the priority level of incoming interrupt is lower than the priority level of the current interrupt:
the incoming interrupt is not acknowledged: the IDLE mode is released, the incoming interrupt
request is kept pending, and the program continues in sequence, after the instruction which
caused entering the standby mode (writing 1 to the STB bit of the PSC register).

« If the priority level of incoming interrupt is higher than the priority level of the current interrupt
(NMI has the highest priority):
the incoming interrupt request is acknowledged: the IDLE mode is released, then

- if PSW.ID = 0 (the interrupt state is: enable)
the program branches to the vector address of the incoming interrupt, and the RETI of the
incoming interrupt handler returns to the instruction following the instruction which caused
entering the standby mode (writing 1 to the STB bit of the PSC register).

- if PSW.ID = 1 (the interrupt state is: disable)

the program branches to the instruction following the instruction which caused entering the
standby mode (writing 1 to the STB bit of the PSC register).

Table 6-4: Operation after Releasing IDLE Mode by Interrupt Request

Release Source Interrupt Enabled (El) Status Interrupt Disabled (DI) Status
Non-maskable interrupt request Execution branches to the NMI handler address
Maskable interrupt request Execution branches to the interrupt

(higher priority) handler address The next instruction is executed

Maskable interrupt request

. The next instruction is executed The next instruction is executed
(lower or same priority)

(b) Release by Watchdog timer reset
The device operation is the same as normal reset operation.
(c) Release by RESET pin

The device operation is the same as normal reset operation.
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6.5.4 WATCH mode

In this mode, the clock oscillator continues to operate.
The clock is no more supplied to the CPU and to the peripherals, but the watchdog timer and the watch

timer continue to operate.

In the WATCH mode, program execution is stopped but the contents of all registers and internal RAM
prior to entering this mode are retained. On-chip other peripheral hardware operation is also stopped.
The state of the peripheral hardware units in WATCH mode is tabulated below.

Table 6-5: Operating Status in WATCH Mode

Item Status
Main oscillator Operates
PLL controller Stopped
CPU Stopped
_ UART6N Stopped
?:(ca)rrharLunications CSIn Operates in slave mode
FCANnN Stopped
Watchdog Timer Operates
Timers Watch Timer Operates
Timer Gn Operates in counter mode
Timer Dn Stopped
A/D converter Stopped
Ports Unchanged
External interrupts Operate
PCL Stopped

Internal data

Retains all internal data before entering
WATCH mode, such as CPU registers,
status, data, and on-chip RAM.
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(1)

(2)

Entering WATCH mode

The WATCH mode is entered by writing 1 to STB bit of the PSC register while PSM1 = 1 and
PSMO = 0, and can be released by any interrupt request.

To enter this mode, the bit 0 of PSMR, PSM register must be set to “0”. Then PSC register should
be set with store (ST/SST) instruction or bit manipulation instructions just after the write access to
the PRCMD register. Refer to Chapter 3.2.3 "Special registers” on page 62.

WATCH mode release

The WATCH mode can be released by a non-maskable interrupts request, an unmasked maska-
ble interrupt request, Watchdog timer reset or RESET signal input.

After WATCH mode release, the first instruction is executed after oscillation stabilization time set in
the TBCS bit of the register CKC elapsed.

Caution: When releasing the WATCH mode, TBCS must be 1, so set TBCS = 1 before entering
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the WATCH mode.

(a) Release by interrupt or NMI

The WATCH mode is released by

» the detection of a valid edge on NMI pin (unmaskable interrupt request), if the NMIMO bit in the
PSC register is 0.

» an unmaskable interrupt request from the watchdog timer, if the NMIM2 bit in the PSC register
is 0.

« unmasked maskable interrupt request, regardless of its priority level, if the INTM bit in the PSC
register is 0.

If WATCH mode is released by interrupt or NMI, the CPU starts operation after the stabilization
time set in the TBCS bit of the register CKC elapsed.

However, depending on the interrupt enable status and on the current interrupt level, the operation
differs on interrupt priority levels as follows:

« If the priority level of incoming interrupt is lower than the priority level of the current interrupt:
the incoming interrupt is not acknowledged: the WATCH mode is released, the incoming
interrupt request is kept pending, and the program continues in sequence, after the instruction
which caused entering WATCH mode (setting STP in PSC to 1)

« If the priority level of incoming interrupt is higher than the priority level of the current interrupt

(NMI has the highest priority):

the incoming interrupt request is acknowledged: the WATCH mode is released, then

- if PSW.ID = 0 (the interrupt state is: enable)
the program branches to the vector address of the incoming interrupt, and the RETI of the
incoming interrupt handler returns to the instruction following the instruction which caused
entering WATCH mode (setting STP in PSC to 1)

- if PSW.ID = 1 (the interrupt state is: disable)

the program branches to the instruction following the instruction which caused entering
WATCH mode (setting STP in PSC to 1).
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Table 6-6: Operation after Releasing Watch Mode by Interrupt Request

Release Source Interrupt Enabled (El) Status Interrupt Disabled (DI) Status
Non-maskable interrupt request Execution branches to the NMI handler address
Maskable interrupt request Execution branches to the interrupt

(higher priority) handler address The next instruction is executed

Maskable interrupt request

L The next instruction is executed The next instruction is executed
(lower or same priority)

(b) Release by Watchdog timer reset
The device operation is the same as normal reset operation.
(c) Release by RESET pin

The device operation is the same as normal reset operation.

Figure 6-10: Watch Mode Release by NMI or INT

WATCH mode setting
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|
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Figure 6-11: Watch Mode Release by Reset (External or Watchdog)
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6.5.5 STOP mode

In this mode, the CPU clock is stopped including the clock generators (oscillator and PLL synthesizer),
resulting in stop of the entire system for ultra-low power consumption.

In this mode, the program execution stops, but the contents of all registers and internal RAM prior to
entering this mode are retained. HELIOS peripherals operations are also stopped.

The state of the peripheral hardware units in STOP mode is tabulated below.

Table 6-7: Operating Status in STOP Mode
Item Status

Main oscillator Stopped

PLL controller Stopped

CPU Stopped

_ UART6N Stopped

?:(ca)rrharLunications CSIn Operates in slave mode
FCANnN Stopped
Watchdog Timer Stopped

Timers Watch Timer Stopped
Timer Gn Operates in counter mode
Timer Dn Stopped

A/D converter Stopped

Ports Unchanged

External interrupts Operate

PCL

Stopped (Low level)

Internal data

Retains all internal data before entering
STOP mode, such as CPU registers,
status, data, and on-chip RAM.

Caution:

wake up time after STOP mode release.

(1) Entering STOP mode

Please refer to the HELIOS Electrical specification (EASE-ES-2000-0.1) for minimum

To enter this mode, the bit PSM1 and PSMO (bit 0 and bit 1 of the PSM register) must be set to
"01". Then STP bit of PSC register should be set with store (ST/SST) instruction or bit manipula-
tion instructions just after the write access to the PRCMD register.
Refer to Chapter 3.2.3 "Special registers” on page 62.
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(2) STOP mode release

The STOP mode can be released by a non-maskable interrupt request, an unmasked maskable
interrupt request, Watchdog timer reset or RESET signal input.

After STOP mode release, The time base counter (TBC) is used to make sure that the time during
which the oscillation of the oscillator circuit stabilizes, and flash stabilization after the software
STOP mode has been released.

Select the count clock of the TBC by using the TBCS bit of the PSC register.

(a) Release by interrupt or NMI

The STOP mode is released by

« the detection of a valid edge on NMI pin (unmaskable interrupt request), if the NMIMO bit in the
PSC register is 0.

« an unmaskable interrupt request from the watchdog timer, if the NMIM2 bit in the PSC register
is 0.

< unmasked maskable interrupt request, regardless of its priority level, if the INTM bit in the PSC
register is 0.

If STOP mode is released by interrupt or NMI, the CPU starts operation after the stabilization time
set in the TBCS bit of the register CKC elapsed.

When selecting TBC time, customer has to refer to the Electrical target specification (EASE-ES-
2000-0.1) document to check what are the minimum wake up time from STOP mode release.

However, depending on the interrupt enable status and on the current interrupt level, the operation
differs on interrupt priority levels as follows:

« If the priority level of incoming interrupt is lower than the priority level of the current interrupt:
the incoming interrupt is not acknowledged: the STOP mode is released, the incoming interrupt
request is kept pending, and the program continues in sequence, after the instruction which
caused entering STOP mode (setting STP in PSC to 1)

« If the priority level of incoming interrupt is higher than the priority level of the current interrupt

(NMI has the highest priority):

the incoming interrupt request is acknowledged: the STOP mode is released, then

- if PSW.ID = 0 (the interrupt state is: enable)
the program branches to the vector address of the incoming interrupt, and the RETI of the
incoming interrupt handler returns to the instruction following the instruction which caused
entering STOP mode (setting STP in PSC to 1)

- if PSW.ID = 1 (the interrupt state is: disable)

the program branches to the instruction following the instruction which caused entering
STOP mode (setting STP in PSC to 1)
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Table 6-8: Operation after Releasing Stop Mode by Interrupt Request

Release Source Interrupt Enabled (El) Status Interrupt Disabled (DI) Status
Non-maskable interrupt request Execution branches to the NMI handler address
Maskable interrupt request Execution branches to the interrupt

(higher priority) handler address The next instruction is executed

Maskable interrupt request

L The next instruction is executed The next instruction is executed
(lower or same priority)

(b) Release by Watchdog timer reset
The device operation is the same as normal reset operation.
(c) Release by RESET pin

The device operation is the same as normal reset operation.

Figure 6-12: Stop Mode Release by NMI or INT
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Figure 6-13: Stop Mode Release by Reset (External or Watchdog)
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6.5.6 Securing Oscillation Stabilization Time

When the HALT mode is released, no stabilization times are needed before execution of the first
instruction, as the oscillator and the PLL were not stopped.

When the IDLE mode is released, no stabilization times are needed before execution of the first
instruction, as the oscillator and the PLL were not stopped.

When the WATCH mode is released, no oscillation stabilization time is needed before execution of
the first instruction, as the oscillator was not stopped. On the other hand a Flash power stabilization
time is needed.
- If the WATCH mode is released by the reset input, the Flash power stabilization time has to
be insured by the user hardware, in setting the RESET pin low for at least 1 ms.
- If the WATCH mode is released by an interrupt (NMI or maskable), the Flash power
stabilization time is secured by the internal counter TBC.

When the STOP mode is released, an oscillation stabilization time is needed before execution of the
first instruction, as the oscillator was stopped.

- If the STOP mode is released by the reset input, this oscillation stabilization time has to be
insured by the user hardware, in setting the RESET pin low for at least 10 ms. The Flash
power stabilization time is overlapped with the oscillation stabilization time.

- If the STOP mode is released by an interrupt (NMI or maskable), this oscillation stabilization
time is secured by the internal counter TBC.

After a power-up reset, as at STOP mode release by reset, the oscillation stabilization time has to be
insured by the RESET pin, which should be held low for at least 10 ms after Vpp presence. The Flash

power stabilization time is overlapped with the oscillation stabilization time.
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7.1 TimerD

2 x 16-bit interval timer of Timer D are implemented:
» Timer DO
» Timer D1

7.1.1 Features Timer D

Timer Dn (TMD) functions as a 16-bit interval timer.

7.1.2 Function overview Timer Dn

» Compare register: 1

» Count clock selected from divisions of internal peripheral clock
(maximum frequency of count clock: fpc /4 (8 MHz @ fyx = 8 MHZz))

» Prescaler division ratio
8 division ratios can be selected related to the internal peripheral clock (fpc k). The range is

from fF’CLK/4 to fPCLK/512'

Interrupt request sources: 1
- Compare match interrupt
INTCMDn generated with CMDn match signal

» Timer clear:
TMDn register can be cleared by CMDn register match.

Remark: In this Timer D chapter following indexes is consequently used

* n=0, 1 (for each of the 2 Timer D)

* fpcLk: Internal peripheral clock. In HELIOS fpc | is the same frequency as fcpy:
external quartz frequency fyy if PLLEN =0,
fyx x 4 if PLLEN = 1 and PDIV = 0,

fyx x 2 if PLLEN = 1 and PDIV = 1. (see Chapter 6 "Clock Generator” on page 145).
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Figure 7-1 shows the block diagram of the channel of Timer Dn.

Remark:

172

focik /2 ———m

n=0,1

Figure 7-1: Block Diagram of Timer Dn (n =0, 1)

TMCDn:
clear and
count control
TMCDn
1/2
1/4
1/8 £ |
%gg COUNT TMDn (16-bi0) Clear & start

1/64
1/128
1/256

| CMDn I
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7.1.3 Basic configuration

Table 7-1: Timer Dn Configuration List (n =0, 1)

Generated Capture Timer Other
Timer Count Clock Register | RIW Interrupt P .
. Trigger Output S/R | Functions
Signal
fPCLK/4’ fPCLK/81 TMDn R — — — -
f /16, f /132, - - -
Timer Dn PCLK PCLK CMDn | R/W | INTCMDn

fPCLK/64l fPCLK/1287

fPCLK/256’ prLK/512 TMCDn | R/W - - - -

Remark: fpcik: internal peripheral clock

(1) Timer D counter Register (TMDn) (n =0, 1)

Timer Dn is a 16-bit timer. It is mainly used as an interval timer for software (n =0, 1).
Starting and stopping TMDn is controlled by the CE bit of the Timer Dn control register (TMCDn).
A division by the prescaler can be selected for the count clock from among fpc| /4 and fpc /512

in 8 steps by the CSn2 to CSnO bits of the TMCDn register.

TMDn is read-only in 16-bit units.

Figure 7-2: Timer Dn Counter Register (TMDn) (n =0, 1)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address 'nud

value

vool | | | | [ | | | | | | | | | | |FFFFFs40H 0000H
tvor| | | | | | | | [ [ | | | | | | [|FFFFFs50H 0000H

The conditions for which the TMDn register becomes 0000H are shown below:
* Reset input

» CAEnbit=0

e CEnbit=0

» Match of TMDn register and CMDn register

* Overflow
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)

Timer Dn compare register (CMDn) (n =0, 1)

CMDn and the TMDn registers’ count value are compared, and an interrupt request signal (INTC-
MDn) is generated when a match occurs. Synchronized with this match, TMDn is cleared.

If the CAEn bit of the TMCDn register is set to "0", a reset is performed asynchronously, and the
registers are initialized (n = 0, 1).

The CMDn register is configured with a master/slave configuration. When a write operation to a
CMDn register is performed, data is first written to the master register and then the master regis-
ter's data is transferred to the slave register in synchronisation with the count clock. In the com-
pare operation, the slave register’s value is compared with the count value of the TMDn register.
When a read operation to a CMDn register is performed, data in the master side is read out.

CMDn can be read/written in 16-bit units.

Figure 7-3: Timer Dn Compare Register (CMDn) (n =0, 1)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Addess @

value
CMDO | \ \ | \ \ \ | | \ \ \ | \ \ \ | FFFF F542H 0000H
CMD1 | \ \ | \ \ \ | | \ \ \ | \ \ \ | FFFF F552H 0000H

Cautions: 1. A write operation to the a CMDn register requires 2 fpc /2 clocks until the value
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that was set in the CMDn register is transferred to internal units. When writing
continuously to the CMDn register, be sure to reserve a time interval of at least 2
fpcLk/2 clocks.

2. Writing to the CMDn register is allowed only once during a timer cycle: only the
first value written to the CMDn register during a timer cycle (from 0000H until an
INTCMDn interrupt is generated due to a match of the TMDn register and CMDn
register) is effective.

3. Note that an INTCMDn interrupt will be generated after an overflow if a value less
than the counter value is written in the CMDn register during TMDn register oper-
ation
(Figure 7-4, “Timing of Timer Dn Operation,” on page 175).
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Figure 7-4: Timing of Timer Dn Operation
(@) When TMDn < CMDn

TMDn : |
3
cAE |
e —— ; ;
CMDn X q |
INTCMDn |_| |_|
(b) When TMDn > CMDn
TMDn ‘ | | |
‘ X
cAE |
« ; :
CMDn X n ‘ ‘ ‘
INTCMDn |_| |_| |_|

Remarks: 1. p = TMDn value when overwritten
2. g = CMDn value when overwritten

3. n=0,1
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7.1.4 Control register

(1) Timer Dn control register (TMCDn) (n =0, 1)
The TMCDn register controls the operation of Timer Dn (n =0, 1).

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

Figure 7-5: Timer Dn Control Register (TMCDn) (n =0, 1)

7 6 5 4 3 2 1 0 Address Initial
value
TMCDOl 0 | CS02 \ CS01 | CS00 \ 0 | 0 \ CEO \ CAEO |FFFF F544H  OOH
TMCDll 0 | CS12 \ Ccs11 | CS10 \ 0 | 0 \ CE1 \ CAE1 |FFFF F554H  OOH
Bit Position | Bit Name Function
Selects the TMDn count clock (n =0, 1)
CSn2 CSnl CSn0 Count Clock
0 0 1 focLk /8
0 1 0 focLk /16
0 1 1 fook 132
csn2 PCLK
6104 to 1 0 0 focLk /64
CSno
1 0 1 focLk /128
1 1 focLk /512

the operation is not guaranteed.

Caution: Do not change the CSn2 to CSnO0 bits during timer operation. If they
are to be changed, they must be changed after setting the CEn bit to
"0". If the CSn2 to CSnO bits are overwritten during timer operation,

Count Enable: Controls the operation of TMDn (n =0, 1).
0: Disable count (timer stopped at 0000H and does not operate)
1 CEn 1: Perform count operation

operation. To stop the count operation, clear the CEn bit.

Caution: CEn bit is not cleared even if a match is detected by the compare

Count Action Enable: Controls the internal count clock.

1: Supply clock to TMDn unit (n = 0, 1).

TMDn, first set CAE = 1.

then again set all the registers of the TMDn unit.

0: Asynchronously reset entire TMDn unit. Stop clock supply to TMDn unit.

Cautions: 1. When CAEn =0 is set, the TMDn unit is reset asynchronously.

0 CAEn 2. When CAEn = 0, the TMDn unit is in a reset state. To operate

3. When the CAEn bit is changed from 1 to 0, all the registers of the
TMDn unit are initialized. When again setting CAEn =1, be sure to

Caution: The CAEnN bit and CEn bit cannot be set at the same time. Be sure to set the CAEnN bit

prior to setting the CEn bit.
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7.1.5 Operation

TMDn can be used for a compare operation in which the value that was set in a compare register
(CMDn) is compared with the TMDn count value (n = 0, 1).

If a match is detected by the compare operation, an interrupt (INTCMDn) is generated. The gener-
ation of the interrupt causes TMDn to be cleared to "0" at the next count timing. This function ena-
bles Timer Dn to be used as an interval timer.

CMDn can also be set to "0". In this case, when an overflow occurs and TMDn becomes "0", a
match is detected and INTCMDn is generated. Although the TMDn value is cleared to "0" at the
next count timing, INTCMDn is not generated according to this match.

Figure 7-6: Timing of Compare Operation (1/2)

(&) When CMDn is set to m (non-zero)

feount [ ] [ 1]
Count up I_l ; . .
TMDn clear Crl

1]

TMDn X

-
3
><\
o
><
-

o 7
CMDn | m
S -
Match detected F
(INTCMDn) |

Remarks: 1. Interval time = (m + 1) x Count clock cycle
2. m=1to 65535 (FFFFH)
3. n=0,1
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Figure 7-6: Timing of Compare Operation (2/2)
(b) When CMDn is setto 0

feount [ 1] [ 1]
Count up I_ é' o '.
TMDn clear (iD_l

1]

/ Clear
TMDn FFFFH X T o X 0 X 1
&
CMDn | 0
&
Match detected F
(INTCMDn) |

Overflow I_l

Remark: Interval time = (FFFFH + 2) x Count clock cycle

The value of the compare register CMDn is compared with the value of the TMDn register and a match
between the two is detected immediately before the timer counts up. So in the following case, a match
does not occur, and no interrupt is generated:

Figure 7-7: Writing to CMDn Register

for [ ] |_| |_| [ ] [ ]
mon n2 X a1 X n X aer X nee X

CMDn n 1 X ,m
Match detection Writing to register
INTCMDn

|

Match does not occur
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7.1.6 Application example

(1) Interval timer

This section explains an example in which Timer Dn is used as an interval timer with 16-bit
precision.

Interrupt requests (INTCMDn) are output at equal intervals (refer to Figure 7-6, “Timing of Com-
pare Operation (1/2),” on page 177). The setup procedure is shown below (n =0, 1).

<1> Set the CAEnN bit to "1".

<2> Set each register:

Select the count clock using the CSn2 to CSnO0 bits of the TMCDn register.

Set the compare value in the CMDn register.

<3> Start counting by setting the CEn bit to "1".

<4> |If the TMDn register and CMDn register’s values match, an INTCMDn interrupt is generated.
<5> INTCMDn interrupts are generated thereafter at equal intervals.

7.1.7 Precautions for Timer Dn

Various precautions concerning Timer Dn are shown below.

(1) To operate Timer Dn, first set to "1" the CAE bit of the TMCDn register.

(2) 2 fpc /2 clocks are required after a value is set in the CEn bit of the TMCDn register until the set
value is transferred to internal units. When a count operation begins, the count cycle from 0000H
to 0001H differs from subsequent count cycles.

(3) Toinitialize the TMDn register status and start counting again, clear the CEn bit to “0” and then set
the CEn bit to “1” after an interval of 2 fpc| /2 clocks has elapsed.

(4) Upto 2 fpc k/2 clocks are required until the value that was set in the CMDn register is transferred

to internal units. When writing continuously to the CMDn register, be sure to secure a time interval
of at least 2 fpc| /2 clocks.

(5) Writing to the CMDn register is allowed only once during a timer cycle: only the first value written
to the CMDn register during a timer cycle (from 0000H until an INTCMDn interrupt is generated
due to a match of the TMDn register and CMDn register) is effective.

(6) The count clock must not be changed during a timer operation. If the clock selection by CSn2 to
CSnO bits is going to be changed, it should be overwritten after the CEn bit is cleared to "0". If the

count clock is changed during a timer operation, operation cannot be guaranteed.

(7) An INTCMDn interrupt will be generated after an overflow if a value less than the counter value is
written in the CMDn register during TMDn register operation.

Remark: n=0,1
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7.2 Timer G

2 x 16-bit multi purpose timer of Timer G are implemented:

* Timer GO
« Timer G1

7.2.1 Features of Timer G

The Timer Gn (n =0, 1) operate as:

Pulse interval and frequency measurement counter
event counter

Interval timer

Programmable pulse output

PWM output timer

Remark: In this Timer Gn chapter following indexes were consequently used

« m =1 to 4(for the free assignable Input/Output-channels)

e n =0, 1(for each of the 2 Timer G instance in HELIOS)

* x =0, 1(for bit-index, i.e. one of the 2 counters of each Timer Gn)
e y=0to 5(for all of the 6 capture/compare-channels)
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7.2.2 Function Overview of each Timer Gn
e 16-bit timer/counter (TMGnO, TMGn1): 2 channels

¢ Bitlength
- Timer Gn registers (TMGnO, TMGn1): 16 bits

« Capture/compare register (GCCny): 6
- 16-bit
- 2 registers (GCCnO0O, GCCnb) are assigned to dedicated counters (TMGnO, TMGn1)
- 4 registers are freely assignable to one of the 2 counters

» Count clock division is selectable by a prescaler (frequency of peripheral clock: fpc k = 32 MHz

Max)
- In 8 steps from fpc i 10 fpc /128

- count clock may be different for each channel counter (TMGnO, TMGn1)

 Interrupt request sources

- Edge detection circuit with noise elimination.

- Compare-match interrupt requests: 6 types
Perform comparison of the 6 capture/compare registers with one of the 2 counters (TMGnO,
TMGnN1) and generate the INTCCGny (y = 0 to 5) interrupt request upon compare match.

- Timer counter overflow interrupt requests: 2 types
In free running mode the INTTMGnNO (INTTMGn1) interrupt is generated when the count value of
TMGnNO (TMGn1) goes from FFFFH to 0000H.

* PWNM output function: 4 channels for each timer TMGn
- Output pins TOGn1- through TOGn4 can be inverted at each occurrence of:
- overflow of the corresponding timebase (TMGnO, TMGn1)
- compare match between GCCnl to GCCn4 register and the corresponding timebase
(TMGnO, TMGn1).

e Output delay operation
- A clock-synchronised output delay can be added to the output signal of pins TOGn1 through
TOGN4.

» Edge detection and noise elimination filter
- TIGOO, TIGO5, TIG10 and TIG15 are provided with an analog noise eliminator.

Note: The TIGnlto TIGn4 and TOGn1 to TOGN4 are each alternate function pins.

Figure 7-8, “Block Diagram of Timer G0,” on page 182 shows the block diagram of Timer Gn.
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Figure 7-8: Block Diagram of Timer GO
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Remark:

fecLk: Internal peripheral clock (32 MHz max)

Note: TMGOO/TMGO1 are cleared by GCCO0O0/GCCO5 register compare match.
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Figure 7-9: Block Diagram of Timer G1
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Remark: fpcik: Internal peripheral clock (32 MHz Max.)

Note: TMG10/TMGL11 are cleared by GCC10/GCC15 register compare match.
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7.2.3 Basic configuration

The basic configuration is shown below.

Table 7-2: Timer Gn Configuration List

. . Generated Capture Timer Output
Timer Count Clock | Register R/W Interrupt Signal Trigger PWM
TMGNO R INTTMGnO - -
f ,
PCLK TMGN1 R INTTMGn1 - -
frcik /2,
fooLk /4 GCCn0 R/W INTCCGnO TIGNO -
_ fpcLk /8, GCCn1 R/W INTCCGn1 TIGNn1 TOGn1
Timer Gn
fpcLk /16, GCCn2 R/W INTCCGn2 TIGn2 TOGN2
feck /32, [T Gecens | RW | INTCCGR3 TIGn3 TOGn3
frcLk /64,
GCCn4 R/W INTCCGn4 TIGn4 TOGnh4
fpcLk /128
GCCn5 R/W INTCCGn5 TIGNn5 -

Remarks: 1. fpc k: Internal peripheral clock

2. n=0,1
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(1) Timer Gn 16-bit counter registers (TMGnO, TMGn1)

The features of the 2 counters TMGnO and TMGn1 are listed below:

» Free-running counter that enables counter clearing by compare match of registers
GCCn0/GCCn5

» Counter clear can be set by software.
» Counter stop can be set by software.

These registers can be read in 16-bit units.

Figure 7-10: Timer Gn Counter 0 Value Registers TMGnO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address nia

value
tmeool | | | | | | | | [ [ | | | | | |rrrFFs88H 000OH
TMGlOl \ \ | \ | \ \ \ \ | \ \ \ \ | |FFFF F608H 0000H

Figure 7-11: Timer Gn Counter 1 Value Registers TMGn1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Addess 'mta

value
TMGOll \ \ | \ | \ \ \ \ | \ \ \ \ | |FFFF F58AH 0000H
TMGlll \ \ | \ | \ \ \ \ | \ \ \ \ | |FFFF F60AH 0000H
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(2) Timer Gn capture/compare registers of the 2 counters (GCCn0, GCCn5)

The GCCn0 and GCCn5 registers are 16-bit capture/compare registers of Timer Gn. These regis-
ters are respectively assigned to the counter registers TMGn0 and TMGn1.

In the capture register mode, GCCnO (GCCn5) captures the TMGnO (TMGn1) count value if an
edge is detected at Pin TIGnO (TIGnb5).

In the compare register mode, GCCn0 (GCCnb5) detects match with TMGnO (TMGn1) and clears
TMGNO (TMGn1). So this “match and clear mode” is used to reduce the full scale of the counter
TMGNO (TMGn1).

These registers can be read/written in 16-bit units.
Caution: In compare mode, writing to these registers while the timer operates is prohibited.

Write to this registers before POWERG and ENFGx bit (x = 0, 1) are set to “1” at the
same time or before TMGnxE bit are set to “1”.

Figure 7-12: Timer Gn Counter TMGnO Assigned Capture/Compare Register (GCCnO0)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address nia

value

eeeol | | [ [ | | | | | I [ | | | | |FFFFFs8CH 000OH

eeery [ [ [ [ [ [ [ [ [ [ [ | | | | |FFFFFo0CH 0000H
Remark: This register is assigned fix to timebase TMGnO.

Figure 7-13: Timer Gn Counter TMGn1 Assigned Capture/Compare Register (GCCn5)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Addess 'ntua

value

eeeos| | [ [ | [ [ [ | [ [ [ | [ [ [ |rFFrFso6H ooooH

GCC15| | \ | \ \ \ \ | \ \ \ \ | \ \ |FFFF F616H 0000H

Remark: This register is assigned fix to timebase TMGnl1.
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(3) Timer G capture/compare registers with external PWW-output function (GCCn1 to GCCn4)

The GCCnl to GCCn4 registers are 16-bit capture/compare registers of Timer Gn. They can be
assigned to one of the 2 counters either TMGnO or TMGn1.

In the capture register mode, these registers capture the value of TMGnO when the TBGnm bit
(m=1to 4, n=0to 1) of the TMGCMnH register = 0. When the TBGnm bit = 1, these registers
capture the value of TMGnL1.

In compare mode, these registers represent the actual compare value and the TOGnm-Output
(m=1to4,n=0to 1) can generate a PWW if they are activated.

These registers can be read/written in 16-bit units.

Figure 7-14: Timer Gn Free Assignhable Capture/Compare Registers (GCCnhm) (m =1 to 4)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address nua

value

eecoof | | [ [ [ | | | | | | | | | | |rrFFFs8eEH oo0OH
ecccf | [ [ [ [ | | | | | | | | | | |rFFFe0EH 00OOH
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address nia

value

eecod | [ [ [ [ I I I [ [ [ [ [ [ [ ]|r*rrsoon oooon
eecf | | [ | [ | | | | | | | | | | |FFrrrFe10H 0OOOH
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Addess |'Mta

value

eeeodd | | [ [ [ | | | | | | | | | | |FFrrrF592H 0o0OH
cccd | | [ | [ | | | | | | | | | | |rrrrre12H 0OOOH
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address nia

value

eeeod | | [ | | | | I | [ | | | | | |FFFFFs9an 0000H
eccd | | [ | [ | | | | | | | | | | |FFrrrFe14H 0OOOH

Remarks: 1. In capture mode only reading is possible

2. In compare mode read/write is possible
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7.2.4 Control Registers

(1) Timer Gn Mode Register (TMGMn) (n =0, 1)

This register can be read/written in 16-bit, 8-bit or 1-bit units.

When using 16-bit access, the register name is TMGMO or TMGML1.

When using 8-bit access, the register name is TMGMnL for the low-order 8 bits, and TMGMnH for
the high-order 8 bits.

When using 1-bit access, use the bit name.

Figure 7-15: Timer Gn Mode Register (TMGMn) (1/2)
(@) Timer Gn Mode Register High (TMGMnH)
Initial

value
TMGMOH |POWERGO‘ OLDEO \ CSE012 \ CSEO011 \ CSE010 \ CSE002 \ CSE001 \ CSE000 |FFFFF581H 00H

7 6 5 4 3 2 1 0 Address

TMGM1H |POWERGl‘ OLDE1 \ CSE112 \ CSE111 \ CSE110 \ CSE102 \ CSE101 \ CSE100 |FFFFF601H 00H

Bit Position
16-bit TMGMn | 8-bit TMGMnH

Bit Name Function

Timer Gn Operation control.
0O:operation Stop
the capture registers and TMGSTn register are cleared, the
15 7 POW- TOGnm pins (m = 1 to 4) are inactive all the time
ERGN | 1:0peration enable

Remark: At least 14 peripheral-clocks (fpc k) are need to start the
timer function

Set Output Delay Operation.
14 6 OLDEn | 0: Don't perform output delay operation
1: Set output delay to n count-clocks

Selects internal count clock of TMGn

CSEnx2 | CSEnx1 | CSEnx0 Count Clock
0 0 0 focLk
0 0 1 fpcLk/2
0 1 0 focLkl/4
0 1 1 fpcLk/8
1310 8 5t00 Sggﬁ ! 0 0 feeLi/16
CSEnx0 1 0 1 fpcLk/32
1 1 0 frcLk/64
1 1 1 fpcLr/128
Caution: When the POWERG-bit is set, the rewriting of these bits
is prohibited!

Remarks: 1. x=0,1

2. fpcLk: peripheral clock
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Figure 7-15: Timer Gn Mode Register (TMGMn) (2/2)
(b) Timer Gn Mode Register Low (TMGMnL)

7 6 5 4 3 2 1 0 Address  'Mitial
value

TMGMOLlCCSGO5|CCSGOO‘ 0 \ 0 ‘CLRGOl‘TMGOlE‘CLRGOO‘TMGOOElFFFF F580H OOH

TMGMlLlCCSGlS|CCSGlO‘ 0 \ 0 ‘CLRGll‘TMGllE‘CLRGOO‘TMGlOElFFFFF6OOH 00H

Bit Position Bit Name Function

CCSGnO: specifies the mode for TMG00 and GCCO00
CCSGn5: specifies the mode for TMG0land GCCO05

0: Free running mode for TMGnO (TMGn1), and capture mode for GCCn0 (GCCn5):
A detected edge at pin TIGnO (TIGn5) stores the value of TMGnO (TMGn1)
in GCCnO (GCCn5) and the interrupt INTCCGNO (INTCCGn5) is generated

CCSGn5,

CCSGn0 1: Match and Clear mode for TMGnO (TMGn1), and compare mode for GCCn0O

(GCCnb):

When the value of GCCnO (GCCn5) matches the value of TMGnO (TMGn1),

the counter TMGnO (TMGn1) is cleared and the interrupt INTCCGnO
(INTCCGn5) is generated

7,6

Caution: When the POWERG bit is set, rewriting of these bits is prohibited!
Specifies software clear for TMGnx (x = 0, 1):

0: Continue TMGnx operation

3.1 CLRGnx 1: Clears (0) the count value of TMGnx, and sets the output TOGnm of each

GCCnm register assigned to TMGnx at its inactive level.

Remark: TMGnx starts 2 system-clocks after this bit is set.
This bit is a trigger, it is not stored and always read as 0.

Specifies TMGnx (x = 0, 1) count operation enable/disable

0: Stop count operation
the counter holds the current value
2.0 TMGNXE the corresponding TOGnx is deactivated

1: Enable count operation
Remarks: 1. the counter needs at least 2count clocks (fpc k) to stop

2. the counter needs at least 8 count clocks (fpc k) to start
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(2) Timer Gn Channel Mode Register (TMGCMn)

This register specifies the assigned counter (TMGnO or TMGn1) for the GCCnm register.
Furthermore it specifies the edge detection for the TIGny-input-pins (n=0to 1,y =0to 5).

This register can be read/written in 16-bit, 8-bit or 1-bit units.

When using 16-bit access, the register name is TMGCMO or TMGCM1.

When using 8-bit access, the register name is TMGCMnL for the low-order 8 bits, and TMGMCnH
for the high-order 8 bits.

When using 1-bit access, use the bit name.

Figure 7-16: Timer Gn Channel Mode Register (TMGCMn)
(&) Timer Gn Channel Mode Register High (TMGCMnH)

7 6 5 4 3 2 1 0 Address  'Mital
value

TMGCMOHl TBGO4 \ TBGO3 \ TBG02 \ TBGO1 \ IEGO51 \ IEG050 \ IEG041 \ IEG040 |FFFF F583H OOH

TMGCMlHl TBG14 \ TBG13 \ TBG12 \ TBG11 \ IEG151 \ IEG150 \ IEG141 \ IEG140 |FFFF F603H OOH

(b) Timer Gn Channel Mode Register High (TMGCMnL)

Initial
value
TMGCMOL [ IEG031 | IEG030 | IEG021 | IEG020 | IEGO11 | IEG010 | IEG001 | IEGO0O [FFFF F582H  00H

7 6 5 4 3 2 1 0 Address

TMGCM1L | IEG131 \ IEG130 \ IEG121 \ IEG120 \ IEG111 \ IEG110 \ IEG101 \ IEG100 |FFFF F602H OOH

Bit Position . .
- - Bit Name Function
16-bit 8-bit
Assigns Capture/Compare-registers GCCnl to GCCn4 and the corre-
sponding input/output pins to one of the 2 counters TMGnO or TMGn1:
TMGCMn | TMGCMnH TBGAM 0: assigns the TMGnNO counter to GCCny register and TIGny/TOGnm
pin
151012 /to4 1: assigns the TMGn1 counter to GCCny register and TIGny/TOGnm
pin
Specifies the valid edge of external capture signal input pin (TIGny) for
the capture register performing capture-match with the assigned counter
TMGnNO or TMGn1:
11t0 8 TMGCMnH
3to0 IEGNy1, IEGny1 IEGny0 ' Valid Edge
and and IEGNYO 0 0 Falling edge
TMGCMnL 0 1 Rising edge
3100 7100 9edg
1 0 No edge detection performed
1 1 Both rising and falling edges

Remarks: 1. y=0to5
2. m=1to4
3. n=0to1l

Caution: When the POWERGHN bit is set, rewriting of TMGCMnH and TMGCMnL is prohibited.
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(3) Timer Gn output control register (OCTLGn)

This register controls the timer output from the TOGnm pin (n =0to 1, m = 1 to 4) and the capture
or compare modes for the GCCnm register.

This register can be read/written in 16-bit, 8-bit or 1-bit units.

When using 16-bit access, the register name is OCTLGO or OCTLGO1.

When using 8-bit access, the register name is OCTLGnL for the low-order 8 bits, and OCTLGOnH
for the high-order 8 bits.

When using 1-bit access, use the bit name.

Cautions: 1. When the POWERGnN bit is set, the rewriting of CCSGnm is prohibited

2. When the POWERGN bit and TMGnXxE bit are set at the same time, the rewriting of
the ALVGnm bits is prohibited.

Figure 7-17: Timer Gn Output Control Register OCTLGn (1/2)
(&) Timer Gn Output Control Register High OCTLGnH

Initial

7 6 5 4 3 2 1 0 Address
value

OCTLGOHlSWFGO4|ALVGO4|CCSGO4‘ 0 ‘SWFGOS‘ALVGOB‘CCSGOS| 0 |FFFF F585H 44H

OCTLGlHlSWFG14|ALVG14|CCSG14‘ 0 \SWF613\ALVG13\CCS<313| 0 |FFFFF605H 44H

(b) Timer Gn Output Control Register Low OCTLGnL

Initial
value

OCTLGOL‘SWFGOZ‘ALVGOZ‘CCSGOZ‘ 0 ‘SWFGOl‘ALVGOl‘CCSG01| 0 |FFFF F584H 44H

7 6 5 4 3 2 1 0 Address

OCTLGlL‘SWFGlZ‘ALVGlZ‘CCSGlZ‘ 0 ‘SWFGll‘ALVGll‘CCSGll| 0 |FFFF F604H 44H
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Figure 7-17: Timer Gn Output Control Register OCTLGn (2/2)
Bit Position ) .
Bit Name Function
16-bit 8-bit
Fixes the TOGnm pin output level according to the setting of ALVGnm bit.
15, 11, 0: disable TOGnm to inactive level
7,3 7,3 SWFGnm 1: enable TOGnm

Caution: Don’t write this bit, before POWERGnN bit of TMGMn is 0.

6,2 ALVGnm

Specifies the active level of the TOGnm pin output.
0: Active level is 0
1: Active level is 1

Caution: Don’t write this bit, before ENFGnO or ENFGn1 of TMGSTn is O,
so first clear TMGnOE or TMGn1E bit of the TMGMn register
and check ENFGNnO or ENFGnN1 bit before writing.

13,9,
51

51 CCSGnm

Specifies Capture/Compare mode selection:
0: Capture mode:
if external edge is detected the INTCCGnm interrupt occurs, the
corresponding counter value is written to GCChm
1: Compare mode:
if GCCnm matches with assigned timebase the INTCCGnm interrupt
occurs, if SWFGnm is set the PWM output mode is set

Remarks:
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(4) Time base status register (TMGSTn)

The TMGSTn register indicates the status of TMGnO and TMGn1. For the CCFGny bit see section
7.2.7 "Operation in Free-run mode” on page 197.

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

Figure 7-18: Timer Gn Status Register (TMGSTn)

Initial
value

TMGSTOl ENFGO1 \ ENFGOO \ CCFG05 | CCFG04 \ CCFG03 \ CCFG02 | CCFGO01 \ CCFG00 | FFFF F586H OOH

7 6 5 4 3 2 1 0 Address

TMGSTll ENFG11 \ ENFG10 \ CCFG15 | CCFG14 \ CCFG13 \ CCFG12 | CCFG11 \ CCFG10 | FFFF F606H OOH

Bit Position Bit Name Function

Indicates TMGnO or TMGn1 overflow status.
0: No overflow
1: Overflow

5t00 CCFGny Caution: The CCFGny bit is set if a TMGNnO (TMGn1) overflow occurs.
This flag is only updated if the corresponding GCCny regis-
ter was read, so first read the GCCny register and then read
this flag if necessary

Indicates TMGn1 (TMGnO) operation.
0: indicates operation stopped
1: indicates operation

ENFGnN1,

706 ENFGNO

Remarks: 1. y=0to5
2. n=0,1
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7.2.5 Output delay operation

When the OLDER bit is set, different delays of count clock period are added to the TOGnm pins:

Output-pin 1 /?fcl)inT
TOGn1 0
TOGN2 1
TOGn3 2
TOGNn4 3

The figure below shows the timing for the case where the count clock is set to fpc| /2 and OFFFH is set
in GCCnO.

Similar delays are added also when a transition is made from the active to inactive level. So, a relative
pulse width is guaranteed.

Figure 7-19: Timing of Output Delay Operation

fCOUNT ‘ | | | | , I ‘ ,

TMGno__X_OFFEH X OFFFH X 0000H X 0001H X_0002H X 0003H X 0004H X

TOGn1

TOGN2

TOGNn3

TOGn4

In this case the count clock is set to fpc| /2.
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7.2.6 Explanation of Basic Operation

(1) Overview of the mode settings

The Timer Gn includes 2 channels of 16-bit counters (TMGnO/TMGn1), which can operate as
independently timebase. TMGnO (TMGn1) can be set by CCSGnO bit (CCSGn5 bit) in the follow-
ing modes:
- free-run mode,
- match and clear mode.

When a timer output (TOGnm) or INTCCGnm interrupt is used, one of the two counters can be
selected by setting the TBGnm bit of the TMGCMnH register.
The tables below indicate the interrupt output and timer output states dependent on the register

setting values.

Table 7-3: Interrupt Output and Timer Output States Dependent on the Register Setting Values
Register setting value State of each output pin
CCSGNO | TBGnm | SWFGnm | CCSGnm | INTTMGNO INTCCGNO INTCCGnm TOGnm
0 TIGnm edge
0 detection
1 CMPGnm Tied to inactive
0 Overflow TInO edge match level
Free-run interrupt detection
mode 0 n p TIGnm edge
1 detection
CMPGnm PWM
1
0 match (free run)
0 TIGnm edge
0 detection
1 1 CMPGnm Tied to inactive
Match and Overflow CMPGnNO match level
clear 0 interruptN°t® 1 | matchN°® 2 | 11Gnm edge
mode L detection
1 CMPGnm PWM
match (match and clear)

Notes: 1. Aninterrupt is generated only when the value of the GCCnO register is FFFFH.

2. Aninterrupt is generated only when the value of the GCCnO register is not FFFFH.

Remarks: 1. n=0to1
2. m=1to4
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Table 7-4:

Interrupt Output and Timer Output States Dependent on the Register Setting Values

Register setting value

State of each output pin

CCSGn5 | TBGnm | SWFGnm | CCSGnm | INTTMGnl INTCCGn5 INTCCGnm TOGnm
0 TIGnm edge
0 detection
1 CMPGnm Tied to inactive
0 Overflow TIn5 edge match level
Free-run - .
mode 0 interrupt detection TIGnm edge
1 detection
CMPGnm PWM
1
1 match (free run)
0 TIGnm edge
0 detection
1 1 CMPGnm Tied to inactive
Match Overflow CMPGnN5 match level
and clear 0 interruptN°t® 1 | matchNo®2 | T1Gnm edge
mode L detection
1 CMPGnm PWM
match (match and clear)

Notes: 1. An interrupt is generated only when the value of the GCCn5 register is FFFFH.

2. Aninterrupt is generated only when the value of the GCCn5 register is not FFFFH.

Remarks: 1. n=0to1
2. m=1to4
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7.2.7 Operation in Free-run mode

This operation mode is the standard mode for Timer Gn operations. In this mode the 2 counters TMGnO
and TMGn1 are counting up from 0000H to FFFFH, generates an overflow and start again. In the match
and clear mode, which is described in 7.2.8 on page 206 the fixed assigned register GCCn0 (GCCn5)
is used to reduce the full-scale of the counter TMGnO (TMGn1).

(1) Capture operation (free run)

Basic settings (m = 1 to 4):

Bit Value Remark
CCSGn0 0
free run mode
CCSGn5 0
SWFGnm 0 disable TOGnm
assign counter
for GCCnm
TBGNM X 0: TMGNO
1: TMGnl
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(1)

(@)
®3)

(4)

(1)

)
@)

<1>
<2>

(@) Example: Pulse width or period measurement of the TIGny input signal (free run)
Capture setting method:

When using one of the TOGnN1 to TOGn4 pins, select the corresponding counter with the TBGnm
bit. When TIGnNO is used, the corresponding counter is TMGnO. When TIGn5 is used, the
corresponding counter is TMGn1.

Select a count clock cycle with the CSEn12 to CSENn10 bits (TMGn1) or CSEn12 to CSEnO02 bits
(TMGnO).

Select a valid TIGny edge with the IEGny1 and IEGnyO bits. A rising edge, falling edge, or both
edges can be selected.

Start timer operation by setting POWERGnN bit and TMGnOE bit for TMGnO or TMGn1E bit for
TMGn1.

Capture Operation

When a specified edge is detected, the value of the counter is stored in GCCny and an edge
detection interrupt (INTCCGny) is output.

When the counter overflows, an overflow interrupt INTTMGNO or INTTMGnN1) is generated.

If an overflow has occurred between capture operations, the CCFGny flag is set when GCCny is
read. Correct capture data by checking the value of CCFGny.

Using CCFGny:
When using GCCny as a capture register, use the procedure below.

After INTCCGny (edge detection interrupt) generation, read the corresponding GCCny register.
Check if the corresponding CCFGny bit of the TMGSTn register is set.

<3> If the CCFGny bit is set, the counter was cleared from the previous captured value.

CCFGny is set when GCChny is read. So, after GCCny is read, the value of CCFGny should be
read. Using the procedure above, the value of CCFGny corresponding to GCCny can be read nor-
mally.

Caution: If two or more overflows occur between captures, a software-based measure needs
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Figure 7-20: Timing when both Edges of TIGnO are Valid (free run)
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foounx _i__f_T__J__L_J_Q}_f_1__J__L_J_Q}J__1__f__L_J_i}J__1__f_1__J__L_J_%}J__1__f_T__J_i%J__l__f_T__f_
TMGNO :X_OWZW j( DO X: X D1 X: )@FFF@EOOOOHX: X D2 X’: X D3 X:

Count start Clear

— ——_
GCCn0 :X:: DO X:i D1 X: D2 :X—ES

INTCCGNO |—|_E |—|—e |—|—2 |—|_
INTTMGnO 3 3 |_| 3 3

CCFGn0 l
‘

No overflow Overflow No overflow

Remark: The figure above shows an image. In actual circuitry, 3 to 4 periods of the count-up signal
are required from the input of a waveform to TIGnO until a capture interrupt is output.

(b) Timing of capture trigger edge detection

The TIGnO0 and TIGN5 inputs are fitted with an edge-detection and noise-elimination circuit.
Because of this circuit, 3 periods to less than 4 periods of the count clock are required from edge
input until an interrupt signal is output and capture operation is performed. The timing chart is
shown below.

Basic settings (n=0, 1; x=0,1andy =0to 5):

Bit Value Remark
CSEnx2 0
CSEnx1 0 Count clock = fpc /4
CSEnx0 1
IEGny1 1 .
detection of both edges
IEGnyO 1
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Figure 7-21: Timing of Capture Trigger Edge Detection (free run)

fPCLK ' l ' l l '

w1 T J1L T Tl JL JL Tl Tl
TMGNO/TMGn1 X t X t+1 X t+2 X t+3 X t+4 X t+5 X t+6 X t+7 X t+8 X
TIGnO | ! | ! !
INTCCGny |
GCCny X t+4 X w7

3 colint clock periods

(c) Timing of starting capture trigger edge detection

A capture trigger input signal (TIGny) is synchronized in the noise eliminator for internal use.
Edge detection starts when 1 count clock period (fcounT) has been input after timer count
operation starts. (This is because masking is performed to prevent the initial TIGny level from
being recognized as an edge by mistake.). The timing chart for starting edge detection is shown
below.

Basic settings (n =0, 1; x=0, 1 and y = 0 to 5):

Bit Value Remark
CSEnx2 0
CSEnx1 0 Count clock = fpc /4
CSEnx0 1
IEGny1 1 )
detection of both edges
IEGnyO 1

Figure 7-22: Timing of Starting Capture Trigger Edge Detection

Invalid edge input

Edge detection start

fPCLK

feounx [ ] [ ] [T [ [ [ [ [

TMGOE(TMG1E)
ENFGO(ENFG1) | !
count_upO(count_upl) I_I ! I_I |—| I_I I_I I_I I_I
TMGNO/TMGN1 X ;ooom X_0002H X 0003H X 0004H X 0005H X 0006H X
TIGny | |
INTCCGny []
GCCny | X 0005H
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)

1)
)

3
(4)

1)

)

Compare operation (free run)

Basic settings (m = 1 to 4):

Bit Value Remark
CCSGn0 0
free run mode
CCSGn5 0
SWFGnm 0 disable TOGnm
Compare mode
CCSGnm 1 for GCCnm
assign counter
for GCCnm
TBGNm X 0: TMGnO
1: TMGnl

(&) Example: Interval timer (free run)
Setting method interval timer:

An usable compare register is one of GCCnl to GCCn4, and the corresponding counter (TMGnO
or TMGn1) must be selected with the TBGnm bit.

Select a count clock cycle with the CSEn12 to CSEnl10 bits (TMGn1 register) or CSEn02 to
CSENOO bits (TMGnNO register).

Write data to GCCnm.

Start timer operation by setting POWERGnN and TMGnOE (or TMGNn1E).

Compare Operation:

When the value of the assigned counter matches the value of GCCnm, a match interrupt (INTC-
CGnm) is output.
When the counter overflows, an overflow interrupt (INTTMGNO/INTTMGn1) is generated.

Figure 7-23: Timing of Compare Mode (free run)

ENFGO J |—

TMGnNO

GCCnl

INTCCGn1 |‘| |‘| H
INTTMGNO |_| H |_|

Data N is set in GCCnl, and the counter TMGnO is selected.
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(b) When the value 0000H is set in GCCny

INTCCGny is activated when the value of the counter becomes 0001H.

INTTMGNO/INTTMGnNL is activated when the value of the counter changes from FFFFH to 0000H.
Note, however, that even if no data is set in GCCny, INTCCGny is activated immediately after the
counter starts.

(c) When the value FFFFH is set in GCCnm

INTCCGny and INTTMGNO/INTTMGnN1 are activated when the value of the counter changes from
FFFFH to 0000H.

(d) When GCCny is rewritten during operation

When GCCnl1 is rewritten from 5555H to AAAAH. TMGnO is selected as the counter.
The following operation is performed:

Figure 7-24: Timing when GCCn1l is Rewritten During Operation (free run)

ENFGO _J

TMGnNO

GCCnl1 Slave register

GCCn1 Master register 5555H

INTCCGn1

Caution: To perform successive write access during operation, for rewriting the GCCny
register (n = 1 to 4), you have to wait for minimum 14 peripheral clocks periods

(frcLk)-
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®3)

1)
)
®)
(4)

(®)
(6)

)
)
3)
“4)

(®)

PWM output (free run)

Basic settings (m = 1 to 4):

Bit Value Remark
CCSGn0 0
free run mode
CCSGn5 0
SWFGnm 1 enable TOGnm
Compare mode
CCSGnm 1 for GCCnm
assign counter
for GCCnm
TBGNm X 0: TMGnO
1: TMGnl

PWM setting method:

An usable compare register is one of GCCnl to GCCn4, and the corresponding counter must be
assigned with the TBGm bit.

Select a count clock cycle with the CSEn12 to CSEn10 bits (TMGn1 register) or CSEn02 to
CSENOO bits (TMGnNO register).

Specify the active level of a timer output (TOGnm pin) with the ALVGm bit.

When using multiple timer outputs, the user can prevent TOGnm from becoming active
simultaneously by setting the OLDEN bit of TMGMnH register to provide step-by-step delays for
TOGnNm. (This capability is useful for reducing noise and current.)

Write data to GCCnm.

Start timer operation by setting POWERGN bit and TMGnOE bit (or TMGn1E bit).

PWM operation:

When the value of the counter matches the value of GCCnm, a match interrupt (INTCCGnm) is
output.

When the counter overflows, an overflow interrupt (INTTMGNO or INTTMGnN1) is generated.
TOGnNm does not make a transition until the first overflow occurs. (Even if the counter is cleared by
software, TOGnm does not make a transition until the next overflow occurs. After the first overflow
occurs, TOGnm is activated.

When the value of the counter matches the value of GCCnm, TOGnm is deactivated, and a match
interrupt (INTCCGnm) is output. The counter is not cleared, but continues count-up operation.
The counter overflows, and INTTMGNO or INTTMGn1 is output to activate TOGnm. The counter
resumes count-up operation starting with 0000H.
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Figure 7-25: Timing of PWM Operation (free run)
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TMGnO /

GCCnl

INTCCGNL I I ‘|
INTTMGNO I 0 | ¥
TOGN1 (ALVG1=1) | H
TOGN1 (ALVG1=0) i

Data N is set in GCCn1, counter TMGnO is selected.

(@) When 0000H is set in GCCnm (m =1 to 4)

When 0000H is set in GCCnm, TOGnm is tied to the inactive level.
The figure below shows the state of TOGn1 when 0000H is set in GCCn1, and TMGnO is selected.

Figure 7-26: Timing when O000H is set in GCCnm (free run)

ENFGO_]
FFFFH ‘ FFFFH FFFFH i
Match
TMGnO i
A :
GCCnl 0000H !

INTCCGN1 I [ [ H
INTTMGRO H H H :

TOGN1(ALVG1=1) Low

TOGN1(ALVG1=0) High

GCCnl and TMGnNO are selected.

(b) When FFFFH is set in GCCnhm (m =1 to 4)

When FFFFH is set in GCCnm, TOGnm outputs the inactive level for one clock period immediately
after each counter overflow (except the first overflow).

The figure shows the state of TOGn1 when FFFFH is set in GCCnl, and TMGnO is selected.
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Figure 7-27: Timing when FFFFH is set in GCCnm (free run)

ENFGO J ‘
Match i

FFFFH FFFFH FFFFH |

TMGnO :
GCceCnl FFFFH
INTCCGn1 ;
INTTMGNO ;

mn
—

TOGN1(ALVG1=1)

M I I
— 1 17
—1 1

TOGN1(ALVG1=0)

GCCnl and TMGnO are selected.
(c) When GCCnm is rewritten during operation (m = 1 to 4)

When GCCn1 is rewritten from 5555H to AAAAH, the operation shown below is performed.

The figure below shows a case where TMGnNO is selected for GCCn1.

Figure 7-28: Timing when GCCnm is Rewritten During Operation (free run)

ENFGO J

FFFFH FFFFH FFFFH —
Match Match —p
Match/__ 3 '

TMGNO : i E .
GCCn1 Slave register : 5555H E X\ AAAAH:
GCCn1 Master register ! 5555H X AAAAH :

INTCCGn1 l_| —| l_|

INTTMGNO

TOGN1(ALVG1=1) 1 5555H AAAAH |

TOGN1(ALVG1=0)

GCCnl and TMGnO are selected.

If GCCn1 is rewritten to AAAAH after the second INTCCGn1 is generated as shown in the figure
above, AAAAH is reloaded to the GCCn1 register when the next overflow occurs.

The next match interrupt (INTCCGn1) is generated when the value of the counter is AAAAH. The
pulse width also matches accordingly.
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7.2.8 Match and clear mode

The match and clear mode is mainly used to reduce the full-scale of the counters (TMGnO, TMGn1).
Therefore the fixed assigned register GCCn0 (GCCnl) is used to compare its value with the counter
TMGNO (TMGn1). If the values match, than an interrupt is generated and the counter is cleared. Than
the counter starts up counting again.

1)

(1)
(@)
®3)

(4)
(5)

(1)
)

3)

206

Capture operation (match and clear)
Basic settings (m = 1 to 4):

Bit Value Remark
CCSGno 1 match and
CCSGn5 1 clear mode
SWFGnm 0 disable TOGnm

Capture mode
cCSGnm 0 for GCCnm
assign counter
for GCCnm
TBGNM X 0: TMGnO
1: TMGnl

(a) Example: Pulse width measurement or period measurement of the TIGnm input signal
Setting method:

When using one of TOGn1 to TOGn4-pin, select the corresponding counter with the TBGnm bit.
When CCSGnO = 1, TIGNnO cannot be used. When CCSGn5 = 1, TIGn5 cannot be used.

Select a count clock cycle with the CSEn12 to CSEn10 (TMGn1) bits or CSEn02 to CSENnQO
(TMGnO) bits.

Select a valid TIGnm edge with the IEGnm1 and IEGnmO bit. A rising edge, falling edge, or both
edges can be selected.

Set an upper limit on the value of the counter in GCCnO or GCCn5.

Start timer operation by setting POWERGnN bit and TMGnOE bit (or TMGn1E bit).

Operation:

When a specified edge is detected, the value of the counter is stored in GCCnm, and an edge
detection interrupt (INTCCGnm) is output.

When the value of GCCn0 or GCCn5 matches the value of the counter, INTCCGnO (INTCCGnb5) is
output, and the counter is cleared. This operation is referred to as "match and clear".

If a match and clear event has occurred between capture operations, the CCFGny flag is set when
GCCny is read. Correct capture data by checking the value of CCFGny.

(b) Example: Capture where both edges of TIGnm are valid (match and clear)

For the timing chart TMGnNO is selected as the counter corresponding to TOGn1, and OFFFH is set
in GCCnO.
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Figure 7-29: Timing when both Edges of TIGnm are Valid (Match and Clear)

PCLK_JT_FIJT_FIJW_FL1J_LI1JT_F1J15LI1J_LI1J_LflﬂJ_LIIJ_LIIJ_LI1J1§LIIJ_LIIJ_LIlﬂJ_LIIJ_LIIJ_

COUNTX_1__f_1__l__L_J_%}J__1__r_1__fi;_f_1__f__L_J_iLJ__L_J__1__r_1__fiE_f_1__J__L_J_iLJ__L_J__L_J_
TMGNO :XOOOOHXOOMHX: X oo X: X b1 X: XOFFFH)A(OOOOHX: X b2 X: X b3 X:

A

Count start Clear

nen ] — <1
Gcent - )C: Do )C: D1 E D2 E

INTCCGn1
| | | |
I I I I
INTCCGnO | 1 | | |
CCFG1 N | N |
' | ) ]
I et T I
No “match and clear” "Match and clear” No “"match and clear"

Remark: The figure above shows an image. In actual circuitry, 3 to 4 periods of the count-up signal
(fcounT) are required from the input of a waveform to TOGn1 until a capture interrupt is

output. (See Figure 7-21, “Timing of Capture Trigger Edge Detection (free run),” on page
200.)

Caution: If two or more match and clear events occur between captures, a software-based
measure needs to be taken to count INTCCGnO or INTCCGn5.

(c) When 0000H is set in GCCn0 or GCCn5 (match and clear)

When 0000H is set in GCCn0O (GCCnb5), the value of the counter is fixed at 0000H, and does not
operate. Moreover, INTCCGnO (INTCCGn5) continues to be active.

(d) When FFFFH is set in GCCnO0 or GCCn5 (match and clear)

When FFFFH is set in GCCn0 (GCCnb5), operation equivalent to the free-run mode is performed.

When an overflow occurs, INTTMGnNO (INTTMGn1) is generated, but INTCCGnNO (INTCCGnb5) is
not generated.
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Compare operation (match and clear)

Basic settings (m = 1 to 4):

Bit Value Remark
CCSGno 1 match and
CCSGn5 1 clear mode
SWFGnm 0 disable TOGnm

Compare mode
cesSGnm ! for GCCnm
assign counter
for GCCnm
TBGhm X 0: TMGnO
1: TMGnl

(@) Example: Interval timer (match and clear)
Setting Method

An usable compare register is one of GCCnl to GCCn4, and the corresponding counter must be
selected with the TBGnm bit.

Select a count clock cycle with the CSEn12 to CSEn10 bits (TMGn1) or CSEn02 to CSENOO bits
(TMGnO).

Set an upper limit on the value of the counter in GCCn0 or GCCn5.

Write data to GCCnm.

Start timer operation by setting the POWERGN bit and TMGnxE bit (x = 0, 1).

Operation:

When the value of the counter matches the value of GCCnm, a match interrupt (INTCCGnm) is
output.

When the value of GCCn0O or GCCn5 matches the value of the counter, INTCCGnO (or
INTCCGnN5) is output, and the counter is cleared. This operation is referred to as "match and
clear".

The counter resumes count-up operation starting with 0000H.
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Figure 7-30: Timing of Compare Operation (Match and Clear)

ENFGO | _

TMGnO /

GCCnl

INTCCGN1 I I [
INTCCGNO [ [ 1B

In this example, the data N is set in GCCnl, and TMGnO is selected.
OFFFH is set in GCCnO. Here, N < OFFFH.

(b) When 0000H is set in GCCn0 or GCCn5 (match and clear)

When 0000H is set in GCCnO or GCCnb5, the value of the counter is fixed at 0000H, and does not
operate. Moreover, INTCCGnNO (or INTCCGn5) continues to be active.

(c) When FFFFH is setin GCCnO or GCCn5 (match and clear)

When FFFFH is set in GCCnO or GCCn5, operation equivalent to the free-run mode is performed.
When an overflow occurs, INTTMGNnO (or INTTMGnl) is generated, but INTCCGnO (or
INTCCGnNb) is not generated.

(d) When 0000H is set in GCCnm (m =1 to 4) (match and clear)

INTCCGnm is activated when the value of the counter becomes 0001H.

Note, however, that even if no data is set in GCCnm, INTCCGnm is activated immediately after the
counter starts.

(e) When avalue exceeding the value of GCCn0 or GCCn5 is setin GCCnm (m =1to 4)
(match and clear)

INTCCGnm is not generated.

(f) When GCCnm (m =1 to 4) is rewritten during operation (match and clear)
When the value of GCCnl is changed from 0555H to OAAAH, the operation described below is

performed.
TMGnNO is selected as the counter, and OFFFH is set in GCCnO.
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Figure 7-31: Timing when GCCnm is Rewritten During Operation (Match and Clear)

ENFGO _|
Match
: : -
TMGnO Match
= ‘ \ : }
i 'Reload in 10 clock periods ! / 1
GCCn1 Slave register 0555H : / OAAAH
. . ;
GCCn1 Master register 0555H X OAAAH Zu

INTCCGn1 ’—‘ \ \ ’—‘

Caution: To perform successive write access during operation, for rewriting the GCCnm
register (m = 1 to 4), you have to wait for minimum 14 peripheral clocks periods

(frcLk)-
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)
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(4)

(5)
(6)
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)

PMW output (match and clear)

Basic settings (m = 1 to 4):

Bit Value Remark
CCSGno 1 match and
CCSGn5 1 clear mode
SWFGnm 1 enable TOGnm

Compare mode
ceSGnm 1 for GCCnm
assign counter
for GCCnm
TBGnM X 0: TMGnO
1: TMGnl

Setting Method:

An usable compare register is one of GCCnl to GCCn4, and the corresponding counters TMGnO
or TMGn1 must be selected with the TBGnm bit (m = 1 to 4).

Select a count clock cycle with the CSEnl12 to CSEn10 (TMGn1l) bits or CSEn02 to CSEn00
(TMGnO) bits.

Specify the active level of a timer output (TOGnm) with the ALVGnm bit.

When using multiple timer outputs, the user can prevent TOGnm from making transitions
simultaneously by setting the OLDER bit of TMGMnH register. (This capability is useful for reduc-
ing noise and current.)

Set an upper limit on the value of the counter in GCCnO or GCCn5. (0X0000H is forbidden)

Write data to GCCnm.

Start count operation by setting POWERGN bit and TMGnOE bit (or TMGn1E bit).

Operation of PWM (match and clear):

When the value of the counter matches the value of GCCnm, a match interrupt (INTCCGnm) is
output.

Caution: Do not set 0000H in GCCnO or GCCn5 in match and clear mode.

)
@)
(4)
(5)

(6)

When the value of GCCn0 (GCCn5) matches the value of the counter, INTCCGnO (INTCCGn5) is
output, and the counter is cleared. This operation is referred to as "match and clear".

TOGNm does not make a transition until the first match and clear event.

TOGnm makes a transition to the active level after the first match and clear event.

When the value of the counter matches the value of GCCnm, TOGnm makes a transition to the
inactive level, and a match interrupt (INTCCGnm) is output.

When the next match and clear event occurs, INTCCGnNO (INTCCGn5) is output, and the counter
is cleared. The counter resumes count-up operation starting with 0000H.

Example where the data N is set, and the counter TMGnO is selected.
OFFFH is set in GCCnO and N < OFFFH.
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Figure 7-32: Timing of PWM Operation (Match and Clear)
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When 0000H is set in GCCnO (GCCnb), the value of the counter is fixed at 0000H, and the counter
does not operate. The waveform of INTCCGnO (INTCCGn5) varies, depending on whether the
count clock is the reference clock or the sampling clock.

(@) When FFFFH is set in GCCnO or GCCn5 (match and clear)

When FFFFH is set in GCCn0O (GCCnb5), operation equivalent to the free-run mode is performed.

When an overflow occurs, INTTMGNO (INTTMGnN1) is generated, but INTCCGNO (INTCCGnb) is
not generated.

(b) When 0000H is set in GCCnm (match and clear)

When 0000H is set in GCCnm, TOGnm is tied to the inactive level.
The figure below shows the state of TOGn1 when 0000H is set in GCCnl, and TMGnO is selected.
Note, however, that OFFFH is set in GCCnO0.

Figure 7-33:  Timing when O000H is Set in GCCnm (Match and Clear)

ENFGO | _

OFFFH — OFFFH OFFFH —

Match

TMGnO ,

GCCn1 0000H

INTCCGNL [ [ I I
INTCCGRO [ I [

TOGN1(ALVG1=1) Low

TOGN1(ALVG1=0) High
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(c) When the same value as set in GCCn0 or GCCn5 is set in GCCnm (match and clear)
When the same value as set in GCCn0 (GCCnb) is set in GCCnm, TOGnm outputs the inactive
level for only one clock period immediately after each match and clear event (excluding the first
match and clear event).

The figure below shows the state of TOGnl when OFFFH is set in GCCn0 and GCCnl, and
TMGnNO is selected.

Figure 7-34: Timing when the same Value as set in GCCn0O/GCCn5 is set in GCCnm
(match and clear)

ENFGO | _

Match

OFFFH OFFFH — OFFFH |

TMGNO
GCCnl OFFFH |
INTCCGn1 :
INTCCGNO 3

TOGN1(ALVG1=1)

R I I R
— 1 17
—1 1

TOGN1(ALVG1=0)

(d) When a value exceeding the value set in GCCn0 or GCCn5 is setin GCCnm (match and
clear)

When a value exceeding the value set in GCCnO (GCCnb5) is set in GCCnm, TOGnm starts and
continues outputting the active level immediately after the first match and clear event (until count
operation stops.)

The figure shows the state of TOGn1 when OFFFH is set in GCCnO, 1FFFH is set in GCCn1, and
TMGNO is selected.
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Figure 7-35: Timing when the Value of GCCnm Exceeding GCCn0 or GCCn5 (match and clear)
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(e) When GCCnm is rewritten during operation (match and clear)

When GCCnm is rewritten from 0555H to 0AAAH, the operation shown below is performed.
The figure below shows a case where OFFFH is set in GCCn0, and TMGnO is selected for GCCn1.

Figure 7-36: Timing when GCCnm is Rewritten During Operation (Match and Clear)

ENFGO |
OFFFH —, OFFFH 0FFFI—7
Match/ Match — 3
Match —= % | |

TMGnO 1 1

GCCn1 Slave register

GCCn1l Master register

INTCCGn1 |_| —‘ ﬂ

INTCCGNO

TOGN1(ALVG1=1) 0555H[ | 0AAAH | H

TOGN1(ALVG1=0)

If GCCn1 is rewritten to OAAAH after the second INTCCGn1 is generated as shown in the figure
above, 0AAAH is reloaded to the GCCn1 register when the next overflow occurs.

The next match interrupt (INTCCGn1) is generated when the value of the counter is OAAAH. The
pulse width also matches accordingly.

7.2.9 Edge noise elimination

The edge detection circuit associated to the TIG0O, TIG05, TIG10 and TIG15 has an analog noise elim-
ination function. See Electrical Specifications for more details.
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7.2.10 Precautions Timer Gn

1)

()

3)

216

When POWERGN bit of TMGMnH register is set

The rewriting of the CSEn2 to CSENO bits (n = 0, 1) of TMGMnH register is prohibited.
These bits set the prescaler for the Timer Gn counter.

The rewriting of the CCSGny bits (y = 0 to 5) is prohibited.

This bits (OCTLGLNn and OCTLGHDN registers) set the capture mode or the compare mode to the
GCCny register. For the GCCnO register and the GCCnb5 register these bits (TMGMnL register) set
the “free run” or “match and clear” mode of the TMGnO and TMGn1 counter.

The rewriting of the TMGCMLN and the TMGCMHnN register is prohibited.
These registers configure the counter (TMGnO or TMGn1) for the GCCnm register (m = 1 to 4) and
define the edge detection for the TIGnm input pins (falling, rising, both).

Even when POWERGHN bit is set, TOGnm output can be switched by switching the ALVGm bit of
OCTLGLn and OCTLGHDN registers.
These bits configure the active level of the TOGnm-pins (m = 1 to 4).

When POWERGnN bit and TMGnhxE bit are set (x =0, 1)

The rewriting of ALVGnm is prohibited (m = 1 to 4).
These bits configure the active level of the TOGnm-pins (m = 1 to 4).

When in compare-mode the rewriting of the GCCnO0 or GCCn5 register is prohibited.
In compare mode these registers set the value for the “match and clear” mode of the TMGnO and
TMGn1 counter.

Functionality

When the POWERGN bit is set to “0”, regardless of the SWFGnm bit (OCTLGLn and OCTLGHn
registers), the TOGnm pins are tied to the inactive level.

The SWFGnm bit enables or disables the output of the TOGnm pins. This bit can be rewritten dur-
ing timer operation.

The CLRGnx bit (x =0, 1) is a flag. If this bit is read, a "0" is read at all times.
This bit clears the corresponding counter (TMGnO or TMGn1)

When GCCnm register (m = 1 to 4) are used in capture operation:

If two or more overflows of TMGnO or TMGn1 occur between captures, a software-based measure
needs to be taken to count overflow interrupts (INTTMGNO or INTTMGnN1).

If only one overflow is necessary, the CCFGny bits (y = 0 to 5) can be used for overflow detection.

Only the overflow of the TMGnO or TMGn1 counter clears the CCFGny bit (TMGSTn register). The
software-based clearing via CLRGnO or CLRGnN1 bit (TMGMnL register) doesn't affect these bits.
The CCFGny bit is set if a TMGnO (TMGn1) overflow occurs. This flag is only updated if the
corresponding GCCny register was read, so first read the GCCny register and then read this flag if
necessary.
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(4) Timing
The delay of each timer output TOGnm (m = 1 to 4) varies according to the setting of the count
clock with the CSEnx2 to CSEnxO0 bits (x = 0, 1).

In capture operation 3 to 4 periods of the count-clock (fcoynT) Signal are required from the TIGny
pin (y = 0 to 5) until a capture interrupt is output.

When TMGnxE (x = 0, 1) is set earlier or simultaneously with POWERGnN bit, than the Timer Gn
needs 14 peripheral clocks periods (fpc| k) to start counting.

When TMGnhxE (x = 0, 1) is set later than POWERGnN bit, than the Timer Gn needs 8 peripheral
clocks periods (fpc k) to start counting.

When a capture register (GCCny) is read, the capturing is disable during read operation. This is
intended to prevent undefined data during reading. So, if a contention occurs between an external
trigger signal and the read operation, capture operation may be cancelled, and old data may be
read.

GCCnm register (m =1 to 4) in Compare mode:

After setting the POWERGnN bit you have to wait for 10 peripheral clocks periods (fpc| k) to perform
write access to the GCCnm register (m = 1 to 4).

To perform successive write access during operation, for rewriting the GCCnm register (n = 1 to 4),
you have to wait for minimum 14 peripheral clocks periods (fpc k)-
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7.3 Timer Input Select

7.3.1 UART6N connection to Timer Inputs

Timer input select allow to connect RXD60 & RXD61 pins to Timer GO. Connection is controlled by the
TIS register.

Figure 7-37: Timer Input Select Block Diagram
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Chapter 7 Timer

7.3.2 Timer input select control register

Figure 7-38: Timer Input Select Control Register Format

7 6 5 4 3 2 1 0 Address After reset
TIS | TISD1 | TISDO \ TISC1 | TISCO \ TISB1 | TISBO \ TISAL \ TISAO |FFFF F6FOH OOH
RW RW RW RW RW RW RW RW

TISD1 TISDO Connection to ITIG04
0 0 Input from TIG04
0 1 Input from RXD61
1 0 Reserved.
1 1 Reserved.
TISC1 TISCO Connection to ITIGO3
0 0 Input from TIG03
0 1 Input from RXD60
1 0 Reserved.
1 1 Reserved.
TISB1 TISBO Connection to ITIG02
0 0 Input from TIG02
0 1 Input from RXD61
1 0 Reserved.
1 1 Reserved.
TISA1 TISAO Connection to ITIGOO
0 0 Input from TIGOO
0 1 Input from RXD60
1 0 Reserved.
1 1 Reserved.
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Chapter 8 Watch Timer

8.1 Function

The watch timer has the following functions:
* Watch timer (interrupt intervals from 256 ps up to 1,048 s)

« Interval timer (interrupt intervals from 256 ps up to 131 ms)

The watch timer and interval timer functions can be used at the same time.

Figure 8-1 shows the block diagram of the watch timer.

Figure 8-1: Block Diagram of Watch Timer

Start / Clear & Stop
fwo _
=]
3
. @ fwoi .
fxx/2° 5 5 11-bit Counter ; n 5-bit Counter
2 | fwo fwo
% fwo | fwo| fwo|fwo |fwo| fwo | fwo 2° T— fwor
fux /27— 0 94| 95| 26|27 [28 | 210| o1t 24 —
o
oy o [—=INTWT
25 Q
_ n
o
8 T
&
INTWTI
5-bit counter
operation
3

enable

|WTM7 |WTM6 | WTM5|WTM4 | WTM3| WTM2| WTM 1| WTMO|

Watch timer operation
mode register (WTM)

2 Internal bus 2

(1) Watch timer
The watch timer generates an interrupt request (INTWT) at time intervals of 256 ps to 1,048s

using the system clock prescaler fyx/2° or fyx/2’

(2) Interval timer

by

The interval timer generates an interrupt request (INTWTI) at time intervals of 256 ps to 131 ms.
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Chapter 8 Watch Timer

8.2 Configuration

The watch timer consists of the following hardware:

Table 8-1: Configuration of Watch Timer

Item

Configuration

Counter

5 bits x 1

Prescaler

11 bits x 1

Control register

Watch timer mode control register (WTM)

8.3 Watch Timer Control Register

The watch timer mode control register (WTM) controls the watch timer.

(1) Watch timer mode control register (WTM)

This register enables or disables the count clock and operation of the watch timer, sets the interval
time of the prescaler, controls the operation of the 5-bit counter, and sets the set time of the watch

flag.

WTM can be set by an 1-bit or 8-bit memory manipulation instruction.

Caution: When the watch timer is used, the prescaler should not be cleared frequently. When
rewriting WTM7 to WTM2 bit to other data, set WTMO bit to “0” beforehand to stop the

timer operation.

7

Figure 8-2: Watch Timer Mode Control Register (WTM) (1/2)

6 5

4 3 2 1 0

WTM | WTM7 | WTM6 ‘ WTM5 ‘ WTM4 ‘ WTM3 | WTM2 ‘ WTM1 ‘ WTMO | FFFFF6EOH R/W  OOH

WTM7 Selects main input frequency from prescaler
1 fux /2" (fwo = 62.5 kHz @fyx = 8 MH2)
0 fux /22 (fwo = 15.625 kHz @fyx = 8 MHz)
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Figure 8-2: Watch Timer Mode Control Register (WTM) (2/2)

5-bit Prescaler interval time selection for interval timer function
WTM7 =1 WTM7 =0
WIMG | WTMS | W4 Interrupt frequenc Interval Interrupt frequenc Interval
ptireq y time ptireq y time
0 0 0 | fyx/2'(3.906 kHz) | 0.256 ms | fyy/2'3(0.976 kHz) | 1.024 ms
0 0 1 | fyyx/2'%(1.953kHz) | 0.512ms | fyy /2% (0.488 kHz) | 2.048 ms
0 1 0 | fyx/2'3(0.976 kHz) | 1.024ms | fyy/2°(0.244 kHz) | 4.096 ms
0 1 1 | fyyx/2'%(0.488kHz) | 2.048 ms | fyy/216(0.122 kHz) | 8.192ms
1 0 0 | fyx/2'%(0.244kHz) | 4.096 ms | fyy /27 (0.061 kHz) | 16.384 ms
1 0 1 | fyx /26 (0.122 kHz) | 8.192ms | fyy /2% (0.030 kHz) | 32.768 ms
1 1 0 | fyx/2'7(0.061 kHz) | 16.384 ms | fyy /2% (0.015 kHz) | 65.536 ms
1 1 1 | fyy/2'8(0.030 kHz) | 32.768 ms | fyy /220 (0.007 kHz) |131.072 ms
5-bit Prescaler interval time selection for watch timer function
WTM7 =1 WTM7 =0
WTM3 | WTM2 Interrupt frequenc Interval Interrupt frequenc Interval
ptireq y time ptireq Y time
0 0 fux /211 (3.906 kHz) | 0.256ms | fyy/2'3(0.976 kHz) | 1.024 ms
0 1 fux / 212 (1.953 kHz) | 0.512ms | fyy/2'%(0.488kHz) | 2.048 ms
1 0 fyx / 220 (7.628 Hz) 0.131s fyx / 222 (1.907Hz) 0.524's
1 1 fyx / 2°1 (3,814 Hz) 0.262 s fyx / 222 (0,953Hz)( 1.048 s
WTM1 Controls Operation of Interval Timer
0 Stops operation (clears 5-bit Counter after stop)
1 Starts
WTMO Enables Operation of the whole Watch Timer
0 Stops operation (clears both prescaler and timer)
1 Enables operation

Notes: 1. WTMY7 to WTM2 cannot be changed while the watch timer is operating, so change WTM7 to
WTM2 only when WTMO is 0.

2. Calculated times for system clock frequency fyyx = 8.000 MHz
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Chapter 8 Watch Timer

8.4 Operations

8.4.1 Operation as watch timer

The count operation of the first stage 11 bits counter is enabled by setting the WTMO bit of the watch
timer mode control register (WTM) to “1”. (When WTMO is cleared to “0”, the 11-bit prescaler and 5-bit
counter are cleared, and the watch timer stops the count operation.)

The watch timer is then monitored by the bit WTM1.:

« when WTML1 is set to “1”, the 5 bits counter starts, and the INTWT interrupt request is
generated at each timer overflow.

« when WTML1 is cleared to “0”, the 5 bits counter is cleared and stopped, and no more INTWT is
generated.

Due to the cascade architecture of the 2 counters, setting WTM1 asynchronously of the 11 bits counter
introduces an error on the first INTWT generation of up to 2%fy. To avoid this, first set WTM1 to 1 and
then set WTMO to 1.

8.4.2 Operation as interval timer

As long as WTMO is set to 1, the watch timer repeatedly generates the INTWTI interrupt at time inter-
vals specified by the bits WTM6 to WTM4 of the watch timer mode control register WTM.

8.4.3 Watch timer and Interval timer simultaneously

Operation of Watch timer and Interval timer can be used simultaneously.

Figure 8-3: Example Watch Timer and Interval Timer Simultaneously

OxOF or Ox1F OxOF or Ox1F

5-bit counter

Overflow Overflow
Count clock | | |

fwor/2*orfwor2® 1T LI L Tl T

Watch timer
Interrupt INTWT === ===

Interrupt time of watch timer Interrupt time of watch timer

)
|
|

Interval timer

Interrupt INTWTI : I—L___ '_I I—l.___ '—l

|
Interval timer !

|
Interval timer !

nT nT

|
|
|
|
| |
| |
| |
L Lt
| |

Remark: fyoq: Watch timer clock frequency
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Chapter 9 Watchdog Timer

9.1 Features

The watchdog timer counts an input clock signal derivated from the main oscillator.

Upon overflow, the watchdog timer can generate
» anon-maskable interrupt request signal (NMIWDT)
» asystem reset signal (WDTRES)
» a maskable interrupt request signal (INTWDTM)

The selection of the input clock signal and the type of interrupt request generated is done with the
watchdog timer mode register (WDTM).

After a system reset, the watchdog timer is enabled, and starts in the reset mode, i.e. the mode where
it generates the WDTRES signal on overflow.

The watchdog timer can be reconfigured only once after system reset.

After the watchdog timer has been reconfigured, any write access to the mode register WDTM will
immediately lead to a watchdog timer overflow, and then the selected event (WDTRES, NMIWDT,
INTWDTM) is generated.

A dedicated value has to be written to the WDTE register in order to clear and restart the watchdog

timer. Any wrong data (different from the dedicated value) written to WDTE will lead to a watchdog timer
overflow, and then the selected event (WDTRES, NMIWDT, INTWDTM) is generated.
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Figure 9-1: Block Diagram of Watchdog Timer

f
fyx/2° 5 AT Timer Counter
g
fux/2” —= & o
fWDT/2
fwor/2*°
fwor/2"
fwor/2" IS & [—=INTWDTM
)
e I - WS
fuor/2”
fWDT/216

| 0 | WDM1 | WDMO |WDCS4|WDC83|WDCSZ|WDC81|WDCSO|

Watchdog timer
mode register (WDTM)

2 Internal bus 2

Remark: INTWDTM: Request signal for maskable interrupt through watchdog timer overflow
NMIWDT: Request signal for non-maskable interrupt through watchdog timer overflow

WDTRES: Reset signal through watchdog timer overflow
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9.2 Configuration

Watchdog timer consists of the following hardware.

Table 9-1: Configuration of Watchdog Timer

ltem Configuration

Watchdog timer mode register (WDTM)

Control register Watchdog timer enable register (WDTE)

9.2.1 Watchdog Timer control registers

(1) Watchdog timer mode register (WDTM)

This register sets the overflow time and operation clock of watchdog timer.

WDTM is set with an 8-bit memory manipulation instruction. This register can be read any number
of times, but it can be written only once following system reset.

Writing to this register will automatically clear the watchdog timer counter to 0000H.

RESET input sets WDTM to 67H.

Figure 9-2: Watchdog Timer Mode Register (WDTM) Format

7 6 5 4 3 2 1 0 Address After reset
WDTMl 0 \ WDM1 | WDMO ‘WDCS4 \ WDCS3 \ WDCS2 \ WDCS1 | WDCS0 |FFFF F680H 67H
RW RW RW  RW RIW RIW RIW RIW

WDM1 WDMO Selection of operation mode of watchdog timer
0 0 Maskable interrupt request mode (generation of INTWDTM)
0 1 Non-maskable interrupt request mode (generation of NMIWDT)
1 - Reset mode (generation of WDTRES)

Cautions: 1. To stop the operation of watchdog timer, write "1FH" to the WDTM register.
(this can be done only once after reset)

2. For details about bits WDCSO0 to WDCS4, refer to Table 9-2, “Watchdog Timer
Clock Selection,” on page 228.
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Table 9-2: Watchdog Timer Clock Selection

Count First Interrupt period
WDCS4 | WDCS3 | WDCS2 | WDCS1 | WDCSO0 Frequency Interrupt (ms)
(Hz) delay (ms)
0 0 0 0 0 |fyx/20(122.07)| 8.192 10.240
0 0 0 0 1 | fyx/2'7(61.035) | 16.384 18.432
0 0 0 1 0 |fyx/2'8(30.517)| 32.768 34.816
0 0 0 1 1 |fxx/2'%(15.258) | 65.536 67.584
0 0 1 0 0 | fyx/2%0(7.6294) | 131.072 133.12
0 0 1 0 1 |fxx/2?1(3.8147) | 262.144 264.192
0 0 1 1 0 | fx/2%2(1.9073)| 524.288 526.336
0 0 1 1 1 |fxx/2?%(0.9537) | 1048.57 1050.62
0 1 0 0 0 |fx/2'8(30.517)| 32.768 40.960
0 1 0 0 1 |fxx/219(15.258) | 65.536 73.728
0 1 0 1 0 | fyx/2%0(7.6294) | 131.072 139.264
0 1 0 1 1 |fxx/2?1(3.8147) | 262.144 270.336
0 1 1 0 0 |fxx/2%2(1.9073) | 524.288 532.480
0 1 1 0 1 |fxx/2?3(0.9537) | 104857 1056.76
0 1 1 1 0 |[fxx/2?4(0.4768) | 2097.15 2105.34
0 1 1 1 1 |fxx/2?°(0.2384) | 4194.30 4202.49
1 X X x X Operation stopped
Remark: Values given for fyy = 8.000 MHz

228

Preliminary User's Manual U16241EE1V1UMO0O




Chapter 9 Watchdog Timer

(2) 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 WDTE to 9AH.

Figure 9-3: Watchdog Timer Enable Register (WDTE) Format

7 6 5 4 3 2 1 0 Address After reset
WDTE| RUN \ 0 | 0 \ 1 \ 1 \ 0 \ 1 | 0 |FFFF F681H 9AH
RW RW RW  RW RIW RIW RIW RIW

Cautions: 1. When a value other than “ACH” is written to the WDTE register, an interrupt is
generated, according to the WDM1, WDMO bits when “RUN” bit was previously
setto 1.

2. When a 1-bit memory manipulation instruction is executed for the WDTE register,
an interrupt is generated, according to the WDM1, WDMO bits.

3. Theread value of the WDTE register is “9AH” (value that differs from written value
“ ACH”).

9.3 Operation

Watchdog timer automatically starts in the reset mode following reset release.

The WDTM register can be written only once after system reset. To configure the watchdog timer, write
the operation mode and the interval time to the WDTM register using 8-bit memory manipulation
instructions. After this is done, the operation of the watchdog timer cannot be stopped.

To configure the watchdog timer as non-operating, write 1FH to the WDTM register.

Watchdog timer can be cleared and restarted by writing “ACH” in WDTE register. Writing any other
value in WDTE register will lead to immediate timer overflow and selected interrupt.

9.3.1 Watchdog timer generating a reset

This is the default operating mode of the watchdog timer after hardware reset.
The watchdog timer generates a reset request, if WDTM has been set with WDM1 = 1,

» at overflow of the timer

» when a value different from “ACH” is written to WDTE
» at the second write operation to WDTM

» when bit access is attempted to WDTE

After a hardware reset is input, the watchdog timer starts its operation with the following settings:

+ Clock selected as count clock is fyy/2’

 WDTRES selected as output signal
» Maximum overflow period selected (WDCS2 to WDCSO0 = 111, period = 1 sec)
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9.3.2 Watchdog timer as interval timer
This mode can be selected by writing the corresponding settings in WDTM register.
An interrupt, rather than a reset request, will be generated in the following cases:

« at overflow of the timer

< when a value different from “ACH” is written to WDTE

« at the second (and following) write operation to WDTM

« when bit access is attempted to WDTE

Changing WDTM value can only be done once. Any further write access to WDTM will lead to the
selected interrupt generation:

- INTWDTM: maskable interrupt
- NMIWDT: non maskable interrupt

Watchdog timer can be cleared by writing “ACH” in the WDTE register. Writing any other value in
WDTE register will lead to immediate timer overflow and selected interrupt generation.

At timer overflow, the watchdog interrupt signal is generated and will set the corresponding flag of the
corresponding interrupt register.

This signal will be held for 27 watchdog input clock fwpT cycles (8192 ps @ fyx= 8 MHz and

fwpT= fxx/2%). Then the watchdog interrupt signal is released, timer is cleared and restarts counting
(see figure below).

Figure 9-4: Watchdog Operation at Timer Overflow

wresssna LTI UL MU, T
WDT timer counter (——(FrrXoon)orH— (e oor SS@SS—@

WDT overflow signal q « « «
Interrupt signal SS « « « |
WOTE —pcH—§; —$ | —

Timer counter refreshed by writing "ACH" in WDTE

Timer overflow - Interrupt signal - timer restart

Timer is cleared and restart after 27 clocks
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10.1 Features

The serial interface function provides three types of serial interfaces combining a total of 7
transmit/receive channels. All seven channels can be used simultaneously.
The three interface formats are as follows.

« Asynchronous serial interfaces (UART60, UART61): 2 channels
» Clocked serial interfaces (CSI00, CSI01, CSI10): 3 channels
* FCAN controller: 2 channels

Remark: For details about the FCAN controller, refer to Chapter 11 "FCAN Interface Function” on
page 319.

UART60 and UART61, transmit/receive 1-byte serial data following a start bit and support full-duplex
communication.

CSI00, CSI01 and CSI10 perform data transfer according to three signals, namely serial clocks
(SCKO00, SCKO01 and SCK10), serial inputs (S100, SI01 and SI10), and serial outputs (SO00, SO01 and
S010) (3-wire serial 1/0).

FCAN conforms to CAN specification version 2.0 Part B, and provides 32-message buffers.
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10.2 Serial Interface UART6N

10.2.1

Cautions: 1.

Remark:

232

Features

Transfer rate: 300bps up to 312,5Kbps
2 channels (UART60 and UART61)

Full duplex communications
- On-chip reception buffer register (RXBn)
- On-chip transmission buffer register (TXBn)

Two-pin configuration
- TXD6n: transmitted data output pin
- RXD6n: received data input pin

Reception error detection functions
- Parity error

- Framing error

- Overrun error

Interrupt sources: 3 types

- Reception error interrupt (INTSRE6N)

- Reception completion interrupt (INTSR6nN)

- Transmission completion interrupt (INTST6nN)

Data length of transfer data can be selected from 7 or 8 bits.

Dedicated internal 8-bit baud rate generator allowing any baud rate to be set
Twelve operating clock inputs selectable

MSB- or LSB-first transfer selectable

Inverted transmission operation selectable

Tuning break field transmission from 13 to 20 bits

More than 11 bits can be identified for tuning break field reception (SBF reception flag
provided).

TXD6n pins as port pins.

The default value of the TXD6n pins is the high level. Take care when using the

2. The TXD6n output inversion function inverts only the transmission side and not

the reception side. To use this function, the reception side must be ready for
reception of inverted data (it must be able to recognize a low-level start bit).

If clock supply to serial interface UART6N is not stopped (e.g., in HALT mode),
normal operation continues. If clock supply to serial interface UART6nN is stopped
(e.g., in STOP mode), each register stops operating, and holds the value immedi-
ately before clock supply was stopped. The TXD6n pins also hold the value imme-
diately before clock supply was stopped and output it. However, the operation is
not guaranteed after clock supply is resumed. Therefore, reset the circuit so that
POWERN =0, RXEn =0, and TXEn = 0.

If data is continuously transmitted, the transfer rate from the stop bit to the next
start bit is delayed two clocks. However, this does not affect the result of transfer
because the reception side initializes the timing when it has detected a start bit.
Do not use the continuous transmission function when using the LIN protocol.

n=0,1
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10.2.2 Functions of serial interfaces UART6n (UART60, UART61)

Serial interfaces UART6N have the following two modes.

(1) Operation STOP mode

This mode is used when serial transfer is not executed; it can reduce the power consumption.
For details, refer to section 10.2.5 (1)"Operation STOP mode” on page 247.

(2) Asynchronous serial interface (UART) mode

This mode supports the LIN (Local Interconnect Network) bus. The functions of this mode are
outlined below.

Figures 10-1 and 10-2 outline the transmission and reception operations of LIN.

Figure 10-1: LIN Transmission Operation

Wakeup Tuning Checksum
signal frame break field Tuning field  Match field Data field Data field field
It I
Sleep
bus
13-bitN°te2 SBF 55H Data Data Data Data
8 bitsN°*® Note 1 transmission transmission transmission transmission transmission transmission
[ | [ |
TX6n
Note 4

INTSTén I I I I I 1N

Notes: 1. The interval between each field should be controlled by software.

2. The tuning break field is output by hardware. The output width is equal to the bit length set
by bits 4 to 2 (SBL2n to SBLOnN) of the asynchronous serial interface control register
(ASICLn). If the output width needs to be adjusted more accurately, use dedicated baud
rate generator control register (BRGCn).

3. The wake-up signal frame should be generated by software, with a transfer of the value 80H
in the 8-bit mode.

4. INTST6n is output on completion of each transmission. It is also output when SBF is trans-
mitted.
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Figure 10-2: LIN Reception Operation

Wakeup Tuning Checksum
signal frame break field Tuning field  Match field Data filed Data filed field
| | | | | | | | |
Sleep
bus
SF Data Data Data
13 bitgNote 2 reception  IDreception reception reception reception"ot®s
| | | | | | | | |
SBF | || | | |
reception
RX6n Disable Enable
K Note 3
Reception interrupt
(INTSR6n) ﬂ ﬂ ﬂ ﬂ rL
Note 1
Edge detection
(INTP30, INTP32)
Note 4
Capture timer Disable Enable

Notes: 1.

234

The wake-up signal is detected at the edge of the pin, enables UART6n and sets the SBF
reception mode.

Reception continues until the STOP bit is detected. When 11 bits or more of SBF have been
detected, it is assumed that SBF reception has been completed correctly, and an interrupt
signal is output. If less than 11 bits of SBF have been detected, it is assumed that an SBF
reception error has occurred. The interrupt signal is not output and the SBF reception mode
is restored.

If SBF reception has been completed correctly, an interrupt signal is output. This SBF
reception completion interrupt enables the capture timer. Detection of errors OVEn, PEn,
and FEn is suppressed, and error detection processing of UART communication and data
transfer of the shift register and RXBn is not performed. The shift register holds the reset
value FFH.

Calculate the baud rate error from the value obtained from the capture timer, disable
UART®6N after SF reception, and then re-set dedicated baud rate generator control register
(BRGCn).

Distinguish the checksum field by software. Also perform processing by software to initialize
UARTG6N after reception of the checksum field and to set the SBF reception mode again.
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Figure 10-3: Port Configuration for LIN Reception Operation

P30/RXD60 © AMPX
P32/RXD61 . 0 RXDn input
Port latch Port mode and Port control
P30/P32 P30/P32 and PMC30/PMC32
P30/INTP30 AMPX
P32/INTP32 5 Q INTP30/INTP32 input
Port latch Port mode and Port control
P30/P32 P30/P32 and PMC30/PMC32
P11/TIG0O0
P12/TIGO1 ® MPX MPX ITIGOO
P13/TIGO2 Ao Ao IMIGOL |
P14/TIG03 B B ITIGO2
ITIGO3
Port latch Port mode and Port control Timer input
P11/P12/ PM11/PM12/PM13/PM14 selection register
P13/P14 PMC11/PMC12/PMC13/PMC14 TIS
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10.2.3 Configuration of Serial Interface UART6N

Serial interface UART6N consists of the following hardware.

Table 10-1: Configuration of Serial Interface UART6N

Item Configuration

Registers

Receive buffer register (RXBn)
Receive shift register (RXSn)
Transmit buffer register (TXBn)
Transmit shift register (TXSn)

Control registers

Asynchronous serial interface operation mode register (ASIMn)
Asynchronous serial interface reception error status register (ASISn)
Asynchronous serial interface transmission status register (ASIFn)
Clock selection register (CKSRn)

Dedicated Baud rate generator control register (BRGCn)
Asynchronous serial interface control register (ASICLn)

Remark:

236

Figure 10-4: UARTG60, UART61 Block Diagram

S Internal bus S
Asynchronous serial interface Reception buffer Transmission buffer
mode register (ASIMn) register (RXBn) register (TXBn)
Reception Transmission
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Chapter 10 Serial Interface Function

(1) Receive buffer register (RXBn)

This 8-bit register stores parallel data converted by the receive shift register.
Each time 1 byte of data has been received, new received data is transferred to this register from
receive shift register (RXSn). If the data length is set to 7 bits, data is transferred as follows.

* In LSB-first reception, the received data is transferred to bits 0 to 6 of RXBn and the MSB of
RXBn is always 0.

» In MSB-first reception, the received data is transferred to bits 1 to 7 of RXBn and the LSB of
RXBn is always 0.

If an overrun error (OVEN) occurs, the received data is not transferred to RXBn.

RXBn can be read by an 8-bit memory manipulation instruction. No data can be written to this

register.

RESET input sets this register to FFH.

Figure 10-5: Format of Receive Buffer Register (RXBn)

7 6 5 4 3 2 1 0 Address After reset
RXBO ‘ FFFF FAO2H FFH

R R R R R R R R

7 6 5 4 3 2 1 0 Address After reset
RXB1 FFFF FA12H FFH

R R R R R R R R

(2) Receive shift register (RXSn)

This register converts the serial data input to the RXD6n pin into parallel data.
RXSn cannot be directly manipulated by a program.
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(3) Transmit buffer register (TXBn)

This buffer register is used to set transmitted data. Transmission is started when data is written to
TXBn. This register can be read or written by an 8-bit memory manipulation instruction.

RESET input sets this register to FFH.

Figure 10-6: Format of Transmit Buffer Register (TXBn)

7 6 5 4 3 2 1 0 Address After reset
TXBO | |FFFF FAO4H FFH

7 6 5 4 3 2 1 0 Address After reset
TXB1 | |FFFFFAL4H  FFH

Cautions: 1. Do not write data to TXBn when bit 1 (TXBFn) of asynchronous serial interface
transmission status register (ASIFn) is 1.

2. Do not refresh (write the same value to) TXBn by software during a communica-
tion operation (when bit 7 (POWERnN) and bit 6 (TXEn) of the asynchronous serial
interface operation mode register (ASIMn) are 1 or when bit 7 (POWERnN) and bit 5
(RXEN) of ASIMn are 1). However, if the same value is continuously transmitted in
the transmission mode (POWERN =1 and TXEn = 1), the same value can be writ-
ten.

(4) Transmit shift register (TXSn)
This register transmits the data transferred from TXBn from the TXD6n pin as serial data. Data is
transferred from TXBn immediately after TXBn is written for the first transmission, or immediately
before INTST6n occurs after one frame was transmitted for continuous transmission. Data is
transferred from TXBn and transmitted from the TXD6n pin at the falling edge of the internal clock.
TXSn cannot be directly manipulated by a program.

238 Preliminary User's Manual U16241EE1V1UMO0



Chapter 10 Serial Interface Function

10.2.4 Registers Controlling Serial Interface UART6N

Serial interface UART®6nN is controlled by the following six registers.
» Asynchronous serial interface operation mode register (ASIMn)
» Asynchronous serial interface reception error status register (ASISn)
» Asynchronous serial interface transmission status register (ASIFn)
» Clock selection register (CKSRn)
» Dedicated Baud rate generator control register (BRGCn)
» Asynchronous serial interface control register (ASICLn)

(1) Asynchronous serial interface operation mode register (ASIMn)

This 8-bit register controls the serial transfer operations of serial interface UART6N.
This register can be set by an 1-bit or 8-bit memory manipulation instruction.

RESET input sets this register to 01H.

Remark: ASIMn can be refreshed (the same value is written) by software during a communication
operation (when bit 7 (POWERN) and bit 6 (TXEn) of ASIMn =1 or bit 7 (POWERnN) and
bit 5 (RXEn) of ASIMn = 1).

Figure 10-7: Format of Asynchronous Serial Interface Operation Mode Register (ASIMn) (1/2)

7 6 5 4 3 2 1 0 Address After reset
ASIMO |POWERO‘ TXEO \ RXEO | PS10 \ PS00 | CLO \ SLO ‘ISRMO |FFFF FAOOH 01H
RW RW RW RW RW RW RW RW

7 6 5 4 3 2 1 0 Address After reset
ASIM1 |POWER1\ TXE1 \ RXE1 | PS11 \ PSO1 | CL1 \ SL1 ‘ISRMl |FFFF FAL0H 01H
RW RW RW RW RW RW RW RW

POWERN Enables/disables operation of internal operation clock

Disables operation of the internal operation clock (fixes the clock to low

Note 1
0 level) and asynchronously resets the internal circuit.

1Note 2 | Enables operation of the internal operation clock

TXEn Enables/disables transmission
0 Disables transmission (synchronously resets the transmission circuit).
1 Enables transmission

Notes: 1. The output of the TXD6n pin goes high and the input from the RXD6n pin is fixed to the high
level when POWERN = 0.

2. Operation of the internal operation clock is enabled at the second input clock after 1 is writ-
ten to the POWERN bit.

Caution: At startup, set POWERnN to 1 and then set TXEn to 1. Clear TXEn to O first, and then
clear POWERnN to 0.
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Figure 10-7: Format of Asynchronous Serial Interface Operation Mode Register (ASIMn) (2/2)

RXEn Enables/disables reception
0 Disables reception (synchronously resets the reception circuit).
1 Enables reception
PS1n PSOn Transmission operation Reception operation
0 0 Does not output parity bit. Reception without parity
0 1 Outputs 0 parity. Reception as 0 parityNote
1 0 Outputs odd parity. Judges as odd parity.
1 1 Outputs even parity. Judges as even parity.
CLn Specifies character length of transmitted/received data
0 Character length of data = 7 bits
1 Character length of data = 8 bits
SLn Specifies number of stop bits of transmitted data
0 Number of stop bits = 1
1 Number of stop bits = 2

ISRMn Enables/disables occurrence of reception completion interrupt in case of error

0 “INTSRE6N” occurs in case of error (at this time, INTSR6n does not occur).

1 “INTSR6N" occurs in case of error (at this time, INTSRE6n does not occur).

Note: If “reception as O parity” is selected, the parity is not judged. Therefore, bit 2 (PEn) of asynchro-
nous serial interface status register (ASISn) is not set and the error interrupt does not occur.

Cautions: 1. At startup, set POWERN to 1 and then set RXEn to 1. Clear RXEn to O first, and
then clear POWERN to 0.
2. Clear the TXEn and RXEn bits to 0 before rewriting the PS1n, PSOn, and CLn bits.
Fix the PS1n and PSOn bits to 0 when using the LIN protocol.

4. Make sure that TXEn = 0 when rewriting the SLn bit. Reception is always per-
formed with “the number of stop bits =1”, and therefore, is not affected by the set
value of the SLn bit.

5. Make sure that RXEn = 0 when rewriting the ISRMn bit.
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(2) Asynchronous serial interface reception error status register (ASISn)

This regis

ter indicates an error status on completion of reception by serial interface UART6N. It

includes three error flag bits (PEn, FEn, OVEnN).
This read-only register can be read only with 8-bit memory manipulation instructions.

RESET in

put clears this register to 00H if bit 7 (POWERN) and bit 5 (RXEn) of ASIMn = 0.

OOH is read when this register is read.

Figure 10-8: Format of Asynchronous Serial Interface Reception Error Status Register (ASISn)
3 2 1 0 Address After reset
Asisofl o | o | o | o | o | PEO | FEO | OVEO |FFFFFAO3H  0OH
R R R R
3 2 1 0 Address After reset
Asist| o | o | o | o | o | PElL | FE1 | OVEl |FFFFFAI3H  OOH
R R R R
PEn Status flag indicating parity error
0 If POWERN = 0 or RXEn = 0, or after ASISn register is read
1 If the parity of transmitted data does not match the parity bit on completion of recep-
tion
FEn Status flag indicating framing error
0 If POWERN = 0 or RXEn = 0, or after ASISn register is read
1 If the stop bit is not detected on completion of reception
OVEnN Status flag indicating overrun error
0 If POWERN = 0 or RXEn = 0, or after ASISn register is read
If received data is set to the RXBn register and the next reception operation is com-
1 .
pleted before the data is read.

Cautions: 1.

The operation of the PEn bit differs depending on the values set in the PS1n and
PSO0n bits of asynchronous serial interface mode register (ASIMn).

The first bit of the received data is checked as the stop bit, regardless of the num-
ber of stop bits.

If an overrun error occurs, the next received data is not written to receive buffer
register (RXBn) but discarded.

Because the PEn, FEn, and OVEn bits are cleared when ASISn is read, they may
conflict with the setting of the error flags. To avoid the conflict, retry processing
is only performed once at most when ASISn is read.
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(3) Asynchronous serial interface transmission status register (ASIFn)
This register indicates the status of transmission by serial interface UART6N. It includes two status
flag bits (TXBFn and TXSFn).
Transmission can be continued without disruption even during an interrupt period, by writing the
next data to the TXBn register after data has been transferred from the TXBn register to the TXSn

register.

This read-only register can be read only with 8-bit memory manipulation instructions.

RESET input clears this register to O0H if bit 7 (POWERnN) and bit 5 (RXEn) of ASIMn = 0.

Figure 10-9: Format of Asynchronous Serial Interface Transmission Status Register (ASIFn)
4 2 1 0 Address After reset
AsiFo| 0 | | | o | | 0 [ TXBFO [ TXSFO |FFFF FAOSH 00H
R R R R
4 2 1 0 Address After reset
AsFL| o0 | | | o | | 0 [ TXBF1|TXSF1|FFFFFAISH  0OH
R R R R
TXBFn Transmit buffer data flag
0 If POWERN =0 or TXEn =0, or if no data is present in TxBn register
1 If a data is present in TxBn (has not been transferred to TxSn)
TXSFn Transmit shift register data flag
0 If POWERN =0 or TXEn =0, or if TxSn is empty
1 If data transmission is in progress
Cautions: 1. To continuously transmit data, write the data of the first byte to TXBn, check that
the value of the TXBFn flag is 0, and then write the data of the second byte to
TXBn. The operation is not guaranteed if data is written to TXBn while the TXBFn
flag is 1.

2. While continuous transmission is being executed, check the value of the TXSFn
flag after the transmission completion interrupt to determine the subsequent
write processing to TXBn.

3. If TXSFn is 1:Continuous transmission is in progress. Data of 1 byte can be writ-
ten.

4. If TXSFn is 0:Continuous transmission is complete. Data of 2 bytes can be writ-
ten. When doing so, observe Caution 1 above.

5. While continuous transmission is in progress, check that TXSFn is 0 after the
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transmission completion interrupt, and then execute clearing (POWERN = 0 or
TXEn = 0). If clearing is executed while the TXSFn flag is 1, the transmitted data
cannot be guaranteed.
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(4) Clock selection register (CKSRn)

This register selects the base clock of serial interface UART6n. CKSRn can be set by an 8-bit
memory manipulation instruction.

RESET input clears this register to O0OH.
Remark: CKSRn can be refreshed (the same value is written) by software during a communication

operation (when bit 7 (POWERN) and bit 6 (TXEn) of ASIMn = 1 or bit 7 (POWERnN) and
bit 5 (RXEn) of ASIMn = 1).

Figure 10-10: Format of Clock Selection Register (CKSRn)

7 6 5 4 3 2 1 0 Address After reset
CKSROl 0 \ 0 \ 0 | 0 \ TPS30 | TPS20 \ TPS10 \ TPS00 |FFFF FAO6H OOH
RW RW RW RW RW RW RW RW

7 6 5 4 3 2 1 0 Address After reset
CKSRll 0 \ 0 \ 0 | 0 \ TPS31 | TPS21 \ TPS11 \ TPSO1 |FFFF FA16H OOH
RW RW RW RW RW RW RW RW

TPS3n TPS2n TPS1n TPSON Base clock (fxck)
0 0 0 0 PCLK (32 MHz)
0 0 0 1 PCLK/2 (16 MHz)
0 0 1 0 PCLK/22 (8 MHz)
0 0 1 1 PCLK/23 (4 MHzZ)
0 1 0 0 PCLK/2% (2 MHz)
0 1 0 PCLK/2% (1 MHz)
0 1 1 0 PCLK/2° (500 kHz)
0 1 1 PCLK/27 (250 kHz)
1 0 0 0 PCLK/28 (125 kHz)
1 0 0 1 PCLK/2° (62.5 kHz)
1 0 1 0 PCLK/210 (31.25 kHz)
1 0 1 1 PCLK/2 (15.625 kHz)

Other Setting prohibited

Cautions: 1. Make sure POWERN = 0 when rewriting TPS3n to TPSOn.

2. The maximum base clock frequency (fxc k) to be selected with the Clock selector

(TPSn bit) should not exceed 25Mhz. At 32Mhz operating frequency, first configu-
ration of the clock selector is not allowed (CKSRn = 00H).

Remark: Values in parentheses are for operation with external clock fyy = 8 MHz
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(5) Dedicated Baud rate generator control register (BRGCn)

This register selects the base clock of serial interface UART6N.
BRGCn can be set by an 8-bit memory manipulation instruction.

RESET input sets this register to FFH.

Remark: BRGCh can be refreshed (the same value is written) by software during a communication
operation (when bit 7 (POWERN) and bit 6 (TXEn) of ASIMn = 1 or bit 7 (POWERnN) and
bit 5 (RXEn) of ASIMn = 1).

Figure 10-11: Format of Dedicated Baud Rate Generator Control Register (BRGCn)

7 6 5 4 3 2 1 0 Address After reset
BRGCOl MDL70 \ MDL60 \ MDL50 \ MDL40 \ MDL30 \ MDL20 | MDL10 \ MDLOO |FFFF FAO7H FFH
RW RW RW RW RW RW RW RW

7 6 5 4 3 2 1 0 Address After reset
BRGCll MDL71 \ MDL61 \ MDL51 \ MDL41 \ MDL31 \ MDL21 | MDL11 \ MDLO1 |FFFF FAL7H FFH
RW RW RW RW RW RW RW RW

MDL7n | MDL6n | MDL5n | MDL4n | MDL3n | MDL2n | MDL1n | MpLon | Kk | Qutput clock selection
of 8-bit counter
Any value less than 04 Setting prohibited

0 0 0 0 0 1 0 0 4 fycLrl4

0 0 0 0 0 1 0 1 5 fycLk/5

0 0 0 0 0 1 1 0 6 fycLk/6

[ ] [ ] [ ) [ ] [ ] [ ) [ ] [ ] [ ] [ )

[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]

1 1 1 1 1 1 0 0o |252 fycLil/252

1 1 1 1 1 1 0 1 | 253 fyoLk/253

1 1 1 1 1 1 1 0o |254 fyoLp/254

1 1 1 1 1 1 1 1 |255 fycLk/255

Cautions: 1. Make sure that bit 6 (TXEn) and bit 5 (RXEn) of the ASIMn register = 0 when
rewriting the MDL7n to MDLOn bits.

2. The baud rate is the output clock of the 8-bit counter divided by 2.
Remarks: 1. fxcLk: Frequency of base clock (Clock) selected by the TPS3n to TPSOn bits of CKSRn
register
2. k: Value set by MDL7n to MDLOnN bits (k = 4, 5,..., 255)

3. x: Don't care
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(6) Asynchronous serial interface control register (ASICLn)

This register controls the serial transfer operations of serial interface UART6nN.
ASICLn can be set by a 1-bit transfer instruction or an 8-bit memory manipulation instruction.

RESET input sets this register to16H.

Remark: ASICLn can be refreshed (the same value is written) by software during a communication
operation (when bit 7 (POWERN) and bit 6 (TXEn) of ASIMn = 1 or bit 7 (POWERnN) and
bit 5 (RXEn) of ASIMn = 1). However, transfer is started by refresh because bit 6 (SBRTn)
and bit 5 (SBTTn) of ASICLn are cleared to 0 when communication is complete (when an
interrupt signal is generated).

Figure 10-12: Format of Asynchronous Serial Interface Control Register (ASICLn) (1/2)

7 6 5 4 3 2 1 0 Address After reset
ASICLOl SBRFO \ SBRTO \ SBTTO | SBL20 \ SBL10 | SBLOO \ DIRO ‘TXDLVOlFFFF FAO8H 16H
RW RW RW RW RW RW RW RW

7 6 5 4 3 2 1 0 Address After reset
ASICL1| SBRF1 \ SBRT1 \ SBTT1 | SBL21 \ SBL11 | SBLO1 \ DIR1 ‘TXDLVllFFFF FA18H 16H
RW RW RW RW RW RW RW RW

SBRFn Status flag
0 If POWERN = 0 or RXEn = 0 or if SBF reception has been completed correctly
1 SBF reception in progress
SBRTn SBF reception trigger
0 -
1 SBF reception trigger: enables SBF reception detection

Cautions: 1. Inthe case of an SBF reception error, return the mode to the SBF reception mode
and hold the status of the SBRFn flag.

2. Before setting the SBRTn bit, make sure that bit 7 (POWERN) and bit 5 (RXEn) of
ASIMn = 1.

3. Theread value of the SBRTn bit is always 0. SBRTn is automatically cleared to 0
after SBF reception has been correctly completed.

4. Before setting the SBTTn bit to 1, make sure that bit 7 (POWERN) and bit 6 (TXEn)
of ASIMn =1.

5. Theread value of the SBTTn bit is always 0. SBTTn is automatically cleared to O at
the end of SBF transmission.
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Figure 10-12: Format of Asynchronous Serial Interface Control Register (ASICLn) (2/2)
SBTTn SBF transmission trigger
0 -
1 SBF transmission trigger

SBL2n | SBL1n | SBLOn SBF transmission output width control
1 0 1 SBF is output with 13-bits length.
1 1 0 SBF is output with 14-bits length.
1 1 1 SBF is output with 15-bits length.
0 0 0 SBF is output with 16-bits length.
0 0 1 SBF is output with 17-bits length.
0 1 0 SBF is output with 18-bits length.
0 1 1 SBF is output with 19-bits length.
1 0 0 SBF is output with 20-bits length.

DIRn MSB/LSB-first transfer

0 MSB-first transfer
1 LSB-first transfer

TXDLVn Enables/disables inverting TXD6n output
0 Normal output of TXD6n
1 Inverted output of TXD6n

Caution:
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Before rewriting the DIRn and TXDLVn bits, clear the TXEn and RXEn bits to O.
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10.2.5 Operation of serial interface UART6N

This section explains the two modes of serial interface UART6N.

(1) Operation STOP mode

In this mode, serial transfer cannot be executed; therefore, the power consumption can be
reduced. In addition, the pins can be used as ordinary port pins in this mode.

(a) Register setting

The operation stop mode is set by asynchronous serial interface operation mode register (ASIMn).
ASIMn can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets this register to 01H.
Remark: ASIMn can be refreshed (the same value is written) by software during a communication

operation (when bit 7 (POWERN) and bit 6 (TXEn) of ASIMn =1 or bit 7 (POWERnN) and
bit 5 (RXEn) of ASIMn = 1).

Figure 10-13: Register ASIMn in Operation STOP Mode (1/2)

7 6 5 4 3 2 1 0 Address After reset
ASIMO |POWERO‘ TXEO \ RXEO | PS10 \ PS00 | CLO \ SLO ‘ISRMO |FFFF FAOOH 01H
RW RW RW RW RW RW RW RW

7 6 5 4 3 2 1 0 Address After reset
ASIM1 |POWER1\ TXE1 \ RXE1 | PS11 \ PSO1 | CL1 \ SL1 ‘ISRMl |FFFF FAL0H 01H
RW RW RW RW RW RW RW RW

POWERN Enables/disables operation of internal operation clock

oNote 1 Disables operation of the internal operation clock (fixes the clock to low level)
and asynchronously resets the internal circuit.

1Note 2 | Enables operation of the internal operation clock

Notes: 1. The output of the TXD6n pin goes high and the input from the RXD6n pin is fixed to the high
level when POWERN = 0.

2. Operation of the internal operation clock is enabled at the second input clock after 1 is
written to the POWERN bit.
Cautions: 1. At startup, set POWERN to 1 and then set TXEn to 1. Clear TXEn to O first, and
then clear POWERN to 0.

2. At startup, set POWERN to 1 and then set RXEn to 1. Clear RXEn to O first, and
then clear POWERN to 0.
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Figure 10-13: Register ASIMn in Operation STOP Mode (2/2)

TXEn Enables/disables transmission
0 Disables transmission (synchronously resets the transmission circuit).
1 Enables transmission
RXEn Enables/disables reception
0 Disables reception (synchronously resets the reception circuit).
1 Enables reception

Cautions: 1. At startup, set POWERN to 1 and then set TXEn to 1. Clear TXEn to O first, and
then clear POWERN to 0.

2. At startup, set POWERnN to 1 and then set RXEn to 1. Clear RXEn to O first, and
then clear POWERN to 0.
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(2) Asynchronous serial interface (UART) mode

In this mode, data of 1 byte is transmitted/received following a start bit, and a full-duplex operation
can be performed.

A dedicated UART baud rate generator is incorporated, so that communication can be executed at
a wide range of baud rates.

(a) Register setting

The UART mode is set by asynchronous serial interface operation mode register (ASIMn), asyn-
chronous serial interface reception error status register (ASISn), asynchronous serial interface
transmission status register (ASIFn), clock selection register (CKSRn), dedicated baud rate gener-
ator control register (BRGCn), and asynchronous serial interface control register (ASICLn).

» Asynchronous serial interface operation mode register (ASIMn)

This 8-bit register controls the serial transfer operations of serial interface UART6N.
ASIMn can be set by an 1-bit or an 8-bit memory manipulation instruction.

RESET input sets this register to 01H.
Remark: ASIMn can be refreshed (the same value is written) by software during a communication

operation (when bit 7 (POWERN) and bit 6 (TXEn) of ASIMn =1 or bit 7 (POWERnN) and
bit 5 (RXEn) of ASIMn = 1).

Figure 10-14: Register ASIMn in Asynchronous Serial Interface (UART) Mode (1/2)

7 6 5 4 3 2 1 0 Address After reset
ASIMO |POWERO‘ TXEO \ RXEO | PS10 \ PS00 | CLO \ SLO ‘ISRMO |FFFF FAOOH 01H
RW RW RW RW RW RW RW RW

7 6 5 4 3 2 1 0 Address After reset
ASIM1 |POWER1\ TXE1 \ RXE1 | PS11 \ PSO1 | CL1 \ SL1 ‘ISRMl |FFFF FAL0H 01H
RW RW RW RW RW RW RW RW

POWERN Enables/disables operation of internal operation clock

oNote 1 Disables operation of the internal operation clock (fixes the clock to low level)
and asynchronously resets the internal circuit.

qNote 2| Enables operation of the internal operation clock

Notes: 1. The output of the TXD6n pin goes high and the input from the RXD6n pin is fixed to the high
level when POWERnN = 0.

2. Operation of the internal operation clock is enabled at the second input clock after 1 is writ-
ten to the POWERN bit.

Caution: At startup, set POWERnN to 1 and then set TXEn to 1. Clear TXEn to O first, and then
clear POWERN to 0.
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Figure 10-14: Register ASIMn in Asynchronous Serial Interface (UART) Mode (2/2)

TXEn Enables/disables transmission
0 Disables transmission (synchronously resets the transmission circuit).
1 Enables transmission
RXEn Enables/disables reception
0 Disables reception (synchronously resets the reception circuit).
1 Enables reception
PS1n PSOn Transmission operation Reception operation
0 0 Does not output parity bit. Reception without parity
0 1 Outputs 0 parity. Reception as 0 parityN°®
1 0 Outputs odd parity. Judges as odd parity.
1 1 Outputs even parity. Judges as even parity.
CLn Specifies character length of transmitted/received data
0 Character length of data = 7 bits
1 Character length of data = 8 bits
SLn Specifies number of stop bits of transmitted data
0 Number of stop bits = 1
1 Number of stop bits = 2

ISRMn Enables/disables occurrence of reception completion interrupt in case of error

0 “INTSREG6N" occurs in case of error (at this time, INTSR6n does not occur).

1 “INTSR6N" occurs in case of error (at this time, INTSRE6n does not occur).

Note: If “reception as O parity” is selected, the parity is not judged. Therefore, bit 2 (PEn) of asynchro-
nous serial interface status register (ASISn) is not set and the error interrupt does not occur.

Cautions: 1. At startup, set POWERN to 1 and then set RXEn to 1. Clear RXEn to O first, and
then clear POWERN to 0.
2. Clear the TXEn and RXEn bits to 0 before rewriting the PS1n, PSOn, and CLn bits.
Fix the PS1n and PSOn bits to 0 when using the LIN protocol.

4. Make sure that TXEn = 0 when rewriting the SLn bit. Reception is always per-
formed with "the number of stop bits = 1", and therefore, is not affected by the set
value of the SLn bit.

5. Make sure that RXEn = 0 when rewriting the ISRMn bit.
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« Asynchronous serial interface reception error status register (ASISn)

This register indicates an error status on completion of reception by serial interface UART6N. It
includes three error flag bits (PEn, FEn, OVEnN).

This read-only register can be set only by 8-bit memory manipulation instructions.

RESET input clears this register to 00H if bit 7 (POWERN) and bit 5 (RXEn) of ASIMn = 0.
OOH is read when this register is read.

Figure 10-15: Register ASISn in Asynchronous Serial Interface (UART) Mode

3 2 1 0 Address After reset
AsSISO[ 0 | | | | 0o | PEO | FEO | OVEO |FFFF FAO3H 00H
R R R R
4 3 2 1 0 Address After reset
AsIS1| 0 | | | o | o [ PE1 | FE1 | OVE1 |FFFFFA13H 00H
R R R R R
PEn Status flag indicating parity error
0 If POWERN = 0 or RXEn = 0, or after ASISn register is read
1 If the parity of transmitted data does not match the parity bit on completion of recep-
tion
FEn Status flag indicating framing error
0 If POWERN = 0 or RXEn = 0, or after ASISn register is read
1 If the stop bit is not detected on completion of reception
OVEnN Status flag indicating overrun error
0 If POWERN = 0 or RXEn = 0, or after ASISn register is read
1 If received data is set to the RXBn register and the next reception operation is com-
pleted before the data is read.

Cautions: 1. The operation of the PEn bit differs depending on the set values of the PS1n and
PSOn bits of asynchronous serial interface mode register (ASIMn).

2. Thefirst bit of the received data is checked as the stop bit, regardless of the num-
ber of stop bits.

3. If an overrun error occurs, the next received data is not written to receive buffer
register (RXBn) but discarded.

4. Because the PEn, FEn, and OVEn bits are cleared when ASISn is read, they may
conflict with the setting of the error flags. To avoid the conflict, retry processing
is only performed once at most when ASISnh is read.
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e Asynchronous serial interface transmission status register (ASIFn)

This register indicates the status of transmission by serial interface UART6N. It includes two status
flag bits (TXBFn and TXSFn).

Transmission can be continued without disruption even during an interrupt period, by writing the
next data to the TXBn register after data has been transferred from the TXBn register to the TXSn
register.
This register can be set by an 8-bit memory manipulation instruction, and is read-only.

RESET input clears this register to 00H if bit 7 (POWERN) and bit 5 (RXEn) of ASIMn = 0.

Figure 10-16: Register ASIFn in Asynchronous Serial Interface (UART) Mode

4 2 1 0 Address After reset
AsiFo| o0 | | | o | | 0 [ TXBFO [ TXSFO |FFFF FAOSH 00H
R R R R
4 2 1 0 Address After reset
ASIFL| 0 | | I | 0 | TXBF1| TXSF1 |FFFF FA15H 00H
R R R R R R R
TXBFn Transmit buffer data flag
0 If POWERN =0 or TXEn = 0, or if no data is present in TXBn
1 If data is written to transmit buffer register (TXBn) (if data exists in TXBn)
TXSFn Transmit shift register data flag
0 If POWERN =0 or TXEn =0, or if TxSn is empty
1 If data transmission is in progress)

Cautions: 1. To continuously transmit data, write the data of the first byte to TXBn, check that
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the value of the TXBFn flag is 0, and then write the data of the second byte to
TXBn. The operation is not guaranteed if data is written to TXBn while the TXBFn
flag is 1.

While continuous transmission is being executed, check the value of the TXSFn
flag after the transmission completion interrupt to determine the subsequent
write processing to TXBn.

e If TXSFn is 1:Continuous transmission is in progress. Data of 1 byte can be
written.

e If TXSFn is 0:Continuous transmission is complete. Data of 2 bytes can be
written. When doing so, observe Caution 1 above.

While continuous transmission is in progress, check that TXSFn is 0 after the
transmission completion interrupt, and then execute clearing (POWERN = 0 or
TXEn = 0). If clearing is executed while the TXSFn flag is 1, the transmitted data
cannot be guaranteed.
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» Asynchronous serial interface control register (ASICLn)

This register controls the serial transfer operations of serial interface UART6nN.
ASICLn can be set by a 1-bit transfer instruction or an 8-bit memory manipulation instruction.

RESET input sets this register to16H.

Remark: ASICLn can be refreshed (the same value is written) by software during a communication
operation (when bit 7 (POWERN) and bit 6 (TXEn) of ASIMn =1 or bit 7 (POWERnN) and
bit 5 (RXEn) of ASIMn = 1). However, transfer is started by refresh because bit 6 (SBRTn)
and bit 5 (SBTTn) of ASICLn are cleared to 0 when communication is complete (when an
interrupt signal is generated).

Figure 10-17: Register ASICLn in Asynchronous Serial Interface (UART) Mode (1/2)

7 6 5 4 3 2 1 0 Address After reset
ASICLOl SBRFO \ SBRTO \ SBTTO | SBL20 \ SBL10 | SBLOO \ DIRO ‘TXDLVOlFFFF FAOSH 16H
RW RW RW RW RW RW RW RW

7 6 5 4 3 2 1 0 Address After reset
ASICL1| SBRF1 \ SBRT1 \ SBTT1 | SBL21 \ SBL11 | SBLO1 \ DIR1 ‘TXDLVllFFFF FA18H 16H
RW RW RW RW RW RW RW RW

SBRFn SBF reception status flag
0 If POWERN = 0 or RXEn = 0 or if SBF reception has been completed correctly
1 SBF reception in progress
SBRTn SBF reception trigger
0 -
1 SBF reception trigger: enables SBF reception detection

Cautions: 1. Inthe case of an SBF reception error, return the mode to the SBF reception mode
and hold the status of the SBRFn flag.

2. Before setting the SBRTn bit, make sure that bit 7 (POWERN) and bit 5 (RXEn) of
ASIMn = 1.

3. Theread value of the SBRTn bit is always 0. SBRTn is automatically cleared to 0
after SBF reception has been correctly completed.

4. Before setting the SBTTn bit to 1, make sure that bit 7 (POWERN) and bit 6 (TXEn)
of ASIMn = 1.

5. Theread value of the SBTTn bit is always 0. SBTTn is automatically cleared to 0 at
the end of SBF transmission.
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Figure 10-17: Register ASICLn in Asynchronous Serial Interface (UART) Mode (2/2)

SBTTn SBF transmission trigger
0 -
1 SBF transmission trigger

SBL2n | SBL1n | SBLOn SBF transmission output width control
1 0 1 SBF is output with 13-bits length.
1 1 0 SBF is output with 14-bits length.
1 1 1 SBF is output with 15-bits length.
0 0 0 SBF is output with 16-bits length.
0 0 1 SBF is output with 17-bits length.
0 1 0 SBF is output with 18-bits length.
0 1 1 SBF is output with 19-bits length.
1 0 0 SBF is output with 20-bits length.

DIRn MSB/LSB-first transfer

0 MSB-first transfer
1 LSB-first transfer

TXDLVn Enables/disables inverting TXD6n output
0 Normal output of TXD6n
1 Inverted output of TXD6n

Caution:
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Before rewriting the DIRn and TXDLVn bits, clear the TXEn and RXEn bits to O.
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(3) Communication operation

(&) Normal transmitted/received data format

Figure 10-18 shows the format of the transmitted/received data.

Figure 10-18: Format of Normal UART Transmitted/Received Data

(a) LSB-first transmission/reception

1 data frame

Stb";t” po [ b1 |p2| D3| Da|Ds | o6 | D7 Pagi'tty Stop bit
Character bits
(b) MSB-first transmission/reception
1 data frame
Stb"’;t” p7 | o6 | b5 | pa | D3 | D2 | DL | DO Pagi'tty Stop bit

Character bits

One data frame consists of the following bits.

» Start bit... 1 bit

» Character bits... 7 or 8 bits

» Parity bit... Even parity, odd parity, O parity, or no parity

» Stop bit... 1 or 2 bits

The character bit length, parity, and stop bit length in one data frame are specified by asynchro-
nous serial interface mode register (ASIMn).

Whether data is transferred with the LSB or MSB first is specified by bit 1 (DIRn) of asynchronous

serial interface control register (ASICLN).
Whether the TXD6n pin outputs normal or inverted data is specified by bit 0 (TXDLVn) of ASICLn.
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Figure 10-19: Example of Normal UART Transmitted/Received Data Format

(a) Data length: 8 bits, LSB first, Parity: Even parity, Stop bit: 1 bit, Transfer data: 55H

1 data frame

i

(b) Data length: 8 bits, MSB first, Parity: Even parity, Stop bit: 1 bit, Transfer data: 55H

1 data frame
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(c) Data length: 8 bits, MSB first, Parity: Even parity, Stop bit: 1 bit, Transfer data: 55H,
TXD6n pin inverted output

1 data frame

Start E D7 D6 D5 D4 D3 D2 D1 DO Parity Stop

(d) Data length: 7 bits, LSB first, Parity: Odd parity, Stop bit: 2 bits, Transfer data: 36H

1 data frame
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(e) Data length: 8 bits, LSB first, Parity: None, Stop bit: 1 bit, Transfer data: 87H

1 data frame
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(b) Parity types and operation

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 and reception sides. With even parity and odd parity, a 1-bit
(odd number) error can be detected. With zero parity and no parity, an error cannot be detected.

Caution: Fix the PS1n and PSOn bits to 0 when using the LIN protocol.

Even parity

e Transmission

Transmitted data, including the parity bit, is controlled so that the number of bits that are "1" is
even.
The value of the parity bit is as follows.

If transmitted data has an odd number of bits that are “1": 1
If transmitted data has an even number of bits that are “1”: 0

* Reception
The number of bits that are “1” in the received data, including the parity bit, is counted. If it is
odd, a parity error occurs.

Odd parity

* Transmission

Unlike even parity, transmitted data, including the parity bit, is controlled so that the number of
bits that are “1” is odd.

If transmitted data has an odd number of bits that are “1": 0
If transmitted data has an even number of bits that are “1": 1

* Reception
The number of bits that are “1” in the received data, including the parity bit, is counted. If it is
even, a parity error occurs.

0 parity

The parity bit is cleared to 0 when data is transmitted, regardless of the transmitted data.

The parity bit is not detected when the data is received. Therefore, a parity error does not occur
regardless of whether the parity bit is “0” or “1”".

No parity

No parity bit is appended to the transmitted data.

Reception is performed assuming that there is no parity bit when data is received. Because there
is no parity bit, a parity error does not occur.
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(c) Normal transmission

The TXD6n pin outputs a high level when bit 7 (POWERN) of asynchronous serial interface mode
register (ASIMn) is set to 1. If bit 6 (TXEn) of ASIMn is then set to 1, transmission is enabled.
Transmission can be started by writing transmitted data to transmit buffer register (TXBn). The
start bit, parity bit, and stop bit are automatically appended to the data.

When transmission is started, the data in TXBn is transferred to transmit shift register (TXSn).
After that, the data is sequential output from TXSn to the TXD6n pin, starting from the LSB/MSB.
When transmission is completed, a transmission completion interrupt request (INTST6n) is gener-
ated.

Transmission is stopped until the data to be transmitted next is written to TXBn.

Figure 10-20 shows the timing of the transmission completion interrupt request (INTST6n). This
interrupt occurs as soon as the last stop bit has been output.

Figure 10-20: Normal Transmission Completion Interrupt Request Timing

(a) Stop bit length: 1

\ \
TXD6n (output) START/ DO X D1 X D2 ngx D6 X D7 XParity/ STOP

INTST6N

(b) Stop bit length: 2

TXD6n (output) \START/ DO X D1 X D2 ngx D6 X D7 XParity/STOP|STOP
INTST6N |
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(d) Continuous transmission

When transmit shift register (TXSn) has started the shift operation, the next transmitted data can
be written to transmit buffer register (TXBn). As a result, data can be transmitted without intermis-
sion even while an interrupt that has occurred after transmission of one data frame is being serv-
iced, thus an efficient communication rate is realized. To transmit data continuously, however,
transmission processing must be executed while referencing bits 1 (TXBFn) and 0 (TXSFn) of
asynchronous serial interface transmission status register (ASIFn).

Caution:

When using the LIN protocol, the continuous transmission function cannot be used.

Make sure that asynchronous serial interface transmission status register (ASIFn) is
OOH before writing transmitted data to transmit buffer register (TXBn).

Table 10-2: Write processing and writing to TXBn during execution of continuous transmission

TXBEN TXSEn Write Procgssmg During E_xe_cutlon Writing to '_I'XBn During E_)<e(_:ut|on
of Continuous Transmission of Continuous Transmission
0 0 Er)aples writing 2 bytes or trgns- Enables writing
mission completion processing
0 1 Enables writing 1 byte Enables writing
1 0 Er_1at?les writing 2 bytes or tr_ans- Disables writing
mission completion processing
1 1 Enables writing 1 byte Disables writing

Cautions: 1. To continuously transmit data, write the data of the first byte to TXBn, check that
the value of the TXBFn flag is 0, and then write the data of the second byte to
TXBn. The operation is not guaranteed if data is written to TXBn while the TXBFn

flag is 1.

2. While continuous transmission is being executed, check the value of the TXSFn
flag after the transmission completion interrupt to determine the subsequent
write processing to TXBn.

» If TXSFn is 1: Continuous transmission is in progress. Data of 1 byte can be

written.

e If TXSFn is 0: Continuous transmission is completed. Data of 2 bytes can be
written. To do so, observe Caution 1 above.

3. While continuous transmission is in progress, check that TXSFn is 0 after the
transmission completion interrupt, and then execute clearing (POWERN = 0 or
TXEn = 0). If clearing is executed while the TXSFn flag is 1, the transmitted data
cannot be guaranteed.
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Figure 10-21 shows the processing flow of continuous transmission.

Figure 10-21: Processing Flow of Continuous Transmission

Set registers.

Write transmit data to
TXBn register.

Read ASIFn
register.
TXBFn =072

C Interrupt occurs. )

Transfer executed
necessary number
of times?

Yes

Read ASIFn
register.
TXSFn =17

Read ASIFn
register.
TXSFn =07?

Yes

Write transmit data to
TXBn register.

C Wait for interrupt. ) C C(_)mpletlon of . )
transmission processing

Remark: TXBn: Transmit buffer register
ASIFn:  Asynchronous serial interface transmission status register
TXBFn: Bit 1 of ASIFn (transmit buffer data flag)
TXSFn:  Bit 0 of ASIFn (transmit shift register data flag)

260 Preliminary User's Manual U16241EE1V1UMO0



Chapter 10 Serial Interface Function

Figure 10-22 shows the timing of starting continuous transmission, and Figure 10-23 shows the timing
of ending continuous transmission.

Figure 10-22: Timing of Starting Continuous Transmission

TXD6N / \Start’” Data(1)  %Parity/ Stop \Start” Data(2) ¥ Parity / Stop \Start
INTST6n N\ N\

TXBn FF Data(l) X Data(2) Data (3)

TXSn FF \X  Dpaa() \ X \ Data (2) X Dita (3)
A S ¥

TXBFn AN / v/ \r /

TXSFn EN,oteE

Note: When ASIFn is read, there is a period in which TXBFn and TXSFn = 1, 1. Therefore, judge
whether writing is enabled using only the TXBFn bit.

Remark: TXD6n: TXD6n pin (output)
INTST6n: Interrupt request signal
TXBn: Transmit buffer register
TXSn: Transmit shift register
ASIFn:  Asynchronous serial interface transmission status register
TXBFn: Bit1 of ASIFn
TXSFn:  Bit 0 of ASIFn
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Figure 10-23: Timing of Ending Continuous Transmission

TXD6n :/Top\smfp'l Data (n-1) Parity / Stop \Start.," Data(n) ¥ Parity /  Stop
INTST6n /\ /\ N\

TXBn  Data(n-1) X Data (n)
TXSn X Data (n-1) X Data (n) X\ FF

_—— y

|
/

POWERN
or TXEn \—

Remark: TXD6n: TXD6n pin (output)
INTST6N: Interrupt request signal

TXBn: Transmit buffer register
TXSn: Transmit shift register
ASIFn; Asynchronous serial interface transmission status register

TXBFn: Bit 1 of ASIFn
TXSFn: Bit 0 of ASIFn
POWERN: Bit 7 of asynchronous serial interface mode register (ASIMn)
TXEn: Bit 6 of asynchronous serial interface mode register (ASIMn)
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(e) Normal reception

Reception is enabled and the RXD6n pin input is sampled when bit 7 (POWERnN) of asynchronous
serial interface mode register (ASIMn) is set to 1 and then bit 5 (RXEn) of ASIMn is set to 1.

The 8-bit counter of the dedicated baud rate generator starts counting when the falling edge of the
RXD6n pin input is detected. When the set value of dedicated baud rate generator control register
(BRGCn) has been counted, the RXD6n pin input is sampled again (in Figure 10-24). If the
RXD6n pin is low level at this time, it is recognized as a start bit.

When the start bit is detected, reception is started, and serial data is sequential stored in the
receive shift register (RXSn) at the set baud rate. When the stop bit has been received, the recep-
tion completion interrupt (INTSR6nN) is generated and the data of RXSn is written to receive buffer
register (RXBn). If an overrun error (OVEN) occurs, however, the received data is not written to
RXBn.

Even if a parity error (PEn) or a framing error (FEn) occurs while reception is in progress, recep-
tion continues to the reception position of the stop bit, and an error interrupt (INTSR6n/INTSREGN)
is generated on completion of reception.

Figure 10-24: Reception Completion Interrupt Request Timing

————— - = T m————

RXD6n (input) Start © DO

O
et
O
w
@)
B

INTSR6n |_|
RXBn X

Cautions: 1. Be sure to read receive buffer register (RXBn) even if a reception error occurs.
Otherwise, an overrun error will occur when the next data is received, and the
reception error status will persist.

2. Reception is always performed with the “number of stop bits = 1”. The second
stop bit is ignored.

3. Be sure to read asynchronous serial interface reception error status register
(ASISn) before reading RXBn.
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(f) Reception error

Three types of errors may occur during reception: a parity error, framing error, or overrun error. If
the error flag of asynchronous serial interface reception error status register (ASISn) is set as a
result of data reception, a reception error interrupt request (INTSR6N/INTSRE6N) is generated.
Which error has occurred during reception can be identified by reading the contents of ASISn in
the reception error interrupt servicing (INTSR6n/INTSRE6N) (refer to Table 10-3).

The contents of ASISn are reset to 0 when ASISn is read.

Table 10-3: Cause of Reception Error

Reception Error Cause Value of ASISn

The parity specified for transmission does not match the par-

Parity error ity of the received data. 04H
Framing error Stop bit is not detected. 02H
Overrun error Reception of the next data is completed before data is read 01H

from receive buffer register (RXBn).

The error interrupt can be separated into INTSR6n and INTSREG6nN by clearing bit 0 (ISRMn) of asyn-
chronous serial interface mode register (ASIMn) to O.

Figure 10-25: Reception Error Interrupt

(@) If ISRMn is cleared to 0 (INTSR6n and INTSREG6N are separated)

No error during reception Error during reception
INTSR6n INTSR6N
INTSRE6N INTSRE6N

(b) If ISRMn is set to 1 (error interrupt is included in INTSR6N)

No error during reception Error during reception
INTSRE6N
INTSRE6N
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(g) Noise filter of received data

The RXD6n signal is sampled with the base clock output by the prescaler block.

If two sampled values are the same, the output of the match detector changes, and the data is
sampled as input data.

Because the circuit is configured as shown in Figure 10-26, the internal processing of the recep-
tion operation is delayed by two clocks from the external signal status.

Figure 10-26: Noise Filter Circuit

Base clock
RXD60/P30 Internal signal A .
RXD61/P32 © In Q In Q Internal signal B
Match detector LD_EN

(h) SBF transmission

When using the LIN protocol, the SBF (Synchronous Break Field) transmission control function is
used for transmission. For the transmission operation of LIN protocol, refer to Figure 10-1, “LIN
Transmission Operation,” on page 233.

The TXD6n pin outputs a high level when bit 7 (POWERN) of asynchronous serial interface mode
register (ASIMn) is set to 1. Transmission is enabled when bit 6 (TXEn) of ASIMn is set to 1 next
time, and SBF transmission operation is started when bit 5 (SBTTn) of asynchronous serial inter-
face control register (ASICLN) is set to 1.

After transmission has been started, the low level for bits 13 to 20 (set by bits 4 to 2 (SBL2n to
SBLON) of ASICLN) is output. When SBF transmission has been completed, a transmission com-
pletion interrupt request (INTST6n) is generated, and SBTTn is automatically cleared. After SBF
transmission has been completed, the normal transmission mode is restored.

Transmission is stopped until the data to be transmitted next is written to transmit buffer register
(TXBn) or SBTTn is set to 1.

Figure 10-27: SBF Transmission

TXD6n 1

N
w
I
(&1
=
[EN
=
)

INTST6n El_l
SBTTn |

Remark: TXD6n: TXD6n pin (output)
INTST6n: Transmission completion interrupt request
SBTTn: Bit 5 of asynchronous serial interface control register (ASICLn)
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(i) SBF reception

When the device is incorporated in LIN, the SBF (Synchronous Break Field) reception control
function is used for reception. For the reception operation of LIN protocol, refer to Figure 10-2,
“LIN Reception Operation,” on page 234.

Reception is enabled when bit 7 (POWERnN) of asynchronous serial interface mode register
(ASIMNn) is set to 1 and then bit 5 (RXEn) of ASIMn is set to 1. SBF reception is enabled when

bit 6 (SBRTn) of asynchronous serial interface control register (ASICLn) is set to 1. In the SBF
reception enabled status, the RXD6n pin is sampled and the start bit is detected in the same man-
ner as the normal reception enable status.

When the start bit has been detected, reception is started, and serial data is sequential stored in
the receive shift register (RXSn) at the set baud rate. When the stop bit is received and if the width
of SBF is 11 bits or more, a reception completion interrupt request (INTSR6nN) is generated as nor-
mal processing. At this time, the SBRFn and SBRTn bits are automatically cleared, and SBF
reception ends. Detection of errors, such as OVEn, PEn, and FEn (bits 0 to 2 of asynchronous
serial interface reception error status register (ASISn)) is suppressed, and error detection
processing of UART communication is not performed. In addition, data transfer between receive
shift register (RXSn) and receive buffer register (RXBn) is not performed, and the reset value of
FFH is retained. If the width of SBF is 10 bits or less, an interrupt does not occur as error process-
ing after the stop bit has been received, and the SBF reception mode is restored. In this case, the
SBRFn and SBRTn bits are not cleared.

Figure 10-28: SBF Reception

(@) Normal SBF reception (stop bit is detected with a width of more than 10.5 bits)

SBRTN/ '
SBRFn I

INTSR6N ”

(b) SBF reception error (stop bit is detected with a width of 10.5 bits or less)

SBRTn/
SBRFn

INTSR6N
aqr

Remark: RXD6n: RXD6n pin (input)
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SBRTn: Bit 6 of asynchronous serial interface control register (ASICLn)
SBRFn: Bit 7 of ASICLn
INTSR6N: Reception completion interrupt request
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10.2.6 Dedicated baud rate generator

The dedicated baud rate generator consists of a source clock selector and an 8-bit programmable
counter, and generates a serial clock for transmission/reception of UART6N.
Separate 8-bit counters are provided for transmission and reception.

(1) Configuration of dedicated baud rate generator

» Base clock (Clock)

The clock selected by bits 3 to 0 (TPS3n to TPSO0n) of clock selection register (CKSRN) is

supplied to each module when bit 7 (POWERN) of the asynchronous serial interface mode
register (ASIMn) is 1. This clock is called the base clock (Clock) and its frequency is called
fxcLk- Clock is fixed to the low level when POWERN = 0.

» Transmission counter

This counter stops, cleared to 0, when bit 7 (POWERN) or bit 6 (TXEn) of asynchronous serial
interface mode register (ASIMn) is 0.

It starts counting when POWERN =1 and TXEn = 1.

The counter is cleared to 0 when the first data transmitted is written to transmit buffer register
(TXBn).

If data are continuously transmitted, the counter is cleared to 0 again when one frame of data
has been completely transmitted. If there is no data to be transmitted next, the counter is not
cleared to 0 and continues counting until POWERnN or TXEn is cleared to 0.

» Reception counter

This counter stops operation, cleared to 0, when bit 7 (POWERN) or bit 5 (RXEn) of
asynchronous serial interface mode register (ASIMn) is O.

It starts counting when the start bit has been detected.

The counter stops operation after one frame has been received, until the next start bit is
detected.
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Figure 10-29: Configuration of Dedicated Baud Rate Generator

POWERnN

feok ©—=
fock/2 ©—*
2 ©—
fock/2 POWERnN, TXEn (or RXEn)
fPCLK/ZS @3—>
ook /24 ©— l
5 O—m Clock
fF’CLK/ZG Selector 8-bit counter
fpoLk /2 ©— (Fxcik)
fPCLK/27 @3—>

fpcik/2® ©—
fpcLr/2® ©—
fpoik /20 ©—=
fpcic/2tt ©—=

Match detector 1/2 |—— Baudrate

CKSRn: TPS3n to TPSON BRGCn: MDL67n to MDL60N

Remark: POWERnN: Bit 7 of asynchronous serial interface mode register (ASIMn)
TXEn: Bit 6 of ASIMn
RXEn: Bit 5 of ASIMn
CKSRn: Clock selection register
BRGCn: Dedicated Baud rate generator control register

(2) Generation of serial clock

A serial clock can be generated by using clock selection register (CKSRn) and dedicated baud
rate generator control register (BRGCn).

Select the clock to be input to the 8-bit counter by using bits 3 to 0 (TPS3n to TPS0n) of CKSRn.
Bits 7 to 0 (BRG7 to BRGO) of BRGCn can be used to select the division value of the 8-bit counter.

(a) Clock selection register (CKSRn)

This register selects the base clock of serial interface UART6n. CKSRn can be set by an 8-bit
memory manipulation instruction.RESET input clears this register to 00H.

Remark: CKSRn can be refreshed (the same value is written) by software during a communication
operation (when bit 7 (POWERnN) and bit 6 (TXEn) of ASIMn = 1 or bit 7 (POWERN) and
bit 5 (RXEn) of ASIMn = 1).
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Figure 10-30: Clock Selection Register (CKSRn) Format

7 6 5 4 3 2 1 0 Address After reset
CkSRO[ 0 | o0 | 0 | 0 |TPS30|TPS20|TPS10 | TPS00 |FFFFFAOBH  O00H
R/W RIW R/W RIW R/W R/W RIW R/W
7 6 5 4 3 2 1 0 Address After reset
CKSR1{ 0 | o0 | 0 | 0 |TPS31|TPS21|TPS11|TPSOL |FFFFFAL6H  O00H
R/W R/W R/W R/W R/W R/W R/W R/W
TPS3n TPS2n TPS1n TPSON Base clock (fxck)
0 0 0 0 PCLK (32 MHz)
0 0 0 1 PCLK/2 (16 MHz)
2 0 1 0 PCLK/22 (8 MHz)
0 0 1 1 PCLK/22 (4 MHz)
0 1 0 0 PCLK/2* (2 MH2)
0 1 0 PCLK/2% (1 MHz)
0 1 1 0 PCLK/2° (500 kHz)
0 1 1 1 PCLK/27 (250 kHz)
1 0 0 0 PCLK/28 (125 kHz)
1 0 0 PCLK/2° (62.5 kHz)
0 1 0 PCLK/210 (31.25 kHz)
1 0 1 1 PCLK/2 (15.625 kHz)
Other Setting prohibited
Cautions: 1. Make sure POWERN = 0 when changing TPS3n to TPSOn.
2. The maximum base clock frequency (fxc k) to be selected with the Clock selector
(TPSn bit) should not exceed 25Mhz. At 32Mhz operating frequency, first configu-
ration of the clock selector is not allowed (CKSRn = 00H).
Remarks: 1. Figures in parentheses are for operation with external clock fyyx = 8 MHz
2. fyx: X1 input clock oscillation frequency
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(b) Dedicated Baud rate generator control register (BRGCn)

This register selects the base clock of serial interface UART6N.
BRGCn can be set by an 8-bit memory manipulation instruction.

RESET input sets this register to FFH.
Remark: BRGCnh can be refreshed (the same value is written) by software during a communication

operation (when bit 7 (POWERnN) and bit 6 (TXEn) of ASIMn = 1 or bit 7 (POWERN) and
bit 5 (RXEn) of ASIMn = 1).

Figure 10-31: Dedicated Baud Rate Generator Control Register (BRGCn) Format

7 6 5 4 3 2 1 0 Address After reset
BRGCOl MDL70 \ MDL60 \ MDL50 \ MDL40 \ MDL30 \ MDL20 | MDL10 \ MDLOO |FFFF FAO7H FFH
RW RW RW RW RW RW RW RW

7 6 5 4 3 2 1 0 Address After reset
BRGCll MDL71 \ MDL61 \ MDL51 \ MDL41 \ MDL31 \ MDL21 | MDL11 \ MDLO1 |FFFF FA17H FFH
RW RW RW RW RW RW RW RW

MDL7n | MDL6n | MDL5n | MDL4n | MDL3n | MDL2n | MDL1n | MDLOn | Kk | ©OutPut clock selection
of 8-bit counter
any value less than 04 Setting prohibited

0 0 0 0 0 1 0 0 4 foLrl4

0 0 0 0 0 1 0 1 5 feLklS

0 0 0 0 0 1 1 0 6 fxcLk/6

[ ] [ ] [ ) [ ] [ ] [ ) [ ] [ ] [ ] [ )

[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]

[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]

1 1 1 1 1 1 0 0 |252 fyoLkl252

1 1 1 1 1 1 0 1 | 253 fyoLk/253

1 1 1 1 1 1 1 0 |o254 foLxl254

1 1 1 1 1 1 1 1 | 255 foLK/255

Cautions: 1. Make sure that bit 6 (TXEn) and bit 5 (RXEn) of the ASIMn register = 0 when
changing the MDL7n to MDLOnN bits.

2. The baud rate is the output clock of the 8-bit counter divided by 2.
Remarks: 1. fyc k: Frequency of base clock (Clock) selected by the TPS3n to TPSOn bits of CKSRn
register
2. k: Value set by MDL7n to MDLOn bits (k = 4, 5,..., 255)

3. x: Don't care
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(c) Baud rate

The baud rate can be calculated by the following expression.

» Baud rate = fyc /(2 xK) [bps], or k= INT (fxc k / (2 x target baud rate))

fxcLk: Frequency of base clock selected by TPS3n to TPSOn bits of CKSRn register
k: Value set by MDL7n to MDLOnN bits of BRGCn register (k = 4, 5,..., 255)

(d) Error of baud rate

The baud rate error can be calculated by the following expression.

» Error (%) = ((effective baud rate / target baud rate) - 1) x 100 [%]

Cautions: 1. Keep the baud rate error during transmission to within the permissible error
range at the reception destination.

2. Make sure that the baud rate error during reception satisfies the range shown in
(4) Permissible baud rate range during reception.

Example:
Frequency of base clock (Clock) = 16 MHz = 16,000,000 Hz
Target baud rate = 153,600 bps

The baud rate formula gives k = 52

Set value of MDL7n to MDLOnN bits of BRGCn register = 00110100B (k = 52)
Effective baud rate = 16,000,000/(2 x 52) = 153,846 bps

Error = ((153846/153600)-1)x100

= 0.160 [%)]
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(3) Example of setting baud rate
fxx is the external quartz frequency, PLLEN =1 and PDIV = 0.

Table 10-4: Set Data of Dedicated Baud Rate Generator

fyx = 8.0 MHz fyx = 6.0 MHz
Baud Rate fxcLk = 16 MH fxcLk = 24 MHz
T TR |k | e, [ emapn | g || e, | enena
600 7 104 600.96 0.16 7 156 600.96 0.16
1200 6 104 1201.92 0.16 6 156 1201.92 0.16
2400 5 104 2403.85 0.16 5 156 2403.85 0.16
4800 4 104 4807.69 0.16 4 156 4807.69 0.16
9600 3 104 9615.38 0.16 3 156 9615.38 0.16
10400 3 96 10416.67 0.16 3 144 10416.67 0.16
19200 2 104 19230.77 0.16 2 156 19230.77 0.16
31250 2 64 31250 0 1 192 31250 0
38400 1 104 38461.54 0.16 1 156 38461.54 0.16
76800 0 104 76923.08 0.16 0 156 76923.08 0.16
115200 0 69 115942.02 0.64 0 104 | 115384.62 0.16
153600 0 52 153846.15 0.16 0 78 153846.15 0.16
230400 0 35 228571.43 -0.79 0 52 230769.23 0.16
312500 0 26 307692.31 -1.54 0 38 315789.47 1.05

Caution: The maximum permissible frequency (fxc k) of the base clock is 25 MHz.
When Fxx=8Mhz, the maximum permissible frequency (fyc k) of the base is 16Mhz.

Remarks: 1. TPS3nto TPSOn: Bits 3 to O of clock selection register (CKSRn)
(setting of base clock (fxc| k)

2. k Value set by MDL7n to MDLOnN bits of dedicated baud rate generator
control register (BRGCn) (k = 4, 5,..., 255)

3. ERR: Baud rate error
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(4) Transfer rate during continuous transmission

When data is continuously transmitted, the transfer rate from a stop bit to the next start bit is
extended by two clocks from the normal value. However, the result of transfer is not affected
because the timing is initialized on the reception side when the start bit is detected.

Figure 10-32: Transfer Rate During Continuous Transmission

1 data frame Start bit of

y/ second byte
\ Start bit /< Bit0 X Bit 1 x x Bit 7 XParity bit)lStop bit \Start bit { BitO x
FL FL FL

FL FL FLstp FL FL

Where the 1-bit data length is FL, the stop bit length is FLstp, and base clock frequency is fyc k.
the following expression is satisfied.

FLStp =FL + 2/fXCLK

Therefore, the transfer rate during continuous transmission is:

Transfer rate = 11 x FL + 2/fyc k
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10.3 Clocked Serial Interfaces 0, 1 (CSI00, CSI01)

10.3.1 Features

» High-speed transfer: Maximum 8 Mbps (at 32 MHz or 24MHz system clock)
* Master mode or slave mode can be selected

» Transmission data length: 8 bits or 16 bits

+ Transfer data direction can be switched between MSB first and LSB first

» Data phase and clock polarity can be changed

» Eight clock signals can be selected (7 master clocks and 1 slave clock)

» 3-wire type
- SOO0n . Serial transmitted data output
- SIOn . Serial transmitted data input
- SCKOn : Serial clock input/output

e Interrupt sources: 1 type
- Transmission/reception completion interrupt (INTCSIOn)

» Transmission/reception mode and reception-only mode can be specified
» 3 buffers for each of the 2 CSIOn channels are provided on chip:

- first stage transmission buffer (SOTBFn/SOTBFnNL)

- transmission buffer (SOTBn/SOTBNL)

- reception buffers (SIRBn/SIRBnNL)

» Single transfer mode and repeat transfer mode can be specified

Remark: n=0to1

Caution: In HELIOS the automatic direction control for the port pins is not used. The user is
responsible for the direction setting of clock- pin, SO and Sl by programming the
direction bits in the respective port SFR’s. There is no automatic direction control in
peripheral mode of the port pin’s.
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10.3.2 Configuration

CSin is controlled via the clocked serial interface mode register (CSIMn) (n = 0, 1).
Transmission/reception of data is performed with reading SIOn register (n = 0, 1).

1)

)

®3)

4

(®)

(6)

()

8

9)

(10)

(11)

Clocked serial interface mode registers (CSIMO, CSIM1)
The CSIMn register is an 8-bit register that specifies the operation of CSin.

Clocked serial interface clock selection registers (CSICO, CSIC1)
The CSICn register is an 8-bit register that controls the CSIOn serial transfer operation.

Serial I/0 shift registers (SIO0, SIO1)

The SIOn register is a 16-bit shift register that converts parallel data into serial data.
The SIOn register is used for both transmission and reception.
Data is shifted in (reception) and shifted out (transmission) from the MSB or LSB side.

The actual transmission/reception operations are started up by access of the buffer register.

Serial /0 LSB shift registers (SIOO0L, SIO1L)

The SIOnNL register is an 8-bit shift register that converts parallel data into serial data.
The SIOnL register is used for both transmission and reception.
Data is shifted in (reception) and shifted out (transmission) from the MSB or LSB side.

The actual transmission/reception operations are started up by access of the buffer register.

Clocked serial interface reception buffer registers (SIRBO, SIRB1)
The SIRBnN register is a 16-bit buffer register that stores received data.

Clocked serial interface LSB reception buffer registers (SIRBLO, SIRBL1)
The SIRBnNL register is an 8-bit buffer register that stores received data.

Clocked serial interface transmission buffer registers (SOTB0O, SOTB1)
The SOTBn register is a 16-bit buffer register that stores transmitted data.

Clocked serial interface LSB transmission buffer registers (SOTBOL, SOTB1L)
The SOTBNL register is an 8-bit buffer register that stores transmitted data.

Clocked serial interface initial transmission buffer registers (SOTBF, SOTBF1)

The SOTBFn register is a 16-bit buffer register that stores the initial transmitted data in the repeat

transfer mode.

Clocked serial interface LSB initial transmission buffer registers (SOTBFOL, SOTBF1L)

The SOTBFnNL register is an 8-bit buffer register that stores initial transmitted data in the repeat

transfer mode.

Selector
The selector selects the serial clock to be used.
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(12) Serial clock control circuit

Controls the serial clock supply to the shift register. Also controls the clock output to the SCKOn
pin when the internal clock is used.

(13) Serial clock counter

Counts the serial clock output or input during transmission/reception operation, and checks
whether 8-bit data transmission/reception has been performed.

(14) Interrupt control circuit
Controls the interrupt request timing.

Figure 10-33: Block Diagram of Clocked Serial Interfaces

!

Receive data buffer register
(SIRBn/SIRBLN)

BRGO : Serial clock control circuit
fesi ok ©—
fesi cwko ©@—— ————~(0) SCKon
Clock start/stop control
fpeLk /32 @—’ P
Selector &
fpoik/64 (©—= clock phase control | [interrupt
focLk/128 (O—= H cqmrgl —= INTCSIOn
circul
fPCLK/512 @D—>
fscko (O)— 1
Transmission control
Transmission data control J Control signal
3 Initial transmit . 3
! data buffer register SO selection ﬂ SOO0n
! (SOTBFn/SOTBFLN) :
i Transmit 3
i data buffer register '
! (SOTBN/SOTBLN) !
3 Shift register :
SIOn : (SION/SIOLN) SO latch ;

Remark: n=0,1
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10.3.3 Control registers

(1) Clocked serial interface mode registers 0, 1 (CSIMO, CSIM1)
The CSIMn register controls the CSIOn operation (n =0, 1).

These registers can be read/written in 8-bit or 1-bit units (however, bit 1 is read-only).

Figure 10-34: Clocked Serial Interface Mode Registers (CSIMO, CSIM1)

Initial

7 6 5 4 3 2 1 0 Address
value

CSIMO | CSIEO | TRMDO | CCLO ‘ DIRCO0 ‘ CSITO ‘AUTOO‘ 0 ‘CSOTO | FFFF FDOOH  OOH

cSIM1 | CSIE1 | TRMD1 | CCL1 ‘ DIRCO1 ‘ CSIT1 ‘AUTOl ‘ 0 ‘CSOTl | FFFF FD10H  OOH

Bit Position | Bit Name Function

Enables/disables CSIn operation.

0: Disable CSIn operation.

1: Enable CSIn operation.
The internal CSin circuit can be reset asynchronously by setting the CSIEn bit to 0. For
the SCKOn and SOO0n pin output status when the CSIEn bit = 0, refer to 10.3.5 "Output
pins” on page 301

7 CSIEn

Specifies transmission/reception mode.

0: Receive-only mode

1: Transmission/reception mode
6 TRMDn | When the TRMDn bit = 0, receive-only transfer is performed and the SOOn pin output is
fixed to low level. Data reception is started by reading the SIRBn register.
When the TRMDn bit = 1, transmission/reception is started by writing data to the
SOTBn register.

Specifies data length.

5 CCLn 0: 8 bits
1: 16 bits
Specifies transfer direction mode (MSB/LSB).
4 DIRCON 0: First bit of transfer data is MSB

1: First bit of transfer data is LSB

Controls delay of interrupt request signal.
0: No delay
1: Delay mode (interrupt request signal is delayed 1/2 cycle).

Caution: The delay mode (CSITn bit = 1) is effective only in the master mode
(CKS2 to CSKO bits of the CSICn register are not 111B). In the slave
mode (CKS2 to CKSO bits are 111B), do not set the delay mode.

Specifies single transfer mode or repeat transfer mode.
2 AUTOnN 0: Single transfer mode
1: Repeat transfer mode

3 CSITn

Flag indicating transfer status.
0: Idle status
1: Transfer execution status

Caution: The CSOTn bit is cleared (0) by writing 0 to the CSIEn bit.

0 CSOTn

Remark: n=0to1l

Overwriting the TRMDn, CCLn, DIRCOn, CSITn, and AUTONn bits of the CSIMn register can be done
only when the CSOTn bit = 0. If these bits are overwritten at any other time, the operation cannot be
guaranteed.
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(2) Clocked serial interface clock selection registers 0, 1 (CSICn)
The CSICn register is an 8-bit register that controls the CSIn transfer operation (n = 0, 1).

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

Figure 10-35: Clocked Serial Interface Clock Selection Registers (CSICO, CSIC1) (1/2)

6 5 4 3 2 1 0 Address Initial
value
csIco | ‘ 0 0 | CKPO ‘ DAPO | CKS20 ‘ CKS10 | CKS00 | FFFF FDOIH  OOH
csic1 | ‘ 0 0 | CKP1 ‘ DAP1 | CKS21 ‘ CKS11 | CKSO01 | FFFF FD11H  OOH
Bit Position Bit Name Function
Specifies operation mode:
CKPn: clock phase selection bit
DAPN: data phase selection bit
CKPn DAPN Operation Mode
SCKOnN (input/output)
0 0 soon o)~ Xp07Xo0EXo0EXG0iXGo3X oo BaNEE
SIon (input) X Di7 X D16 X DI5 X D14 X I3 X D12 X Di1 X DI0
O 1 SCKOn (input/output)
4.3 CKPn, son (output) __XDO7XD06XD05XD04XD03XD02XDo1XDp00
' DAPN sin (inputy __XDi7 X Di6 X015 X014 X D13 X 12 X1 X bio
1 0 SCKOn (input/output)
SOn (output) XDO7XD06XD05XDO4XPO3XPO2XDO1XDO0
Sin (input) (D17 X016 X D15 X Di4 X D13 X D12 X Di1 X DIo
. 1 sckonnpuvoupy | LT LT L LT LML
son (output) __XDO7XD06XD05XD04XD03XD02XDo1Xpoo
Sin (input) __X D17 X D16 X DI5 X D14 X DI3 X DI2 X Di1 X DI0

Remark: n=0,1
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Figure 10-35: Clocked Serial Interface Clock Selection Registers (CSICO, CSIC1) (2/2)
Bit Position Bit Name Function
Specifies input clock for CSI00
CKS2n | CKS1n | CKSOn Input Clock Mode
from Baud Rate
0 0 0 Generator BRGO Master mode
from PLL divider
0 0 1 Csl CLK1 Master mode
CKS2n ; - i
2t00 to rom PLL divider
CKSOn 0 1 0 CSI_CLKO Master mode
0 1 1 PCLK/32 Master mode
1 0 0 PCLK/64 Master mode
1 0 1 PCLK/128 Master mode
1 1 0 PCLK/512 Master mode
1 1 1 External clock (SCKO0O0) Slave mode

Caution: The CSICn register can be overwritten only when the CSIE bit of the CSIMOn
register = 0.

Notes: 1. PLCK is the peripheral clock and is connected to the CPU clock fy.

2. CSI_CLKO and CSI_CLK1 are set through the PCLCNT register (see Chapter 6

Generator” on page 145).
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(3) Clocked serial interface reception buffer registers (SIRBO, SIRB1)
The SIRBnN register is a 16-bit buffer register that stores received data.
When the receive-only mode is set (TRMDn bit of CSIMn register = 0, n = 0,1), the reception oper-
ation is started by reading data from the SIRBn register.
These registers are read-only, in 16-bit units.
In addition to reset input, these registers can also be initialized by clearing (0) the CSIEn bit of the
CSIMn register.
Figure 10-36: Clocked Serial Interface Reception Buffer Registers (SIRBO, SIRB1)
Initial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address
value
SIRBO | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ |FFFF FDO2H 0000H
SIRB1 | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ |FFFF FD12H 0000H

Bit Position Function

15t0 0 Store received data.

Cautions: 1. Read the SIRBn register only when the 16-bit data length has been set (CCLn bit

280

of CSIMn register = 1).

2. When the single transfer mode has been set (AUTON bit of CSIMn register = 0),
perform read operation only in the idle state (CSOTn bit of CSIMn register = 0). If
the SIRBnN register is read during data transfer, the data cannot be guaranteed.
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(4) Clocked serial interface LSB reception buffer registers (SIRBLO, SIRBL1)
The SIRBLn register is an 8-bit buffer register that stores received data (n = 0, 1).
When the receive-only mode is set (TRMDn bit of CSIMn register = 0), the reception operation is
started by reading data from the SIRBLn register.
In addition to reset input, these registers can also be initialized by clearing (0) the CSIEn bit of the
CSIMn register.
The SIRBLn register is the same as the lower bytes of the SIRBn register.

These registers are read-only, in 8-bit units.

Figure 10-37: Clocked Serial Interface Reception Buffer Registers (SIRBLO, SIRBL1)

7 6 5 4 3 2 1 0 Address ~ nital

value

SIRBLO | ‘ | ‘ | ‘ ‘ ‘ | FFFF FDO2H  OOH

SIRBL1 | ‘ | ‘ | ‘ ‘ ‘ | FFFF FD12H  OOH
Bit Position Function

7t00 Stores 8 LSB hits of the received data.

Cautions: 1. Read the SIRBLn register only when the 8-bit data length has been set (CCLn bit
of CSIMn register = 0).

2. When the single transfer mode is set (AUTOnN bit of CSIMn register = 0), perform
read operation only in the idle state (CSOTn bit of CSIMn register = 0). If the
SIRBLn register is read during data transfer, the data cannot be guaranteed.
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(5)

SOTBO

SOTB1L

Clocked serial interface LSB transmission buffer registers (SOTBO0, SOTB1)

The SOTBn register is a 16-bit buffer register that stores transmitted data (n = 0, 1).
When the transmission/reception mode is set (TRMDn bit of CSIMn register = 1), the transmission
operation is started by writing data to the SOTBnNL register.

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

Figure 10-38: Clocked Serial Interface Transmission Buffer Registers (SOTBO, SOTB1)

Initial

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address
value

[ N O I B

N N O B s

Bit Position Function

15t0 0 Store transmitted data.

Cautions: 1. Access the SOTBn register only when the 16-bit data length is set (CCLn bit of

282

CSIMn register = 1).

2. When the single transfer mode is set (AUTOnN bit of CSIMn register = 0), perform
access only in the idle state (CSOTn bit of CSIMn register = 0). If the SOTBn regis-
ter is accessed during data transfer, the data cannot be guaranteed.

Preliminary User's Manual U16241EE1V1UMO00O



Chapter 10 Serial Interface Function

(6) Clocked serial interface LSB transmission buffer registers (SOTBOL, SOTB1L)
The SOTBnNL register is an 8-bit buffer register that stores transmitted data (n = 0, 1).
When the transmission/reception mode is set (TRMDn bit of CSIMn register = 1), the transmission
operation is started by writing data to the SOTBnNL register.
These registers can be read/written in 8-bit units.

The SOTBNL register is the same as the lower bytes of the SOTBn register.

Figure 10-39: Clocked Serial Interface Transmission Buffer Registers (SOTBnL)

7 6 5 s 3 2 1 0 Address Initial
value
SOTBOL | ‘ ‘ ‘ ‘ ‘ ‘ ‘ | FFFF FDO4H 00H
SOTBIL | ‘ ‘ ‘ ‘ ‘ ‘ ‘ | FFFF FD14H 00H
Bit Position Function
7to0 Store transmitted data.

Cautions: 1. Access the SOTBnNL register only when the 8-bit data length has been set
(CCLn bit of CSIMn register = 0).

2. When the single transfer mode is set (AUTOnN bit of CSIMn register = 0), perform
access only in the idle state (CSOTn bit of CSIMn register = 0). If the SOTBnL
register is accessed during data transfer, the data cannot be guaranteed.

3. When SOTBnNL is written by 8 bit access, then undefined data are written in the
higher bits 15to 8 of SOTBn.
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(7) Clocked serial interface initial transmission buffer registers (SOTBFO, SOTBF1)

The SOTBFn register is a 16-bit buffer register that stores initial transmission data in the repeat
transfer mode (n =0, 1).

The transmission operation is not started even if data is written to the SOTBFn register.

These registers can be read/written in 16-bit units.

Figure 10-40: Clocked Serial Interface Initial Transmission Buffer Registers 0, 1 (SOTBFn)

514 15 L1008 8 T 6 5 4 3 2 1 0 Adhess °

value

SOTBFOl ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ |FFFFFD08H 0000H

SOTBFll ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ | ‘ |FFFFFD18H 0000H
Bit Position Function

15t0 0 Stores initial transmission data in repeat transfer mode.

Caution: Access the SOTBFn register only when the 16-bit data length has been set (CCLn bit
of CSIMn register = 1), and only in the idle state (CSOTn bit of CSIMn register = 0). If
the SOTBFn register is accessed during data transfer, the data cannot be guaranteed.
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(8) Clocked serial interface LSB initial transmission buffer registers (SOTBFOL, SOTBF1L)

The SOTBFnL register is an 8-bit buffer register that stores initial transmission data in the repeat
transfer mode (n =0, 1).

The transmission operation is not started even if data is written to the SOTBFnL register.

The SOTBFnNL register is the same as the lower bytes of the SOTBFn register.

These registers can be read/written in 8-bit units.

Figure 10-41: Clocked Serial Interface Initial Transmission Buffer Registers (SOTBFnL)
7 5 4 3 2 1 0 Address Initial
value
SOTBFOL | ‘ ‘ ‘ ‘ ‘ ‘ ‘ | FFFF FDOBH 00H
SOTBFIL | ‘ ‘ ‘ ‘ ‘ ‘ ‘ | FFFF FD18H 00H
Bit Position Function
7t00 Store initial transmission data in repeat transfer mode.

Cautions: 1. Access the SOTBFnL register only when the 8-bit data length has been set

(CCLn bit of CSIMO register = 0), and only in the idle state (CSOTn bit of CSIMn
register = 0). If the SOTBFnL register is accessed during data transfer, the data
cannot be guaranteed.

2. When SOTBFnL is written by 8 bit access, then undefined data are written in the
higher bits 15 to 8 of SOTBFn.
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(9) Serial /0 shift registers (SIO0, SI01)

The SIOn register is a 16-bit shift register that converts parallel data into serial data (n =0, 1).
The transfer operation is not started even if the SIOn register is read.
These registers are read-only, in 16-bit units.

In addition to reset input, this register can also be initialized by clearing (0) the CSIEn bit of the
CSIMn register.

Figure 10-42: Serial I/O Shift Registers (SI00, SIO1)

5 14 13 12 1 10 9 8 1 6 5 4 3 2 1 0 Addes "0

value
SI100 | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | |FFFFFDOAH 0000H
sio1 | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ | |FFFFFD1AH 0000H
Bit Position Function
15-0 Data is shifted in (reception) or shifted out (transmission) from the MSB or
LSB side.

Caution: Access the SIOn register only when the 16-bit data length has been set (CCLn bit of
CSIMn register = 1), and only in the idle state (CSOTn bit of CSIMn register = 0). If the
SIOn register is accessed during data transfer, the data cannot be guaranteed.
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(10) Serial I/0 LSB shift registers (SIOO0L, SIO1L)

The SIOnNL register is an 8-bit shift register that converts parallel data into serial data (n = 0, 1).
The transfer operation is not started even if the SIOnL register is read.

These registers are read-only, in 8-bit units.

In addition to reset input, this register can also be initialized by clearing (0) the CSIEn bit of the
CSIMn register.

The SIOnNL register is the same as the lower bytes of the SIOn register.

Figure 10-43: Serial I/O Shift Registers (SIO0L, SIO1L)

7 6 5 4 3 2 1 0 Address Initial

value

siooL | | | | | | | | | FFFF FDOAH  0OH

Slo1L | ‘ ‘ ‘ | ‘ | ‘ | FFFF FD1AH  OOH
Bit Position Function

Data is shifted in (reception) or shifted out (transmission) from the MSB or

7100 1 SB side.

Caution: Access the SIOnL register only when the 8-bit data length has been set (CCLn bit of
CSIMn register = 0), and only in the idle state (CSOTn bit of CSIMn register = 0). If the
SIOnL register is accessed during data transfer, the data cannot be guaranteed.
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10.3.4 Operation

(1) Single transfer mode

(a) Usage

In the receive-only mode (TRMDn bit of CSIMn register = 0), transfer is started by reading
the received data buffer register (SIRBn/SIRBnL) (n =0, 1).

In the transmission/reception mode (TRMDn bit of CSIMn register = 1), transfer is started by

writingN°t€ 2 to the transmit data buffer register (SOTBn/SOTBNL).

In the slave mode, the operation must be enabled beforehand (CSIEn bit of CSIMn register = 1).
When transfer is started, the value of the CSOTn bit of the CSIMn register becomes 1 (transmis-
sion execution status).

Upon transfer completion, the transmission/reception completion interrupt (INTCSIOn) is set (1),
and the CSOTNn bit is cleared (0). The next data transfer request is then waited for.

Note 1

Notes: 1. When the 16-bit data length (CCLn bit of CSIMn register = 1) has been set, read the SIRBn
register. When the 8-bit data length (CCLn bit of CSIMn register = 0) has been set, read the
SIRBnNL register.

2. When the 16-bit data length (CCLn bit of CSIMn register = 1) has been set, write to the
SOTBnN register. When the 8-bit data length (CCLn bit of CSIMn register = 0) has been set,
write to the SOTBNL register.

Caution: When the CSOTn bit of the CSIMn register = 1, do not manipulate the CSIn register.

As an example of the bidirectional communication the following example shows the sending of 55H and
the receiving of AAH via the CSI. The following two timing charts shows the communication with differ-
ent settings of the Data Phase Selection-bit (DAPN)

For detailed information of the DAPn and CKPn bit please refer to 10.4.4 Operation (b)"Clock phase
selection” on page 313.
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Figure 10-44: Timing Chart in Single Transfer Mode (DAPn = 0) (1/2)

() In transmission/reception mode, data length: 8 bits, transfer direction: MSB first,
no interrupt delay, single transfer mode, operation mode: CKPn bit =0, DAPn bit =0

SCKOn
(input/output)

SO0n ’) 0 |
(output)

1

T

SIOn
(input)

Reg_R/W 7% Wnte 55H to SOTBLn reg|ster ;
| j

s YT \\ IET= TRV

L \

XABH X} 56H ><}ADH ><}5AH ><}BSH ><}6AH ><}D5H }/
Al (e

CSOTn \

bit

1/ 0

&

&

i

SIOnL
register

INTCSIOn
interrupt

Remarks: 1. n=0,1

2. Reg_R/W:Internal signal. This signal indicates that received data buffer register
(SIRBN/SIRBNL) read or transmit data buffer register (SOTBn/SOTBnNL) write was
performed.
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Figure 10-44:

Timing Chart in Single Transfer Mode (DAPn = 1) (2/2)

(b) In transmission/reception mode, data length: 8 bits, transfer direction: MSB first,
no interrupt delay, single transfer mode, operation mode: CKPn bit =0, DAPn bit=1

SCKOn
(input/output)

SOO0n
(output)

SIOn
(input/output)

Reg_R/W

SOTBNL
register

SIOnL
register

SIRBnL
register

CSOTn
bit

INTCSIOn
interrupt

Remarks: 1.
2.
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N 0 1 \0 3(55H)
5 I .
1/V 0! 1/¢ ‘ (AAH)
S (N
V\\/rlte 55H to SOTBLn reglster ‘ | | | | : : :
\1 1 1 1 1 1 1 1 1 \1 l 1 1 ‘
% ) \\ | \\ | \\ 55H (transmlt data 1 \1\\ | \ l \ \
>< ABH ><} 56H ><; ADH ><; 5AH ><} B5H ><; 6AH ><; D5H AH
/
|/
/ 174
AAH
n=0,1
Reg_R/W:Internal signal. This signal indicates that received data buffer register

(SIRBN/SIRBNL) read or transmit data buffer register (SOTBn/SOTBnNL) write was
performed.



Chapter 10 Serial Interface Function

(b) Clock phase selection

The following shows the timing when changing the conditions for clock phase selection (CKPn bit
of CSICn register) and data phase selection (DAPnN bit of CSICn register) under the following con-
ditions.

« Data length = 8 bits (CCLn bit of CSIMn register = 0)
« First bit of transfer data = MSB (DIRCOn bit of CSIMn register = 0)
» No interrupt request signal delay control (CSITn bit of CSIMn register = 0)

Figure 10-45: Timing Chart According to Clock Phase Selection (1/2)

(@) When CKPn bit =0, DAPn bit=0

SCKOn (input/output)
Sion (input) | ( X Di7) pi6 X DIs X D14 X DI3 X D12 X DI1 X DI
Soon (output) | \X DO7 ) D06 X DO5 X DO4 Y DO3 X DO2 X DO1 ) DOO

Reg_R/W J :

INTCSIOn interrupt —| 1

csotnbit | |

(b) When CKPn bit =1, DAPn bit=0

SCKOn (input/output)
son(npu) [ X i) pi6 X pis X D14 X i3 X pi2 X pia X pio

Soon (output) ¥ DO7) D06 DO5 X DO4 { DO3 K DO2 } DO1 Y DOO

Reg_RW ]
INTCSIOn |nterrupt—| |
L

CSOTn bit J

Remarks: 1. n=0,1

2. Reg_R/W:Internal signal. This signal indicates that received data buffer register
(SIRBN/SIRBNL) read or transmit data buffer register (SOTBn/SOTBNL) write was
performed.
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Figure 10-45: Timing Chart According to Clock Phase Selection (2/2)

(c) When CKPn bit =0, DAPn bit=1

SCKOn (input/output)
Sion (input) __X DIU{ X DI6 X DI5 X DI4 X DI3 X DI2 X DI1 X DIo X
S00n (output) % DO7 ‘X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X DooX

Reg_R/W :

INTCSIOn interrupt —|

csotnbit | '

(d) When CKPn bit =1, DAPn bit=1

SCKOn (input/output)
sion (inputy X o17.)| ' oi6 Y D15 { p1a X D13 { o2  pi1 { oo

. T .
SO0n (output) ?é po7_¥Do6)(Dos ¥ Do4) Do3) Do2) DO1 ) DOOY

Reg_R/W

—

CSOTn bit J '

Remarks: 1. n=0,1

INTCSIOn interrupt | |

2. Reg_R/W:Internal signal. This signal indicates that received data buffer register
(SIRBN/SIRBNL) read or transmit data buffer register (SOTBn/SOTBnNL) write was
performed. Transmission/reception completion interrupt request signals (INTCSIOO,
INTCSIO01)

292 Preliminary User's Manual U16241EE1V1UMO0



Chapter 10 Serial Interface Function

(c) Transmission/reception completion interrupt request signals (INTCSIO00, INTCSIO1)
INTCSIOn is set (1) upon completion of data transmission/reception.
Caution: The delay mode (CSITn bit =1) is valid only in the master mode (bits CKS2 to CKSO0 of

the CSICn register are not 111B). The delay mode cannot be set when the slave mode
is set (bits CKS2 to CKS0 = 111B).

Figure 10-46: Timing Chart of Interrupt Request Signal Output in Delay Mode (1/2)

(@) When CKPn bit =0, DAPn bit=0

Input clock —‘

SCKOn (input/output)

=

o
3

DIO

SI0n (input) /

SOO0n (output) \><
Reg_WR

INTCSIOn
interrupt

W)
(@]
3

DOO

CSOTn bit

Delay —= -

Remarks: 1. n=0,1

2. Reg_R/W:Internal signal. This signal indicates that received data buffer register
(SIRBN/SIRBNL) read or transmit data buffer register (SOTBn/SOTBNL) write was
performed.
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Figure 10-46: Timing Chart of Interrupt Request Signal Output in Delay Mode (2/2)

(b) When CKPn bit =1, DAPn bit=1

Input clock J

SCKOn (input/output) >\

1

SIOn (input) DI7

SOO0n (output) DO7 s< DO6
Reg_WR

INTCSIOn
interrupt

CSOTn bit

Delay —= —

Remarks: 1. n=0,1

2. Reg_R/W:Internal signal. This signal indicates that received data buffer register
(SIRBN/SIRBNL) read or transmit data buffer register (SOTBn/SOTBnNL) write was
performed.
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(2) Repeat transfer mode
(a) Usage (receive-only)

<1> Set the repeat transfer mode (AUTOnN bit of CSIMn register = 1) and the receive-only mode
(TRMDn bit of CSIMn register = 0).

<2> Read SIRBnN register (start transfer with dummy read).

<3> Wait for transmission/reception completion interrupt request (INTCSIOn).

<4> When the transmission/reception completion interrupt request (INTCSIOn) has been set to (1),

read the SIRBn registerN°'€ (reserve next transfer).
<5> Repeat steps <3> and <4> (n - 2) times (n: number of transfer data).
<6> Following output of the last transmission/reception completion interrupt request (INTCSIOn), read

the SIRBn register and the SIOn registerNote,

Note: When transferring n number of data, received data is loaded by reading the SIRBn register from
the first data to the (n - 2)-th data. The (n-1)-th data is loaded by reading the SIRBEOnN register,
and the n-th (last) data is loaded by reading the SIOn register.

Figure 10-47: Repeat Transfer (Receive-Only) Timing Chart

SCKOnN (input/output) HHHHHFHHHHHHHHHH—
SI0n (input) | din-1 din-2 dip-3 din-4, din-5
SIOLn -
register S008I RRIAAEANNNIANENEANANNE KR
SIRBLN - - - -
register din-1 din-2 din-3 din-4
SIRBEN (d4)
Reg_RD |_ SIRBn (dummy) SIRBn (d1) SIRBnN (d2) SIRBn (d3) SIOn (d5)
CSOTn bit
INTCSIOn —7
interrupt —l
SOO0n (output) L
rq_clr
trans_rq |_
L v J 1L Y J L Y )
<> <> <3> 4> <3> <4> <3> <4> < 6>
<5>

Period during
which next transfer
can be reserved

Remarks: 1. n=0,1

2. Reg_RD:Internal signal. This signal indicates that the received data buffer register
(SIRBN/SIRBNL) has been read.
rg_clr: Internal signal. Transfer request clear signal.
trans_rq: Internal signal. Transfer request signal.
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In the case of the repeat transfer mode, two transfer requests are set at the start of the first trans-
fer. Following the transmission/reception completion interrupt request (INTCSIOn), transfer is con-
tinued if the SIRBnN register can be read within the next transfer reservation period. If the SIRBn
register cannot be read, transfer ends and the SIRBn register does not receive the new value of
the SIOnN register.

The last data can be obtained by reading the SIOn register following completion of the transfer.

(b) Usage (transmission/reception)

<1> Set the repeat transfer mode (AUTON bit of CSIMn register = 1) and the transmission/reception
mode (TRMDn bit of CSIMn register = 1).

<2> Write the first data to the SOTBFn register.

<3> Write the 2nd data to the SOTBn register (start transfer).

<4> Wait for transmission/reception completion interrupt request (INTCSIOn).

<56> When the transmission/reception completion interrupt request (INTCSIOn) has been set to (1),
write the next data to the SOTBnN register (reserve next transfer), and read the SIRBn register to
load the received data.

<6> Repeat steps <4> and <5> as long as data to be sent remains.

<7> Wait for the INTCSIOn interrupt. When the interrupt request signal is set to (1), read the SIRBn
register to load the (n - 1)-th received data.

<8> Following the last transmission/reception completion interrupt request (INTCSIOn), read the SIOn
register to load the n-th (last) received data.
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Figure 10-48: Repeat Transfer (Transmission/Reception) Timing Chart

SCKOn (input/output)
SOO0n (output) dout-1 dout-2 dout-3 dout-4 dout-5
SI0n (input) | dina din-2 din-3 din-4 din-5
SOTBFnL T
register dout-1
SOTBnL
register dout-2 | [dout-3 Y |dout-4 Y [dout-5
SIOnL -
register 00000010000 800E0000RIANER0RRTEREE OO0 dins
ooy din1 din-2 din3 din4
SOTBEN (d1)
Reg WR |[| []soten (d2) [lsoten@3) []soten(d4) [] soten (ds)
\ \ \
Reg_RD [l siren (d1) SIRBn (d2) SIRBn (d3) SIRBn (d4) | |SION (d5)
CSOTn bit ‘
INTCSIOn | |
interrupt
rq_clr [
trans_rq |_
L - J|\ y . Y I\ . L y JiL .
<1> <3> <4> <5> <4> <5> <4> <5> <7> <8>
<2 <6>

Period during which
next transfer can be
reserved

Remarks: 1. n=0,1

2. Reg_WR:Internal signal. This signal indicates that the transmit data buffer register
(SOTBN/SOTBNL) has been written.
Reg_RD:Internal signal. This signal indicates that the received data buffer register
(SIRBN/SIRBNL) has been read.
rg_clr: Internal signal. Transfer request clear signal.
trans_rq: Internal signal. Transfer request signal.

In the case of the repeat transfer mode, two transfer requests are set at the start of the first trans-
fer. Following the transmission/reception completion interrupt request (INTCSIOn), transfer is con-
tinued if the SOTBN register can be written within the next transfer reservation period. If the
SOTBnN register cannot be written, transfer ends and the SIRBn register does not received the new
value of the SIOn register. The last received data can be obtained by reading the SIOn register fol-
lowing completion of the transfer.
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298

(c) Next transfer reservation period

In the repeat transfer mode, the next transfer must be prepared with the period shown in

Figure 10-49.

Figure 10-49:

Timing Chart of Next Transfer Reservation Period (1/2)

(a) When data length: 8 bits, operation mode: CKPn bit =0, DAPn bit=0

SCKOn
(input/output)

INTCSIONn
interrupt

i

Luuiut

i

i

JalsllslssLs

=

Reservation period: 7 SCKOn cycles

(b) When data length: 16 bits, operation mode: CKPn bit = 0, DAPn bit =0

SCKOn
(input/output)

i

INTCSIONn
interrupt

Jaaaaiaiaiaialaisiaiaisis

=

Reservation period: 15 SCKOn cycles

(c) When data length: 8 bits, operation mode: CKPn bit =0, DAPn bit =1

SCKOn
(input/output)

i

Uuuuy

INTCSIOn
interrupt

i

L

Uuuuuun

=

Reservation period:
6.5 SCKOn cycles
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Figure 10-49: Timing Chart of Next Transfer Reservation Period (2/2)

(d) When data length: 16 bits, operation mode: CKPn bit =0, DAPn bit =1

SCKOn
(input/output)

INTCSIOn
interrupt

=

Reservation period: 14.5 SCKOn cycles

Remark: n=0,1

(d) Cautions

To continue repeat transfers, it is necessary to either read the SIRBn register or write to the
SOTBn register during the transfer reservation period.

If access is performed to the SIRBnN register or the SOTBnN register when the transfer reservation
period is over, the following occurs:

- In case of contention between transfer request clear and register access

Since request cancellation has higher priority, the next transfer request is ignored. Therefore,
transfer is interrupted, and normal data transfer cannot be performed.

Figure 10-50: Transfer Request Clear and Register Access Contention
Transfer reservation period

SCKOn
(input/output)

INTCSIONn
interrupt

rq_clr

Reg_R/W H

Remarks: 1. n=0,1

2. rg_clr: Internal signal. Transfer request clear signal.
Reg_WR:Internal signal. This signal indicates that the transmit data buffer register
(SOTBN/SOTBNL) has been written.
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- In case of contention between interrupt request and register access

Since continuous transfer has stopped once, executed as a hew repeat transfer.

In the slave mode, a bit phase error results in a transfer error (refer to Figure 10-51).

In the transmission/reception mode, the value of the SOTBFn register is re-transmitted, and illegal
data is sent.

Figure 10-51: Interrupt Request and Register Access Contention
Transfer reservation period

SCKOn
wn LU U U U LU L of [t 13 B3 L

INTCSIONn
interrupt

rg_clr

Reg_R/W H

Remarks: 1. n=0,1

2. rg_clr: Internal signal. Transfer request clear signal.
Reg_WR:Internal signal. This signal indicates that the transmit data buffer register
(SOTBN/SOTBnNL) has been written.
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10.3.5 Output pins

(1) SCKOn pin

When the CSIn operation is disabled (CSIEn bit of CSIMn register = 0), the SCKOn pin output sta-
tus is as follows (n = 0 to 2).

CKPn CKS2n CKS1n CKSOn SCKOn Pin Output
0 Don't care Don't care Don't care Fixed to high level
1 1 1 1 Fixed to high level
Other than above Fixed to low level
Remarks: 1. n=0,1

2. When any of bits CKPn and CKS2 to CKSO of the CSICn register is overwritten, the
SCKOn pin output changes.

(2) SOOn pin

When the CSin operation is disabled (CSIEn bit of CSIMn register = 0), the SOO0n pin output status
is as follows (n = 0 to 2).

TRMDn DAPN AUTON CCLn | DIRCONn SOO0n Pin Output
0 X X X X Fixed at low level
0 X X X SOn latch value (low level)

0 SOTBN7 value

0 1 SOTBNO value

0 0 SOTBN15 value

1 ! 1 SOTBNO value

! 0 SOTBFnN7 value

0 1 SOTBFNO value
! 0 SOTBFN15 value

! 1 SOTBFNO value

Remarks: 1.

When any of bits TRMDn, CCLn, DIRCOn, AUTON, and CSICn of the CSIMn register or
DAPnN bit of the CSICn register is overwritten, the SOO0n pin output changes.

SOTBnm: Bit m of SOTBn register (m =0, 7, 15)
SOTBFnm: Bit m of SOTBFn register (m =0, 7, 15)
n=0,1

a M W DN

X =Don't care
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10.4 Clocked Serial Interface 10 (CSI10)

10.4.1 Features

» High-speed transfer: Maximum 8 Mbps (at 32 MHz and 24MHz system clock)
* Master mode or slave mode can be selected

e Transmission data length: 8 bits

+ Transfer data direction can be switched between MSB first and LSB first

» Data phase and clock polarity can be changed

» Eight clock signals can be selected (7 master clocks and 1 slave clock)

» 3-wire type
- SO10 . Serial transmitted data output
- SI10 . Serial transmitted data input
- SCK10 : Serial clock input/output

e Interrupt sources: 1 type
- Transmission/reception completion interrupt (INTCSIOn)

» Transmission/reception mode and reception-only mode can be specified

« 1 transmission data buffer
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10.4.2 Configuration

CSI10 is controlled via the clocked serial interface mode register (CSIM10).
Transmission/reception of data is performed with reading SIO10 register.

(1) Clocked serial interface mode registers (CSIM10)
The CSIM10 register is an 8-bit register that specifies the operation of CSI10.

(2) Clocked serial interface clock selection registers (CSIC10)
The CSIC10 register is an 8-bit register that controls the CSI10 serial transfer operation.

(3) Serial I/O shift register (SI010)

The SIO10 register is a 8-bit shift register that converts parallel data into serial data.
The SIO10 register is used for both transmission and reception.
Data is shifted in (reception) and shifted out (transmission) from the MSB or LSB side.

The actual transmission/reception operations are started up by access of the buffer register.

(4) Clocked serial interface transmission buffer register (SOTB10)
The SOTB10 register is a 8-bit buffer register that stores transmitted data.

(5) Selector
The selector selects the serial clock to be used.
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(6) Serial clock control circuit

Controls the serial clock supply to the shift register. Also controls the clock output to the SCK10
pin when the internal clock is used.

(7) Serial clock counter

Counts the serial clock output or input during transmission/reception operation, and checks
whether 8-bit data transmission/reception has been performed.

(8) Interrupt control circuit
Controls the interrupt request timing.

Figure 10-52: Block Diagram of Clocked Serial Interface CSI10

f BRGO : Serial clock control circuit
csi_cLkl (O—»

fostcuo G Clock start/stop control : SCK10
feowk/32 Selector & P

fpcik/64 ©—= clock phase control | [interrupt
fpcL/128 (O —= B cc?Pctﬂﬁl —= INTCSIO10
fPCLK/512 ©—>

fSCKlONOte @D_> s

Transmission control

Transmission data control Control signal

SO selection ———(0) SO10

Transmit
data buffer register
SOTR10

!

Shift register
Sio10

SO latch

Note: Please refer to the input frequency specification of CSI10.
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10.4.3 Control registers

(1) Clocked serial interface mode register (CSIM10)
The CSIM10 register controls the CSI10 operation.

This register can be read/written in 8-bit or 1-bit units (however, bit 5, 3, 2, 1 are read-only).

Figure 10-53: Clocked Serial Interface Mode Registers (CSIM10)

7

6 5 4 3 2 1 0 Address

Initial
value

CSIMlOl CSIE10 ‘TRMDIO‘ 0 ‘ DIRC10 ‘ 0 ‘ 0 ‘ 0 ‘ CSOT10 | FFFF FD20H  OOH

Bit Position

Bit Name

Function

CSIE10

Enables/disables CSI10 operation.
0: Disable CSI10 operation.
1: Enable CSI10 operation.
The internal CSI10 circuit can be reset asynchronously by setting the CSIE10 bit to 0.
For the SCK10 and SO10 pin output status when the CSIE10 bit = 0, refer to 10.4.5
"Output pins” on page 315

TRMD10

Specifies transmission/reception mode.

0: Receive-only mode

1: Transmission/reception mode
When the TRMD10 bit = 0, receive-only transfer is performed and the SOO0n pin output
is fixed to low level. Data reception is started by reading the SIRBn register.
When the TRMD10 bit = 1, transmission/reception is started by writing data to the
SOTBn register.

DIRC10

Specifies transfer direction mode (MSB/LSB).
0: First bit of transfer data is MSB
1: First bit of transfer data is LSB

CSOT10

Flag indicating transfer status.
0: Idle status
1: Transfer execution status

Caution: The CSOT10 bit is cleared (0) by writing 0 to the CSIE10 bit.

Overwriting the TRMD10 and DIRC10 bits of the CSIM10 register can be done only when the
CSOT10 bit = 0. If these bits are overwritten at any other time, the operation cannot be guaranteed.
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(2) Clocked serial interface clock selection register (CSIC10)
The CSIC10 register is an 8-bit register that controls the CSI10 transfer operation.

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

Figure 10-54: Clocked Serial Interface Clock Selection Register (CSIC10) (1/2)

7

5 4 3

2 1 0 Address

CSIC10 | 0

| 0 ‘ CKP10 | DAP10 ‘ CKS102 ‘ CKS101 ‘ CKS100 | FFFF FD21H

Initial
value

OO0H

Bit Position

Bit Name

Function

4,3

CKP10,
DAP10

Specifies operation mode:

CKP10: clock phase selection bit
DAPN: data phase selection bit

CKP10 | DAP10

Operation Mode

SCK10 (input/output)
SO10 (output) (0o7XpoeXposXpoaXpo3XpozXpo1XDoo
SI10 (input) X D17 X016 X D15 XDi4 Xpi3 Xpi2 Xpi Xpio

SCK10 (input/output)
010 (outpuy) __XDO7XDOEXDOEXDO4XDOZXDO2XDOLXDOO
S120 (input) _ X DI7 X DI6 X D15 X D14 X D13 X D12 X D1 X IO

SCK10 (input/output)
SO10 (output) {D07XD0eXDO5XDO4XDO3XDO2XDOLXDO0
SI10 (input (D17 X Di6 X D15 X D14 X D13 X D12 X i1 X Dio

M(inpul/output) I_l I_l I_l I_
010 (output) __XDO7XDOEXDO5XDO4XDO3XDO2XDO1XDO0
S110 (inputy __XDI7 X D6 X D15 X DI4 X D13 X D12 X DI1 X DIo

306
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Figure 10-54: Clocked Serial Interface Clock Selection Register (CSIC10) (2/2)
Bit Position Bit Name Function
Specifies input clock for CSI10
CKS102 | CKS101 | CKS100 Input Clock Mode
from Baud Rate
0 0 0 Generator BRGO Master mode
from PLL divider
0 0 1 Csl CLK1 Master mode
CKS102 ; - i
2t00 to rom PLL divider
CKS100 0 1 0 CSI_CLKO Master mode
0 1 1 PCLK/32 Master mode
1 0 0 PCLK/64 Master mode
1 0 1 PCLK/128 Master mode
1 1 0 PCLK/512 Master mode
1 1 1 External clock (SCK10) Slave mode

Caution: The CSIC10 register can be overwritten only when the CSIE10 bit of the CSIM10
register = 0.

Notes: 1. PLCK is the peripheral clock and is connected to the CPU clock fy.

2. CSI_CLKO and CSI_CLK1 are set through the PCLCNT register (see Chapter 6

Generator” on page 145).
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(3) Clocked serial interface LSB transmission buffer register (SOTB10)

The SOTB10 register is a 8-bit buffer register that stores transmitted data.
When the transmission/reception mode is set (TRMD10 bit of CSIM10 register = 1), the transmis-
sion operation is started by writing data to the SOTB10 register.

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

Figure 10-55: Clocked Serial Interface Transmission Buffer Register (SOTB10)

7 6 5 4 3 2 1 0 Address Initial value
‘ |FFFF FD24H  0000H

soreol | | ] [ [ |

Bit Position Function

7t00 Store transmitted data.

Caution: Perform access to this register only in the idle state (CSOT10 bit of CSIM10
register = 0). If the SOTB10 register is accessed during data transfer, the data cannot

be guaranteed.
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(4) Serial /O shift register (S1010)

The SIO10 register is a 8-bit shift register that converts parallel data into serial data.

The transfer operation is not started even if the SIO10 register is read.

This register is read-only, in 8-bit units.

In addition to reset input, this register can also be initialized by clearing (0) the CSIE10 bit of the
CSIM10 register.

Figure 10-56: Serial I/O Shift Register (SI010)

7 6 5 4 3 2 1 0 Address Initial value
SI010 ‘ | ‘ | ‘ ‘ ‘ ‘ | FFFFFD22H  0000H

Bit Position Function

Data is shifted in (reception) or shifted out (transmission) from the MSB or

-0 LSB side.

Caution: Access the SIO10 register only in the idle state (CSOT10 bit of CSIM10 register = 0). If
the SIO10 register is accessed during data transfer, the data cannot be guaranteed.
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10.4.4 Operation

Single transfer mode is the only transfer mode available for CSI10.

(a) Usage

In the receive-only mode (TRMD10 bit of CSIM10 register = 0), transfer is started by reading the
received data buffer register (S1010).

In the transmission/reception mode (TRMD10 bit of CSIM10 register = 1), transfer is started by
writing to the transmit data buffer register (SOTB10).

In the slave mode, the operation must be enabled beforehand (CSIE10 bit of CSIM10 register = 1).
When transfer is started, the value of the CSOT10 bit of the CSIM10 register becomes 1 (trans-
mission execution status).

Upon transfer completion, the transmission/reception completion interrupt (INTCSI10) is set (1),
and the CSOT10 bit is cleared (0). The next data transfer request is then waited for.

Caution: When the CSOT10 bit of the CSIM10 register = 1, do not manipulate the CSI10 regis-
ter.

As an example of the bidirectional communication the following example shows the sending of 55H and
the receiving of AAH via the CSI10. The following two timing charts shows the communication with dif-
ferent settings of the Data Phase Selection-bit (DAP10)

For detailed information of the DAP10 and CKP10 bit please refer to 10.4.4 Operation (b)” Clock
phase selection” on page 313.

310 Preliminary User's Manual U16241EE1V1UMO0



Chapter 10 Serial Interface Function

Figure 10-57:

Timing Chart in Single Transfer Mode (DAP10 = 0) (1/2)

() In transmission/reception mode, data length: 8 bits, transfer direction: MSB first,
no interrupt delay, single transfer mode, operation mode: CKP10 bit = 0, DAP10 bit =0

SCK10
(input/output)

SO10
(output)

SI10
(input)

Reg_R/W 7% |
J\

)

0 1

T

1/ 0

&

W

Wnte 55H to SOTBlO reg|ster

&

i

SOTB10
register

T
55H (transmlt data)

\\\\ INE

\\

\\

SIo10
register

><ABH ><} 56H ><}ADH ><}5AH ><}BSH ><}6AH ><}D5H <><AAH

CSOT10
bit

INTCSI10
interrupt

Remark:

read or transmit data buffer register (SOTB10) write was performed.
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Figure 10-57: Timing Chart in Single Transfer Mode (DAP10 = 1) (2/2)

(b) In transmission/reception mode, data length: 8 bits, transfer direction: MSB first,
no interrupt delay, single transfer mode, operation mode: CKP10 bit =0, DAP10 bit =1

SCK10
(input/output)
so10 ] | | | | | .
(output) N 0 | 1 | \0 | 1 | 1 | 1 3(55H;)
I R e 1 -
: 1 0 | 0 I(AAH)

Sli10 ‘ ‘ ‘
(input/output) 1/ 0 1/ 0

Reg_R/W V\\/rlte 55H to SOTBlO reglster ‘ 1

T\ ;

Sr(;-glj-litleor % / \\ \\ \\ 55H (tran:smu c;ata : \\ \\ \
r('esg;gg-eor >< ABH ><} 56H ><; ADH ><; 5AH ><; B5H ><; 6AH ><; D5H (X}AAH

CSsO10
bit

INTCSI10
interrupt

Remark: Reg_R/W:Internal signal. This signal indicates that received data buffer register (SI010)
read or transmit data buffer register (SOTB10) write was performed.
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(b) Clock phase selection

The following shows the timing when changing the conditions for clock phase selection (CKP10 bit
of CSIC10 register) and data phase selection (DAP10 bit of CSIC10 register) under the following
conditions.

« First bit of transfer data = MSB (DIRC10 bit of CSIM10 register = 0)

Figure 10-58: Timing Chart According to Clock Phase Selection (1/2)

(&) When CKP10 bit = 0, DAP10 bit =0

SCK10 (input/output)
SI10 (input) | ( X Di7) pi6 X DIs X D14 X Di3 X D12 X DI X DI
SO10 (output) | \X DO7 ) D06 X DO5 X DO4 Y DO3 X DO2 X DO1 )Y DOO

Reg_R/W J :

INTCSI10 interrupt —| 1

csoTiobit | |

(b) When CKP10 bit =1, DAP10 bit=0

SCK10 (input/output)
SI10 (input) | X 01X pis X pis X D14 X DI3 X DI2 X DIL Slo
S010 (output) X po7) D06 X DO5 X Do4 X DO3) DO2) DO1 X DjOO
Reg_ R/WJ
INTCSI10 interrupt | | |—
CSOT10 bltJ |_

Remark: Reg_R/W:Internal signal. This signal indicates that received data buffer register (SIO10)
read or transmit data buffer register (SOTB10) write was performed.
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Figure 10-58: Timing Chart According to Clock Phase Selection (2/2)

(c) When CKP10 bit = 0, DAP10 bit = 1

SCK10 (input/output)
SI10 (input) __X DIU{ X Di6 X DI5 X DI4 X DI3 X DI2 X DI1 X DIO X
S010 (output) ?ﬁ; DO7 ‘X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X DooX

Reg_R/W :

INTCSI10 interrupt —|

csoTiobit | '

(d) When CKP10 bit =1, DAP10 bit =1

SCK10 (input/output)
si0(nputy X o17.J/ o6 Y D15 { b1a Y D13 X o2 Y pi1 { oo

. T .
SO10 (output) ?é po7_¥Do6)(Dos ¥ Do4) Do3) Do2) DO1 ) DOOY

Reg_R/W

—

CSOT10 bit J '

INTCSI10 interrupt | !

Remark: Reg_R/W:Internal signal. This signal indicates that received data buffer register (SIO10)
read or transmit data buffer register (SOTB10) write was performed.

(c) Transmission/reception completion interrupt request signals (INTCSI10)

INTCSI10 is set (1) upon completion of data transmission/reception.
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10.4.5 Output pins
(1) SCK10 pin

When the CSI10 operation is disabled (CSIE10 bit of CSIM10 register = 0), the SCK10 pin output
status is as follows.

CKP10 CKS102 CKS101 CKS100 SCK10 Pin Output
0 X X X Fixed to high level

1 1 1 1 Fixed to high level
Other than above Fixed to low level

Remarks: 1. When any of bits CKP10 and CKS102 to CKS100 of the CSIC10 register is overwritten,
the SCK10 pin output changes.

2. X =Don't care

(2) SO010 pin

When the CSI10 operation is disabled (CSIE10 bit of CSIM10 register = 0), the SO10 pin output
status is as follows.

TRMD10 | DAP10 | DIRC10 S0O10 Pin QOutput
0 X X Fixed at low level
0 X S010 latch value (low level)
1 0 SOTB107 value
! 1 SOTB100 value

Remarks: 1. When any of bits TRMD10, DIRC10 and CSIE10 of the CSIM10 register or DAP10 bit of
the CSIC10 register is overwritten, the SO10 pin output changes.

SOTB10m: Bit m of SOTB10 register (m =0, 7)
3. X=Don't care
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10.5 Baud rate generator BRGCO

The baud rate generator has the capability to generate a transmission/reception clock for CSI00,
CSl0land CSI10.

It consists of a programmable prescaler and a divider.

Figure 10-59: Baud Rate Generator 0 (BRGO) Block Diagram

fpok ——=
focLk/2 —— 5
% 8-bit timer counter
focik/4 —— @
INTBRG
ook /8 —=
Match detector 1/2 BRGO output
BGCS1, BGCS0 PRSCMO
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(1) Control register
(a) Prescaler mode register (PRSMO)

The PRSMO register controls the prescaler.
PRSMO can be read or written in 1 or 8 bits units.

Figure 10-60: Prescaler Mode Register (PRSMO0) Format

5 4 3 2 1 0
PRSMO| 0 | | 0 |[PRSMCEOO] 0 | 0 [BGCS01[BGCSO0|FFFF FCAOH
R/W R R R/W R/W
PRSMCEO Enables/disables operation of baud rate generator
0 Disables operation of the baud rate generator
1 Enables operation of the baud rate generator
BGCS01 | BGCSO00 Set the clock frequency for the divider
0 0 divider input frequency is PCLK
0 1 divider input frequency is PCLK / 2
1 0 divider input frequency is PCLK / 4
1 1 divider input frequency is PCLK / 8

Remark: PCLK is the peripheral clock, equal to the CPU clock in HELIOS

After reset

Cautions: 1. Changing the values of BGCS00 or BGCSO01 is not allowed while PRSMCEOQO is 1.
2. Bit 2 of PRSMO should be kept at 0.
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(b) Prescaler compare register (PRSCMO0)

PRSCMO holds the value of the frequency divisor.
PRSCMO is an 8 bits register and can be read or written in 1- or 8-bits units.

Figure 10-61: Prescaler Compare Register (PRSCMO0) Format

7 6 5 4 3 2 1 0 Address After reset

PRSCMO |PRSCM07 ‘PRSCMO6‘PRSCM05|PRSCM04‘PRSCM03‘PRSCM02|PRSCM01 ‘PRSCMOOl FFFF FCALH 00H

(2)

RIW RIW RIW RIW RIW RIW RIW RIW

Generation of baud rate
The bit rate value can be calculated with the following formulas:

The output frequency of the prescaler is fprg = PCLK / 2™*1 where m is the value set in
BGCSO01 and BGCSO00.

The bit rate is fgrg = fprs / (2 X N), where N is the value set in PRSCMO.
(if PRSCMO = 0, N = 256)

Caution: the bit rate delivered to CSI00, CSIO1 and CSI10 should not be greater than 8 MHz.

318

Example

When fyx= 8 MHz, PLL is enabled and PDIV = 0, PCLK = 32 MHz.
Setting BGCS00 and BGCSO01 to 0 gives fprg = 16 MHz.

Setting the value of 1 in PRSCMO results in a bit rate of fgrg = 8 MHz

Preliminary User's Manual U16241EE1V1UMO00O



Chapter 11 FCAN Interface Function

11.1 Features

« Active support of extended format (ISO 11898, former CAN specification version 2.0B active), sup-
porting transmission and reception of standard and extended frame format messages

e 2 CAN modules
e CAN bus speed up to 1 Mbit per second
« Direct message storage for minimum CPU burden
« Configurable number of message buffers per CAN module
* 32 message buffers in total
« Mask option for receive messages (BasicCAN channels)
* 4 masks per CAN module (each mask can be assigned to each message)
» Buffered reception (FIFO)
* Message buffers can be redefined in normal operation mode
* FCAN interface and CPU share common RAM area
« Interrupt on receive, transmit and error condition
« Time stamp and global time system function
» Two power-save modes
- SLEEP mode: wake-up at CAN bus activity
- STOP mode: no wake-up at CAN bus activity
« Diagnostic features
- Readable error counters
- CAN bus status information register

- Receive-only mode (e.g. used for automatic bit rate detection)
- Bus error cause information
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11.2 Outline of the FCAN System

11.2.1 General

The FCAN (Full-CAN) system of the VB50E/CA4 supports 2 independent CAN modules (CAN module
1, CAN module 2), which provide each an interface to a Controller Area Network (CAN).

The CAN modules are conform to ISO 11898, former CAN specification version 2.0B active.

An external bus transceiver has to be used to connect a CAN module to a CAN bus. That external bus
transceiver converts the transmit data line and receive data line signals to the necessary electrical sig-
nal characteristic on the CAN bus itself.

All protocol activities in a CAN module are handled by hardware (transfer layer).

The CAN modules themselves provide no memory for the necessary data buffers, rather all CAN mod-
ules have access to the common CAN memory area via a memory access controller (MAC).

The MAC allows integration of machines other than CAN modules (e.g. CAN bridge). The CPU also
accesses to the common CAN memory via the MAC. The MAC offers data scan capability beside con-
trolling the arbitration of CAN modules or CPU accesses to the CAN memaory.

By means of that scan capability inner priority inversions at message transmissions are automatically
avoided and received messages are sorted into the corresponding receive message buffers according
to an inner storage priority rule.

Figure 11-1: Functional Blocks of the FCAN Interface

Internal Peripheral Bus (to/from CPU)

Memory
Access MCAN
Controller emory
CAN CAN
Module 1 Module 2
FCRXD1 FCTXD1 FCRXD2 FCTXXD2
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11.2.2 CAN memory and register layout

All buffers and registers of the FCAN system are arranged within a memory layout of 4.5 KB.

Figure 11-2: Memory Area of the FCAN System

Address Offsst

[ |
Reserved arza
4C0H
4BFH
CANZ register section
;I:: b',-'lc-!{s.-\'c-;jish:rj- CAN module section
480H
47FH
CANT register saction
{2 bytes/register)
440H
43FH R .
- CAN interrupt pending
— and . ZAM comman section
CAM operation
control register section
400H A
CAMN messags ssction
CAM massage buffer section
with
32 message bufter
(32 bytes/message bufter)
Q000H

The sections within the FCAN memory layout contain areas, which are defined as illegal
addresses or CANx temporary buffer (x = 1 to 2).

Remarks: 1. Areas defined as illegal addresses contain neither FCAN registers nor FCAN buffers.
Those area must not be read nor written by user program.

2. CANx temporary buffers can be accessed by CPU (write and read accesses) when the
GOM bit of the CGST register is cleared (0) (means FCAN system inactive).
Whenever the FCAN system is in global operating mode (GOM = 1) the temporary
buffer must not be written by the CPU. The global interrupt GINT2 signals accidental
write accesses by CPU while the FCAN system is active.
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(1)

CAN area address calculation

The CAN memory area shown above is located in the programmable peripheral area, at
offset 2800H.

The value of the BPC register sets the physical address bits A14 to A29 of the programmable
peripheral area.

So the first address of the CAN memory area can be obtained by adding 2800H to the BPC value
multiplied by 214,

For a more easy reading of this FCAN chapter, all the addresses are shown as offsets from the
start of the CAN memory area, called FCAN_BASE, and are independent of the setting of BPC,
i.e. independent of the physical address, which is user defined.

Example

If BPC is set with 8040H (bit15 of BPC must be set to enable the programmable peripheral area),

« the programmable peripheral area starts at physical address 100000H

+ the CAN area starts at FCAN_BASE = (BPC address) x 2% + FCAN offset =102800H (offset
2800H from the programmable peripheral area)

- the message section starts at 102800H (offset O from CAN area)

- the interrupt pending and operation control section starts at 102C00H (offset 400H from CAN
area)

- the CAN1 module section starts at 102C40H (offset 440H from CAN area)

- the CAN2 module sections starts at 102C80H (offset 480H from CAN area)

Caution: Before accessing any register or buffer of the FCAN system the base address must
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be fixed by the BPC register.
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(2) CAN message buffer section
The message buffer section consists of 32 message buffers. Each message buffer allocates
32 bytes.
The message buffers are not statically distributed and linked to the CAN modules, rather the user
must determine the link of a message buffer to a CAN module by software. As a consequence the

message buffers can be allocated to a CAN module according to the need of the particular CAN
network.

Table 11-1: Configuration of the CAN Message Buffer Section

Address Offset Note Name
OOH to 1FH Message buffer 0
20H to 3FH Message buffer 1
40H to 5FH Message buffer 2

3COH to 3DFH Message buffer 30
3EOH to 3FFH Message buffer 31

Note: The address of a message buffer entry is calculated according to the following formula:
effective address = FCAN_BASE + address offset

Each message buffer has the same register layout (refer to Table 11-2).
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Table 11-2: CAN Message Buffer Registers Layout

Access Type
Add&i?:‘logfset SymbolNote 1 Name
' R/W | 1-bit | 8-bit | 16-bit
(m x 20H) + 00H |M_EVTmO Message event register 0 R/W x
m x + m essage event register X
20H) + 01H |[M_EVTm1 M g gi 1 R/W
m x + || m essage event register -
20H) + 02H |M_EVTm2 M i 2
(m x 20H) + 03H |M_EVTm3 Message event register 3 R/W x
m x + || m essage data length code register X
20H) + 04H |M_DLC M data | h cod i R/W
m x + | m essage control register X
20H) + 05H |M_CTRL M I regi R/W
(m x 20H) + 06H |M_TIMEm Message time stamp register R/W x
m x + m essage data byte X
20H) + 08H | M_DATAmMO M ge data byte O R/W
m x + || m essage data byte X
20H) + 09H |M_DATAmM1 M ge data byte 1 R/W
(m x 20H) + OAH | M_DATAmM2 Message data byte 2 R/W x
(m x 20H) + 0BH | M_DATAmM3 Message data byte 3 R/W X
(m x 20H) + OCH | M_DATAM4 Message data byte 4 R/W X
(m x 20H) + ODH | M_DATAmM5 Message data byte 5 R/W x
(m x 20H) + OEH | M_DATAmM6 Message data byte 6 R/W X
(m x 20H) + OFH | M_DATAmM7 Message data byte 7 R/W X
Message identifier register R/W x
(m x 20H) + 10H |M_IDLm (lower half-word)
(M x 20H) + 12H | M_IDHm Message identifier register R/W X
- (upper half-word)
(m x 20H) + 14H |M_CONFm Message configuration register R/W X
(m x 20H) + 15H |M_STATm Message status register R X
(m x 20H) + 16H |SC_STATm Message set/clear status register X

(M x 20H) + 18H
to
(m x 20H) + 1FH

Reserved

Notes: 1. m = number of CAN message buffer (m = 00 to 31)
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2. The address of a message buffer entry is calculated according to the following formula:
effective address = FCAN_BASE + address offset
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(3) CAN Interrupt Pending Registers Section
The layout of the interrupt pending register section is shown in Table 11-3.

Table 11-3: Relative Addresses of CAN Interrupt Pending Registers

Address Access Type
Note Symbol Name Comment
Offset R/W | 1-bit | 8-bit | 16-bit
404H CCINTP CAN interrupt pending register R X x
420H caiNTp | CAN global interrupt pending R x x
register w x | bit-set function only
422H ] ) ] R x X
ClINTP CANL1 interrupt pending register - -
W X X bit-clear function only
424H ) ) ) R X X
C2INTP CANZ2 interrupt pending register - -
W X X bit-clear function only

Note: The address of an interrupt pending register is calculated according to the following formula:
effective address = FCAN_BASE + address offset
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(4) CAN Common Registers Section
The layout of the common register section is shown in Table 11-4.

Table 11-4: Relative Addresses of CAN Common Registers

Address Access Type
Note Symbol Name Comment
Offset R/W | 1-bit | 8-bit | 16-bit
400H CSTOP CAN stop register R/W X x
R X X x
410H CGST CAN global status register - -
w X bit set/clear function
i R X X x
419H CGIE CAN global interrupt enable . .
register w x | bit set/clear function
R X X x
414H CGCs CAN main clock select register - -
w X X X only if GOM bit =0
416H CGTEN CAN timer event enable register | R/IW x X x
R X X x
418H CGTSC CAN global time system counter
w X complete clear only
CGMSS CA!\J message search start w X write only
register
41AH
CGMSR CAN message search result R x x X read only
register
41CH CTBR CAN test bus register R/W X x

Note: The address of an interrupt pending register is calculated according to the following formula:
effective address = FCAN_BASE + address offset
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(5) CAN Module Registers Section

The appropriate register section of each CAN module is shown in Table 11-5 for CAN module 1, in
Table 11-6 for CAN module 2.

Table 11-5: Relative Addresses of CAN Module 1 Registers
Address Symbol Name Access Type Comment
OffsetNOtez
RIW/| 1-pit | 8-bit | 16-bit
440H CIMASKLO |CAN1 mask O register L R/W X X lower half-word
442H C1IMASKHO | CAN1 mask O register H R/W X x upper half-word
444H CIMASKL1 |CAN1 mask 1 register L R/W X X lower half-word
446H CIMASKH1 | CAN1 mask 1 register H R/W X X upper half-word
448H CIMASKL2 | CAN1 mask 2 register L R/W X x lower half-word
44AH CIMASKH2 | CAN1 mask 2 register H R/W X X upper half-word
44CH C1IMASKL3 | CAN1 mask 3 register L R/W X X lower half-word
44EH C1IMASKH3 | CAN1 mask 3 register H R/W X x upper half-word
) R X X
450H C1CTRL | CANL1 control register
W X bit set/clear function
R X X
452H C1DEF CANL1 definition register - -
w x | bit set/clear function
454H C1LAST |CANL1 information register R X X read only
456H ClERC CAN1 error counter register R X x read only
) ) R X X
458H ClIE CAN1 interrupt enable register
W X bit set/clear function
R x X
45AH C1BA CANL1 bus activity register - -
w x | bit set/clear function
R X X
C1BRP CANL1 bit rate prescaler register | \y % % |in initialisation state
45CH only (ISTAT = 1)
C1DINE _CANl bl_Js dlag_nostlc R X X in diagnostic mode
information register only
i7ati R x X
45EH C1SYNC CANl synchronization control
register W % %

Note: The address of an interrupt pending register is calculated according to the following formula:
effective address = FCAN_BASE + address offset.
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Table 11-6: Relative Addresses of CAN Module 2 Registers

Address Ref. Access Type
froetNote Symbol Name Page Comment
Offset 9€ | Rw | 1-bit | 8-bit | 16-bit
480H C2MASKLO |CAN2 mask O register L 178 | RIW X x  |lower half-word
482H C2MASKHO |CAN2 mask O register H R/W X x  |upper half-word
484H C2MASKL1 |CAN2 mask 1 register L R/W X x  |lower half-word
486H C2MASKH1 |CAN2 mask 1 register H R/W X x  |upper half-word
488H C2MASKL2 |CAN2 mask 2 register L R/W X x  |lower half-word
48AH C2MASKH2 |CAN2 mask 2 register H R/W X x  |upper half-word
48CH |C2MASKL3 |CAN2 mask 3 register L R/W X x  |lower half-word
48EH C2MASKH3 |CAN2 mask 3 register H R/W X x  |upper half-word
180 R X X
490H |[C2CTRL |CAN2 control register - -
w x  |bit set/clear function
. ) 184 R X X
492H |C2DEF CAN2 definition register
W x  |bit set/clear function
494H |C2LAST |CAN2 information register 188 | R x x  |read only
496H |C2ERC CAN2 error counter register 189 | R X x  |read only
) ) 190 | R X X
498H |C2IE CAN2 interrupt enable register - -
w x  |bit set/clear function
o ) 192 R X X
49AH |C2BA CAN2 bus activity register - -
W x  |bit-set/clear function
CAN2 bit rat I i 195 | R - -
it rate prescaler regis-
C2BRP 1o/ P 9 w x x  |in initialisation state
49CH only (ISTAT bit = 1)
CAN2 bus diagnostic 200 | R x x  |in diagnostic mode
C2DINF . : .
information register only
i7ati 197 R X X
49EH  |C2SYNC CAI_\12 synchronization control
register w X x

Note: The address of a CAN module 2 register is calculated according to the following formula:
effective address = FCAN_BASE + address offset
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11.2.3 Clock structure

All functional blocks within the FCAN system are supplied by a unique clock (fygnm) derived from the

internal system clock (fp ck)-

Figure 11-3: Clock Structure of the FCAN System

fooL General fvem Time System fors Time System
Prescaler y Prescaler Counter
CAN 1
- Baudrate ﬂ»
Generator
CAN 2 ;
- Baudrate | 1CANZ
Generator

A functional block for a global time system is integrated in the FCAN system. That functional block is
supplied by the global time system clock (fgts), which is derived from fyg\. The time system prescaler

scales fg1g and is controlled by the CGCS register.
The time base of the global time system is realised by the 16-bit free-running counter, the CAN global
time system counter (CGTSC). Time stamp information is captured from the CGTSC counter.
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11.2.4 Interrupt handling

The very high number of interrupt events generated by the FCAN system does not allow to assign an
independent interrupt vector of the V850E/CA4 to each event. Therefore, the interrupt request signals
are bundled into groups and the grouped interrupt request signal is then assigned to an independent
interrupt vector.

The concept of interrupt request signal bundling leads to the fact that all interrupt request signals of the
FCAN system are designed as interrupt pending signals. Interrupt pending signals are not automati-
cally treated by an interrupt service routine like interrupt request signals with an unambiguous interrupt
vector. Rather, on occurrence of the interrupt event the interrupt signal is generated and latched.

In the interrupt service routine the software must analyse, which particular interrupt event caused the
interrupt request by scanning the interrupt pending flags of a bundled interrupt signal group. After the
particular interrupt has been identified, the corresponding interrupt pending flag must be reset by soft-
ware at least before leaving the interrupt service routine.

Figure 11-4: FCAN Interrupt Bundling of V850E/CA4

Register Set
and clear Logic

set and clear signal

Y Y

CGINTP CXINTP
0 I 0 l 0 I 0 IGINTSIGINTZIGINTlI 0 0 ICxINTGICxINT5|C><INTA‘CXINT3|C><INT2|C><INT1‘CXINTO

CANXREC
CANXTRX

INTMAC CANXERR

INTMAC

CAN2ERR
CAN2REC
CAN2TRX
CAN1ERR
CAN1REC
CAN1TRX

o o o o o o o o o

CCINTP ‘BitlS‘BitM‘ BitlS‘BitlZ‘ Bitll‘Bith‘ Bit9 \ Bit8 \ Bit7 \ Bit6 \ Bit5 \ Bit4 \ Bit3 \ Bit2 \ Bit1 \ Bit0 \

o o o o o o o o o o o o o o o o

\ Bit31‘ Bit30‘ Bit29‘ Bit28 \ Bit27‘ Bit26 \ Bit25‘ Bit24‘ Bit23‘ Bit22 \ Bit21‘ Bit20 \ Bit19‘ Bit18 \ Bit17‘ Bith‘

Remark: x=1to?2
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The interrupt pending registers of the FCAN system are:
- CGINTP: Global interrupt pending register
- C1lINTP: CAN module 1 interrupt pending register
- C2INTP: CAN module 2 interrupt pending register

Additionally the entire interrupt pending flags are summarized in one register, the CAN interrupt pend-
ing register (CCINTP). However, the CCINTP register is a read-only register, and cannot be used for
clearing the interrupt pending flags.

For details on the interrupt pending registers refer to section 11.3.3 "CAN interrupt pending registers”
on page 357.

11.2.5 Time stamp

The FCAN system offers a time stamp capture capability at message reception and transmission. The
time stamp capture function is used to realize a synchronized, global clock in a CAN network, also
called global time system. However, the development and functionality of such a global clock system
has to be implemented by the user.

The time stamp function is available at message reception (see Figure 11-5, “Time Stamp Capturing at
Message Reception,” on page 331): the counter value of the CAN global time system counter (CGTSC)
is captured at the time the message is detected as valid, i.e. if no error was detected until the last but
one bit of the end-of-frame (EOF) was received. The capture value itself is stored in the M_TIMEm
register (m = 00 to 31) of the message buffer, for which the received message has been accepted.

Remark: The value of M_TIMEm register is undefined when an error occurs while receiving the
message.

Figure 11-5: Time Stamp Capturing at Message Reception

Time stamp (reception) at message EOF:

SOF Message ACK EOF/message valid

U MAC

Message Buffer

CAN Global Time
System Counter

capture and copy

| M_TIME

For the time stamp capturing at message transmission the SOF signal of the transmit message is used
as the event trigger (see Figure 11-6, “Time Stamp Capturing at Message Transmission,” on page 332).
The captured value from the CGTSC counter is written into particular data bytes of the transmit mes-
sage’s data field. Table 11-7, “Transmitted Data on the CAN Bus (ATS = 1),” on page 332 shows the
scheme about which data bytes of the data field are replaced with the time stamp capture value accord-
ing to the setting of the M_DLCm register (m = 00 to 31).
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Figure 11-6: Time Stamp Capturing at Message Transmission

Time stamp (transmission):

SOF Message ACK

i

transmisson as last

CAN Global Time two data bytes

System Counter Temporary Buffer
capture

[ |

Table 11-7: Transmitted Data on the CAN Bus (ATS = 1)

M_DLCm | BusDatal | BusData2 | BusData3 | BusData4 | BusData5 | BusData6 | BusData7 | BusData8
1 M_DATAmO - - - - - - -
lower 8-bit | upper 8-bit
2 of CGTSC- | of CGTSC- - - - - - -
Note Note
lower 8-bit | upper 8-bit
3 M_DATAmO | of CGTSC- | of CGTSC- - - - - -
Note Note
lower 8-bit | upper 8-hit
4 M_DATAmO | M_DATAm1 | of CGTSC- | of CGTSC- - - - -
Note Note
lower 8-bit | upper 8-bit
5 M_DATAmO | M_DATAm1 | M_DATAm2 | of CGTSC- | of CGTSC- - - -
Note Note
lower 8-bit | upper 8-bit
6 M_DATAmO | M_DATAm1 | M_DATAm2 | M_DATAm3 | of CGTSC- | of CGTSC- - -
Note Note
lower 8-bit | upper 8-bit
7 M_DATAmO | M_DATAm1 | M_DATAm2 | M_DATAm3 | M_DATAm4 | of CGTSC- | of CGTSC- -
Note Note

lower 8-bit | upper 8-bit
8 M_DATAmO | M_DATAm1 | M_DATAm2 | M_DATAm3 | M_DATAm4 | M_DATAm5 | of CGTSC- | of CGTSC-

Note Note

Note: CGTSC value captured at SOF.

Remark: m=00to 31
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11.2.6 Message handling

In the FCAN system the assignment of message buffers to the CAN modules is not defined by hard-
ware. Each message buffer in the message buffer section can be assigned to any CAN module by soft-
ware. The message buffers have individual configuration registers to assign the CAN module and to
specify the message buffer type.

Basically, a message buffer can be selected as a transmit message buffer or as a receive message
buffer. For receive message buffers there are further differentiations according to the mask links.

(1) Message transmission

According to the CAN protocol the highest prior message must always gain the CAN bus access
against lower prior messages sent by other nodes at the same time (due to arbitration mechanism
of CAN protocol) and against messages waiting to be transmitted in the same node (i.e. inner pri-
ority inversion).

The FCAN system scans the message buffer section at the beginning of each message transmit to
analyse that no other message with a higher priority is waiting to be transmitted on the same CAN
bus. The FCAN system avoids inner priority inversion automatically.

Example:

5 transmit messages are waiting to be sent at the same time in the example shown in Table 11-8,
“Example for Automatic Transmission Priority Detection,” on page 334. Although the priority of the
transmit messages are not sorted according any scheme, the sequence of transmits on the CAN
bus is:

<1> message buffer number 15 (ID = 023H)
<2>  message buffer number 1 (ID = 120H)
<3> message buffer number 22 (ID = 123H)
<4>  message buffer number 14 (ID = 223H)
<56>  message buffer number 2 (ID = 229H)
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Table 11-8: Example for Automatic Transmission Priority Detection

Message Buffer .
Address Message Buffer | Message Buffer | Message Buffer Waiting for Identifier
OffsetNotel Number Link TypeNote2 Transmission
3EOH 31
300H 24
2EOH 23
2COH 22 CAN 1 TRX 3 123H
2A0H 21
280H 20
260H 19
240H 18
220H 17
200H 16
1EOH 15 CAN 1 TRX 3 023H
1COH 14 CAN 1 TRX 3 223H
1A0H 13
180H 12
160H 11
140H 10
120H 9
100H 8
EOH 7
COH 6
AOH 5
80H 4
60H 3
40H 2 CAN 1 TRX 3 229H
20H 1 CAN 1 TRX 3 120H
0O0H 0

Notes: 1. The address of a message buffer entry is calculated according to the following formula:
effective address = FCAN_BASE + address offset

2. TRX = transmit message

Caution: In case more than 5 transmit messages are linked to a CAN module, the user must
allocate the 5 higher prior transmit messages to message buffers with a lower

address. There is no sorting needed among the 5 higher prior message buffer.

334
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Table 11-9: Example for Transmit Buffer Allocation When More Than 5 Buffers
Linked to a CAN Module
Mes;\sgg;eesBsuﬁer Message Buffer Message Buffer | Message Buffer |dentifier
OffsetNotel Number Link TypeNote2

3EOH 31

300H 24

2EOH 23

2COH 22 CAN1 TRX 005H
2A0H 21

280H 20

260H 19 CAN1 TRX 006H
240H 18

220H 17

200H 16

1EOH 15 CAN1 TRX 007H
1COH 14 CAN1 TRX 001H Note 3
1A0H 13

180H 12

160H 11

140H 10 CAN1 TRX 003H Note 3
120H 9

100H 8

EOH 7

COH 6 CAN1 TRX 000H Note 3
AOH 5

80H 4

60H 3

40H 2 CAN1 TRX 004H Note 3
20H 1 CAN1 TRX 002H Note 3
OOH 0

Notes: 1.

2. TRX = transmit message

The address of a message buffer entry is calculated according to the following formula:
effective address = FCAN_BASE + address offset

3. 5 higher prior transmit messages assigned to messages buffer with lower address values.
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(2)

Message reception

Due to the vast initialisation possibilities for each message buffer in the FCAN system, it is possi-
ble that a received message fits in several message buffers assigned to a CAN module.

A fixed rule according to the priority classes has been implemented to avoid arbitrary message
storage and uncontrolled behaviour.

The storage priority for data frames and for remote frames is different

(refer to Table 11-10: Storage Priority for Reception of Data Frames and

Table 11-11: Storage Priority for Reception of Remote Frames).

Table 11-10: Storage Priority for Reception of Data Frames

Priority Class Condition
1 (high) received data frame fits in non-masked receive buffer
2 received data frame fits in receive buffer linked to mask 0
3 received data frame fits in receive buffer linked to mask 1
4 received data frame fits in receive buffer linked to mask 2
5 (low) received data frame fits in receive buffer linked to mask 3

Table 11-11: Storage Priority for Reception of Remote Frames

Priority Class Condition
1 (high) received remote frame fits in transmit buffer
2 received remote frame fits in non-masked receive buffer
3 received remote frame fits in receive buffer linked to mask 0
4 received remote frame fits in receive buffer linked to mask 1
5 received remote frame fits in receive buffer linked to mask 2
6 (low) received remote frame fits in receive buffer linked to mask 3

Caution: A priority class with lower priority don’t provide a backup for classes with higher pri-

336

ority. That means that a message (i.e. data frame / remote frame) is explicitly stored
in the priority class with higher priority and never stored in the lower prior class.

Example:

Two receive message buffers are linked to CAN module 1:
» Buffer 1: non-masked receive buffer with identifier IDy

+ Buffer 2: receive buffer with IDy linked to mask 2.

Under that configuration a message with IDy is never stored in the receive buffer linked to mask 2,
but always into the non-masked receive buffer.

Furthermore, there is a fixed inner storage rule in case several buffers of the same priority class
are linked to a CAN module. For the inner priority class storage rule the data new flag (DN) in the
M_STATm register is the first storage criteria (m = 00 to 31).

Whenever the DN flag cannot provide an unambiguous criteria for storing the message (i.e. there
are several message buffers of the same priority class with DN flag set or not set) the physical
message buffer number is chosen as the second criteria.
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Table 11-12:

Inner Storage Priority Within a Priority Class

Priority First Criteria Priority Second Criteria
1 (high) DN flag not set 1 (high) lowest physical message buffer number
2 (low) next physical message buffer number
2 (low) DN flag set 1 (high) lowest physical message buffer number
2 (low) next physical message buffer number
Example:

When the very first message is received, which fits into several message buffer of the same prior-
ity class, the DN flag in all buffers is not set, hence that message is stored in the buffer with the
lowest physical buffer number. Subsequent messages are stored to the message buffers in
ascending message buffer number order as long the DN flags remains as set into the buffer of the
previous message storage.
As soon the CPU reads one of the message buffer with DN flag set and then clears the DN flag,
the storing in ascending message buffer number order is interrupted.

Due to the storage priority for receive messages it is possible to design multiple buffer areas for a
CAN message — while not all message buffers assigned to the same identifier contain new data
(DN flag set) the FCAN system will store the data in the next free message buffer (DN flag

cleared).
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11.2.7 Mask handling

The FCAN system supports two concepts of message reception, the BasicCAN concept and the Full-
CAN concept.

In the Full-CAN concept a particular message buffer accepts only one single message, hence there is
no further sorting and filtering required by software. As a consequence only one unambiguous identifier
is assigned to a message buffer.

In the BasicCAN concept a receive message buffer operates as a channel, which can accept several
messages. After reception software must sort, respectively filter, which particular message has been
received.

By the usage of hardware masks the range of receive messages can be limited to reduce the CPU load
caused by message sorting.

In the FCAN system each CAN module provides 4 different masks.
For a receive message buffer assigned to a CAN module one of the 4 masks can be selected when the
BasicCAN concept is used.

When using a mask, a certain identifier value must be written into the identifier register M_IDm (equals
32 bit value build by M_IDHm and M_IDLm) of the receive message buffer at initialisation.

Then the linked mask CxMASKn composed from CxMASKHn and CxMASKLn determines which iden-
tifier bits of a received message must match exactly to accept the received message for the message
buffer.

The mask facilitates that certain identifier bits of the received message will not be compared with the
corresponding identifier bits of the message buffer, thus several messages might be accepted for the
receive message buffer.

Remarks: 1. n=0to 3
2. m=00to31
3. x=1to2
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11.2.8 Remote frame handling

The FCAN macro offers enhanced features for generating remote frames and for the reaction of a CAN
module upon remote frames.

(1) Generation of aremote frame

According to the CAN specification a remote frame has the same format as a data frame except
the RTR bit of the control field, which has recessive level, and the data field, which is omitted com-
pletely.

By means of a remote frame, receiving nodes can request the transmitting node of a particular
message for sending an update of that message to the CAN bus. Usually remote frames are gen-
erated from CAN nodes which do not provide the requested message by themselves.

In the FCAN system a remote frame is automatically sent, when setting the transmit request bit
(TRQ) of the M_STATm register for a message buffer defined as receive message buffer (m = 00
to 31). Same as for generating a data frame from a transmit message buffer, the ready bit (RDY) of
M_STATm register must be set (1).

Remote frames can also be generated by means of a transmit message buffer by setting the RTR
bit of the M_CTRLm register, and using the same transmission procedure as for data frames.
However, from application point of view that method is not recommended, because it consumes
message buffer resources unnecessarily. A data frame in a CAN network can be provided, i.e.
transmitted, by only one node. All other nodes in the network may receive that data frame. Using a
transmit message buffer for a remote frame generation means that two message buffers for han-
dling of one message within one node are required - one receive message buffer for the reception
of a data frame, and the transmit message buffer explicitly for the remote frame generation.
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(2) Reception of aremote frame

The FCAN allows the reception of remote frames in message buffers defined for reception or for
transmission.

(a) Reception in areceive message buffer

If a remote frame is received in a message buffer m (m = 00 to 31) configured for reception, the fol-
lowing message buffer information will be updated:

M_DLCm message data length code register
M_CTRLm message control register

M_TIMEm message time stamp register (16-bit)
M_DATAmMO message data byte O

M_DATAmM1 message data byte 1

M_DATAmM2 message data byte 2

M_DATAmM3 message data byte 3

M_DATAm4 message data byte 4

M_DATAmM5 message data byte 5

M_DATAmM6 message data byte 6

M_DATAmM7 message data byte 7

M_IDLm message identifier register (lower half word)
M_IDHm message identifier register (upper half word)
M_STATm message status register

Remarks: 1. Receiving a remote frame in a receive message buffer does not activate any automatic
remote frame handling activities from the FCAN system. The application software must
handle the remote frame in the expected way.

2. RMDEO, RMDEL1 bits as well as ATS bit of M_CTRLm register are set to 0.
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(b) Reception in atransmit message buffer

When the FCAN system searches for the corresponding message buffer after reception of a
remote frame and finds a message buffer with a matching identifier, which is defined for transmis-
sion, the content of the remote frame is not stored but programmable reactions are launched.
Accepting a remote frame for a transmit message buffer does not change the content of the trans-
mit message buffer except the DN flag of the M_STATm register depending on the setting of the
RMDEO, RMDR1 and RTR bits of the M_CTRLm register (refer to Table 11-13).

The remote frame reception in a transmit message buffer causes a reaction according to the set-
ting of the RMDEO, RMDR1 bits and the RTR bit of the M_CTRLm register. The following reac-
tions are programmable:

» Generation of an auto-answer (i.e. TRQ bit of the transmit message buffer is automatically set
without any CPU interaction).

 Signalling the remote frame reception by updating the DN flag in the transmit message buffer.
* No reaction at all.
Table 11-13: Remote Frame Handling upon Reception into a Transmit Message Buffer

shows the detailed handling (reaction) upon the reception of a remote frame for a transmit mes-
sage buffer depending on the settings of RMDEO, RMDE1 and RTR flags.

Table 11-13: Remote Frame Handling upon Reception into a Transmit Message Buffer

M_CTRLm setting Resulting Automatic Remote Frame Handling
RMDEO | RMDE1 RTR DN flag other actions
0 0 X no change — (,ignore remote frame")
1 0 0 Clear when transmit message buffer |send transmit message buffer (data
sent successfully frame) as an automatic answer.
1 no change — Note
0 1 X DN is set upon reception -
1 1 0 Clear when transmit message buffer | send transmit message buffer (data
sent successfully frame) as an automatic answer.
1 DN is set upon reception — Note

Note: Auto-answer upon remote frame is suppressed, because the transmit message buffer is config-

ured to send a remote frame (RTR = 1).

Remarks: 1. In case a remote frame is automatically answered upon receiving a remote frame for a

transmit message buffer, the reception of the remote frame is not notified by a receive
interrupt. However, the successful transmission of the data frame (i.e. the automatic
answer) is notified by the corresponding transmit interrupt.

2. m=00to 31

Caution: It is recommended not to use the same buffer for transmission and reception of

remote frames. One buffer for reception and another buffer for transmission should
be used. A transmit buffer should be used for transmit of remote frames. A receive
buffer should be used for reception of remote frames.
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11.2.9 Outer priority inversion

342

It is not guaranteed that transmit requests will participate in the arbitration of the next CAN bus
transmission slot, even if launched in time and the message ID has at least the highest priority of
the first five TRQ-marked message buffers.

In other words an outer priority inversion may occur under some circumstances:

The priority inversion only takes place when in the time period in advance of the next arbitration
on the bus the memory access controller (MAC) in the FCAN has to perform several tasks at
once. Each task consumes a certain amount of clock cycles. The CPU activity (i.e. polling of a
FCAN address), the number of tasks (i.e how many channels are active) and the task type (i.e
RX search) defines the total number of clock cycles. If this number exceeds the intermission field
on the CAN bus, the setup of a transmit message is done after the transmission of one of the
other bus participants has started its transmission.

Due to the pure real-time behaviour and the dependencies of factors like FCAN macro frequency,
baudrate on the CAN buses, nhumber of FCAN modules and bus load it is not possible to predict
the exact behaviour in all runtime conditions. A conceivable worst case scenario is for example
when the RX search takes the maximum of time. This is the concern for a message object linked
to mask 3 or the message will not be stored at all.

The outer priority inversion has been observed when all modules operate at the maximum macro
frequency and at the maximum CAN-bus baud rate, 1MBaud, under special coincidences, such
as worst case RX Search scenarios (i.e. message buffer linked to Mask3 or not matching at all).

The transmission of the affected TX message is only delayed for one frame on the bus; it is not
lost.

There is basically no work around available. It can only be stated that

« the lower the baudrate the lower the possibility of outer priority inversion

 the lower the CAN macro frequency the higher the possibility of priority inversion

» the less CAN modules are used the less the possibility of priority inversion.
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11.3 Control and Data Registers

11.3.1 Bit set/clear function

Direct writing of data (bit operations, read-modify write, direct writing of a target value) is not allowed to
few specific registers, where bit setting and bit clearing might be performed by CPU and by the FCAN
system. The following registers of the FCAN system are concerned.

» CAN global status register (CGST)

» CAN global interrupt enable register (CGIE)

* CAN global interrupt pending register (CGINTP)
» CAN x interrupt pending registers (CXINTP)

» CAN x control registers (CxCTRL)

» CAN x definition registers (CxDEF)

» CAN x interrupt enable registers (CxIE)

» CAN x bus activity registers (CxBA)

Remark: x=1to?2

Registers like above, where bit access and direct write operations are prohibited, are organized in such
a way that all bits allowed for manipulation are located in the lower byte (bits 7 to 0), while in the upper
byte (bits 15 to 8) either no or read-only information is located.

The registers can be read in the usual way to get all 16 data bits in their actual setting (ref. to appropri-
ated register description).

For setting or clearing any of the lower 8 bits the following mechanism is implemented:

When writing 16-bit data to the register address, each of the lower 8 data bits indicates whether the cor-
responding register bit should be cleared (data bit set) or remain unchanged (data bit not set). Each of
the upper 8 data bits indicates whether the corresponding register bit should be set (data bit set) or
remain unchanged (data bit cleared).

The organization of 16-bit data write for such registers is shown in Figure Figure 11-7: on page 344.
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Figure 11-7: 16-Bit Data Write Operation for Specific Registers

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|SE_7|sE_6|sE_5|sE_4|sE_3[sE_a[sE_1]se_o|cL_7]cL_6[cL_s|cL_4[cL_3[cL_zjcL_1]cL of

Bit Name Function

SE n Sets the register bit n.
0: No change of register bit n
1: Register bit n is set (1)

CL_n Clears the register bit n.
0: No change of register bit n
1: Register bit n is cleared (0)

SE_n, Sets/clears the Register bit n.
CL_n

SE_n CL_n Status of Register Bit n

0 1 Register bit n is cleared (0)
0 Register bit n is set (1)

Others No change in register bit n value.

Remarks: 1. If only bits are to be cleared, the 16-bit write access can be replaced by an 8-bit write
access to the register address. If only bits are to be set, the 16-bit write access can be
replaced by an 8-bit write access to the register address+1. Nevertheless, for better vis-
ibility of the program code it is recommended to perform only 16-bit write accesses.

2. n=0to7
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11.3.2 Common registers

(1) CAN stop register (CSTOP)

The CSTORP register controls the clock supply of the FCAN system.
This register can be read/written in 8-bit and16-bit units.

Figure 11-8: CAN Stop Register (CSTOP)

Address  pitial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 OffsetNot yalye

CSTOP|CSTP\o\o\o|o|o\o\o\o\o\o\o|o|o\o\o| 400H  0000H

Bit Position | Bit Name Function

15 CSTP Controls the clock supply for the complete FCAN system. The CSTP flag can be used
to reduce the power consumption when the FCAN system is set to SLEEP mode and
STOP mode to a minimum.

0: FCAN system is supplied with clock fygp-

1: Clock supply of the FCAN system is stopped.

Remark: When switching off the clock supply of the FCAN system during SLEEP
mode, wake-up by CAN bus activity is possible. But, instead of CxINT4
interrupt (i.e. wake-up from SLEEP mode interrupt), the GINT3 interrupt
must be used.

Cautions: 1. In case CSTP is set (1), access to the register and buffer of the
FCAN system is impossible, except access to the CSTOP register.

2. Do not set CSTP =1 while the FCAN system is under normal oper-
ation, especially while a CAN module handles messages on the
CAN bus. A sudden stop of the FCAN system might cause mal-
functions of the entire CAN network.

Note: The address of an interrupt pending register is calculated according to the following formula:
effective address = FCAN_BASE + address offset
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(2) CAN main clock select register (CGCS)
The CGCS register controls the internal memory access clock (fy;gm). Which is used as main clock
for each CAN module, as well as the global time system clock (fg1s), used for the time stamp func-

tion and event generation. (For details refer to section 11.2.3 "Clock structure” on page 329).
These register can be read/written in 1-bit, 8-bit and16-bit units.

Figure 11-9: CAN Main Clock Select Register (CGSC) (1/2)
Address |nitial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
OffsetNote value
CGCSlCGTS7|CGTS6|CGT85‘CGTS4‘CGTS3‘CGTSZ‘CGTSl‘CGTSO‘GTSCO|GTSCO| 0 \Mcs ‘MCPS‘MCPZ‘MCPl‘MCPOl 414H  TFOSH

Bit Position | Bit Name Function
15t0 8 CGTS7 to | Specifies the 8-bit prescaler compare value for the global time system clock (fgts)
CGTSO  ((refer to Figure 11-11, “Configuration of FCAN Global Time System Clock,” on page
347).
CGTS7 to CGTSO Prescaler Global Time System Clock
(k) (k+1) fors =forsy/ (k+1)
0 1 fors = fors1
1 2 fors =fers1/2
2 3 fors =fors1/3
255 256 fGTS = fGTSl / 256
Remark: The global time system clock is the source clock for the 16-bit timer used
for the time stamp functionality. This clock is common for all CAN modules.
7,6 GTCS1, |[Selects the global time system basic clock (fgtg1) from the memory clock (fygwm) (refer
GTCSO  (to Figure 11-11, “Configuration of FCAN Global Time System Clock,” on page 347).
GTCS1 | GTCSO |Global Time System Basic Clock (fg1s1)
0 0 fors1 = fmem / 2
0 1 fors1 =fvem /4
1 0 fors1 = fmem /8
1 1 fors1 = fmem / 16
4 MCS Selects input clock for the memory access clock prescaler (fygpm1) (refer to Figure 11-

10, “Configuration of FCAN System Main Clock,” on page 347).
0: fyem1 = internal system clock (fepy)

1: fmems = external clock input (fEXT)Note

Note: V850E/CA4 doesn'’t offer an external clock fy gy supply pin. Therefore, the

MCS must not be set at any time.

Note: The address of an interrupt pending register is calculated according to the following formula:
effective address = FCAN_BASE + address offset
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Figure 11-9: CAN Main Clock Select Register (CGSC) (2/2)

Bit Position | Bit Name Function
3t00 MCP3to |Specifies the prescaler for the memory access clock (fygm) (refer to Figure 11-10,
MCPO  |“Configuration of FCAN System Main Clock,” on page 347).
MCP3 MCP2 MCP1 MCPO Prescaler |Memory Clock
(m+1)  |fvem = fuems / (M+1)

0 0 0 0 1 fMEM = fMEMl

0 0 0 1 2 fMEM = fMEMl /2

0 0 1 0 3 fMEM = fMEMl /3

1 1 1 1 16 fMEM = fMEMl /16

Caution: Changing the MCP value from 0 to any other value can be done just

once after reset; changing the MCP value from any value different
from O to any other value can be done at any time.

Figure 11-10: Configuration of FCAN System Main Clock
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fCPU
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MCPO to MCP3

f

—
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fMEM
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fGTSl
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fmem

P

8-bit counter

Clock for
Memory
Access

Controller

Configuration of FCAN Global Time System Clock
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(3) CAN global status register (CGST)

The CGST register indicates and controls the operation modes of the FCAN system. This register
can be read in 1-bit, 8-bit and 16-bit units. It can be written in 16-bit units only. For setting and
clearing certain bits a special set/clear method applies. (Refer to section 11.3.1 "Bit set/clear
function” on page 343.)

Figure 11-12: CAN Global Status Register (CGST) (1/3)

Address pitial
Read 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 OffsetNote yajye
cesTfo o o]o]o|o]o[ 1 merrlo| o] o |ersptsm| o [com| 4104  000OH

Write 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CGST| O 0 0 0O |ST_|ST 0 |ST_|CL 0 0 0 [CL_|CL 0 |CL

EFSD| TSM GOM |MERR EFSD| TSM om| *10H
Read (1/2)
Bit Position | Bit Name Function
7 MERR Indicates the error status of the memory access controller (MAC).

0: No error occurrence
1: At least one error occurred since the flag was cleared last

A MAC error occurs under the following conditions:

» An attempt to clear the GOM flag was performed although not all CAN modules
are set to initialisation state.

» Access to an illegal address, or access is prohibited by MAC (see GOM flag
description below)

3 EFSD Enable forced shut down.
0: Forced shut down is disabled.
1: Forced shut down is enabled.

Remark: In case of an emergency it might be necessary to reset all CAN modules
immediately. In this case the EFSD flag has to be set before clearing the
GOM flag.

2 TSM Indicates the operating mode of the CAN global time system counter (CGTSC).
0: CAN global time system counter is stopped.
1: CAN global time system counter is operating.

Note: The register address is calculated according to the following formula:
effective address = FCAN_BASE + address offset
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Figure 11-12: CAN Global Status Register (CGST) (2/3)
Read (2/2)
Bit Position | Bit Name Function
0 GOM Indicates the global operating mode.

temporary buffers.Note 1

On|y_N0te 1

0: Access to CAN module registers is prohibited, except mask registers and

1: Operation of all CAN modules are enabled. Temporary buffers can be read

Caution: To ensure that resetting the CAN modules do not cause any unex-
pected behavior on the CAN bus, the GOM flag can only be cleared, if
all CAN modules are set into initialisation state (exception: forced-
shut-down, see EFSD flag). If the software clears the flag while at
least one CAN module is still not in initialisation state (ISTAT flag of
CxCTRL register (x =1to 2) is set (1)), the GOM flag remains set.
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Figure 11-12: CAN Global Status Register (CGST) (3/3)

Write
Bit Position | Bit Name Function
11,3 ST_EFSD, |Sets/clears the EFSD bit.
CL_EFSD
ST_EFSD|CL_EFSD |Status of EFSD Bit
0 1 EFSD bit is cleared (0).
1 0 EFSD bit is set (1).
Others No change in EFSD bit value.
10, 2 ST_TSM, |Sets/clears the TSM bit.
CL_TSM
ST_TSM | CL_TSM |Status of TSM Bit
0 1 TSM bit is cleared (0).
1 0 TSM bit is set (1).
Others No change in TSM bit value.
9,1 ST_EVM, |Sets/clears the EVM bit.
CL_EVM
ST_EVM | CL_EVM |Status of EVM Bit
0 1 EVM bit is cleared (0).
1 0 EVM bit is set (1).
Others No change in EVM bit value.
8,0 ST_GOM, |Sets/clears the GOM bit.
CL_GOM
ST_GOM | CL_GOM | Status of GOM Bit
0 1 GOM bit is cleared (0).Note 2
1 0 GOM bhit is set (1).
Others No change in GOM bit value.
7 CL_MERR |Clears the MERR bit.
0: No change of MERR bit.
1: MERR bit is cleared (0).

Notes: 1. Access to the message buffer area is not affected.

2. Refer to description of GOM flag above.
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(4) CAN global interrupt enable register (CGIE)

The CGIE register enables the global interrupts of the FCAN system.
This register can be read in 1-bit, 8-bit and16-bit units. It can be written in 16-bit units only. For set-
ting and clearing certain bits a special set/clear method applies. (Refer to chapter 9.3.1)

Figure 11-13: CAN Global Interrupt Enable Register (CGIE) (1/2)

Address  pitial
Read 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 OffsetNo® yalue
ceeEfo|o|of[o][1]ofofor]o|o]o]o]osiEeier o 4124 o0000H

Write 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CGIE| 0 0 0 0 0 |ST_|ST 0 0 0 0 0 0 |CL_|CL 0 112H

G_IE2(G_IEL G_IE2(G_IEL
Read
Bit Position | Bit Name Function
2 G_IE2 Enables illegal address interrupt.

0: Interrupt disabled
1: Interrupt enabled
Remarks: 1. Interrupt signals any access to CAN module register while GOM bit of
the CGST register is reset (0).

2. Interrupt signals a write access to the temporary buffer while GOM bit
of the CGST register is set (1).

1 G_IE1 Enables “access to unavailable memory addresses” interrupt.
0: Interrupt disabled
1: Interrupt enabled
Remarks: 1. Interrupt signals an access to any CAN memory area not explicitly
specified.

2. Interrupt signals an illegal FCAN system shut down, i.e. GOM bit is
going to be cleared while at least one of the CAN modules is not in ini-
tialisation state or “forced shut down” is not selected.

Note: The register address is calculated according to the following formula:
effective address = FCAN_BASE + address offset
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Figure 11-13: CAN Global Interrupt Enable Register (CGIE) (2/2)

Write
Bit Position | Bit Name Function
10, 2 ST_G_IE2, | Sets/clears the G_IE2 bit.
CL_G_IE2
ST_G_IE2 | CL_G_IE2 |Status of G_IE2 Bit
0 1 G_IE2 bit is cleared (0).
1 0 G_IE2 bitis set (1).
Others No change in G_IE2 bit value.

9,1 ST_G_IE1, | Sets/clears the G_IE1 bit.

CL_G_IE1
ST G_IE1 | CL_G_IE1 |Status of G_IE1 Bit
0 1 G_IE1 bit is cleared (0).
1 0 G_IE1 bit is set (1).
Others No change in G_IE1 bit value.
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(5) CAN global time system counter (CGTSC)

The CGTSC register holds the value of the free-running 16-bit CAN global time system counter.

(For details refer to sections 11.2.3 "Clock structure” on page 329 and 11.2.5 "Time stamp” on
page 331).

This register can be read and writtenN°t€ 1 in 16-bit units only.

Figure 11-14: CAN Global Time System Counter (CGTSC)

Address  pitial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 OffsetNo®2 yajye

ceTsc|Tsc15\Tsc14\T5013\Tsc12|Tsc11|Tsc1o\ TSCY \Tscs \TSC? \Tsce \ TSC5 \ TSC4 |TSC3 |TSCZ ‘TSCI \Tsco | 4184  0000H

Notes: 1. When writing is performed to CGTSC register, the counter is cleared to 0.

2. The register address is calculated according to the following formula:
effective address = FCAN_BASE + address offset

Remark: The CGTSC register can be read at any time.
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(6) CAN message search start register (CGMSS)

The CGMSS register controls the start of a message search. It can be used for a fast message
retrieval within the message buffers matching a search criteria (e.g. messages with DN flag set).
This register is write-only and must be written in 16-bit units.

Figure 11-15: CAN Message Search Start Register (CGMSS)

Address  pitial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 OffsetNoel yajue

CGMSS|CIDE [CERQ|CTRQICMSK| CDN [SMN2[SMNL|SMNO| O | O |STRTS|STRT4|STRT3|STRT2|STRTL|STRTO| ~ 41AH -

Bit Position | Bit Name Function

15 CIDE Search criteria for message identifier type (IDE).
0: Do not check status of the message identifier type.
1: Message identifier type must be standard identifier (IDE = 0).

14 CERQ Search criteria for event processing request flag (ERQ) of the M_STATm registers.
0: Do not check status of the ERQ flag.
1: ERQ flag must be set.

13 CTRQ Search criteria for transmit request flag (TRQ) and message ready flag (RDY) of the
M_STATm registers.

0: Do not check status of TRQ flag and RDY flag.

1: TRQ flag and RDY flag must be set.

12 CMSK Search criteria for the mask link bits MT2 to MTO of the M_CONFm registers.
0: Do not check mask link bits.
1: Check only message buffers not linked with a mask.

11 CDN Search criteria for data new flag (DN) of the M_STATm registers.
0: Do not check status of the DN flag.
1: DN flag must be set.

9,8 SMN1, Specifies the CAN module number to search for.
SMNO
SMN2 | SMN1 | SMNO [CAN Module Number
0 0 0 |Search for message buffers not linked to any CAN module.
0 0 1 [Search for message buffers linked to CAN module 1
0 1 0 |Search for message buffers linked to CAN module 2

Remark: The SMNO2 to SMNOO bits define which messages are checked by the
message search. Only messages assigned to the CAN module defined by
SMNO2 to SMNOQO are checked, all other messages are ignored.

5t00 STRT5to |Specifies the number of message buffer the search starts for. (0 to 31)

STRTO  [Remarks: 1. Any search will start from the message number defined by STRT5 to
STRTO and end at the highest available message buffer. If a search
results in multiple matches, the lowest buffer number is returned.

2. To get the next match without modifying the search criteria the STRT5
to STRTO bits must be set to the succeeding number of the found one
in (MFND5 to MFNDO) of the CGMSR register.

Note: The address of an interrupt pending register is calculated according to the following formula:
effective address = FCAN_BASE + address offset

Remark: m=00to 31
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(7) CAN message search result register (CGMSR)

The CGMSR register returns the result of a message search, started by writing the CGMSS regis-
ter.

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

Figure 11-16: CAN Message Search Start Register (CGMSS)

Address  pitial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 OffsetNotel yajye

CGMSR| O [ O | O | O | O | O |MM|AM |gNote3|gNote3IMFND5|MFND4[MFND3|MFND2|MFNDL|MFNDO]  41AH 0000H

Bit Position | Bit Name Function
9,8 MM, Indicates the match result of the preceding message search.
AM

MM AM Number of Hits
x 0 No match
0 1 1 message meets the search criteria.

1 Several message meet the search criteria.N°t€ 2
5t00 MFNDS5 to | Indicates the number of the message buffer, which was found by the message search.

MFNDO (0to 31)N0t92

Remarks: 1. Any search will start from the message number defined by STRT5 to
STRTO and end at the highest available message buffer. If a search
results in multiple matches, the lowest buffer number is returned.

2. To get the next match without modifying the search criteria the STRT5
to STRTO bits must be set to the succeeding number of the found one
in (MFND5 to MFNDO) of the CGMSR register.

Notes: 1. The register address is calculated according to the following formula:
effective address = FCAN_BASE + address offset

2. If a message search finds several message buffers meeting the search option, the MM flag
is set. In that case the MFND5 to MFNDO bits return number of the message buffer with the
lowest number.

3. Value of Bits 6 and 7 is undefined after search function.
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(8) CAN test bus register (CTBR)
For test purposes an internal test bus is available. The CTBR register controls this test bus capa-
bility.
This register can be read and written in 8-bit and 16-bit units.

Figure 11-17: CAN Test Bus Register (CTBR)

Address  pitial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 OffsetNot yalye
CTBR|0|o|o\o\o\o\o\o\o|o|o\o\o\RXEN\TXPRE\TEM 41CH  0000H

Bit Position | Bit Name Function

2 RXEN Enables the receive line.
0: CAN module receive lines are input from the corresponding CANxRX pins.
1: CAN module receive lines are input from to the internal test bus.

1 TXPRE | Presets the transmit lines.

0: No preset on the transmit lines.

1: Error injection into the internal test bus by forcing all transmit pins to an dominant
level.

TEN Enables internal test bus.
0: Internal test bus is disabled.
1: Internal test bus is enabled.

The figure below shows the structure of the internal CAN test bus.

Figure 11-18: Internal CAN Test Bus Structure

CTXD2©Q—» CRXDx

TXPRE O \ Internal Test Bus
CTXD1O—— |

RXEN
1 0
TEN
CAN module x
receive logic

Remarks: 1. Both, TEN bit and RXEN bit must be set (1) to use the internal CAN bus.

2. Using the internal CAN bus connects all CAN modules (CAN module 1 and
CAN module 2) to one internal CAN bus. The internal CAN bus is used to operate the
FCAN system without any external hardware (e.g. CAN transceiver, bus harness, etc.).

3. x=1to4

Caution: The internal test bus must only be used when none of the CAN modules are con-
nected to a CAN bus.
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11.3.3 CAN interrupt pending registers

(1) CAN interrupt pending register (CCINTP)

The CCINTP register summarizes all grouped interrupt pending signals. Each of them is assigned
to an unambiguous interrupt vector of the V850E/CAA4.
This register is read-only and can be read in 8-bit and16-bit units.

15

Figure 11-19: CAN Interrupt Pending Registers (CCINTPL, CCINTPH)

Address

14 131211109 8 7 6 5 4 3 2 1 0 Initial

OffsetNote 1 value

CCINTPHl 0 \ 0 |0|o\o\o\o\

o
o

\o\o\o\o\o|o\o|406H 0000H

15

14 131211109 8 7 6 5 4 3 2 1

Address |nitial
OffsetNote 1 value

CCINTPLl 0 ||NTMAC‘ 0 \ 0 \ 0 \ 0 \ 0 |

o
o

| 0 ‘CANZERR|CAN2REC‘CANZTRX‘CANIERR‘CANIREC‘CANlTRXl 404H  0000H

: o Bit Name Function
Bit Position Note 2, 3
Indicates an error interrupt of CAN module x (OR function of CxINT6 to CxINT2 bits of
52 CGINTP register).
(CCINTPL) CANXERR 0: No Interrupt pending
1: Interrupt pending
Indicates a receive completion interrupt of CAN module x (CxINT1 bit of CGINTP reg-
4,1 ister).
(CCINTPL) CANXREC 0: No Interrupt pending
1: Interrupt pending
Indicates a transmit completion interrupt of CAN module x (CxINTO bit of CGINTP reg-
3,0 ister).
(CCINTPL) CANXTRX 0: No Interrupt pending
1: Interrupt pending
Indicates a MAC interrupt (OR function of GINT3 to GINT1 bits of CGINTP register).
14 INTMAC 0: No Interrupt pendin
(CCINTPL) j Pt penaing
1: Interrupt pending

Notes: 1. The register address is calculated according to the following formula:
effective address = FCAN_BASE + address offset

Remark:

x=1to 2.

The CCINTP register is a read-only register, which summarizes the CAN interrupt pending
signals. Therefore it cannot be used to clear the interrupt pending signals after servicing.
The interrupt pending signals must be cleared in the dedicated interrupt pending registers
CGINTP, C1INTP and C2INTP.
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(2) CAN global interrupt pending register (CGINTP)

The CGINTP register indicates the global interrupt pending signals. The interrupt pending flags
can be cleared by writing to the register according to the special bit-clear method. (Refer to chap-
ter 11.3.1 "Bit set/clear function” on page 343)

This register can be read in 8-bit and 16-bit units. It can be written in 16-bit units only.

Figure 11-20: CAN Global Interrupt Pending Register (CGINTP) (1/2)

Address pitial
Read 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 OffsetNote yajye
cantpl o [o [ o|ofof[o]o|o]|o]o] o] o |cnsenzent| o] 4204 0000k

Write 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CL_|CL_|CL
CGINTP| O 0 0 0 0 0 0 0 0 0 0 0 oiNTalomT2 lGinTe 0 420H
Read
Bit Position | Bit Name Function
3 GINT3 Indicates a wake-up interrupt from CAN sleep mode while clock supply to the FCAN
system was stopped (ref. to CSTOP register).
0: No Interrupt pending
1: Interrupt pending
2 GINT2 Indicates an illegal address access interrupt.
0: No Interrupt pending
1: Interrupt pending
Remarks: 1. Interrupt signals an illegal address access (refer to
Figure 11-2: "Memory Area of the FCAN System” on page 321).
2. Interrupt signals a write access to temporary buffer while GOM bit of
the CGST register is set (1).
1 GINT1 Indicates an invalid write access interrupt.
0: No Interrupt pending
1: Interrupt pending
Remarks: 1. Interrupt signals a write access to a CAN module register while GOM
bit of the CGST register is cleared (0).
2. Interrupt signals an illegal FCAN system shut down, i.e. GOM bit is
going to be cleared while at least one of the CAN modules is not in ini-
tialisation state.

Note: The register address is calculated according to the following formula:
effective address = FCAN_BASE + address offset
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Figure 11-20: CAN Global Interrupt Pending Register (CGINTP) (2/2)

Write
Bit Position | Bit Name Function
3 CL_GINT3 | Clears the interrupt pending bit GINT3.

0: No change of GINT3 bit.
1: GINT3 bit is cleared (0).

2 CL_GINT2 | Clears the interrupt pending bit GINT2.
0: No change of GINT2 bit.
1: GINT2 bit is cleared (0).

1 CL_GINT1 [ Clears the interrupt pending bit GINT1.
0: No change of GINT1 bit.
1: GINT1 bit is cleared (0).

Remarks: 1. The interrupts GINT1 and GINT2 are only generated when the corresponding interrupt
enable bit in the CGIE register is set.

2. In the CGIE register is no interrupt enable bit implemented for GINT3. Thus this inter-
rupt cannot be disabled.

3. The interrupt pending bits must be cleared by software in the interrupt service routine.

Caution: In case the interrupt pending bit is not cleared by software in the interrupt service
routine, no subsequent interrupt is generated anymore.
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(3) CAN 1to 4interrupt pending registers (CLINTP to C4INTP)

The C1INTP to C4INTP registers indicate the corresponding CAN module interrupt pending sig-
nals. The interrupt pending flags can be cleared by writing to the registers according to the special
bit-clear method. (Refer to chapter 11.3.1 "Bit set/clear function” on page 343)

This register can be read and written in 8-bit and16-bit units.

Figure 11-21: CAN 1to 4 Interrupt Pending Registers (C1INTP to C4INTP) (1/2)

Address |nitial

Read 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 OffsetNote 1 value

C1INTP| 0 | 0 \ 0 | 0 \ 0 \ 0 \ 0 \ 0 | 0 ‘CllNT6‘CllNT5|(51|NT4‘C1|NT3‘CllNTZ‘ClINTl‘ClINTOl 4224 0000H
C2INTP| 0 | 0 \ 0 | 0 \ 0 \ 0 \ 0 \ 0 | 0 ‘CZINT6‘CZINT5|C2|NT4‘C2|NT3‘CZINTZ‘CZINTI‘CZINTO' 4244 0000H
Write 15 14 13 12 11 10 9 7 6 5 4 3 2 1 0

ojlo|jo|Jo|lo|O|O]|O]|oO{cL oL |cL |ecL |cL |cL |cL
CLINTP CLINTE|CLINTS|CLINT4|CLINT3|CLINT2|CLINTL|CLINTO 4224
0 0| O oO|0] O 0] O O [CL_|CL_|CL |CL |CL |CL |CL
C2INTP C2INT6|C2INT5|C2INT4|C2INT3|C2INT2(C2INTL|C2INTO 424H
Read (1/2)
Bit Position Bit Name Function
Note 2

Indicates a CAN module x error.
6 CxINT6 0: No Interrupt pending
1: Interrupt pending

Indicates a CAN bus error of CAN module x.
5 CxINT5 0: No Interrupt pending
1: Interrupt pending

Indicates a wake-up from sleep mode of CAN module x.
4 CxINT4 0: No Interrupt pending
1: Interrupt pending

Indicates an error passive status on reception of CAN module x.
3 CxINT3 0: No Interrupt pending
1: Interrupt pending

Indicates an error passive or bus off status on transmission of CAN module x.
2 CxINT2 0: No Interrupt pending
1: Interrupt pending

Notes: 1. The register address is calculated according to the following formula:
effective address = FCAN_BASE + address offset

2. x=1to 2.
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Figure 11-21: CAN 1to 4 Interrupt Pending Registers (CLINTP to C2INTP) (2/2)

Read (2/2)

Bit Name
Note

Bit Position Function

Indicates a reception completion interrupt of CAN module x.
1 CxINT1 0: No Interrupt pending
1: Interrupt pending

Indicates a transmission completion interrupt of CAN module x.
0 CxINTO 0: No Interrupt pending
1: Interrupt pending

Write

Bit Name

Function
Note 1, 2 unctio

Bit Position

Clears the interrupt pending bit CxINT®6.
6 CL_CxINT6| 0: No change of CxINT6 bit.
1: CxINT®6 bit is cleared (0).

Clears the interrupt pending bit CXINT5.
5 CL_CXxINT5| 0: No change of CxINT5 bit.
1: CxINTS5 bit is cleared (0).

Clears the interrupt pending bit CxINTA4.
4 CL_CxINT4| 0: No change of CxINT4 bit.
1: CxINT4 bit is cleared (0).

Clears the interrupt pending bit CxINT3.
3 CL_CxINT3| 0: No change of CxINT3 bit.
1: CxINT3 bit is cleared (0).

Clears the interrupt pending bit CXINT2.
2 CL_CxINT2| 0: No change of CxINT2 bit.
1: CxINT2 bit is cleared (0).

Clears the interrupt pending bit CxINT1.
1 CL_CxINT1| O: No change of CxINT1 bit.
1: CxINT1 bit is cleared (0).

Clears the interrupt pending bit CxINTO.
0 CL_CxINTO| 0: No change of CxINTO bit.
1: CxINTO bit is cleared (0).

Note: x=1to 2.

Remarks: 1. The interrupts CxINT1 to CxINT6 are only generated when the corresponding interrupt
enable bit in the CGIE register is set.

2. The interrupt pending bits must be cleared by software in the interrupt service routine.

Caution: In case the interrupt pending bit is not cleared by software in the interrupt service
routine, no subsequent interrupt is generated anymore.
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11.3.4 CAN message buffer registers

(1) Message identifier registers L0OO to L31 and HOO to H31
(M_IDLOO to M_IDL31, M_IDHOO to M_IDH31)
The M_IDLm, M_IDHm registers specify the identifier and format of the corresponding message m
(m =00 to 31).
These registers can be read/written 16-bit units.

Figure 11-22: Message ldentifier Registers L00 to L31 and HOO to H31 (M_IDLOO to M_IDL31,
M_IDHOO0 to M_IDH31)

Address nitial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 OffsetNoel value

M_DHm[IDE| 0 | 0 [ID28[ID27|ID261D25(ID24[1D23[ID22[1D21ID20[ID19]ID18[ID17ID16| 1o  undet.
+(m x 20H)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

M_IDLm{ID15[1D14[1D13[ID12[ID11[ID10] ID9 | ID8 | ID7 | ID6 | ID5 | ID4 | ID3 | ID2 [ ID1 [ IDO [  10H  undef.
+(m x 20H)

Bit Position | Bit Name Function
15 Specifies the format of message identifier.
(M_IDHm) IDE 0: Standard format mode (11-bit)
- 1: Extended format mode (29-bit)
When IDE = 0 (standard format):
ID28 to ID18 specify the 11-bit identifier, where ID28 is the most significant bit.
12100 ID28to | D17, ID16 contain received data bits.Not€ 2. 3
(M_IDHm) ID16 When IDE = 1 (extended format):
ID28 to ID16 specify the 13 most significant bits of the 29-bit identifier, where ID28 is
the most significant bit.
When IDE = 0 (standard format):
15100 | 51510100 | D15 to IDO contain received data bits.No'¢ 2. 3
(M_IDLm) When IDE = 1 (extended format):
ID15 to IDO specify the 16 least significant bits of the 29-bit identifier.

Notes: 1. The register address is calculated according to the following formula:
effective address = FCAN_BASE + address offset

2. In standard format mode (IDE = 0) these bits (ID17 to IDO) are only used for receive mes-
sage buffers linked to a mask.
- Bits ID17 to ID10 storing the first data byte (DO) is stored, where ID17 is the MSB.
- Bits ID9 to ID2 storing the second data byte (D1), where ID9 is the MSB
- Bits ID1, IDO contain the two most significant bits 7 and 6 of the third byte (D2)

3. When received message in standard format mode (IDE = 0) has less than 18 data bits, the
values of the not received bits are undefined.

Remark: m=00to 31
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(2) Message configuration registers 00 to 31 (M_CONFO00 to M_CONF31)

The M_CONFm registers specify the message type, mask link and CAN module assignment of
the corresponding message m (m = 00 to 31).
These registers can be read/written 8-bit units.

Figure 11-23: Message Configuration Registers 00 to 31 (M_CONFO00 to M_CONF31) (1/2)

Address
6 5 4 3 2 1 0 OffsetNote 1 nitial value
MCcoNPm[ o | o | mT2 [ mT1 | MTO | mMA2 | MA1 [ MAD | 14H undef.
+ (m x 20H)
Bit Position | Bit Name Function
Specifies the message type and mask link.
MT2 MT1 MTO Message type and mask link
0 0 0 Transmit message
0 0 1 Receive message, no mask linked
0 1 0 Receive message, mask 0 linked"\°te 2
MT2 to
Sto3 MTO 0 1 1  |Receive message, mask 1 linkedN°t 2
1 0 0 Receive message, mask 2 linkedN°te 2
1 0 1 Receive message, mask 3 linked\°te 1
1 1 0  |ReservedNote3
1 1 1  |Receive message in diagnostic mode (type 7)N°t¢ 4
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Figure 11-23: Message Configuration Registers 00 to 31 (M_CONFO00 to M_CONF31) (2/2)

Bit Position

Bit Name Function

1,0

Assigns the message buffer to a CAN module.

<
>
N
<
>
[
<
>
o

CAN module assignment

Message buffer is not assigned to a CAN moduleN°te °

Message buffer is assigned to CAN module 1.

Message buffer is assigned to CAN module 2

MA1, MAO Reserved

Reserved

Reserved

Reserved

Rl PP, OOl O] O
PRl O|O|RFRL,|FL,|O| O
P O|FP,P|O|FR|O|FL,| O

Reserved

Notes: 1.

Remark:

364

The register address is calculated according to the following formula:
effective address = FCAN_BASE + address offset

Mask number of the linked CAN module specified by MA1, MAO bits.
CAN module does not handle a message buffer of this type.

A message buffer of this type is only handled if the linked CAN module is set to diagnostic
mode. In this case all messages received on the CAN bus will be stored in this message
buffer, regardless whether they could have been stored in other message buffers as well.
Even the type of the identifier (standard or extended) and the type of the frame (remote or
data frame) are not respected. In normal operation mode the message buffer is not han-
dled.

If the message buffer is not assigned to a CAN module, it can be used as temporary buffer
of the application.

m =00to 31
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(3) Message status registers 00 to 31 (M_STATO00 to M_STAT31)

The M_STATm registers indicate transmit and receive status of the corresponding message m
(m =00 to 31). Bits can be set/cleared only by means of the SC_STATm register.
These registers can be read-only in 8-bit units.

Figure 11-24: Message Status Registers 00 to 31 (M_STATO00 to M_STAT31)

Address

3 2 1 0 OffsetNotel  nitial value

Mstam| o | o | o | o | o | bN | TRQ | RDY | 15H undef.
+ (m x 20H)

Bit Position | Bit Name Function

2 DN Indicates new data received for this message.
0: No new message was received.
1: At least one new message was received.

Remarks: 1. If the DN flag is set for a transmit message buffer, it indicates a remote
frame reception. In case auto answering (RMDEDO bit of the M_CTRLm
register) is active, the DN flag is cleared automatically after the answer-
ing data frame is sent.

2. If the OVM bit of CXCTRL register is cleared (0), a message buffer
assigned to the CAN module might be overwritten by new messages,
although the DN flag is already set (x = 1 to 4N°t€3)  Checking the
MOVR bit of the M_CTRLm register additionally, indicates whether the
message buffer has been overwritten.

3. After copying a received message from the message buffer to the
application memory, the DN flag has to be cleared (0) by software.

1 TRQ Indicates a transmit request of this message.
0: No pending transmit request.
1: Transmit request is pending.

Remark: If the TRQ flag is set for a receive message, a remote frame is sent. (refer
to Table 9-16)

0 RDY Enables and indicates application processing of this message.

0: Message is processed by the application, and not ready to be handled by the
assigned CAN module.

1: Message is ready to be handled by the assigned CAN module.

Remark: Transmit as well as receive messages are only handled by the assigned
CAN module if the RDY flag is set. (refer to Table 9-16)

Note: The register address is calculated according to the following formula:
effective address = FCAN_BASE + address offset

Remark: m=00to 31
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Processing of a transmit or receive message by TRQ and RDY flags is summarized in following
Table:

Table 11-14: CAN Message Processing by TRQ and RDY Bits

Message Type TRQ RDY Message Processing

Message buffer is disabled for any processing by the

Any x 0 assigned CAN module.

Message buffer is ready for reception.

Receive message -
Request for sending a remote frame.

No processing of the transmit message.

Transmit message

Rl o| k| o
Pl R R| R

Request for message transmission.
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(4) Message set/clear status registers 00 to 31 (SC_STATO0 to SC_STAT31)

The SC_STATm registers set/clear the flags of the corresponding M_STATm registers
(m =00 to 31). By means of this register transmission can be requested and reception can be

confirmed.
These registers can be written-only in 16-bit units.

Figure 11-25: Message Set/Clear Status Registers 00 to 31 (SC_STAT00 to SC_STAT31)

Address nitial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 OffsetNote value
SCSTAT| 0 | 0O | O | O | 0 [ST_|ST_|ST.|O | O | O | OO |CL|CL |CL 16H

m DN |TRQ | RDY DN | TRQ | RDY | +(m x 20H)
Bit Position | Bit Name Function
Sets/clears the DN bit of the M_STATm register.
ST _DN | CL_DN Status of DN bit
ST_DN P
- 0 1 DN bit is cleared (0).
10, 2 CL DN ©)
1 0 DN bit is set (1).
Others No change in DN bit value.
Sets/clears the TRQ bit of the M_STATm register.
ST _TRQ | CL_TRQ Status of TRQ bit
ST_TRQ, 0 1 TRQ bit is cleared (0
9,1 CL TRO Q (0).
1 0 TRQ bit is set (1).
Others No change in TRQ bit value.
Sets/clears the RDY bit of the M_STATm register.
ST_RDY | CL_RDY Status of RDY bit
80 ST_RDY, 0 1 |RDY bitis cleared (0).
' CL_RDY
1 0 RDY bit is set (1).
Others No change in RDY bit value.

Note: The register address is calculated according to the following formula:
effective address = FCAN_BASE + address offset

Remark: m=00to 31
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(5) Message dataregisters m0to m7 (M_DATAmMO to M_DATAmM7) (m = 00 to 31)
The M_DATAmMO to M_DATAmMY7 registers are used to hold the receive or transmit data of the corre-
sponding message m (m = 00 to 31).
These registers can be read/written in 8-bit units.

Figure 11-26: Message Data Registers m0 to m7 (M_DATAmMO to M_DATAmM7)
(m =00to 31) (1/2)

dd iti

7 6 5 4 3 2 1 OAﬁS;ﬁSte el

M_DATAm0| DO_7 | D06 | D05 | Do_4 | D03 | Do2 [ o1 | DoO | O08H undef.
+ (m x 20H)

M_DATAm1{ D17 | D16 | D15 | DL4 [ D13 | D12 [ D11 | D1LO | O9H undef.
+ (m x 20H)

M_DATAm2| D2_7 | D26 | D25 | D24 | D23 | D22 | D21 | D20 | OAH undef.
+ (m x 20H)

M_DATAm3| D3_7 | D36 | D35 | D3 4 | D33 | D3 2 | D31 | D30 | OBH undef.
+ (m x 20H)

M_DATAm4| D4 7 | D46 | D45 | D44 | D43 [ D42 | D41 | D40 | OCH undef.
+ (m x 20H)

M_DATAmS| D57 | D56 | D55 | D54 | D53 | D52 | D5_1 | D50 ODH undef.
+ (m x 20H)

M_DATAm6| D6_7 | D6_6 | D65 | D64 | D63 | D62 | D61 | D60 | OEH undef.
+ (m x 20H)

M_DATAm7| D77 | D76 | D75 | D74 | D7.3 | D7.2 | D7.1 | D70 OFH undef.
| | | | | | | | N T

368 Preliminary User's Manual U16241EE1V1UMO0



Chapter 11 FCAN Interface Function

Figure 11-26: Message Data Registers m0to m7 (M_DATAmMO to M_DATAmM7)

(m =00to 31) (2/2)

Bit Position | Bit Name Function
(M_7D§-\?Aom0) Dgai(;o Contents of the message data byte 0. (first message data byte)
(M_7DZ?AOm1) Déioto Contents of the message data byte 1.
(M_7D}-\?Aom2) DSEZ;O Contents of the message data byte 2.
(M_7D,t§A0m3) Dgioto Contents of the message data byte 3.
(M_7D}-\?Aom 4) Dgzi(;o Contents of the message data byte 4.
(M_7DZ?AOm5) Dggjoto Contents of the message data byte 5.
(M_7D;-\?Aom6) Dggi(;o Contents of the message data byte 6.
(M_7D,tACT)AOm7) Dgioto Contents of the message data byte 7.

Note: The register address is calculated according to the following formula:

effective address = FCAN_BASE + address offset

Remark:

m =00to 31

Cautions: 1. When transmitting data, only the number of bytes defined by the data length code
(DLC) in the M_DLCm register are transmitted on the CAN bus. The transmission

3.

always

starts with M_DATAmMO.

If the ATS flag of the corresponding CxCTRL register is set (1) and the data length
code (DLC) in the M_DLCm register is greater or equal 2, the last two bytes which
are normally taken from the data part of the message buffer are ignored, and
instead of these bytes a time stamp value is sent. (x = 1 to 2) (refer to chapter

11.25

"Time stamp” on page 331)

When a new message is received, all data bytes are updated, even if the data
length code (DLC) in the M_DLCm register is less than 8. The values of the data

bytes that have not been received may be change undefined.
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(6)

Message data length code registers 00 to 31 (M_DLCO to M_DLC31)

The M_DLCm registers specify the data length code (DLC) of the corresponding message m
(m =00 to 31). The DLC determines how many data bytes have to be transmitted, or received
respectively, for the corresponding data frame.

These registers can be read/written only in 8-bit units.

Figure 11-27: Message Data Length Code Registers 00 to 31 (M_DLCO00to M_DLC31)

7 6 5 4 3 2 1 OQ:::S;?& , e
M_DLCm [ gpyNote 2 | gpyNote 2 | gryNote 2 | gyNote 2| DLC3 | DLC2 | DLC1 | DLCO 04H undef.
+ (m x 20H)
Bit Position | Bit Name Function
3to0 DLC3to |Specifies the data length code of the transmit/receive message.
DLCO
DLC3 DLC2 DLC1 DLCO Data Length Code (DLC)
0 0 0 0 No data bytes (0)
0 0 0 1 1 data byte
0 0 1 0 2 data bytes
0 0 1 1 3 data bytes
0 1 0 0 4 data bytes
0 1 0 1 5 data bytes
0 1 1 0 6 data bytes
0 1 1 1 7 data bytes
1 0 0 0 8 data bytes
Others than above Setting not recommendedNote 3

Notes: 1. The register address is calculated according to the following formula:

effective address = FCAN_BASE + address offset

2. RFU = Reserved for future use. Ensure to set these bits to 0 when writing to the M_DLCm
register.

3. If a DLC is specified to a value greater 8 for a transmit message, 8-byte transfer is per-
formed regardless of the DLC value.

Remark: m=00to 31

Cautions: 1. If a remote frame is received on a transmit buffer the DLC value leaves

370

unchanged.

2. If aremote frame is received on a receive buffer, the DLC value is updated by the
DLC value of the remote frame.
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(7) Message control registers 00 to 31 (M_CTRLO to M_CTRL31)

The M_CTRLm registers control the behaviour on reception or transmission of the corresponding
message buffer m (m = 00 to 31).
These registers can be read/written in 8-bit units.

Figure 11-28: Message Control Registers 00 to 31 (M_CTRLOO to M_CTRL31) (1/2)

Address Initial
7 6 5 4 3 2 1 OffseNote  value
M_CTRLm | RMDE1 |[RMEDO| ATS | IE [MOVR| R1 | RO | RTR | 805H undef.
+ (m x 20H)
Bit Position | Bit Name Function

Specifies the remote frame handling mode 1.
0: DN flag is not changed, when receiving a remote frame.
1: DN flag is set (1), when receiving a remote frame.

7 RMED1 [Remark: The remote frame handling mode 1 is only valid for transmit messages and
indicates how the DN flag is updated if a remote frame is received on that
message buffer. (For details refer to chapter 11.2.8 "Remote frame han-
dling” on page 339)

Specifies the remote frame handling mode 0.
0: Auto answering of remote frame is not active.
1: Auto answering of remote frame is active.

6 RMEDO [Remark: The remote frame handling mode 0 is only valid for transmit messages and
indicates how to respond if a remote frame is received on that message
buffer. (For details refer to chapter 11.2.8 "Remote frame handling” on
page 339)

Controls appending of the time stamp.
0: No time stamp appending.
1: Append time stamp (Only valid for transmit messages)

Remark: This bit is only handled for transmit messages. If ATS is set (1) and the
5 ATS data length code (DLC) is greater or equal 2, the last two data bytes are
replaced by the 16-bit time stamp. The appended time stamp is the cap-
ture value of the CAN global time system counter (CGTSC) on the SOF for
this message. The last two data bytes defined in the data area are ignored.
(For further details refer to chapter 11.2.5 "Time stamp” on page 331)

Note: The register address is calculated according to the following formula:
effective address = FCAN_BASE + address offset

Remark: m=00to 31
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Figure 11-28: Message Control Registers 00to 31 (M_CTRLOO to M_CTRL31) (2/2)
Bit Name Function
Enables message buffer m related interrupts.
0: Interrupts related to message buffer m disabled.
1: Interrupts related to message buffer m enabled.
If the message related interrupt is enabled, an interrupt is generated for any of the fol-
lowing conditions:
Condition Related Interrupt
Data frgme or remote frame is transmitted from CANXTRX
transmit message buffer.
Data frame or remote frame is received on
IE receive message buffer.
- - - CANXREC
Remote frame is received on transmit message
without auto answering set (RMDEO = 0).
An interrupt is not generated, even if enabled, for any of the following conditions:
Condition
Remote frame is received on a transmit message with auto answering
mode (RMDEO = 1).
Remote frame is transmitted from receive message buffer.
Indicates a message buffer overwrite.
0: No overwriting occurred.
1: Message buffer contents have been overwritten at least once since the DN flag
P of the M_STATm register has been cleared (0).

Remark: If the OVM bit of the CxCTRL register is cleared (0) a message buffer
linked to this CAN module might be overwritten by new messages
although the DN flag is already set. Checking the MOVR bit additionally,
indicates whether the message buffer has been overwritten.

R1 Reserved bit (value of CAN bus bit rO for receive message buffer)
RO Reserved bit (value of CAN bus bit r1 for receive message buffer)
Specifies remote or data frame type of the message buffer.
0: Message received or to be sent is a data frame
1: Message received or to be sent is a remote frame.
RTR Remark: When the RTR bit is set (1) for a transmit message, a remote frame is
transmitted for the given identifier instead of a data frame. The RTR bit can
be read for a receive message to determine whether a data frame or a
remote frame was received.
Remarks: 1. m =00 to 31
x=1to 2.

Preliminary User's Manual U16241EE1V1UMO00




Chapter 11 FCAN Interface Function

(8) Message time stamp registers 00 to 31 (M_TIMEOO to M_TIME31)
The M_TIMEm registers store the captured time stamp value on reception of the corresponding

message m (m = 00 to 31).
These registers can be read/written in 16-bit units.

Figure 11-29: Message Time Stamp Registers 00 to 31 (M_TIMEOO to M_TIME31)

Address |nitial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OffsetNote value

M_TIMER|TS15 | 7514|7513 TS12[T511|7519| 759 | 158 [ 757 | TS6 | 155 | 154 [ 153 | 152 [ 151 TS0 | ogH  undef.
+(m x 20H)

Bit Position Bit Name Function

15to 0 |TS15to TSO | 16-bit time stamp value captured on message reception.

Note: The address of a message time stamp register is calculated according to the following formula:
effective address = FCAN_BASE + address offset

Remarks: 1. m=00to 31
2. x=1to 2.
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(9)

374

Message event registers m0, m1, and m3 (M_EVTmO, M_EVTm1, M_EVTm3) (m = 00 to 31)

The message event registers M_EVTmO, MEVTm1, and M_EVTm3 have no function in the
V850E/CA4. To avoid unexpected settings of the ERQ flag, it is recommended to initialize all “Mes-
sage Event Bytes” with the value 0x00 at the first initialization and let that initialization unchanged
always.

These registers can be read/written in 8-bit units.
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11.3.5 CAN Module Registers

(1) CAN1to2maskOto 3registers L, H
(CxMASKLO to CxMASKL3, CxMASKHO to CxMASKH3) (x =1to 2)

The CxMASKLO to CxMASKL3, and CxMASKHO to CxMASKH3 registers specify the four accept-
ance masks for each CAN module x (x = 1 to 2). (For more details refer to chapter 11.2.7 "Mask
handling” on page 338).

These registers can be read/written in 8-bit and 16-bit units.

Figure 11-30: CAN 1to 2 Mask 0to 3 Registers L, H
(CxMASKLO to CxMASKL3, CxMASKHO to CxMASKH3) (x =1 to 4)

Address Initial
Offset value

CXMASKHn |cmmE| 0 \ 0 \CMm2ﬂCMm2d0Mm2QCmmzﬂcmmzqcmmzﬂcmm24cMm2QCMmzﬂcmmlﬂcmmlﬂcmmlﬂcmmlq see  undef.

Table
11-15

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 see

CXMASKLn [CMIDL5 |CMID14{CMIDI3|CMID12{CMIDIL[CMIDLO] CMIDG | CMIDS | CMIDT | CMIDS | CMIDS | CMID4 | CMID3 [ CMID2 | CMIDL [ CMIDO | Table  undef.
11-15

Bit Position | Bit Name Function

Sets the CAN module mask option for the identifier type of the receive message.
0: Check identifier type of a received message.

15 1: Do not check identifier type.
(CXMASKHn) CMIDE [Remark: When CMIDE is cleared (0), the specified identifier type (standard or

extended) of the message buffer linked to this CAN mask register must
match the identifier type of the received message, in order to accept it for
that message buffer.

Sets the CAN module mask option for the corresponding identifier bit (ID28 to IDO) of
the receive message.

0: Check identifier bit of a received message.

1: Do not check identifier bit.

Remarks: 1. When CMIDn is cleared (0), the specified identifier bit of the message
buffer linked to this CAN mask register must match the identifier bit of

12100 the received message, in order to accept it for that message buffer.
(CXMASKHn) , . ,
CMID28 to 2. When a receive message buffer is linked to a mask, always 29 bits of
1510 0 CMIDO the specified identifier in the M_IDHm, M_IDLm registers of the mes-
(CXMASKLn) sage buffer are compared with the identifier of the received message,

even if a standard format (11 identifier bits) is set. In case standard for-
mat identifier is selected (IDE = 0) the lower 18 bits in the M_IDm reg-
ister contain a copy of data field bits, so that an address extensions by
means of data field bits is possible.

3. When a mask is exclusively intended for a standard format identifier
the irrelevant mask bits CMID17 to CMIDO have to be set (1).

Remarks: 1. n=0to 3 (mask number)
2. x=1to2.
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Table 11-15: Address Offsets of the CAN 1 to 2 Mask Registers

SymboiNote 12 Address Offset

x=1 X=2
CXMASKLO 440H 480H
CxMASKHO 442H 482H
CxMASKL1 444H 484H
CxMASKH1 446H 486H
CxXMASKL2 448H 488H
CxXxMASKH2 44AH 48AH
CxXMASKL3 44CH 48CH
CxMASKH3 44EH 48EH

Notes: 1. CAN module number: x =1 to 2.

2. The register address is calculated according to the following formula:
effective address = FCAN_BASE + address offset
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(2) CAN 1to 2control registers (CLCTRL to C2CTRL)

The CxCTRL registers control the operating modes and indicate the operating status of the corre-
sponding CAN module x (x = 1 to 2).

These registers can be read in 8-bit and 16-bit units. It can be written in 16-bit units only. For set-
ting and clearing certain bits a special set/clear method applies (refer to section 11.3.1 "Bit set/
clear function” on page 343).

Figure 11-31: CAN 1to 2 Control Registers (CICTRL to C2CTRL) (1/5)

Address |nitial
OffsetNote value

ClCTRLlTECSl‘TECSO‘RECSI‘RECSO|BOFF|TSTAT‘RSTAT‘ISTAT‘TPE‘DLEVR‘DLEVT‘OVM| 0 |STOP‘SLEEP‘INIT| 450H  0101H

Read 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

C2CTRL|TECSl‘TECSO‘RECSl‘RECSO|BOFF|TSTAT‘RSTAT‘ISTAT‘TPE‘DLEVR‘DLEVT‘OVM| 0 |STOP‘SLEEP‘INIT| 490H  0101H

Write 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

C1CTRL ST_| ST_|ST_|ST_ 0 ST_|ST_|ST_|CL_|CL_|CL_|CL_ 1 CL_|CL_|cCL_ 450H
TPE [DLEVR|DLEVT| OVM STOP(SLEEP| INIT | TPE |DLEVR|DLEVT| OVM STOP (SLEEP| INIT
C2CTRL ST_| ST_|ST_|ST_ 0 ST_|ST_|ST_|CL_|CL_|CL_|cCL_ 1 CL_|CL_|CL_ 490H
TPE [DLEVR|DLEVT| OVM STOP SLEEP| INIT | TPE |DLEVR|DLEVT| OVM STOP (SLEEP| INIT
Read (1/3)
Bit Position | Bit Name Function
Indicates the transmission error counter status.
TECS1 | TECSO Transmission Error Counter Status
5 14 TECS1, 0 0 Transmission error counter below warning level (< 96)
' TECSO 0 1 Transmission error counter in warning level range (96 to 127)
1 0 Reserved (not possible)
1 1 Transmission error counter above warning level (> 128)
Indicates the reception error counter status.
RECS1 | RECSO Reception Error Counter Status
15 12 RECSL1, 0 0 Reception error counter below warning level (< 96)
' RECSO 0 1 Reception error counter in warning level range (96 to 127)
1 0 Reserved (not possible)
1 1 Reception error counter in the error passive range (> 128)
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Figure 11-31: CAN 1to 2 Control Registers (CI1CTRL to C2CTRL) (2/5)

Read (2/3)
Bit Position | Bit Name Function
Indicates a bus-off status of the CAN module.
11 BOFF 0: CAN module is not in bus-off state (transmission error counter < 256)
1: CAN module is in bus-off state (transmission error counter = 256)
Indicates the transmission status.
10 TSTAT 0: No transmission activity on the CAN bus.
1: Transmission activity on the CAN bus.
Indicates the reception status.
9 RSTAT 0: No reception activity on the CAN bus.
1: Reception activity on the CAN bus.
Indicates the initialisation mode.
0: CAN module is in normal operation mode.
1: CAN module is stopped and set into initialisation mode (Reset value).

Remarks: 1. The ISTAT bit is set when the setting of the INIT bit is acknowledged by
the CAN protocol layer. It is cleared automatically when the INIT bit is
cleared.

8 ISTAT 2. Ininitialisation mode the level of the corresponding CAN transmit out-
put is recessive (logical high).
3. Data manipulation of the CxSYNC and CxBRP registers is only possi-
ble during INIT state.
4. In INIT state the transmission and reception error counters are cleared
and any error status is reset.
Indicates the transmit pin status.
7 TPE 0: CAN transmit pin is disabled (tri-state).
1: CAN transmit pin is enabled.
Specifies the dominant level of the CAN receive input pin.
0: Low level at the receive input is interpreted as a dominant bit (0).
6 DLEVR 1: High level at the receive input is interpreted as a dominant bit (0).
Remark: From software point of view a dominant bit is always a “0” value.
Specifies the dominant level of the CAN transmit output pin.
0: A dominant bit (0) results in a low level output.
> DLEVT 1: A dominant bit (0) results in a high level output.

Remark: From software point of view a dominant bit is always a “0” value.

Specifies the CAN message buffer overwrite mode.

0: A new CAN message overwrites a message buffer with DN flag set (1).
1: A new CAN message is discarded, if it would be stored in a message buffer with
4 OVM DN bit set (1).

Remark: The OVM bit determines how to handle a receive message in case this

message would overwrite the corresponding receive message buffer.

378
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Figure 11-31: CAN 1to 2 Control Registers (CICTRL to C4CTRL) (3/5)

Read (3/3)
Bit Position | Bit Name Function
Selects the CAN stop mode.
0: CAN module is not stop mode.
1: CAN module stop mode selected.
Remarks: 1. The CAN stop mode can be entered only if the CAN module is already
2 STOP in sleep mode (SLEEP = 1).

2. In CAN stop mode the CAN module is disabled (protocol layer activities
stopped, and set in suspend mode), and wake up of the CAN module is
only possible by CPU (CPU clears STOP bit).

Selects the CAN sleep mode.
0: Normal operation mode.
1: CAN module sleep mode selected.

Remarks: 1. Entering the CAN sleep mode from normal operating mode is just pos-
sible when the CAN bus is idle.

2. In CAN sleep mode the CAN module does not process any transmit
request submitted by the CPU.

3. In case there is activity on the CAN bus and in parallel the SLEEP bit is
1 SLEEP set (1), the CAN module remains in normal operating mode and the
SLEEP bit is cleared (0) automatically.

4. The CAN sleep mode is released and normal operating mode is
entered under the following conditions:
(a) CPU clears the SLEEP bit (i.e. internal wake up by CPU)
(b) first dominant bit on the idle CAN bus (i.e. external wake up by
CAN bus activity)

5. After releasing the CAN sleep mode the WAKE bit of the CxDEF regis-
ter is set (1), and an error interrupt is generated upon external wake up
by CAN bus activity.

Requests entering the initialisation mode.
0: Normal operation mode
1: Initialisation mode request

0 INIT Remark: The INIT flag is used to set the CAN module in initialisation mode. The
CAN module acknowledges the transition into initialisation state by setting
the ISTAT flag (1). This may take some time, especially when the protocol
layer is handling a transmission or reception.
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Figure 11-31: CAN 1to 2 Control Registers (CICTRL to C4CTRL) (4/5)
Write (1/2)
Bit Position | Bit Name Function
Sets/clears the TPE bit.
ST_TPE | CL_TPE Status of TPE bit
ST_TPE, —
15, 7 CL_TPE 0 1 TPE bit is cleared (0).
1 0 TPE bit is set (1).
Others No change in TPE bit value.
Sets/clears the DLEVR bit.
ST_DLEVR | CL_DLEVR Status of DLEVR bit
ST_DLEVR —
14,6 ’ 0 1 DLEVR bit is cleared (0).
CL_DLEVR 1 0 DLEVR bit is set (1).
Others No change in DLEVR bit value.
Sets/clears the DLEVT bit.
ST_DLEVT | CL_DLEVT Status of DLEVT bit
135 | ST_DLEVT, 0 1 |DLEVT bitis cleared (0).
' CL_DLEVT
1 0 DLEVT bit is set (1).
Others No change in DLEVT bit value.
Sets/clears the OVM bit.
ST_OVM | CL_OVM Status of OVM bit
ST_OVM o
- ' 0 1 OVM bit is cleared (0).
12, 4 CL_OVM (0)
1 0 OVM bit is set (1).
Others No change in OVM bit value.
Sets/clears the STOP bit.
ST_STOP|CL_STOP Status of STOP bit
102 | ST_STOR 0 1 |STOP bitis cleared (0).
' CL_STOP
1 0 STOP bit is set (1).
Others No change in STOP bit value.
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Figure 11-31: CAN 1to 4 Control Registers (CICTRL to C4CTRL) (5/5)
Write (2/2)
Bit Position | Bit Name Function
Sets/clears the SLEEP bit.
ST_SLEEP | CL_SLEEP Status of SLEEP bit
91 ST_SLEER, 0 1 |SLEEP bitis cleared (0).
' CL_SLEEP
1 0 SLEEP bit is set (1).
Others No change in SLEEP bit value.
Sets/clears the INIT bit.
ST_INIT CL_INIT Status of INIT bit
80 ST_INIT, 0 1 INIT bit is cleared (0).
’ CL_INIT
1 0 INIT bit is set (1).
Others No change in INIT bit value.

Note: The register address is calculated according to the following formula:
effective address = FCAN_BASE + address offset.
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(3) CAN 1to 2 definition registers (C1DEF to C2DEF)
The CxDEF registers define normal and diagnostic operation and indicate CAN bus error and
states of the corresponding CAN module x (x = 1 to 2).
These registers can be read in 8-bit and 16-bit units. It can be written in 16-bit units only. For set-
ting and clearing certain bits a special set/clear method applies (refer to chapter 11.3.1 "Bit set/
clear function” on page 343).

Read 15

Figure 11-32: CAN 1 to 2 Definition Registers (C1DEF to C2DEF) (1/4)

Address Initial

14 13 12 11 10 9 8 7 6 5 4 3 2 1 Nore

Offset value

ClDEFl 0 | 0 | 0 \ 0 \ 0 \ 0 \ 0 \ 0 ‘DGM|MOM|SSHT‘PBB‘BERR‘VALID‘WAKE‘OVRl 452H  000OH
0 ‘DGM|MOM|SSHT‘PBB‘BERR‘VALID‘WAKE‘OVRl 492H  000OH

CZDEF|0|0|0\0\0\0\0\

Write 15

14 13 12

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

C1DEF ST

ST_[ST_|sT

DGM |MOM |SSHT| PBB

sT_|st_[st_[st_feL_fcL_fer_feL fcifefeLfe |
BERR|VALID WAKE| OVR |DGM [MOM |SSHT| PBB [BERR|VALID [WAKE| OVR

coper | ST- | ST [ ST_ | ST_|ST_| ST_|ST_|ST_|CL_|CL_|CL_|CL_ |CL |CL |CL_|CL | 0.
DGM [MOM |SSHT| PBB |BERR|VALID |WAKE| OVR | DGM |MOM |SSHT| PBB |BERR|VALID |WAKE| OVR
Read (1/3)
Bit Position | Bit Name Function
Specifies the storage of receive message in diagnostic mode.
0: receive only and store valid message in message buffer type 7.
1: receive only and store valid message as in normal operation mode
Remarks: 1. The settings of the DGM bit are only effective in diagnostic mode
(MOM = 1). In normal operation mode (MOM = 0) the DGM bit settings
have no meaning.
7 DGM

2. When the “diagnostic mode” is active, a valid reception is indicated by
setting the VALID flag and depending on the setting on the setting of
the DGM flag, storing valid data either in a message buffer of buffer
type 7 or in the same way as in normal operation mode. The CAN pro-
tocol layer does not send an acknowledge, error frame or transmit
message, and also the error counter does not count.

Note: The register address is calculated according to the following formula:
effective address = FCAN_BASE + address offset
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Figure 11-32: CAN 1 to 2 Definition Registers (C1DEF to C2DEF) (2/4)

Read (2/3)
Bit Position | Bit Name Function
Defines the module operating mode.
0: Normal operating mode
1: Diagnostic mode

Remarks: 1. The diagnostic mode provides the following functional behavior:

(a) Transmission of data frames and remote frames is not possible.
(b) No acknowledge is generated upon reception of a valid message.
(c) On reception of a valid message the VALID flag is set (1).

6 MOM (d) Receive and transmit error counters remain unchanged on errors.

2. The diagnostic mode can be used for baud rate detection and diagnos-
tic purposes.

Caution: When the diagnostic mode (MOM = 1) is defined for a CAN module,
the CxBRP register is only accessible in the initialisation state (ISTAT
= 1). While ISTAT is cleared (0) write access to the CxBRP is prohib-
ited and reading the address of the CxBRP register returns the status
of the CxDINF register.

Defines the single-shot mode for a CAN module.

0: Normal operating mode
1: Single-shot mode
Remarks: 1. In single shot mode the CAN module tries to transmit a message only
once, and the TRQ flag of the corresponding message is cleared
regardless whether the transmission was successful (no error
occurred), or not.

2. In case of an error frame caused during a transmission in single-shot
mode, the CAN module does not launch a re-transmission. However,
error management according to the CAN Protocol is executed (i.e. gen-

5 SSHT eration of error interrupt, incrementing of error counters).

3. The CPU can switch between the normal operating mode and the sin-
gle-shot mode while the CAN module is active without causing any
error on the CAN bus.

Caution: According to the CAN protocol upon a loss of arbitration a transmit-
ter attempts to re-transmit the message, though loss of arbitration is
not defined as an error.

When single shot mode is set (SSHT = 1), a loss of arbitration is sig-

naled by setting the BERR flag (1). Since the BERR flag signals a bus

error in normal operation, the user must check it in conjunction with
the values of the error counter, in order to judge whether it was
caused by an error or a loss of arbitration.

Defines the priority by message buffer numbers.

0: Transmission priority is given by message identifier.
4 PBB 1: Transmission priority is given by the number of the message buffer.

Remark: Normally the message identifier defines the transmission priority. If the
PBB flag is set, the location of a message defines the priority — the lower
the message buffer number the higher the transmission priority.

Indicates a CAN bus error.

0: No CAN bus error occurred since the bit was cleared last.
3 BERR 1: At least one CAN bus error occurred since the flag has been cleared last.

Remark: For single shot mode (SSHT bit = 1) this flag indicates a loss of the arbitra-
tion.

Indicates valid protocol activity.

2 VALID 0: No valid message was detected by the CAN protocol layer.
1: At least one valid message was received on the CAN bus since the flag has
been cleared last.
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Figure 11-32: CAN 1 to 2 Definition Registers (C1DEF to C2DEF) (3/4)

Read (3/3)

Bit Position | Bit Name Function

Indicates the wake-up condition from CAN sleep mode.
1 WAKE 0: No wake-up, or sleep mode has been terminated by CPU (normal operation).
1: CAN sleep mode has been terminated by detection of CAN bus activity.

Indicates an overrun error.
0: No overrun (normal operation)
1: An overrun occurred during access to the CAN memory.

Remark: The OVR flag is set, if the CAN message handler is not able to scan all the
0 OVR message areas defined for the CAN module due to timing problems. The
error interrupt CxINT6 is generated at the same time.

Possible cause for an overrun situation:

The CAN memory access clock fy,gp selection is too slow for the selected
CAN baud rate.
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Figure 11-32: CAN 1 to 2 Definition Registers (C1DEF to C2DEF) (4/4)
Write
Bit Position | Bit Name Function
Sets/clears the DGM bit.
ST_DGM | CL_DGM Status of DGM bit
ST_DGM P
— ' 0 1 DGM bit is cleared (0).
15,7 CLDGM (0)
1 0 DGM bit is set (1).
Others No change in DGM bit value.
Sets/clears the MOM bit.
ST_MOM | CL_MOM Status of MOM bit
ST_MOM —
- ' 0 1 MOM bit is cleared (0).
14,6 CL_MOM (0)
1 0 MOM bit is set (1).
Others No change in MOM bit value.
Sets/clears the SSHT bit.
ST_SSHT|CL_SSHT Status of SSHT bit
13 5 ST_SSHT, 0 1 |SSHT bitis cleared (0).
' CL_SSHT
1 0 SSHT bit is set (1).
Others No change in SSHT bit value.
Sets/clears the PPB bit.
ST_PPB | CL_PPB Status of PPB bit
ST_PPB —
- ' 0 1 PPB bit is cleared (0).
12,4 CL_PPB ©
1 0 PPB bit is set (1).
Others No change in PPB bit value.
Clears the BERR bit.
3 CL_BERR | 0: No change of BERR bit.
1: BERR bit is cleared (0).
Clears the VALID bit.
2 CL_VALID | 0: No change of VALID bit.
1: VALID bit is cleared (0).
Clears the WAKE bit.
1 CL_WAKE | 0: No change of WAKE bit.
1: WAKE bit is cleared (0).
Clears the OVR bit.
0 CL_OVR 0: No change of OVR bit.
1: OVR bit is cleared (0).
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(4) CAN 1to 2information registers (CILAST to C2LAST)

The CxLAST registers return the number of the last received message and last CAN protocol error
of the corresponding CAN module x (x = 1 to 2).
These registers can be read-only in 8-bit and 16-bit units.

Figure 11-33: CAN 1 to 4 Information Registers (CILAST to C4ALAST)

Address [nitial
OffsetNote 1 value

ClLASTl 0 | 0 \ 0 \ 0 ‘LERRS‘LERRZ‘LERRl‘LERRO|LREC7|LREC6‘LRECS‘LRECA‘LRECS‘LRECZ‘LREC1‘LRECO| 4544 QOFFH

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

CZLASTl 0 | 0 \ 0 \ 0 ‘LERRS‘LERRZ‘LERRl‘LERRO|LREC7|LREC6‘LRECS‘LRECA‘LRECS‘LRECZ‘LREC1‘LRECO| 494H  OOFFH

Bit Position | Bit Name Function
Holds the code of the last CAN protocol error.
LERR3 | LERR2 | LERR1 | LERRO Code of Last CAN Protocol Error
0 0 0 0 No error (reset state only)
0 0 0 1 CAN bus bit error
0 0 1 0 CAN bus stuff error
0 0 1 1 CAN bus CRC error
o8 LERR3 to 0 1 0 0 CAN bus form error
LERRO 0 1 0 1 CAN bus acknowledgement error
0 1 1 0 |CAN bus arbitration lost N°t€ 2
0 1 1 1 CAN module overrun error
1 0 0 0 CAN wake-up from CAN bus
Others than above Reserved
Remark: The LERR3 to LERRO bits cannot be cleared. Thus these bits remain
unchanged until the next error occurs.
Holds the message buffer number of the last received message.
- LREC7 to LREC7 to LRECO Receive Message Buffer Number
LRECO Oto 31 Message buffer number of the last received message
32 to 255 Reserved (not possible)

Notes: 1. The register address is calculated according to the following formula:
effective address = FCAN_BASE + address offset

2. This error code only occurs in single-shot mode (SSHT bit of the CxDEF register = 1).
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(5) CAN 1to 2error counter registers (C1IERC to C2ERC)

The CxERC registers reflect the status of the transmit and the receive error counters of the corre-
sponding CAN module x (x = 1 to 2).
These registers can be read-only in 8-bit and 16-bit units.

Figure 11-34: CAN 1to 2 Error Counter Registers (C1ERC to C2ERC)

Address |nitial

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 OffsetNote value

ClERC|REC7‘RECG‘RECS‘REC4|REC3|REC2‘RECl‘RECO‘TEC?‘TECG‘TECS‘TEC4|TEC3|TEC2‘TECl‘TECOl 456H  0000H

CZERC|REC7‘RECG‘RECS‘REC4|REC3|REC2‘RECl‘RECO‘TEC?‘TECG‘TECS‘TEC4|TEC3|TEC2‘TECl‘TECOl 496H  0000H

Bit Position | Bit Name Function
15108 REC7 to | The receive error counter (REC) holds the status of the error counter of reception
RECO errors as defined in the CAN protocol.
7100 TEC7 to | The transmit error counter (TEC) holds the status of the error counter of transmission

TECO errors as defined in the CAN protocol.

Note: The register address is calculated according to the following formula:
effective address = FCAN_BASE + address offset
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(6) CAN 1to 2interrupt enable registers (ClIE to C2IE)

The CXIE registers enable the transmit, receive and error interrupts of the corresponding CAN
module x (x = 1 to 2).

These registers can be read in 8-bit and 16-bit units. It can be written in 16-bit units only. For set-
ting and clearing certain bits a special set/clear method applies (refer to chapter 11.3.1 "Bit set/
clear function” on page 343).

Figure 11-35: CAN 1to 2 Interrupt Enable Registers (C1IE to C2IE) (1/4)

Address |nitial

Read 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 OffsetNote value

o

cue fo|o|ofo]o|o] o] o] o [enmsenmsfenensenmeentlenn 4584 o000

o

cae (o oo o] o|o] o] o] o [enmsenmsfemnensenmeentlenml 4984 o000

Write 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

cie | o St LSt [ st st st fstfst [ fen e fen fe Jen [ fen |,
E_INT6[E_INT5|E_INT4|E_INT3|E_INT2[E_INTL|E_INTO E_INT6[E_INT5|E_INT4|E_INT3|E_INT2[E_INTL[E_INTO

o | o [T LS | st st st fstofst [ el e fe fe Jel el el | ol
E_INT6[E_INT5|E_INT4|E_INT3|E_INT2[E_INTL|E_INTO E_INT6[E_INT5|E_INT4|E_INT3|E_INT2[E_INTL|E_INTO

Note: The register address is calculated according to the following formula:
effective address = FCAN_BASE + address offset
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Figure 11-35: CAN 1to 2 Interrupt Enable Registers (C1IE to C2IE) (2/4)

Read
Bit Position | Bit Name Function
Enables CAN module error interrupt (INT6).
6 E_INT6 0: Interrupt disabled
1: Interrupt enabled
Enables CAN bus error interrupt (INT5).
5 E_INT5 0: Interrupt disabled
1: Interrupt enabled
Enables wake-up from CAN sleep mode interrupt (INT4).
4 E_INT4 0: Interrupt disabled
1: Interrupt enabled
Enables interrupt for error passive on reception(INT3).
3 E_INT3 0: Interrupt disabled
1: Interrupt enabled
Enables interrupt for error passive or bus-off on transmission (INT2).
2 E_INT2 0: Interrupt disabled
1: Interrupt enabled
Enables reception successful completion interrupt (INT1).
1 E_INT1 0: Interrupt disabled
1: Interrupt enabled
Enables transmission completion interrupt (INTO).
0 E_INTO 0: Interrupt disabled

1: Interrupt enabled
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Figure 11-35: CAN 1to 2 Interrupt Enable Registers (C1IE to C2IE) (3/4)

Write (1/2)
Bit Position | Bit Name Function
Sets/clears the E_INT®6 bit.
ST_E_INT6 | CL_E_INT6 Status of E_INT6 bit
ST_E_INTS, —
14,6 CL_E_INT6 0 1 E_INT®6 bit is cleared (0).
1 0 E_INT6 bit is set (1).
Others No change in E_INT®6 bit value.
Sets/clears the E_INT5 bit.
ST_E_INT5 [ CL_E_INT5 Status of E_INT5 bit
ST_E_INTS5, —
13,5 CL_E_INTS 0 1 E_INTS5 bit is cleared (0).
1 0 E_INTS5 bit is set (1).
Others No change in E_INTS5 bit value.
Sets/clears the E_INT4 bit.
ST_E_INT4 |CL_E_INT4 Status of E_INT4 bit
ST_E_INT4, —
12,4 CL_E_INT4 0 1 E_INT4 bit is cleared (0).
1 0 E_INT4 bit is set (1).
Others No change in E_INT4 bit value.
Sets/clears the E_INT3 bit.
ST_E_INT3 [CL_E_INT3 Status of E_INT3 bit
ST_E_INT3, —
11,3 CL_E_INT3 0 1 E_INT3 bit is cleared (0).
1 0 E_INT3 bit is set (1).
Others No change in E_INT3 bit value.
Sets/clears the E_INT2 bit.
ST_E_INT2 [CL_E_INT2 Status of E_INT2 bit
ST_E_INT2, —
10, 2 CL_E_INT2 0 1 E_INT2 bit is cleared (0).
1 0 E_INT2 bit is set (1).
Others No change in E_INT2 bit value.
Sets/clears the E_INTL1 bit.
ST_E_INT1 [CL_E_INT1 Status of E_INT1 bit
ST_E_INT1, —
91 CL_E_INT1 0 1 E_INT1 bit is cleared (0).
1 0 E_INT1 bit is set (1).
Others No change in E_INT1 bit value.

390

Preliminary User's Manual U16241EE1V1UMO00




Chapter 11 FCAN Interface Function

Figure 11-35:

Write (2/2)

CAN 1to 2 Interrupt Enable Registers (C1IE to C2IE)(4/4)

Bit Position | Bit Name

Function

ST_E_INTO,

80 CL_E_INTO

Sets/clears the E_INTO bit.

ST_E_INTO | CL_E_INTO Status of E_INTO bit
0 1 E_INTO bit is cleared (0).
1 0 E_INTO bit is set (1).
Others No change in E_INTO bit value.
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(7) CAN 1o 2 bus activity registers (C1BA to C2BA)

The CxBA registers indicate the status of the CAN bus activities of the corresponding CAN
module x (x = 1 to 2).
These registers can be read-only in 8-bit and 16-bit units.

Figure 11-36: CAN 1 to 2 Bus Activity Registers (C1BA to C2BA) (1/2)

Address |nitial
OffsetNote value

ClBAl 0 | 0 | 0 ‘CACT4‘CACT3‘CACTZ‘CACTl‘CACTO‘TMN07|TMN06|TMN05‘TMN04‘TMN03‘TMN02‘TMNOI‘TMNOOl 45AH  00FFH

15 14 13 12 11 10 9 8 7 6 5 4 3 2

CzBA| 0 | 0 | 0 ‘CACT4‘CACT3‘CACTZ‘CACTl‘CACTO‘TMN07|TMN06|TMN05‘TMN04‘TMN03‘TMN02‘TMNOI‘TMNOOl 49AH  00FFH

Bit Position | Bit Name Function

Indicates the CAN module activity.

CACT4 | CACT3 | CACT2 | CACT1 | CACTO CAN Module Activity
0 0 0 0 0 Reset state

Waiting for bus idle
Bus idle
Start of frame (SOF)

Standard format ID section

Data length code section

Data field section
CRC field section
CRC delimiter

CACT4 to Acknowledge slot

12108 CACTO

Acknowledge delimiter

End of frame section (EOF)

Intermission state

Suspend transmission

Error frame

Waiting for error delimiter

Error delimiter

Error bus-off

Extended format ID section

PlrR|r|r|o|lo|o|o|o|o|o|o|o|o|o|o|o| oo
o|lo|o|lo|r|Rr|r|RrR|r|rR|r|r|lo|o|lo|o|o|o|o
o|lo|o|o|r|r|r|r| o|lo|o|O|rR|r|r|Rr|o|o|o
r|lr|o|lo|r|r|o|lo|r|r|o|lo|r|r|o|lo|r|r|oO
rlo|r|o|lr|lo|r|o|lr|o|r|o|lr|o|lr|o|lr|of|R

Suspend mode

Others than above Reserved

Remark: The CACT4 to CACTO bits reflect the status of the CAN protocol layer.

Note: The register address is calculated according to the following formula:
effective address = FCAN_BASE + address offset
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Figure 11-36: CAN 1 to 4 Bus Activity Registers (C1BA to C4BA) (2/2)
Bit Position | Bit Name Function
Indicates the message buffer, which is either waiting to be transmitted or in transmis-
sion progress.
TMNO7 to TMNOO Number of Transmit Message Buffer
TMNO7 to 0to 31 Current transmit message buffer (waiting for trans-
7100 TMNOO mission, or in transmission progress)
3210 254 Reserved (not possible)
255 No message waiting for transmission, or in transmis-
sion progress.
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(8) CAN 1to 2 bit rate prescaler registers (C1BRP to C2BRP)

The CxBRP registers specify the bit rate prescaler and CAN bus speed of the corresponding CAN
module x (x = 1 to 2).

The register layout depends on the TLM bit (bit 15), and distinguishes between 6-bit prescaler
(TLM bit = 0) and 8-bit prescaler (TLM bit = 1).

These registers can be read/written in 8-bit and 16-bit units. However, write access is only permit-
ted in initialisation mode (ISTAT bit of the CxCTRL register = 1)

Figure 11-37: CAN 1to 4 Bit Rate Prescaler Registers (C1BRP to C4BRP) (1/2)

Address  Initial
OffsetNote  value

\ 0 \ 0 ‘BTYPE|BRP5|BRP4‘BRP3‘BRPZ‘BRPl‘BRPOl 45CH  0000H

TLtM=0 15 14 13 12 11 10 9 8 7 6 5 4 3 2

o

c1BRP|TLM\o|o|0\0\o\

o

C2BRP |T|_M\ 0 | 0 | 0 \ 0 \ 0 \ \ 0 \ 0 ‘BTYPE|BRP5|BRP4‘BRP3‘BRPZ‘BRPl‘BRPOl 49CH  0000H

Address  Initial

TLM=1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 offseote  value

C1BRP |T|_M\ 0 | 0 | 0 \ 0 \ 0 \ 0 \BTYPE\BRP?\BRPG|BRP5|BRP4\BRP3\BRP2\BRP1\BRPO| 45CH
C2BRP |T|_M\ 0 | 0 | 0 \ 0 \ 0 \ 0 \BTYPE\BRP?\BRPG|BRP5|BRP4\BRP3\BRP2\BRP1\BRPO| 49CH
Bit Position | Bit Name Function

Specifies the transfer layer mode.
15 TLM 0: Transfer layer uses 6-bit prescaler setting.
1: Transfer layer uses 8-bit prescaler setting.

(TLM8— 1) Specifies the CAN bus type.
6_ BTYPE 0: CAN bus type is low speed bus (< 125 kbps)
(TLM = 0) 1: CAN bus type is high speed bus (> 125 kbps)

Note: The register address is calculated according to the following formula:
effective address = FCAN_BASE + address offset

Remarks: 1. Writing to this register is only possible if CAN module is set into initialisation mode.

2. CPU can read CxBRP register at any time.

Caution: In diagnostic mode the CxBRP register is hidden, and the CxDINF register appears
instead of it at the same address.
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Figure 11-37: CAN 1to 2 Bit Rate Prescaler Registers (C1BRP to C2BRP) (2/2)
Bit Position | Bit Name Function
Specifies the bit rate prescaler for the CAN protocol layer.
TLM =0:
Bit Rate Prescaler
BRP5 | BRP4 | BRP3 | BRP2 | BRP1 | BRPO farL = e / 2x(k+1) k
0 0 0 0 0 0 fBTL = fMEM /12 0
0 0 0 0 0 1 fBTL = fMEM / 4 1
0 0 0 0 1 0 fBTL = fMEM /6 2
0 0 0 0 1 1 fBTL = fMEM /8 3
0 0 0 1 0 0 fBTL = fMEM /10 4
700 | BRP710 1 1 1 1 1 0 | farL=fuew/126 | 62
h BRPO
(TLM =1) h
(TLM - l) 1 1 1 1 1 1 fBTL = fMEM / 128 63
5100 B;ssgo TLM = 1:
TLM =0 Bit Rate Prescaler
( ) (TLM =0) BRP7 | BRP6 | BRP5 | BRP4 | BRP3 | BRP2 | BRP1 | BRPO I _ k
farL = fuem / (k+1)
0 0 0 0 0 0 0 0 fBTL = fMEM 0
0 0 0 0 0 0 0 1 fBTL = fMEM / 2 1
0 0 0 0 0 0 1 0 fBTL = fMEM /3 2
0 0 0 0 0 0 1 1 fBTL = fMEM 14 3
0 0 0 0 0 1 0 0 fBTL = fMEM /5 4
1 1 1 1 1 1 1 0 forL = fuem / 255 | 254
1 1 1 1 1 1 1 1 fBTL = fMEM / 256 255
Remark: The BRP defines the period of the base clock fg1, for the protocol layer of a CAN module. It

determines the number of FCAN system clocks fy gy per time quantum TQ. A time quantum
TQ is the basic unit of a bit in a CAN frame:
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(9) CAN 1to 2 synchronization control registers (C1SYNC to C2SYNC)

A bit in a CAN frame is built by a programmable number of time quanta (TQ), as shown in the Fig-
ure 11-38 below.

Figure 11-38: CAN Bus Bit Timing
DBT
SPT
SYNC_SEG PROP_SEG PHASE_SEG1 PHASE_SEG2
1 1.8 1.8 1.8
time quanta time quanta time quanta time quanta

Sampling Point

For the CAN modules in the FCAN system the bit length of segments SYNC_SEG, PROP_SEG,
PHASE_SEG1 and PHASE_SEG2 must not be defined explicitly. All necessary CAN bit timings
are programmed by defining

 the total number of time quanta TQ per CAN bit (i.e. DBT).

« the location of the sample point (i.e. SPT) as a number of TQ.

The CAN protocol segmentation is done by the CAN module automatically.

Due to re-synchronisation mechanisms the CAN module may lengthen PHASE_SEG1 or shorten
PHASE_SEG2 by one or more TQ. The total number of TQ for which the CAN module is permitted
to lengthen or shorten the phase segments is called synchronisation jump width (SJW). The SJW

value must be less or equal the difference of DBT and SPT, which corresponds to PHASE_SEGZ2,
and can be specified in the range of 1 TQ to 4 TQ.

For additional information on the CAN bus bit timing please refer to 1ISO 11898.

The relation between CAN memory clock and CAN bus baud rate is:

1 - fBTL - fMEM
DBTxTQ DBT DBTxBRP

Jeansus =

Valid values for DBT and BRP are:

TLM bit DBT [TQ] BRPNote
0 8,910, ... 25 2,4,6,..,128 2x (k+1)
1 8,910, ... 25 1,23, ..,256 k+1

Note: BRP is the resulting bit rate prescaler value specified in the CxBRP register, where the variable
k corresponds to the contents of bits BRP5 to BRPO when TLM bit = 0, and bits BRP7 to BRPO

bits when TLM bit = 1, respectively (x = 1 to 2)
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The CxSYNC registers specify the data bit time (DBT), sampling point position (SPT) and syn-
chronisation jump width (SJW) of the corresponding CAN module x (x = 1 to 2).

These registers can be read/written in 8-bit and 16-bit units. However, write access is only permit-
ted in initialisation mode (ISTAT bit of the CXCTRL register = 1)

Figure 11-39: CAN 1to 2 Synchronization Control Registers (CLSYNC to C2SYNC) (1/2))

Address |nitial
OffsetNote value

ClSYNCl 0 \ 0 \ 0 ‘SAMP|SJWR1|SJWRO‘SPTR4‘SPTR3‘SPTRZ‘SPTRl‘SPTRU‘DBTR4|DBTR3|DBTR2‘DBTRI‘DBTROl 45EH  0218H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

C25YNC| 0 \ 0 \ 0 ‘SAMP|SJWR1|SJWRO‘SPTR4‘SPTR3‘SPTR2‘SPTRl‘SPTRU‘DBTR4|DBTR3|DBTR2‘DBTR1‘DBTROl 49EH  0218H

Bit Position | Bit Name Function
Specifies the bit sampling.
12 SAMP 0: Sample receive data one time at sampling point.
1. Sample receive data three times and take majority decision at sampling point.
Specifies the synchronization jump width.
SJWR1 SJWRO Synchronization Jump Width
10 | SIWRL 0 0 17Q
' SIJWRO 0 1 2TQ
1 0 3TQ
1 1 4TQ
Specifies the sampling point position.
Sampling Point Position
SPTR4 | SPTR3 | SPTR2 | SPTR1 | SPTRO SPTR = (p + 1) TQ p
0 0 0 0 0 . .
Setting prohibited
0 0 0 0 1
0 0 0 1 0 3TQ
SPTRA4 to
9to 5 SPTRO 0 0 0 1 1 4TQ
0 0 1 0 0 5TQ
1 [ o [ o | o | o [177Q 16
Other than above Setting prohibited

Note: The register address is calculated according to the following formula:
effective address = FCAN_BASE + address offset
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Figure 11-39: CAN 1to 2 Synchronization Control Registers (C1SYNC to C2SYNC) (2/2)

Bit Position | Bit Name Function
Specifies the number of TQ per bit.
Data Bit Time
DBTR4 | DBTR3 |DBTR2 | DBTR1 | DBTRO DBTR = (q + 1) TQ q
0 0 0 0 0 -
Setting prohibited
4100 DBTRA4 to 0 0 L 0 L
0 DBTRO 0 0 1 1 1 |8TQ
0 1 0 0 0 [9TQ
0 1 0 0 1 10TQ
1 | 1| o | o | o [571Q 24
Other than above Setting prohibited
Remarks: 1. CPU can read the CxSYNC register at any time (x = 1 to 2)
2. Writing to the register is only possible when the CAN module is set to INIT mode.
3. For setting the DBTR and SPTR bits some rules must be observed, otherwise the CAN

398

module will malfunction (for details refer to chapter 11.4 "Operating Considerations” on
page 400).
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(10) CAN 1to 2 bus diagnostic information registers (C1DINF to C2DINF)

The CxDINF registers reflect the last transmission on CAN bus of the corresponding CAN module
X (x=1to 2).

These registers can be read-only in 1-bit, 8-bit and 16-bit units. It is only accessible when diagnos-
tic mode is set (CXDEF register’s MOM bit = 1).

Figure 11-40: CAN 1to 4 Bus Diagnostic Information Registers (C1DINF to CADINF)

Address |nitial
OffsetNote value

C1D|NF|D|NF15‘D|NF14‘DINFlS‘D\NFlZ|D\NF11|DINF10‘ DINF \ DINFS \ DINFT \ DINF \ DINFS \ DINF4 | DINF3 |D|NF2 ‘DINFl \ DINFO | 45CH  0000H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

C2D|NF|D|NF15‘DINFIA‘DINFIS‘D\NF12|D\NF11|DINF10‘ DINF \ DINFS \ DINFT \ DINF \ DINFS \ DINF4 | DINF3 |D|NF2 ‘DINFl \ DINFO | 49CH  0000H

Bit Position | Bit Name Function
DINF15 to . . .
15t0 8 DINES Number of bits detected on the CAN bus since the last occurrence of a SOF signal.

DINF7 to |Reflects the value of the last 8 bits transmitted on the CAN bus, where DINFO holds

7100 DINFO the very last hit.

Remarks: 1. The CAN bus diagnostic information shows all CAN bus bits including stuff bits,
delimiters, etc.

2. The storage of the last 8 bits is automatically stopped either when detecting an error on
the CAN bus or when detecting a valid message (acknowledge delimiter). It is automati-
cally reset whenever a SOF is detected on the CAN bus.

Caution: In normal operating mode the CxDINF register is hidden, and the corresponding
CxBRP register appears instead of it at the same address.
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11.4 Operating Considerations

11.4.1 Rules to be observed for correct baud rate settings

Observing the following rules for the baud rate setting assures correct operation of a CAN module
and compliance to the CAN protocol specification.

(1) Rule for sampling point (SPT) setting:
The sample point position needs to be programmed between 3 TQ and 17 TQ, which corresponds
to the SPTR4 to SPTRO bits of the CxSYNC register (x = 1 to 2):

3TQ < SPT = (p+1)TQ < 17TQ
2 <p <16

p = decimal value of bits SPTR4 to SPTRO

(2) Rule for data bit time (DBT) setting:
The number of TQ per CAN frame bit is restricted to a range from 8 TQ to 25 TQ, which corre-

sponds to the DBTR4 to DBTRO bits of the CxSYNC register:
8TQ < DBTR = (¢g+1)TQ < 25TQ
7 < g <24

q = decimal value of bits DBTR4 to DBTRO

(3) Rule for synchronization jump width (SJW) setting:

The number of TQ allowed for soft-synchronization must not exceed the number of TQ for
PHASE_SEG2. The length of PHASE_SEG?2 is given by the difference of data bit time (DBTR)
and the sampling point position (SPTR). Converted to register values the following condition
applies:

SIW = (s+1)TQ < DBT-SPT
s < g—-p-—1

s = decimal value of bits SJTW1, SJTWO0

Remark: The time quantum (TQ) is determined by the base clock fg for the CAN protocol layer,
which is defined in the CxBRP register:

1
TO = —
¢ fBTL

Caution: Therules above represent CAN protocol limits. Violating these rules may cause erro-
neous operation.
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11.4.2 Example for baudrate setting of CAN module

To illustrate how to calculate the correct setting of the registers CxBRP and CxSYNC the following
example is given:

Requirements from CAN bus:

FCAN system global frequency fygp = 16 MHz

CAN bus baud rate fcangus = (83Y/3) kHz

Sampling point 75% or above
Synchronization jump width 3 TQ

First the frequency ratio between the global frequency and the CAN bus baud rate is calculated:

16 MHz
~ (83Y3) kHz

fvMEM

: = 192=3*26
CANBUS

The register descriptions show that the prescaler must be an even number between 2 and 128, the data
bit time must be a value in the range 8 to 25.

As the synchronization jump width (SJW) is defined as 3 TQ, the maximum setting for the sampling
point (SPT) can be only 3 TQ less than the setting for the data bit time (DBT) and also less than 17 TQ:

SPT < min {DBT—1, 17}

Based on the restrictions and assumptions above, the four settings are basically possible:

Prescaler Data Bit Time Max. Sampling Point Calculated Sampling
(BRP) (DBTR) (SPTR) Point
24 8TQ 5TQ 5/8 = 62.5%
16 12TQ 9TQ 9/12 = 75%
12 16 TQ 13TQ 13/16 = 81.25%
8 24TQ 17TQ 17/24 = 71%
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Regarding the maximum sampling point setting and the resulting sampling point, two settings meet all
the requirements above. Therefore the correct settings are:

(1) TLM=0:

BRP5 to BRPO
DBTR4 to DBTRO
SPTR4 to SPTRO

000101B (5) (prescaler BRP =12 TQ)
01111B (15) (data bit time DBT = 16 TQ)
01100B (12) (sampling point SPT = 13 TQ)

or

BRP5 to BRPO
DBTR4 to DBTRO
SPTR4 to SPTRO

000111B (7) (prescaler BRP =16 TQ)
01011B (11) (data bittime DBT =12 TQ)
01000B (8) (sampling point SPT =9 TQ)

(2) TLM=1:

BRP7 to BRPO
DBTR4 to DBTRO
SPTR4 to SPTRO

00001011B (11) (prescaler BRP =12)
01111B (15) (data bittime DBT =16 TQ)
01100B (12) (sampling point SPT =13 TQ)

or

BRP7 to BRPO
DBTR4 to DBTRO
SPTR4 t oSPTRO

00001111B (15) (prescaler BRP = 16)
01011B (11) (data bittime DBT =12 TQ))
01000B (8) (sampling point SPT =8 TQ)
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11.4.3 Ensuring data consistency

If the CPU reads data from the CAN message buffers, the consistency of data read has to be ensured.
Therefore two mechanisms are provided:

» Sequential data read
* Burst mode data read

(1) Sequential data read

If the data is read by the CPU by sequential accesses to the CAN message buffers, the following
sequence has to be observed:

Figure 11-41: Sequential CAN Data Read by CPU

( CPUREAD )
Y

Clear DN

\

Read data

As the DN flag is only set by the CAN module and cleared by the CPU only, it is ensured that the
CPU can recognize that new data is stored in the message buffer during the read operation.

Remark: If the CPU reads the data by only one read access, the data consistency is always ensured.
Therefore the check of the DN flag after reading the data is not necessary.
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(2)

Burst Mode Data Read

For faster access to a complete message the burst read mode is applicable.

In burst read mode the complete message is copied from the internal message buffer to a tempo-
rary read buffer located outside the CAN memory section. This allows read access without any
wait, if the CAN memory is accessed by the CAN modules while the CPU tries to read data.

The copy of the message is automatically started whenever the data length code from the
M_DLCm register is read by the CPU, and the data is copied from the message buffer into the
temporary buffer. As long as the CPU reads 16-bit data from consecutive addresses (that means
16 -bit burst read sequence M_DLCm/M_CTRLmM — M_TIMEm — M_DATAmMO/m1 — M_DATAM2/
m3 — M_DATAM4/m5 — M_DATAmM6/m7 — M_IDLm — M_IDHm) the data is read from the tem-
porary buffer.

Caution: The burst read requires consecutive 16-bit read accesses to the memory area. Any 8-

404

bit access (byte read operation), even if not violating the linear address rule, causes
that the read is performed from the register instead of the temporary buffer.
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11.4.4 Operating states of the CAN modules

The different operating states and the state transitions of the CAN modules are shown in the state
transition diagram in Figure 11-42.

Figure 11-42: State Transition Diagram for CAN Modules

Initialisation Mode

CXCTRL[ISTAT ] =1

PowerOn CAN bus idle
RESET Power Offor
or RESET
RESET

INIT=1and
CAN busidle

Inter-
mediate CAN bus busy
State

INIT= 1 and
CAN bus busy

STOP=0 IDLE

Power off/
RESET

STOP Mode

CXCTRL[ISTAT]=1
CxCTRL[SLEEP]=1
CXCTRL[STOP]=1

Normal Operation

RESET RESET

CXCTRL[ISTAT]=0

Power Offor
RESET

WAKE=1;
Interrupt
Generation

| STOP=1

Detection of bus SLEEP =1and
CANbusbusy

SLEEP =1and
CANbusidle

SLEEP Mode

CXCTRL[ISTAT]=0
CXCTRL[SLEEP]=1
CXCTRL[STOP]=0

Remark: x=1to 2.
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11.4.5 Initialisation routines

Below the necessary steps for correct start-up of the CAN interface are explained.

Caution: Itis very important that the software programmer observes the sequence given in the
following paragraphs. Otherwise unexpected operation of the CAN interface or any
CAN module can occur.

(1) Globalinitialisation sequence for the CAN interface

Before any operation on the CAN memory can be done, it is essential that the common control
register are initialised. The general initialisation sequence is shown in Figure 11-43.

Figure 11-43. General Initialisation Sequence for the CAN Interface

INIT GLOBAL
REGISTERS

Set the common registers:
- CGST (but do not set
GOM flag!)

- CGCSs

- CGIE

- CGTSC

- CGTEN

Y

Clear all message buffers
(set at least MA[2:0] of
each message buffer to 0)

J

Enable global operation
(set GOM flag of register
CGST)

Remark: Enabling the global operation does not automatically enable any CAN module. Each CAN
module must be initialized and enabled separately.
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Example for C routine:

int CAN_Globallnit (void)
{

unsigned char i;

/I if GOM flag is already set
if(CGST & 0x01)

// disable all CAN modules
for(i=0; i <= CAN_MODULES; i++)
CAN_ModuleStop(i);

Il clear GOM flag
CGST = 0x0001;

}

CGST = OXO0FF; Il clear all flags of CGST

CGIE = OXO0FF; /I disable global interrupts

CGCs = 0x0000; // define internal clock

CGTSC = 0x0000; Il clear CAN global time system counter
CGTEN = 0x0000; I disable all timer events

/I clear all message buffers
for (i=0; i<CAN_MESSAGES; i++)
CAN_ClearMessage(i);

/I set GOM bit
CGST = 0x0100;

return O;
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(2) Initialisation sequence for a CAN Module
Each CAN module must be initialized by the sequence according to Figure 11-44.

Figure 11-44: Initialisation Sequence for a CAN module

<INIT CAN MODULE>

Init the module registers:

- CxCTRL (but do not clear the
INIT flag)

- CxDEF

- CxIE

- CxBRP

- CxSYNC

|

Define Masks

\

Clear INIT flag
(register CxCTRL)

END

Remark: x=1to?2.
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Example for C routine:

int CAN_Modulelnit (unsigned char module_no,
unsigned short brp_value,
unsigned short sync_value)

{
can_module_type *can_mod_ptr; /I define ptr
can_mod_ptr = &can_module[module_no];  // load ptr
can_mod_ptr->CxCTRL = OxOOFE; Il clear CxCTRL

/I except INIT

can_mod_ptr->CxDEF = OXOO0FF; /I clear CxDEF
can_mod_ptr->CxIE = OX00FF; /I clear CxIE
can_mod_ptr->CxBRP =brp_value; // set CxBRP
can_mod_ptr->CxSYNC =sync_value; // set CxSYNC
can_mod_ptr->mask0_low = 0x0000; I clear maskO
can_mod_ptr->mask0_high = 0x0000;
can_mod_ptr->maskl _low = 0x0000; I clear mask1l
can_mod_ptr->maskl_high = 0x0000;
can_mod_ptr->mask2_low = 0x0000; Il clear mask2
can_mod_ptr->mask2_high = 0x0000;
can_mod_ptr->mask3 low = 0x0000; Il clear mask3
can_mod_ptr->CxCTRL = 0x0001; I clear INIT flag
return O;

}
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(3) Setting a CAN Module into initialisation state

The following routine is required if a CAN module has to be set from normal operation into initiali-
sation mode.

Please notice that all CAN modules are automatically set to initialisation mode after reset. There-
fore the sequence is only required if the CAN module is already in normal operation.

Figure 11-45: Setting CAN Module into Initialisation State

Normal
Operation

Y

Set INIT flag
(register CxCTRL)

—
et

Y

Read ISTAT flag
(register CxCTRL)

Note

INIT Mode

<
1)
2]
el ——
zZ

Note: In case of permanent bus activity the program loops for a long time. Therefore, a time-out mech-
anism should be provided in order to limit the runtime of the routine.

Remark: x=1to?2.

Example for C routine:

int CAN_ModuleStop (unsigned char module_no)

{
can_module_type *can_mod_ptr; // define CAN module ptr
can_mod_ptr = &can_module[module_no]; /I load CAN module ptr
if ((can_mod_ptr->CxCTRL & 0x0001)==0) /I if INIT flag not yet set:
can_mod_ptr->CxCTRL=0x0100; /I set INIT flag
while ((can_mod_ptr->CxCTRL & 0x0100)==0); // wait until initialisation state is confirmed
/I (ISTAT bit = 1)
return O;
}
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(4) Shutdown of the FCAN system
If the clock to the CAN interface should be switched off for power saving, the following sequence

has to be executed for correct termination of any CAN bus activity:
<1> For each CAN module x (x = 1to 2).
<a> Enter sleep mode
Set SLEEP bit = 1 (CxCTRL register)

or

<b> Enter initialisation mode
Set INIT bit = 1 (CxCTRL register) and wait for ISTAT bit = 1

<2> Disable event processing
Clear EVM flag (CGST register)

<3> Stop the CAN global time system counter
Clear the TSM flag (CGST register)

<4> Stop the global CAN operation
Clear GOM flag (CGST register)

<5> Switch off the CAN clock
Set CSTP bit (CSTOP register)

Caution: If the sequence is not observed, any active CAN module may cause malfunction on
the corresponding CAN bus.
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12.1 Features

10-bit resolution on-chip A/D converter
« Conversion time: 5 psec.
* Analog inputs: 14 channels

» Separate on-chip A/D conversion result registers for each analog input
- 10 bits x 14 registers

« A/D conversion trigger modes
- A/D trigger mode
- polling mode
« A/D conversion operating modes
- select mode
- scan mode

* Successive approximation technique

* Power fail detection feature

- The result of the A/D conversion of one of the 14 channels can be selected for periodical com-

parison with the value of the A/D voltage detection mode register. Depending on the result an
interrupt can generated either on undergoing the threshold or on surpassing the threshold.
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12.2 Configuration

The A/D converter, which employs a successive approximation technique, performs A/D conversion
operation using A/D scan mode registers 0 and 1 (ADSCMO0, ADSCM1) and A/D conversion result
registers ADCRm (m = 0 to 13).

(1) Input circuit
The input circuit selects an analog input (ANIm) according to the mode set in the ADSCMO regis-
ter and sends it to the sample and hold circuit (m = 0 to 13).

(2) Sample and hold circuit

The sample and hold circuit individually samples analog inputs sent sequentially from the input cir-
cuit and sends them to the comparator. It holds sampled analog inputs during A/D conversion.

(3) Voltage comparator

The voltage comparator compares the analog input voltage from the input with the output voltage
of the D/A converter.

(4) DIA converter

The D/A converter is used to generate a voltage that matches an analog input.
The output voltage of the D/A converter is controlled by the successive approximation register
(SAR).

(5) Successive approximation register (SAR)

The SAR is a 10-bit register that controls the output value of the D/A converter for comparing with
an analog input voltage value. When an A/D conversion terminates, the current contents of the
SAR (conversion result) are stored in an A/D conversion result register (ADCRm) (m = 0 to 13).
When all specified A/D conversions terminate, there also is an A/D conversion termination inter-
rupt (INTAD).

(6) A/D conversion result registers n (ADCRn) (n =0 to 13)

ADCRn are 10-bit registers that hold A/D conversion results (n = 0 to 13). Whenever an A/D con-
version terminates, the conversion result from the successive approximation register (SAR) is
loaded.

When RESET is input, the contents of ADCRn are undefined.

(7) Controller

The controller selects an analog input, generates sample and hold circuit operation timing, con-
trols conversion triggers, specifies the conversion operation time, and sets the low power con-
sumption mode according to the mode set in the ADSCMO or ADSCM1 register.

(8) ANIm pins (m =0to 13)
The ANIm pins are the 14-channel analog input pins to analog converter.

Caution: Use input voltages to ANIm that are within the range of the ratings. In particular, if a
voltage higher than AVpp or lower than AVgg (even one within the range of absolute

maximum ratings) is input, the conversion value of that channel is undefined, and the
conversion values of other channels also may be affected.
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(9) AVggr pin
The AVRger pin is used to input reference voltage to the A/D converter. A signal input to the ANIm
pin is converted to a digital signal based on the voltage applied between AVgrgr and AVgg

(m =0 to 13). If not using the AVggg pin, connect it to AVpp or AVggNOte,
Note: When connecting the AVreg pin to AVgg the power consumption will be reduced.

(10) AVSS pln

The AVgg pin is the ground voltage pin of the A/D converter. Even if not using A/D converter,
always ensure that this pin has the same DC potential as the Vgg pin.

(11) AVDD pln

The AVpp pin is the analog power supply pin of A/D converter. Even if not using A/D converter,
always ensure that this pin has the same potential as the Vpp pin.
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Figure 12-1: Block Diagram of A/D Converter

ANI0O O—
ANI1 O—~
ANI2 O—=

ANI3 O " Sample and Comparator
ANI4 O—= hold circuit and D/A +—O AVger

ANI5 O - converter O AVss
. O—

ANI13 O—=

=—0 AVDD

Input circuit

10

41\
—

ADCRO
ADCR1
ADCR2
ADCR3 — INTDET
ADCR4
ADCR5

INTAD —~— Controller —

15 015 015 0 ADCRI3
[ Apscmo (16)|[ Apscmi(e)|[ ADETM (16) |

4 ¥ § ”

Internal bus

Cautions: 1. Noise at an analog input pin (ANIm) or reference voltage input pin (AVggg) may
give rise to an invalid conversion result.

Software processing is needed in order to prevent this invalid conversion result

from adversely affecting the system.

The following are examples of software processing:

» Use the average value of the results of multiple A/D conversions as the A/D
conversion result.

« Perform A/D conversion multiple consecutive times and use conversion
results with the exception of any abnormal conversion results that are
obtained.

« If an A/D conversion result from which it is judged that an abnormality
occurred in the system is obtained, do not perform abnormality processing at
once but perform it upon reconfirming the occurrence of an abnormality.

2. Be sure that voltages outside the range [AVgg to AVreg] are not applied to pins
being used as A/D converter and input pins.
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12.3 Control Registers

(1) A/D scan mode register 0 (ADSCMO)

The ADSCMO register is a 16-bit register that selects analog input pins, specifies operation and
trigger modes, and controls conversion operation.

It can be read or written in 1-bit, 8-bit or 16-bit units. However, writing to the ADSCMO register
during A/D conversion operation interrupts the conversion operation and the data is lost. The
conversion operation restarts as specified.

When using 16-bit access, use ADSCMO.

When using 8-bit access, use ADSCMOL for the low-order byte, and ADSCMOH for the high-order
byte.

When using 1-bit access, use the bit name.

Figure 12-2: A/D Scan Mode Register 0 (ADSCMO) (1/2)
Initial

value
ADSCMO | CE | CS |AVREF_CUT| MS [PLM| 0 | 0 [ 0 [saNi3|sani2|sanit|sanio |ANis3 |ANIS2 |ANISL|ANISO|FFFFF200H 0000H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address

Bit position Bit name Function
Specifies enabling or disabling A/D conversion.
15 CE 0: Disable
1: Enable
Shows status of A/D converter. This bit is read-only.
14 Cs 0: Stopped
1: Operating

Specifies supply of R2R network and comparator
13 AVREF_CUT| 0: powered
1: not powered

Specifies operation mode of A/D converter.
12 MS 0: Scan mode
1: Select mode

PLM: Specifies polling mode as trigger mode
11 PLM 0: trigger mode is A/D trigger mode
1: trigger mode is polling mode
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Figure 12-2: A/D Scan Mode Register 0 (ADSCMO) (2/2)

Bit position | Bit name Function
The bits SANI3 to SANIO specify the analog input pin mode for which the 1st conversion is
performed in scan mode.
These bits are ignored in select mode.
SANI3 SANI2 SANI1 SANIO Scan Start Analog Input Pin
0 0 0 0 ANIO
0 0 0 1 ANI1
0 0 1 0 ANI2
0 0 1 1 ANI3
0 1 0 0 ANI4
0 1 0 1 ANI5
SANI3 0 1 1 0 ANI6
7t04
to SANIO 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
Other than above Setting prohibited
Caution: Always set the conversion start analog input pin number that is set by
bits SANI3-SANIO to a smaller pin number than the conversion end ana-
log input pin number that is set by bits ANIS3-ANISO.
ANIS3 to ANISO specifies the analog input pin in select mode.
In scan mode mode, it specifies the last analog input pin for which a conversion is issued.
The range of consecutive conversions is defined by the setting of SANI3 to SANIO and
ANIS3 to ANISO, which lead to a number of conversions defined by: n= ANIS3 to ANISO -
SANI3 to SANIO + 1.
ANIS3 ANIS2 ANIS1 ANISO in Select Mode In Scan Mode
0 0 0 0 ANIO AN|Q Note
0 0 0 1 ANI1 ANIO Not 5 ANI1
0 0 1 0 ANI2 SANI[3-0] - ANI2
0 0 1 1 ANI3 SANI[3-0] - ANI3
0 1 0 0 ANI4 SANI[3-0] - ANI4
3100 ANIS3 to 0 1 0 1 ANI5 SANI[3-0] > ANI5
° ANISO 0 1 1 0 ANI6 SANI[3-0] - ANI6
0 1 1 1 ANI7 SANI[3-0] - ANI7
1 0 0 0 ANI8 SANI[3-0] - ANI8
1 0 0 1 ANI9 SANI[3-0] - ANI9
1 0 1 0 ANI10 SANI[3-0] - ANI10
1 0 1 1 ANI11 SANI[3-0] - ANI11
1 1 0 0 ANI12 SANI[3-0] - ANI12
1 1 0 1 ANI13 SANI[3-0] - ANI13
Other than above Setting prohibited
Note: Setting for SANI3 to SANIO has to be set to 0 to start the scan mode at analog
input pin ANIO.

Remark: SANI[3-0] < ANI[3-0]
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Chapter 12 A/D Converter

(2) A/D scan mode register 1 (ADSCM1)

The ADSCM1 register is a 16-bit register that sets the conversion time of the A/D converter.
It can be read or written in 1-bit, 8-bit or 16-bit units. However, when the data is written to the
ADSCML1 register during the A/D conversion operations, the conversion has to be stopped.

Figure 12-3: A/D Scan Mode Register 1 (ADSCM1) (1/2)

(@) When using 16-bit access to ADSCM1, use ADSCM1

Initial

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address
value

ADSCMllADPS‘ 0 \ 0 | 0 \ 0 ‘FR2|FR1‘FRO‘ 0 | 0 \ 0 \ 0 \ 0 \ 0 \ 0 \ 0 |FFFFF202H 0000H

(b) When using 8-bit access to ADSCM1, use ADSCMIL for the LSB byte
and ADSCM1H for the MSB byte

7 6 5 4 3 2 1 0 Address Mt

value

ADSCMlHl ADPS \ 0 | 0 \ 0 \ 0 \ FR2 \ FR1 | FRO ‘FFFFFZOSHOOOOH
7 6 5 4 3 2 1 0 Address Mt

value

ADSCM1L | 0 \ 0 | 0 \ 0 \ 0 \ 0 \ 0 | 0 ‘FFFFFZOZHOOOOH
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Figure 12-3: A/D Scan Mode Register 1 (ADSCM1) (2/2)

Bit Position [ Bit Name Function
A/D converter power saving N°t®
0: Disable power saving mode
1: Enable power saving mode
Note: Conversion with ADPS bit set requires stabilization time for analog circuit.
Conversion in power saving mode is only allowed in select mode and select
7 ADPS mode with polling mode. After conversion, within 5 ps (after post-stabilization
time) the analog circuit turns in low power mode again. Writing CE bit must be
delayed 5 ps to prevent the analog circuit from illegal action. In select-polling
mode stabilization time is required for first conversion only. Conversion request
during post-stabilization time is valid but result can not be guaranteed.
Remark: Power saving functions are only engaged, if this bit is set, after the select
or select-polling mode has been activated.
Specifies the conversion time (Tcony)-
i Conversion Time [us]
rFr2 | Fr1 | FRO Conversion Clocks
(TSTAGE) fepy = 24 MHz| fepy = 32 MHz
0 0 0 336 14.0 10.375
0 0 1 240 10.0 7.50
0 1 0 168 7.0 5.25
2t00 FR2 to FRO
0 1 1 120 5.0 -
1 0 0 96 - -
1 0 1 72 - -
1 1 0 48 - -
1 1 1 Setting prohibited - -
Remark: fcpy: Internal system clock.
Caution: Do not write to the ADSCML1 register during A/D conversion operation. If a write is
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performed, conversion operation is suspended and subsequently terminates.
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Conversion time setting
In order to prevent a drastic change of A/D conversion time even when the oscillation frequency is

changed, the conversion speed of an operation stage can be adjusted. By the selection bits FR2 to FRO
in the ADSCML1 register the SAR compare time Tcopy Can be set in the range of 120/fcpy to 336/fcpy.

Tconv = Tconv / fepu

However, the settings modifying the convertion time Tcqyny Must keep the following relation.

Tconv >S5 s
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(3) A/D voltage detection mode register (ADETM)

The ADETM register is a 16-bit register that sets voltage detection mode. In voltage detection mode
a reference voltage value is compared with the analog input pin for which voltage detection is being
performed, and an interrupt is set in response to the comparison result.

This register can be read or written in 1-bit, 8-bit, or 16-bit units.

When using 16-bit access, use ADETMO;

When using 8-bit access, use ADETMOL for the low-order byte, and ADETMOH for the high-order
byte.

When using 1-bit access, use the bit name.

Figure 12-4: A/D Voltage Detection Mode Register (ADETM)

Initial

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address
value

DET | DET | DET | DET | DET | DET | DET | DET | DET | DET | DET | DET | DET | DET
ADETM IDETEN|DETLH ANI3 | ANIZ | ANIL | ANIO | CMP9 | CMP8 | CMP7 | CMP6 | CMP5 | CMP4 | CMP3 | CMP2 | CMP1 | CMPO FRFFF204H 0000H

Bit position | Bit name Function

Specifies voltage detection mode.
15 DETEN 0: Operate in normal mode
1: Operate in voltage detection mode

Sets voltage comparison detection.
0: Generate INTDET interrupt,
14 DETLH if reference voltage value > analog input pin voltage.
1: Generate INTDET interrupt,
if reference voltage value < analog input pin voltage.

Selects analog input pin to compare to reference voltage value set by bits
DETCMP9-DETCMPO when in voltage detection mode.

DETANI3 | DETANI2 | DETANI1 | DETANIO | Voltage Detection Analog Input Pin
0 0 ANIO
ANI1
ANI2
ANI3
ANI4
ANI5
ANI6
ANI7
ANI8
ANI9
ANI10
ANI11
ANI12

1 0 ANI13
Other than above Setting prohibited

DETANI3
13t0 10 to
DETANIO

R OlO|O|O|R|(R|[FR|FP|IO|lO|lO|O
Ol P O|O|FR|FRIO|O|Fr|FL|O

RlR| R PR ololololololo|lo
ROl o|r| o|lr|olr|olr|lolkr

DETCMP9 | Sets reference voltage value to compare with analog input pin selected by bits
9to 0 to DETANI3 - DETANIO.
DETCMPO

Caution: Do not write to the an ADETM register during A/D conversion operation. If a write is
performed, conversion is suspended and it subsequently terminates. Also, the
polling mode needs to be re-engaged by writing the CE and PLM bits of the ADSCMO
register.
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(4) A/D conversion result registers 0to 13 (ADCRO to ADCR13)

The ADCRm registers are 10-bit registers that hold the results of A/D conversions (m = 0 to 13).
These registers can only be read in 16-bit units.

When reading 10 bits of data of an A/D conversion result from an ADCRm register, only the lower
10 bits are valid and the upper 6 bits always read 0.

Figure 12-5: A/D Conversion Result Registers 0to 13 (ADCRO to ADCR13)

Initial
vlue
ADCRm| 0 [ 0|0 [0 | 0 [ 0 ADCRmS}ADCRmE[sDCRm7[ADCRmE[ADCRIS |ADCRMA|ADCRM3|ADCRM2 ADCRM1[ADCRMO] see Table  un-

14-1  (defined

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address

Table 12-1: Correspondence between ADCRm (m = 0 to 13) Register Names and Addresses

Register name Address
ADCRO FFFFF210H
ADCR1 FFFFF212H
ADCR2 FFFFF214H
ADCR3 FFFFF216H
ADCR4 FFFFF218H
ADCRS5 FFFFF21AH
ADCR6 FFFFF21CH
ADCR7 FFFFF21EH
ADCRS8 FFFFF220H
ADCR9 FFFFF222H
ADCR10 FFFFF224H
ADCR11 FFFFF226H
ADCR12 FFFFF228H
ADCR13 FFFFF22AH
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The correspondence between each analog input pin and the ADCRm registers is shown in Table 12-2.

Table 12-2: Correspondence Between each Analog Input Pin and ADCRm Registers

Analog Input Pin | A/D Conversion Result Register
ANIO ADCRO
ANI1 ADCR1
ANI2 ADCR2
ANI3 ADCR3
ANI4 ADCR4
ANI5 ADCR5
ANI6 ADCR6
ANI7 ADCR7
ANI8 ADCRS8
ANI9 ADCR9
ANI10 ADCR10
ANI11 ADCR11
ANI12 ADCR12
ANI13 ADCR13
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The following figure shows the relationship between analog input voltage and A/D conversion results.

Figure 12-6: Relationship Between Analog Input Voltages and A/D Conversion Results

1083 +——F——F—F—+—F—+-----

024—Fp L L

A/D conversion result

1021 -

(ADCRm) 1 1 1 1 1 | 1 1 | 1 1 1 1 1
1 1 1 1 1 | 1 1 | 1 1 1 1 1
| | | | 1 | 1 1 | 1 1 1 | |
1 1 1 1 1 | 1 1 | 1 1 1 1 1

3! | | | | [ T i i i | |
2
1+ —_—y
g J " N N S AN N
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o
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o
=
o
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o
=
=
o
)
~
N
o
=
I3
=
o
N
=~

2048 1024 2048 1024 2048

Input voltage/AVrer

Remark: m=0to 13
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12.4 Interrupt Requests

The A/D converter generates two kinds of interrupts.
« A/D conversion termination interrupt (INTAD)

» \Voltage detection interrupt (INTDET)

(1) A/D conversion termination interrupt (INTAD)

In A/D conversion enabled status, an A/D conversion termination interrupt is generated when a
specified number of A/D conversions have terminated.

(2) Voltage detection interrupt (INTDET)

In voltage detection mode (DETEN bit of ADETM register = 1), the value of the ADCRm register of
the relevant analog input pin is compared to the reference voltage set in the DETCMP[9:0] bits of
the ADETM register and a voltage detection interrupt is generated in response to the value of the
DETLH bit of the ADETM register (m = 0 to 13).
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12.5 A/D Converter Operation

12.5.1 A/D converter basic operation

A/D conversion is performed using the following procedure.

(1) Set the analog input selection and the operation mode and trigger mode specifications using the

ADSCMO N°t€_ getting (1) the CE bit of the ADSCMO register when in A/D scan mode starts the
A/D conversion.

(2) When the A/D conversion starts, the analog input is compared with the voltage generated by the
D/A converter.

(3) When the 10-bit comparison terminates, the conversion result is started in the ADCRm register.
When the specified number of A/D conversions have terminated, an A/D conversion termination
interrupt (INTAD) is generated.

Note: If the contents of the ADSCMO register are changed during A/D conversion operation, the A/D
conversion operation preceding the change stops and a conversion result is not stored in the
ADSCRmM register. Conversion operation is initialized and conversion starts from the beginning.

Remark: m=0to 13
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12.5.2 Operation modes and trigger modes

Several conversion operations can be specified for A/D converter by specifying operation modes and
trigger modes. Operation modes and trigger modes are set using the ADSCMO register.
The relationship between operation modes and trigger modes is shown below.

(1)

Trigger Mode Operation Mode Setting of ADSCMO
) Select xxx10000xxxxxxxxB
AD trigger
Scan xxx00000xxxxxxxxB
) Select xxx11000xxxxxxxxB
Polling
Scan xxx01000xxxxxxxxB

Trigger modes

The following trigger modes that serve as the start timing of A/D conversion processing are availa-
ble: A/D trigger mode and polling mode.
These trigger modes are set using the ADSCMO register.

(@) A/D trigger mode

In this mode, the A/D conversion is started by setting the CE bit of the register ADSCMO. This
starts the conversion timing for the analog input(s) ANIm.

To restart the AD conversion after the INTAD interrupt (conversion finished; CS = 0), the CE bit
has to be set again to engage the next conversion.

(b) Polling mode

In this mode, the A/D conversion is started by setting the CE bit of the register ADSCMO. This
starts the conversion timing for the analog input(s) ANIm.

A restart the AD conversion after the INTAD interrupt (conversion finished; CS = 1), is not neces-
sary.

The specified analog input is converted serially until the CE bit is set to 0. An INTAD interrupt
occurs each time, when a conversion terminates.

Remark: m=0to 13
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(2) Operation modes

The two operation modes are select mode and scan mode. These modes are set using the

ADSCMO register.

(a) Select mode

In select mode the A/D converts one analog input specified in the ADSCMO register. The
conversion result is stored in the ADCRm register corresponding to the analog input (ANIm)

(m=0to 13).
Figure 12-7: Example of Select Mode Operation Timing (ANI1)
ANIL (Input) — Data4 Datas
\9/ Data 6 Data 7
Data 1 Data 2 Data 3
- Data 1 Data 2 Data 3 Data4 |Data5| Data6 Data 7
A/D conversion (ANI1) AN | (AN | N |enm| ann) | @anm

ADCRL1 register

INTAD interrupt

Conversion start
(ADSCMO
register setting)

Analog input

ANIO
ANI1
ANI2
ANI3
ANI4
ANIS

OOO0O00O0

ANI13 O

CE bit
set

CE bit Conversion start  CE bit
(ADSCMO set
register setting)

CE bit CE bit
set set set

ADCRmM register

ADCRO
ADCR1

ADCR2
ADCR3
ADCR4

/!

AD converter —CO)

ADCRS

ADCR13
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(b) Scan mode

The scan mode sequentially selects and converts pin input voltage from the A/D conversion start
analog input pin through the A/D conversion termination analog input pin specified in the ADSCMO0
register.

It stores the A/D conversion result in the ADCRm register corresponding to the analog input

(m = 0 to 13). When the specified analog input conversion terminates, there is an A/D conversion
termination interrupt (INTAD).

Figure 12-8: Example of Scan Mode Operation Timing (4-Channel Scan (ANIO to ANI3))

ANIO (I —
(Input) —w\\ | —]
Data 1
Data 5
ANI1 (Input)
Data 2 Data 6
/\
ANI2 (I
(Input) J— Data 3 |
ANI3 (Input) L — —_—
Data 4
AD . Data 1 Data 2 Data 3 Data 4 Data 5 Data 6
conversion (ANIO) | (ANID) | (ANI2) (ANI3) (ANIO) | (ANID)
. Data 1 Data 2 Data 3 bata 4 Data 5
ADCRm register (ANIO) | (ANI1) | (ANI2) (ANI3) (ANI0)
ADCRO | ADCR1 | ADCR2 ADCR3 ADCRO
Data 1
(ANI0) '
INTAD interrupt —‘ ;
Conversion start Conversion start
(ADSCMO register setting) (ADSCMO register setting)
Analog input ADCRmM register
ANIO O ADCRO
ANIL O ADCR1
ANI2 O ADCR2
ANI3 O — O— A/D converter —— —{ ADCRS3
ANI4 O ADCR4
ANI5 O ADCR5
ANI13 O ADCR13
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12.6 Operation in A/D Trigger Mode

Setting the CE bit of the ADSCMO register to 1 starts A/D conversion immediately.

12.6.1 Operation in select mode

One analog input specified in the ADSCMO register is A/D converted at a time and the result is stored in
an ADCRm register. Analog inputs correspond one-to-one with ADCRm register (m = 0 to 13).

An A/D conversion termination interrupt (INTAD) is generated for each A/D conversion termination

(CS bit = 0).

Analog input A/D conversion result register

ANIm ADCRm

To restart A/D conversion, set the CE bit of the ADSCMO register.
This is optimal for an application that reads a result for each A/D conversion.

Remark: m=0to 13

Figure 12-9: Example of Select Mode (A/D Trigger Select) Operation (ANI2)

ADSCMO O ANIO O ADCRO
ANIL O ADCR1
ANI2 O ADCR2
ANI3 Q\Q— A/D converter —/ ADCR3
ANI4 O ADCR4
ANI5 O ADCR5
ANI13 O ADCR13

(1) CE bit of ADSCMO = 1 (Enabled)
(2) A/D conversion of ANI2

(3) Store conversion result in ADCR2
(4) Generate INTAD interrupt
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12.6.2 Operation in scan mode

The pins from the first analog input pin through the last analog input pin, specified in the ADSCMO reg-
ister, are sequentially selected and A/D converted. The A/D conversion result is stored in the ADCRm
register corresponding to the analog input (m = 0 to 13). When conversion stops through the last analog
input pin, an A/D conversion interrupt (INTAD) is generated, which terminates A/D conversion

(CS bit of ADSCMO register = 0).

Analog input A/D conversion result register
ANInNOte 1 ADCRN
ANImNote 2 ADCRmM

To restart A/D conversion, set the CE bit of the ADSCMO register. This is optimal for an application that
regularly monitors multiple analog inputs.

Notes: 1. n= SANI[3:0]=0to 12
2. m=ANIS[3:0]=1t0 13

Caution: Always set SANI[3:0] < ANIS[3:0]
Exception: When bits SANI[3:0] = ANIS[3:0] = 0, just the analog input ANIO is
scanned.

Figure 12-10: Example of Scan Mode (A/D Trigger Scan) Operation (ANI2-ANI5)

ANIO O ADCRO

\ ANIL O ADCR1
ANI2 Qj\ /—> ADCR2
ANIZ O \ O— AID converter —C) \ ADCR3

ANI4 Q/ \ ADCR4
ANI5 O ADCR5

ANIL3 O ADCR13

ADSCMO O

(1) CE bit of ADSCMO = 1 (Enabled) (6) A/D conversion of ANI4

(2) A/D conversion of ANI2 (7) Store conversion result in ADCR4
(3) Store conversion result in ADCR2 (8) A/D conversion of ANI5

(4) A/D conversion of ANI3 (9) Store conversion result in ADCR5
(5) Store conversion result in ADCR3 (10) Generate INTAD interrupt
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12.7 Operation in A/D Trigger Polling Mode

Setting the CE bit of the ADSCMO register to 1 starts the A/D conversion immediately.

Both select mode and scan mode can be continued with A/D trigger polling mode. Since the CS bit of
the ADSCMO register remains 1 after an INTAD interrupt in this mode, it is not necessary to set the CE
bit to restart the A/D conversion.

12.7.1 Operation in select mode

The analog input specified in the ADSCMO register is A/D converted. The conversion result is stored in
the ADCRm register (m = 0 to 13).

One analog input is A/D converted at a time and the result is stored in one ADCRm register. Analog
inputs correspond one-to-one with ADCRm register.

An A/D conversion termination interrupt (INTAD) is generated for each A/D conversion termination.
A/D conversion operation is repeated until the CE bit = 0 (CS bit = 1).

Analog input A/D conversion result register

ANIm ADCRm

In A/D trigger polling mode, it is not necessary to set the CE bit of the ADSCMO register to restart the

A/D conversion operation NOt€,
This is optimal for applications that regularly read A/D conversion values.

Note: Ifthe ADCRm register is not read before the next A/D conversion has been finished, its contents
is overwritten.

Remark: m=0to 13

Figure 12-11: Example of Select Mode (A/D Trigger Polling Select) Operation (ANI2)

ADSCMO O ANIO O ADCRO
\ ANIL O ADCR1

ANI2 O ADCR2

ANI3 O\(% AID converter —Q/ ADCR3

ANI4 O ADCR4

ANI5 O ADCR5

ANI13 O ADCR13

(1) CE bit of ADSCMO = 1 (Enabled)
(2) A/D conversion of ANI2

(3) Store conversion result in ADCR2
(4) Generate INTAD interrupt

(5) Returnto (2)
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12.7.2 Operation in scan mode

The pins from the first analog input pin through the last analog input pin, specified in the ADSCMO reg-
ister, are sequentially selected and A/D converted. The A/D conversion result is stored in the ADCRm
register corresponding to the analog input (m = 0 to 13). When conversion stops through the last analog

input pin, an A/D conversion termination interrupt (INTAD) is generated.
A/D conversion operation repeats until the CE bit = 0 (CS bit = 1).

Analog input

A/D conversion result register

ANInNOte 1

ANlmNOte 2

ADCRnN

ADCRm

It is not necessary to set the CE bit of the ADSCMO register as the A/D conversion restarts automati-

CaIIy Note 3.

This is optimal for applications that regularly read A/D conversion values.

Notes: 1. n=SANI[3:0]=0to 12
2. m=ANIS[3:0]=1to0 13

3. If the ADCRm register is not read before the next A/D conversion has been finished, its con-

tents is overwritten.

Caution: Always set SANI[3:0] < ANIS[3:0]
Exception: When bits SANI[3:0] = ANIS[3:0] = 0, just the analog input ANIO is

scanned.

Figure 12-12: Example of Scan Mode (A/D Trigger Polling Scan) Operation (ANI2 to ANI5)

ADSCMO ANIO O ADCRO
ANIL O ADCR1
ANI2 Q\ /» ADCR2
ANI3 O (O—— AD converter —() ADCR3
ANI4 O J/ \J ADCR4
ANI5 O ADCR5
ANI13 O ADCR13

(1) CE bit of ADSCMO = 1 (Enabled)
(2) A/D conversion of ANI2

(3) Store conversion result in ADCR2
(4) AJD conversion of ANI3

(5) Store conversion result in ADCR3

(6) A/D conversion of ANI4

(7) Store conversion result in ADCR4

(8) A/D conversion of ANI5

(9) Store conversion result in ADCR5

(10) Generate INTAD interrupt
(11) Returnto (2)
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12.8 Precautions

12.8.1 Stopping conversion operation

If the CE bit of the ADSCMO register is cleared during conversion operation, all conversion operations
are stopped, and a conversion result is not stored in the ADCRm register (m = 0 to 13).

12.8.2 Operation in standby modes

(1) HALT mode

The A/D converter continues the operation. When recover from HALT mode the ADSCMO,
ADSCM1 and ADCRm registers maintain their values (m = 0 to 13).

(2) WATCH mode, IDLE mode, STOP mode

Since clock supply to A/D converter stops, conversion operation is not performed.

If released by RESET, NMI, or maskable interrupt input, the ADSCMO0, ADSCM1 and ADCRm reg-
isters maintain their values.

However, if IDLE mode or STOP mode is set during conversion operation, conversion operation
stops. If released by NMI input, conversion resumes but the conversion result written in the
ADCRmM register becomes undefined (m = 0 to 13).

Remark: Connecting the AVggg pin to AVgg in IDLE mode, or STOP mode will further reduce the
power consumption.
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13.1 Compositions of the port

The ports of the HELIOS have the following features:

* Number of input port: 14
e Number of I/O port: 62

» Multiplexed with 1/0O pins of other peripheral functions.

Figure 13-1:

Ports Block Diagram

— P00
Port 0 ‘ to
— P02
-— P10
Port 1 ‘ to
~—— | P15
- P20
Port 2 ‘ to
- P25
-—1 P30
Port 3 ‘ to
~-— P35
-— P40
Port 4 ‘ to
-~ P45

P70 f=—

ol

P713 f¢———

PCMO fe——

o

PCM3 f+——

PCTO [«—»
PCTL |[=—=
PCT4 [+—
PCT6 [« =

PCD2 —7F =

PCD3 |— =

PDHO fa—

PDH8 [~——=

PDLO |e———

ol |

PDL15 fe——»
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13.2 Port 0

Port 0 is a 3-bit input/output port that can be set in the input mode in 1-bit units.
To enable FCTXD1, FCRXD1, PCL, the register PM must be set to the output and PMC must be set to
the function mode.

13.2.1 Port O register (P0)

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

Figure 13-2: Port 0 Register (P0) Format

7 6 5 4 3 2 1 0 Address  RIW F’?“er
eset
PO | 0 ‘ 0 ‘ 0 ‘ 0 | 0 ‘ P02 ‘ PO1 ‘ P00 |FFFF F400H R/W undefined.
R R R R R RW RMW RW

In addition to the function as a general input/output port, this port can be also be used to input external
interrupt request.

Port 0 Control mode Remarks
External interrupt input and serial receive
POO INTPOO/FCRXD1 data input for FCAN2
External interrupt input and serial transmit
POL INTPOL/FCTXD1 data output for FCAN2
P02 INTPO2/PCL External interrupt input and programma-
ble clock output
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13.2.2 Port 0 mode register (PMO)

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

Figure 13-3: Port Mode Register (PMO) Format

7 6 5 4 3 2 1 0 Address ~ Rw  After
Reset
PMO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ PMO02 | PMO1 ‘ PMOO | FFFF F420H R/W OFH
R R R R R RW RW R/W
PMOx Port mode
0 Output port mode (Terminal outputs 0)
1 Input port mode
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13.2.3 Port 0 mode control register (PMCO0)

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

Figure 13-4: Port 0 Mode Control Register (PMCO) Format

7 6 5 4 3 2 1 0 Address  Rw  ATer
Reset
Pmco[ o | o [ o | o | o [PmOC2]|PMCOL|PMCOO | FFFFF440H RW  OOH
R R R R R R/W R/W R/W
PMCO00 Port mode
0 Port or external interrupt mode
1 FCRXDL1 is enabled (Port, External interrupt is still valid)
PMCO1 Port mode
0 Port or external interrupt mode
1 FCTXDL1 is enabled (Port, External interrupt is still valid)
PMCO02 Port mode
0 Port or external interrupt mode
1 PCL is enabled (Port, External interrupt is still valid)
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13.3 Port 1

Portl is a 6-bit input/output port that can be set in the input or output mode in 1-bit units.

13.3.1 Port 1 register (P1)

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

Figure 13-5: Port 1 Register (P1) Format

7 6 5 4 3 2 1 0 Address  RIW é\“er
eset
P1 | 0 ‘ 0 ‘ P15 ‘ P14 ‘ P13 ‘ P12 | P11 ‘ P10 |FFFF F402H R/W undefined.

R R/W R/W R/W R/W R/W R/W

In addition to the function as a general input/output port, this port can be also be used to input/output for
TMGO.

Port 1 Control mode Remarks
P10 TIGOO/INTP10 External interrupt input and Input for TMGO
P11 TIG01/TOGO1 Input and output for TMGO
P12 TIG02/TOG02 Input and output for TMGO
P13 TIG03/TOGO03/SI10 Input and output for TMGO and SI10
P14 TIG04/TOG04/S010 Input and output for TMGO and SO10
P15 TIGO5/INTP15/SCK10 External interrupt input and Input for TMGO and SCK10
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13.3.2 Port 1 mode register (PM1)

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

Figure 13-6: Port Mode Register (PM1) Format

7 6 5 4 3 2 1 0 Address  R/W th:ert
PM1 | 0 ‘ 0 ‘ PM15 ‘ PM14 | PM13 ‘ PM12 ‘ PM11 ‘ PM10 | FFFFF422H R/W 3FH
R R RW RW RW RW RW RW
PM1x Port mode
0 Output port mode
1 Input port mode
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13.3.3 Port 1 mode control register (PMC1)

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

Figure 13-7: Port Mode Control Register (PMC1) Format

7 6 5 4 3 2 1 0 Address ~ Rw  ATter
Reset
PMCll 0 | 0 ‘ PMC15 ‘ PMC14 ‘ PMC13 | PMC12 ‘ PMC11 ‘ PMC10 | FFFFF442H R/W  O0H
R/W R/W R/W R/W R/W R/W
PMC10 Port mode control
0 Input/output port mode
1 External interrupt request input (INTP10), Input for TMGO
PMC11 Port mode control
0 Input/output port mode
1 Input or output for TMGO
PMC12 Port mode control
0 Input/output port mode
1 Input or output for TMGO
PMC13 Port mode control
0 Input/output port mode
1 Input or output for TMGO0/SI10
PMC14 Port mode control
0 Input/output port mode
1 Input or output for TMG0/SO10
PMC15 Port mode control
0 Input/output port mode
1 External interrupt request input (INTP15), Input for TMGO. Input or output for SCK10
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13.4 Port 2

Port 2 is a 6-bit input/output port that can be set in the input or output mode in 1-bit units.

13.4.1 Port 2 register (P2)

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

Figure 13-8: Port 2 Register (P2) Format

7 6 5 4 3 2 1 0 Address  R/W :é‘:;t
P2 | 0 ‘ 0 ‘ P25 ‘ P24 | P23 ‘ P22 ‘ P21 ‘ P20 |FFFF F404H R/W undefined.
R R RW RW RW RW RW RW

In addition to the function as a general input/output port, this port can be also be used to input/output for
TMGL1.

Port 2 Control mode Remarks
P20 TIG10/INTP20 External interrupt input and Input for TMG1
P21 TIG11/TOG11 Input and output for TMG1
P22 TIG12/TOG12 Input and output for TMG1
P23 TIG13/TOG13 Input and output for TMG1
P24 TIG14/TOG14 Input and output for TMG1
P25 TIG15/INTP25 External interrupt input and Input for TMG1
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13.4.2 Port 2 mode register (PM2)

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

Figure 13-9: Port Mode Register (PM2) Format

7 6 5 4 3 2 1 0 Address  Rw  After
Reset
PM2 | 0 ‘ 0 ‘ PM25 ‘ PM24 ‘ PM23 ‘ PM22 | PM21 ‘ PM20 | FFFF F424H R/W 3FH
R R RW RW RW RW RW RW
PM2x Port mode
0 Output port mode
1 Input port mode
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13.4.3 Port 2 mode control register (PMC2)

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

Figure 13-10: Port Mode Control Register (PMC2) Format

7 6 5 4 3 2 1 0 Address R/W

PMC2| 0 ‘ 0 ‘ PMC25 ‘ PMC24 | PMC23 ‘ PMC22 ‘ PMC21 | PMC20 | FFFF F444H R/W
RIW RIW RIW RIW RIW RIW

After
Reset

OOH

PMC20 Port mode control
0 Input/output port mode
1 External interrupt request input (INTP20), Input for TMG1
PMC21 Port mode control
0 Input/output port mode
1 Input or output for TMG1
PMC22 Port mode control
0 Input/output port mode
1 Input or output for TMG1
PMC23 Port mode control
0 Input/output port mode
1 Input or output for TMG1
PMC24 Port mode control
0 Input/output port mode
1 Input or output for TMG1
PMC25 Port mode control
0 Input/output port mode
1 External interrupt request input (INTP25), Input for TMG1
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13.5 Port 3

Port 3 is a 6-bit input/output port that can be set in the input or output mode in 1-bit units.

13.5.1 Port 3register (P3)

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

Figure 13-11: Port 3 Register (P3) Format

7 6 5 4 3 2 1 0 Address ~ Rw  After
Reset
P3 | 0 ‘ 0 ‘ P35 ‘ P34 ‘ P33 ‘ P32 | P31 ‘ P30 |FFFF F406H R/W undefined.
R RW RW RW RW RW RW

In addition to the function as a general input/output port, this port can be also be used to input/output for
serial interface.

Port 3 Control mode Remarks
P30 RXD60/INTP30 External interrupt input and serial receive data input for UART60
P31 TXD60 Serial transmit data input for UART60
P32 RXD61/INTP32 External interrupt input and serial receive data input for UART61
P33 TXD61 Serial transmit data input for UART61
P34 FCRXDO/INTP34 External interrupt input and serial receive data input for FCAN1
P35 FCTXDO Serial transmit data output for FCAN1
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13.5.2 Port 3 mode register (PM3)

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

Figure 13-12: Port Mode Register (PM3) Format

7 6 5 4 3 2 1 0 Address  R/W th:ert
PM3 | 0 ‘ 0 ‘ PM35 ‘ PM34 | PM33 ‘ PM32 ‘ PM31 ‘ PM30 | FFFF F426H R/W 3FH
R R RW RW RW RW RW RW
PM3x Port mode
0 Output port mode
1 Input port mode
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13.5.3 Port 3 mode control register (PMC3)

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

Figure 13-13: Port 3 Mode Control Register (PMC3) Format

7 6 5 4 3 2 1 0 Address  RW Ff;eert
PMC3| 0 | 0 ‘ PMC35 ‘ PMC34 ‘ PMC33 | PMC32 ‘ PMC31 ‘ PMC30 | FFFF F446H R/W  O0H

R/W R/W R/W R/W R/W R/W

PMC30 Port mode control

0 Input/output port mode

1 Serial receive data input for UART60, External interrupt (INTP30)
PMC31 Port mode control

0 Input/output port mode

1 Serial transmit data output for UART60
PMC32 Port mode control

0 Input/output port mode

1 Serial receive data input for UART61, External interrupt (INTP32)
PMC33 Port mode control

0 Input/output port mode

1 Serial transmit data output for UART61
PMC34 Port mode control

0 Input/output port mode

1 Serial receive data input for FCAN1, External interrupt (INTP34)
PMC35 Port mode control

0 Input/output port mode

1 Serial transmit data output for FCAN1
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13.6 Port 4

Port 4 is a 6-bit input/output port that can be set in the input or output mode in 1-bit units.

13.6.1 Port 4 register (P4)

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

Figure 13-14: Port 4 Register (P4) Format

7 6 5 4 3 2 1 0 Address  R/W :é‘:;t
P4 | 0 ‘ 0 ‘ P45 ‘ P44 | P43 ‘ P42 ‘ P41 ‘ P40 |FFFF F408H R/W undefined.
R R RW RW RW RW RW RW

In addition to the function as a general input/output port, this port can also be used to input/output for
serial interface.

Port 4 Control mode Remarks
P40 SI100 Serial transmit data input(3-wire) for SIO00
P41 SO000 Serial transmit data output(3-wire) for SIO00
P42 SCKO00 Serial clock 1/0(3-wire) for SIO00
P43 SI01 Serial receive data input(3-wire) for SIO01
P44 S001 Serial transmit data output(3-wire) for SIO01
P45 SCKO1 Serial clock 1/0(3-wire) for SIO01
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13.6.2 Port 4 mode register (PM4)

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

Figure 13-15: Port Mode Register (PM3) Format

7 6 5 4 3 2 1 0 Address  Rw  After
Reset
PM4 | 0 ‘ 0 ‘ PM45 ‘ PM44 ‘ PM43 ‘ PM42 | PM41 ‘ PM40 | FFFF F428H R/W 3FH
R R RW RW RW RW RW RW
PM4x Port mode
0 Output port mode
1 Input port mode
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13.6.3 Port 4 mode control register (PMC4)

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

Figure 13-16: Port 4 Mode Control Register (PMC4) Format

7 6 5 4 3 2 1 0 Address R/W

PMC4| 0 ‘ 0 ‘ PMC45 ‘ PMC44 | PMC43 ‘ PMC42 ‘ PMC41 | PMC40 | FFFF F448H R/W
RIW RIW RIW RIW RIW RIW

After
Reset

OOH

PMC40 Port mode control
0 Input/output port mode
1 Serial receive data input (3-wire) for SIO00

PMC41 Port mode control
0 Input/output port mode
1 Serial transmit data output (3-wire) for SIO00

PMC42 Port mode control
0 Input/output port mode
1 Serial clock I/O (3-wire) for SIO00

PMC43 Port mode control
0 Input/output port mode
1 Serial receive data input (3-wire) for SIO01

PMC44 Port mode control
0 Input/output port mode
1 Serial transmit data output (3-wire) for SIO01

PMC45 Port mode control
0 Input/output port mode
1 Serial clock I/O (3-wire) for SIO1
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13.7 Port7

Port 7 is a 14-bit input only port that can be set in the input mode in lower 8-bit unit or upper 6-bit unit or
both.

13.7.1 Port 7 register (P7)
This register can be read in 16/8-bit units.

When using 16 bits access, use the name P7.
When using 8 bit access, use P7L for the low-order byte, and P7H for the high-order byte.

Figure 13-17: Port 7 Register (P7) Format

15 14 13 12 11 10 9 8 Address  R/W Q:;;t
P7 | 0 ‘ 0 ‘ P713 ‘ P712 ‘ P711 ‘ P710 | P79 ‘ P78 | FFFF F40EH R  undefined.
R R R R R R R R
7 6 5 4 3 2 1 0
| P77 ‘ P76 ‘ P75 ‘ P74 ‘ P73 ‘ P72 | P71 ‘ P70 |
R R R R R R R R
(a) Port 7 register low-order byte (P7L) Format
7 6 5 4 3 2 1 0 Address  RIW Q::ét
P7L | 0 ‘ 0 ‘ P713 ‘ P712 ‘ P711 ‘ P710 | P79 ‘ P78 | FFFFF40EH R  undefined.
R R R R R R R R
(b) Port 7 register high-order byte (P7H) Format
7 6 5 4 3 2 1 0 Address  RW Fff:;t

P7H | P77 | P76 | P75 | P74 | P73 | P72 | P7L | P70 | FFFFF4OFH R undefined.
R R R R R R R R

Caution: Do notread port 7 During AD conversion.
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13.7.2 Port 7 mode control register (PMC7)

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

Figure 13-18: Port 7 Mode Control Register (PMC7) Format

7 6 5 4 3 2 1 0 Address  R/W :;gt
Pmc7| o | o | o | o | o | 0 [PMC7H|PMC7L|FFFFF44EH RW  OOH
R R R R R/W R/W
PMC7L Port mode control
0 ANI7- ANIO are analog input mode
1 ANI7- ANIO can be used as input port
PMC7H Port mode control
0 ANI13 - ANI8 are analog input mode
1 ANI13 - ANI8 can be used as input port
Port 7 Control mode Remarks
P70 ANIO Analog input to A/D converter
P71 ANI1 Analog input to A/D converter
P72 ANI2 Analog input to A/D converter
P73 ANI3 Analog input to A/D converter
P74 ANI4 Analog input to A/D converter
P75 ANI5 Analog input to A/D converter
P76 ANI6 Analog input to A/D converter
P77 ANI7 Analog input to A/D converter
P78 ANI8 Analog input to A/D converter
P79 ANI9 Analog input to A/D converter
P710 ANI10 Analog input to A/D converter
P711 ANI11 Analog input to A/D converter
P712 ANI12 Analog input to A/D converter
P713 ANI13 Analog input to A/D converter
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13.8 Port DL

Port DL is a 16-bit input/output port that can be set in the input or output mode in 1-bit units.

13.8.1 Port DL register (PDL)

This register can be read or written in 1/8/16-bit units.

When using 16 bits access, use the name PDL.

When using 8 bit access, use PDLL for the low-order byte, and PDLH for the high-order byte.
When using 1 bit access, use the bit name.

Figure 13-19: Port DL Register (PDL) Format

After

15 14 13 12 11 10 9 8 Address R/W
Reset

unaertineaq.
PDL | PDL15 | PDL14 | PDL13 | PDL12 | PDL12 | PDL10 | PDL9 | PDL8 | FFFF FOO4H R/W defined
R/W R/W R/W R/W R/W R/W R/W R/W

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

() Port DLL register low-order byte (PDLL) Format

After
Reset

PDLL |PDL15 ‘ PDL14 | PDL13 ‘ PDL12 | PDL12 ‘ PDL10| PDLY | PDLS ‘ FFFF FOO4H R/W undefined.
RW RW RW RW RW RW RW RW

7 6 5 4 3 2 1 0 Address R/W

(b) Port DL register high-order byte (PDLH) Format

After

7 6 5 4 3 2 1 0 Address R/W
Reset

PDLH| PDL7 ‘ PDL6 | PDL5 ‘ PDL4 | PDL3 ‘ PDL2 | PDL1 | PDLO ‘ FFFF FOO5H R/W undefined.
RW RW RW RW RW RW RW RW
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13.8.2 Port DL mode register (PMDL)

This register can be read or written in 1/8/16-bit units.

When using 16-bit access, use the name PMDL.

When using 8-bit access, use PMDLL for the low-order byte, and PMDLH for the high-order byte.
When using 1-bit access, use the bit name.

Figure 13-20: Port DL Mode Register (PMDL) Format

After

15 14 13 12 11 10 9 8 Address R/W
Reset

PMDL | PMDL15 |PMDL14 |PMDL13 ‘PMDLlZ |PMDL12 ‘PMDLlO | PMDLY ‘ PMDLS | FFFF FO24H R/W  FFFFH
RW RW RW RW RW RW RW RW

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

(a) Port DL mode register low-order byte (PMDLL) Format

After
Reset

PMDLL | PMDL15 |PMDL14 |PMDL13 |PMDL12 |PMDL12 ‘PMDLIO | PMDLY | PMDLS ‘ FFFF FO24H R/W  FFFFH
RW RW RW RW RW RW RW RW

7 6 5 4 3 2 1 0 Address R/W

(b) Port DL mode register high-order byte (PMDLH) Format

After

7 6 5 4 3 2 1 0 Address R/W
Reset

PMDLH| PMDLY | PMDL6 | PMDL5 | PMDL4 | PMDL3 ‘ PMDL2 |PMDL1 | PMDLO ‘ FFFFFO25H R/W  FFFFH
RW RW RW RW RW RW RW RW

PMDLXx Port mode
0 Output port mode
1 Input port mode
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13.9 Port DH

Port DH is a 9-bit input/output port that can be set in the input or output mode in 1-bit units.

13.9.1 Port DH register (PDH)

This register can be read or written in 1/8/16-bit units.

When using 16-bit access, use the name PDH.

When using 8-bit access, use PDHL for the low-order byte, and PDHH for the high-order byte.
When using 1-bit access, use the bit name.

Figure 13-21: Port DH Register (PDH) Format

15 14 13 12 11 10 9 8 Address  R/W Ff:;;t
PDH | 0 ‘ 0 | 0 ‘ 0 | 0 ‘ 0 | 0 |PDH8‘ FFFF FOO6H R/W undefined.

R R R R R R R RIW

7 6 5 4 3 2 1 0

| PDH7 ‘ PDH6 | PDH5 ‘ PDH4 | PDH3 ‘ PDH2 | PDH1 | PDHO ‘
RW RW RW RW RW RW RW RW

(a) Port DH register low-order byte (PDHL) Format

7 6 5 4 3 2 1 0 Address R Afer
Reset
PDHL| 0 ‘ 0 | 0 ‘ 0 | 0 ‘ 0 | 0 | PDHS‘ FFFF FOO6H R/W undefined.
R R R R R R R R/W
(b) Port DH register high-order byte (PDHH) Format
7 6 5 4 3 2 1 0 Address ~ Rw  After
Reset

PDHH| PDH7 ‘ PDH6 | PDH5 ‘ PDH4 | PDH3 ‘ PDH2 | PDH1 | PDHO ‘ FFFF FOO7TH R/W undefined.
RW RW RW RW RW RW RW RW
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13.9.2 Port DH mode register (PMDH)

This register can be read or written in 1/8/16-bit units.
When using 16-bit access, use the name PMDH.

When using 8-bit access, use PMDHL for the low-order byte, and PMDHH for the high-order byte.
When using 1-bit access, use the bit name.

Figure 13-22: Port DH Mode Register (PMDH) Format

15 14 13 12 11 10 9 8 Address R/W After Reset
PMDH | 0 ‘ 0 ‘ 0 | 0 ‘ 0 | 0 ‘ 0 ‘PMDH8| FFFF FO26H R/W  O1FFH

R R R R R R R R/W

7 6 5 4 3 2 1 0

|PMDH7‘PMDHG‘PMDH5|PMDH4‘PMDH3|PMDH2‘PMDH1‘PMDHO|
RW RW RW RW RW RW RW RW

(a) Port DH mode register low-order byte (PMDHL) Format

7 6 5 4 3 2 1 0 Address R/W After Reset
PMDHLl 0 ‘ 0 | 0 | 0 | 0 | 0 | 0 ‘PMDHB‘ FFFF FO26H R/W  O1FFH
R R R R R R R RIW

(b) Port DH mode register high-order byte (PMDHH) Format

7 6 5 4 3 2 1 0 Address R/W After Reset
PMDHH|PMDH7‘PMDH6|PMDH5‘PMDH4|PMDH3|PMDH2|PMDH1|PMDHO‘ FFFF FO27H R/W  O1FFH
RW RW RW RW RW RW RW RW

PMDLx Port mode
0 Output port mode
1 Input port mode
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13.10 Port CT

Port CT is a 4-bit input/output port that can be set in the input or output mode in 1-bit units.

13.10.1 Port CT register (PCT)

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

Figure 13-23: Port CT Register (PCT) Format

7 6 5 4 3 2 1 0 Address
PCT | 0 ‘ PCT6 | 0 ‘ PCT4 ‘ 0 ‘ 0 ‘ PCT1 | PCTO | FFFF FOOAH
R RIW R RIW R R RW  R/W

13.10.2 Port CT mode register (PMCT)

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

Figure 13-24: Port CT Mode Register (PMCT) Format

After
Reset

R/W undefined.

R/W

7 6 5 4 3 2 1 0 Address R/W After Reset
PMCTl 0 ‘PMCTG‘ 0 ‘PMCT4‘ 0 ‘ 0 |PMCT1|PMCTO| FFFF FO2AH  R/W 53H
R R/W R R/W R R RW  R/W
PMCTx Port mode
0 Output port mode
1 Input port mode
Preliminary User's Manual U16241EE1V1UMO00 459



Chapter 13 Port Feature

13.11 Port CM

Port CM is a 4-bit input/output port that can be set in the input or output mode in 1-bit units.

13.11.1 Port CM register (PCM)

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

Figure 13-25: Port CM Register (PCM) Format

7 6 5 4 3 2 1 0 Address R/W After Reset
PCM | 0 ‘ 0 | 0 | 0 ‘ PCM3 ‘ PCM2 ‘ PCM1 ‘ PCMO | FFFF FOOCH R/W undefined
R R R RW RW RW RW

13.11.2 Port CM mode register (PMCM)

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

Figure 13-26: Port CM Mode Register (PMCM) Format

5 4 3 2 1 0 Address R/W After Reset
PMCMl 0 | 0 | 0 ‘ 0 |PMCM3|PMCM2|PMCM1‘PMCMO‘ FFFF FO2CH R/W OFH
R/W R RW RW RW RW RW

PMCMx Port mode
0 Output port mode
1 Input port mode
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13.12 Port CD

Port CD is a 2-bit input/output port that can be set in the input or output mode in 1-bit units.

13.12.1 Port CD register (PCD)

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

Figure 13-27: Port CD Register (PCD) Format

7 6 5 4 3 2 1 0 Address
PCD | 0 ‘ 0 ‘ 0 ‘ 0 ‘ PCD3 ‘ PCD2 | 0 | 0 | FFFF FOOEH
RIW R R RW  R/W R R

13.12.2 Port CD mode register (PMCD)

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

Figure 13-28: Port CD Mode Register (PMCD) Format

R/W After Reset
R/W  undefined

7 6 5 4 3 2 1 0 Address R/W After Reset
PMCDl 0 ‘ 0 ‘ 0 ‘ 0 ‘PMCDS‘PMCD2| 0 | 0 |FFFFF02EH RIW OCH
R/W R R R/W R/W R R
PMCDx Port mode
0 Output port mode
1 Input port mode
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13.13 Port Type

462

Table 13-1: Port Type (1/3)

Port name Terminal Alternated function Registers .for Port block type | RIW
name mode setting
P00  |INTPOO A
Port 0 P01 |INTPOL/FCTXD1 PMO A RIW
PMCO
P02 |INTPO2/PCL A
P10 |TIGOO/INTP10 A
P11 |TIGOL/TOGO1 A
P12 |TIG02/TOGO2 PM1 A
Port 1 R/W
P13  |TIGO3/TOG03/SI10 PMC1 A
P14 |TIG04/TOGO04/SO10 A
P15 |TIGO5/INTP15/SCK10 A
P20 |TIG10/INTP20 A
P21 |TIG11/TOGO1 A
P22 |TIG12/TOGO2 A
Port 2 PM2 R/W
P23 |TIG13/TOGO3 PMC2 A
P24 |TIG14/TOGO4 A
P25 |TIG15/INTP25 A
P30 |RXD60/INTP30 A
P31 |TXD60 A
P32 |RXD61/INTP32 PM3 A
Port 3 R/W
P33 |TXD61 PMC3 A
P34 |FCRXDO/INTP34 A
P35 |FCTXDO A
P40 |SI00 A
P41 |S0O00 A
P42 |SCKOO A
Port 4 PM4 R/W
P43 |SIO1 PMC4 A
P44 |SO01 A
P45 |SCKO1 A

Note: Drawing corresponding to port structure does not exist
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Table 13-1: Port Type (2/3)

Port name

Terminal
name

Alternated function

Registers for
mode setting

Port block type

R/W

Port 7

P70

ANIO

P71

ANI1

P72

ANI2

P73

ANI3

P74

ANI4

P75

ANI5

P76

ANI6

P77

ANI7

P78

ANI8

P79

ANI9

P710

ANI10

P711

ANI11

pP712

ANI12

P713

ANI13

PMC7

Port DL

PDLO

PDL1

PDL2

PDL3

PDL4

PDL5

PDL6

PDL7

PDL8

PDL9

PDL10

PDL11

PDL12

PDL13

PDL14

PDL15

PMDL

R/W

Port DH

PDHO

PDH1

PDH2

PDH3

PDH4

PDHS5

PDH6

PDH7

PDH8

PMDH

O|0|0|0|0|0|O0|0| OO0 O0O0]O0[O0]O[O0]|O[O0]O[O0|O0[O0|00|0 P D W D WO WO W W T W

R/W

Note: Drawing corresponding to port structure does not exist
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464

Table 13-1: Port Type (3/3)

Port name Terminal Alternated function Registers _for Port block type | R/IW

name mode setting
PCTO E
PCT1 E

Port CT PMCT R/W
PCT4 E
PCT6 E
PCD2 =

Port CD PMCD R/W
PCD3 F
PCMO H
PCM1 G

Port CM PMCM R/W
PCM2 G
PCM3 H

NMI NMI  |No alternate function NMIM | R

Note: Drawing corresponding to port structure does not exist
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13.14 Port Block Type

13.14.1 Port Block Type A

Figure 13-29: Type A Block Diagram
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RDp nn Address

Peripheral Noise eliminate
Function Edge detect

Remarks: 1. N:Port number

2. n:Bit number
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13.14.2 Port Block Type B

Figure 13-30: Type B Block Diagram
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>
o RDP Nn
©
)
=
k=3
o
o ¥
O o
NG £
<@
) [«}]
Peripheral 2 |
Function \@
I~ AD converter
Remarks: 1. N:Port number
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2. n:Bit number

Preliminary User's Manual U16241EE1V1UMO00



Chapter 13 Port Feature

13.14.3 Port Block Type C

Figure 13-31: Type C Block Diagram

MODECTL

/-\_/
Input/Output control circuit
WR pMm Nn
é} PM Nn
[7)) —
a WR porT
I )\ s N P Nn
2 QO P Nn 2 | O
a2 3
@
a
s S
O ks ks
Q Q
0 n
) -
| \
RDn Address
N
Input signal |

in case of |
control mode

Remarks: 1. N:Port number

2. n :Bit number
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13.14.4 Port Block Type D

Figure 13-32: Type D Block Diagram

/\_/
WR pMDHn
(g PMDHnN
%)
>
[a]
©
3]
N
g WR ppHN
& )\ ~ PDHn
O PDHn | O
| 2 Sk—o
k)
N 8 _7( i

RDp nn Address

Remark: n: Bit number
n=0to?7.
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Chapter 13 Port Feature

13.14.5 Port Block Type E

Figure 13-33: Type E Block Diagram

/\_/
WRpmcTn
(g PMCTn
§ WRpcTn
@ )\ PCTn
g O PCTn |l\ O
<
2
o
[a
| S S
O ® 3
| I
%) )
N RDpcmn Address

Remark: n: Bit number
n=6,4,1,0
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13.14.6 Port Block Type F

Figure 13-34: Type F Block Diagram

/.\_/
WR pmcDn
é} PMCDn
WRpcpn
o) )\ PCDn
% O PCDn O
o
<
2
o
[a
5 5
N | 9 |« 5
| © [o]
n n [ < (
RDpcon Address
N

Remark: n: Bit number
n=3,2
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Chapter 13 Port Feature

13.14.7 Port Block Type G

Figure 13-35: Type G Block Diagram

/-\_/
WR pmcmn
(g PMCMn
o WR pcmn
M )\ PCMn
g O PCMn @)
<
2
o
o
| S S
M 9 5
| © [o]
n o[ ( l
~_ RDpcmn Address

Remark: n: Bit number
n=1,2
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13.14.8 Port Block Type H

Figure 13-36: Type H Block Diagram

PCMn

©)

/.\_/
WR pmcmn
é} PMCMn
WRpcmn
2 é} PCMn
m
©
@
N
2
3]
o
o<
RDpcmn
N

Remark: n: Bit number
n=0,3
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Chapter 13 Port Feature

13.14.9 Port Block Type |

Figure 13-37: Type | Block Diagram

N

2]
>
m
© RD
[
<
2
P
O]
o

S l—1

O 3
g | P mn
Noise eliminate \4] @
N/
Address

PNM| ~—

Input signal
in case of Edge detect

control mode

Remarks: 1. m:Port number

2. n:Bit number
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Chapter 13 Port Feature

13.15 Noise Elimination Filter and Edge detection

13.15.1 Filter and edge detection structure

Numbered ports PO, P1, P2, P3 have filter for noise suppression on all interrupts inputs.

Caution: To use peripheral interrupt or Timer G, input function of numbered ports, the user
has to program the port register accordingly to peripheral input mode. Otherwise the
peripheral function input level is always fixed to low level internally.

Filter have the following structure:

Figure 13-38: Type A: Input Filter and Edge Detection Overview for NMI

O—{% Noise Filter [—{ Edge Detect |—= NMI (CPU)

ESN1, ESNO

Figure 13-39: Type B: Input Filter and Edge Detection Overview for PO, P1, P2, P3

TIGNO, TIGn5, RXD6n, FCRXDn, etc.

O Ii Noise Filter [— Edge Detect |—= INTPXX (CPU)

ESN1, ESNO

Edge select circuit is different for NMI and INTPn. First, default active edge is falling edge for INTPn and
both edge for NMI. Both NMI and INTPn can be triggered by rising, falling or both edges. Level trigger is
not available in HELIOS.

For NMI, active edge configuration is allowed only one time. Write access with default value is also
count as write access and no further change is possible.

Caution: For NMI, masking in case of emulation is necessary. Please refer to emulation chap-
ter for details. Glue logic for masking is implemented in Edge detection for NMI.
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Chapter 13 Port Feature

Figure 13-40: Edge Detect Circuit for INTPn / NMI

NMI edge detect

EDGE_DLY

IN » 10~30ns*
8x F132

ESNO
ESN1 *
NMIMK )
EMUOMODE

*: real time depends on wire delay

— NMI

INTPn edge detect

EDGE_DLY

IN » 10~30ns* '—
8x F132

ESO
ES1—/—¢ L » INTPn

*: real time depends on wire delay

Remark: n=0to 10

Caution: Delay time of delay lines for filter and edge detection has to be checked after layout.
Delay of filter must be bigger than delay of edge detection circuit.
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13.15.2 Filter configuration

The following table gives an overview about the assignment of filter types to the port input pins and
defines the top-level names for the respective signals.

Table 13-2: Filter Assighment

Pin Ft;t;er Port Pin Remark
NMI A NMI NMI

P00 B INTPOO FCANZ2 receive
PO1 B INTPO1 FCANZ2 transmit
P02 B INTPO2 PCL

P10 B INTP10 TIGOO

P15 B INTP15 TIGO5/SCK10
P20 B INTP20 TIG10

P25 B INTP25 TIG15

P30 B INTP30 UART receive
P32 B INTP32 UART receive
P34 B INTP34 FCANL1 receive
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Chapter 13 Port Feature

13.15.3 Register for interrupt edge detection

External interrupt mode register INTMO,1,2,3, and INTNMI specify the valid edges of

external interrupt requests INTPOO to INTPO3, INTP10, INTP15, INTP20, INTP25, INTP30, INTP32,
INTP34 and NMI that are input from external pins. The correspondence of each register and the exter-

nal interrupt request controlled by the register is shown below.

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

Figure 13-41: INTM Register for Interrupt Edge Detection Format

7 6 5 4 3 2 1 0 Address  R/W
INTMOl 0 ‘ 0 ‘ ES021 ‘ ES020 ‘ ES011 ‘ ES010 | ES001 | Esooo| FFFF FCOOH R/W
RW RW RW RW RW RW
6 4 3 2 1 0 Address R/W
INTM1| 0 ‘ 0 ‘ ‘ 0 ‘ESlSl‘ESlSO|ESlOl|ESlOO| FFFF FCO2H R/W
R R R R RW RW RW RMW
6 4 3 2 1 0 Address R/W
INTM2| 0 ‘ 0 ‘ ‘ 0 ‘ESZSl‘E8250|E8201|E8200| FFFF FCO4H R/W
R R RW RW RW RMW
7 6 5 4 3 2 1 0 Address  R/W
INTM3| 0 ‘ 0 ‘ ES341 ‘ ES340 ‘ ES321 ‘ ES320 | ES301 | Es3oo| FFFF FCO6H R/W
RW RW RW RW RW RW
ESNx1 ESNx0 Edge select for INTPNx terminal
0 0 Falling edge
0 1 Rising edge
1 0 Both rising and falling edge
1 1 Both rising and falling edge

After Reset
0000H

After Reset
0000H

After Reset
0000H

After Reset
0000H

Caution: Programming edge detection or port mode register can trigger unintended interrupt
requests. Therefore be sure to mask the respective interrupt requests and install
appropriate interrupt handler for INT before reprogramming edge detection or port

function.
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Chapter 13 Port Feature

Figure 13-42: NMIM Register for Interrupt Edge Detection Format

7 6 5 4 3 2 1 0 Address R/W After Reset
NMIM | PNMI ‘ 0 | 0 | 0 ‘ 0 ‘ 0 ‘ ESN1 ‘ ESNO | FFFFFCO8H R/W  03H
R R R R R R R/W R/W
ESN1 ESNO Edge select for NMI terminal
0 0 Falling edge
0 1 Rising edge
1 0 Both rising and falling edges
1 1 Both rising and falling edges

PNMI Edge select for NMI terminal

Caution: ESN1 and ESNO are possible to change the setting only once. This register can be
access by only 8bit unit.
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Chapter 14 RESET Function

14.1 Overview

The following reset functions are available.

» Reset function by RESET pin input
» Reset function by overflow of the watchdog timer (WDTRES)

When the RESET pin goes high, the reset status is released, and the CPU starts executing the pro-
gram. The contents of each register used in the program should be initialized as necessary.
The RESET pin has a noise eliminator that operates by analog delay.

14.2 Configuration

Figure 14-1: Reset Block Diagram

RESET ©——=| Analog Delay Circuit

— Reset signal to CPU

Reset Controller

Reset signal to CG

) Reset signal to other
WDTRES issued peripheral macros
due to overflow

Count clock ———= Watchdog Timer
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Chapter 14 RESET Function

14.3 Operation

The system is reset, initializing each hardware unit, when a low level is input to the RESET pin or if
watchdog timer overflows (WDTRES).

When the RESET pin goes high or after the WDTRES has been received, the reset status is released,
and then the CPU starts program execution.

Table 14-1: Hardware Status on RESET Pin Input or Occurrence of WDTRES

Item During Reset After Reset

Main clock oscillator (fxx) Oscillation starts (fxx = O level). Oscillation continues

Peripheral clock (PCLK), Operation starts. However, operation

CPU clock (fepy) Operation stops s_tops during oscillation stabilization
time count.
Watchdog timer clock (fypT) Operation stops Operation starts
Undefined if power-on reset occurs or writing data to RAM and reset conflict
Internal RAM . . . . X .
(data loss); otherwise, retains values immediately before reset input.
1/0 lines (ports) High impedance

On-chip peripheral I/O registers Initialized to specified status

Other on-chip peripheral functions | Operation stops Operation can be started
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Chapter 14 RESET Function

Figure 14-2: Hardware Status on RESET Input or Watchdog Request

Oscillation
Circuit

RESET —|
input

Analog delay
(60 ns) \ / \ /
noise rejection noise rejection
Internal
reset signal

4 periods

Supplied clock

Figure 14-3: Operation on Power Application

Voo /
RESET
pin
> 10 ms insured by
user hardware
Analog delay
(60 ns)

Oscillation
Circuit |

Internal clock |||||||||||||
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Chapter 14 RESET Function

14.4 RESET cause identification

HELIOS provides the RESM flag useful in determination of the Reset cause:
RESM is only cleared by external hardware reset from reset pin, and only set by reset request from the

watchdog timer.
A jump to the reset vector does not affect RESM.

The RESM flag is held in the Reset Source Monitor register RSM, which can be only read with 8 bits
access.

Figure 14-4: Reset Cause Identification Register RSM

Symbol 7 6 5 4 3 2 1 0 Address At Reset
RsM | o | o | o [ o | o | o | o |RESM |FFFFF830H O0H
R R R R R R R R R
RESM Reset cause flag
0 Latest reset was caused by external RESET pin
1 Latest reset was caused by internal Watchdog reset
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Chapter 15 Flash Memory (WPD70F3175 only)

The V850E/CA4 HELIOS provides a 256 KB flash memory. An instruction fetch from the flash memory
takes one clock.

The flash memory can be programmed using a dedicated flash writer. Furthermore this product has a
Selfprogramming mode, which allows to program the flash memory by control of the application without
any dedicated writer.

The following can be considered as the development environment and the application using a flash
memory:

» Software can be altered after the yPD70F3175 is solder mounted on the target system.
» Small scale production of various models is made easier by differentiating software.

« Data adjustment in starting mass production is made easier.

» Alter the software in the field using the Selfprogramming option.

15.1 Features

e 4-byte (1-word) access in 1 clock (instruction fetch access)
< Entire flash memory is divided into 2 areas, which can be erased separately
- Area 0: 128 KB
- Area l: 128 KB
e Communication through serial interfaces (CSIO and UART60) from the dedicated flash writer
» Erase/write voltage: Vpp = 7.8 V
¢ On-board programming using flash writer

¢ Selfprogramming mode

« After erase flash memory becomes FFFFFFFFH.
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Chapter 15 Flash Memory (UPD70F3175 only)

15.2 Writing by Flash writer

Writing can be performed either on-board or off-board by the dedicated flash writer.

(1) On-board programming
The contents of the flash memory is rewritten after the yPD70F3175 is mounted on the target sys-
tem. It has to be ensured that the signals required for programming are made available to the flash
writer.

(2) Off-board programming

Writing to a flash memory is performed using a dedicated programming adapter (PA board), etc.,
before mounting the uPD70F3175 onto the target system.

15.3 Programming Environment

The following diagram shows the environment required for writing programs to the flash memory.

Figure 15-1: Programming Environment in Conjunction with External Flash Writer

VPP o
RS232 VDD -
Vss
RESET

Dedicated flash writer CSI00, UART6OV
B

] UPD70F3175
Host machine

A host machine can be used to control the flash writer.
CSI00 or UART®6O0 is used as the interface between the flash writer and the yPD70F3175 to perform
writing, erasing, etc. A programming adapter board is required for off-board writing.
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Chapter 15 Flash Memory (UPD70F3175 only)

15.4 Communication System

The communication between the dedicated flash writer and the uPD70F3175 is performed by serial

communication using CSI.

(1) CSI00

Transfer rate: up to 1.0 Mbps (MSB first)

Figure 15-2:

Vep

SI
SCK
CLKOUT

Dedicated flash writer

Note:

_—

B~

Flash Writer Communication via CSI0O0

Vpp

Vpoo ,BVbp1, BVbD2
BVpp3 , CVpp

Vsso ,Vss1, BVsso
BVss1 , BVss2, CVss

RESET
P40/S100
P41/SO00
P42/SCKO00
X1

HPD70F3175

The supply of operating clock from the flash writer to the uPD70F3175 is not mandatory. Like in

normal operating mode, the pPD70F3175 may also operate in flash memory programming
mode with a target system clock, e.g. a crystal or resonator connected to X1, X2 pins. In such
case do not connect the CLKOUT signal from the flash writer.
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Chapter 15 Flash Memory (UPD70F3175 only)

(2) UART
Transfer rate: 4,800 bps to 76,800 bps (LSB first)

Figure 15-3: Flash Writer Communication via UART60

Vep

Vep

Y

Vbpo, BVbp1, BVbp2, BVpps, CVbp

Y

Vb

o Vsso, Vssi, BVsso
GND -

’ BVssi1, BVss2, CVss

RESET » RESET
B
SO = P30/INTP30/RXD60
Dedicated flash programmer
Sl - P31/TXD60 WPD7OF3175
Note
CLKOUT > X1

Note: The supply of operating clock from the flash writer to the uPD70F3175 is not mandatory. Like in
normal operating mode, the pPD70F3175 may also operate in flash memory programming
mode with a target system clock, e.g. a crystal or resonator connected to X1, X2 pins. In such
case do not connect the CLKOUT signal from the flash writer.
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Chapter 15 Flash Memory (UPD70F3175 only)

15.5 Flash Programming Circuitry

The following schematic shows the minimal circuitry. The circuitry incorporates a low-dropout voltage
regulator (UPC29S78) as well as flash writer support. If the device is not used for Selfprogramming the
Vpp pin have to be connected via a pull down resistor of 10 K to ground and the voltage regulator

(LPC29S78) can be removed.

Figure 15-4: Minimal Circuitry for Flash Selfprogramming

D1

ld
L}

VIN > I uPC29S78

I8E

4
e 2 3 | || =% !
GND | Flash
| Master
|
|
|
|

|
i
Cable 1 !
; 2 :
o > ——<IPin6/\Vpp__ !
+5VD>—m— SCKO B— < Pin7/SCKO00 |
SI0 |——<{Pin5/SO00 !
1 Vooo SO0 B———+<IPin3/SI00__ |
BVbD1 RESET ~JPin2/RESET |
BVpp2
Reset
:: BVbp3 —<1 generator
CVbp
AVpp
T 17T 1T T1TT
1 pMPD70F3175 REGC 0 B
6 X CyvDDS T Ccvpp
:: Vsso
4 Vssi REGC_MO
BVsso T Cevop
SS1
BVss2
CVsg REGC_M1
+—1 Avgg - T Ccvop
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Chapter 15 Flash Memory (UPD70F3175 only)

15.6 Pin Handling

When performing on-board writing, all required signals on the target system have to be made accessi-
ble to the dedicated flash writer. Also, it has to be ensured that the modes are set correctly and the Vpp

signal, which is required to enter the programming mode can be controlled by the flash writer. In flash
memory programming mode, all pins not required for the flash memory programming, remain in the
same status as immediately after reset.

15.6.1 Vpp pin

In the normal operation mode, 0 V is input to Vpp pin. In the flash memory programming mode, 7.8 V
writing voltage is supplied to Vpp pin. The following figure shows an example of the connection of the

Vpp pln

Figure 15-5:  Pin Handling of Vpp pin

UWPD70F3175
- ] Dedicated flash writer
connection pin
Vpp O

Pull-down resistor (RVpp)

Remark: As pull-down resistor for using flash master 10 K are recommended.
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Chapter 15 Flash Memory (UPD70F3175 only)

15.6.2 Serial interface pins

The following shows the pins used by the serial interface.

Table 15-1: Serial Interface Pins

Serial Interface Pins Used

CSI0

SO00, SI00, SCK00

UARTG60

TXD60, RXD60

When connecting a dedicated flash writer to a serial interface pin, which is connected to other devices
on-board, care should be taken to avoid the conflict of signals and the malfunction of other devices, etc.

(1) Conflict of signals

When connecting a flash writer (output) to a serial interface pin (input) which is connected to
another device (output), conflict of signals may happen. To avoid the conflict of signals, isolate the

connection to the other device or set the other device to the high-impedance status.

Figure 15-6: Conflict between Flash Writer and Other Output Pin

HPD70F3175

Input pin

Flash writer
connection pin
Conlflict of signals
Baammm— R O

'.' Output pin

Isolate the signals on the other device side
in the flash memory programming mode

Preliminary User's Manual U16241EE1V1UMO00

489



Chapter 15 Flash Memory (UPD70F3175 only)

(2) Malfunction of the other device

When connecting a flash writer (output or input) to a serial interface pin (input or output) con-
nected to another device (input), the signal output to the other device may cause the device to
malfunction. To avoid this, isolate the connection to the other device or make the setting so that the
input signal to the other device is ignored.

Figure 15-7: Malfunction of Other Input Pins

(&) uPD70F3175 Serial Interface Output pin connection

HWPD70F3175
Flash writer
connection pin
Output pin f——— ()

The other device

' Input pin

Isolate the signal on the otherdevice input side in flash memory
programming mode in case the pP D70F3175 output signal
affects the other device input

(b) uPD70F3175 Serial Interface Input pin connection

uPD70F3175
Flash writer
connection pin
Input pin O

The other device

Input pin

Isolate the signal on the otherdevice input side in flash memory
programming mode in case the flash writer output signal
affects the other device input
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Chapter 15 Flash Memory (UPD70F3175 only)

15.6.3 RESET pin

When connecting the reset signals of the dedicated flash writer to the RESET pin which is connected to
the reset signal generation circuit on-board, conflict of signals may happen. To avoid the conflict of sig-
nals, isolate the connection to the reset signal generation circuit.

When reset signal is input from the user system during the flash memory programming mode, program-
ming operation will not be performed correctly. Therefore, do not input signals other than the reset sig-
nals from the dedicated flash writer.

Figure 15-8: Conflict between Flash Writer Reset Line and Reset Signal Generation Circuit

HWPD70F3175
Flash writer
Conflict of signals RESET output pin
RESET |- @ O
Reset signal generation circuit
'.' ‘ Output pin
In the flash memory programming mode, the signal that the reset signal
generation circuit outputs conflicts with the signal that the flash writer outputs
Therefore, isolate the signals onthe reset signal generation circuit side
15.6.4 NMI pin

Do not change the input signal to the NMI pin during the flash memory programming mode. If the NMI
pin is changed during the flash memory programming mode, the programming may not be performed
correctly.

15.6.5 Flash memory programming mode

To switch to the flash memory programming mode, apply writing voltage to the Vpp pin, and release the
reset.

15.6.6 Port pins

When the flash memory programming mode is set, all the port pins except the pins which communicate
with the dedicated flash writer become high-impedance state. The treatment of these port pins is not
necessary.

15.6.7 Other signal pins

Connect X1, X2 and AVrgp to the same state as that in the normal operation mode.

15.6.8 Power supply

Provide the same power supply (Vppg and BVppg 10 BVpp,, Cypps Cyss, Vssg and Vggg and BVggg to
BVsso, AVpp, AVgg) as that in normal operation mode.
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Chapter 15 Flash Memory (UPD70F3175 only)

15.7 Programming Method

15.7.1 Flash memory control

To manipulate the flash memory the uPD70F3175 has to operate in a special flash memory program-
ming mode. This mode can be entered either by applying the programming voltage of 7.8 V to the Vpp

before the reset is release or by entering the Selfprogramming mode.

The following figure shows the procedure for manipulating the flash memory.

Figure 15-9: Flow Chart of Flash Memory Manipulation

Starts

/

Switches to flash memory
programming mode

'

Selects communication system
(in case writer is connected)

Supplies RESET pulse

(in case flash writer is connected)

-
et

A
Manipulates flash memory

15.7.2 Selection of communication mode

In the uPD70F3175 as well as for other V850 family devices, a communication system is selected by
inputting pulses (16 pulses max.) to Vpp pin after switching to the flash memory programming mode.

The Vpp pulses are generated by the dedicated flash writer.
The following table shows the relation between the number of pulses and the communication systems.

Table 15-2: List of Communication Systems

Vpp pulse Communication System Remarks
0 Csloo MPD70F3175 performs slave operation, MSB first
8 UART60 Communication rate: 9600 bps (after reset), LSB first
Others (reserved) Setting prohibited
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Chapter 15 Flash Memory (UPD70F3175 only)

15.8 Selfprogramming Mode

The flash Selfprogramming feature allows user to reprogram the flash contents by a user application

program, without the necessity of an external flash writer.

This feature allows an update of the application with only on-board resources and a user defined com-

munication interface.

Figure 15-10: Configuration in Selfprogramming Mode

Vpp supplier

Output On/Off

|

csu/ Flash
Uart/ memory
CAN/
etc.

Programming UPD70F3175

data

In order to operate flash Selfprogramming, flash Selfprogramming libraries are prepared for user.

Following operations to the flash memory are supported by libraries.
* Initialize
» Blank Check
» Erase
o Write
* Verify
* Blank check
* Vpp Voltage Check
e Create Signature
» Check Signature
* Swap Area
» Check Area

For further details please refer to the following document:

» Application Note - Self-Programming
32-/16-bit Single-Chip Microcontroller -- Self-Programming Library
(Doc.No.: U15352EE2VVOANQO)
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Chapter 15 Flash Memory (UPD70F3175 only)

15.9 Secure Selfprogramming

15.9.1 General description

A flash memory area can only be erased as a whole. If parts of the lower flash area have to be updated,
the complete flash has to be erased. This bears the risk that a problem during Selfprogramming, partic-
ularly a power failure, leaves the device without any valid program for start-up.

To overcome those limitations pyPD70F3175 features a method which is called “secure Selfprogram-
ming”. By using “secure Selfprogramming”, it is always ensured that a valid boot program is available in
the flash memory. This is achieved by enabling the user to select which of the two flash areas is
mapped at address 0 and therefore accessed after reset, thus ensuring that the boot program located in
this area is executed.

This selection is done by creating a signature at address 08H or 20008H, depending on which area
should become the one located at address 0. Directly after reset, the device determines which area
contains a valid signature and maps this area to address 0.

15.9.2 Signature structure

The library provides a function to create a signature in either one of the two areas. It is located within
the user address space of the flash memory. The signature structure was chosen in a way to ensure
that no user data can be mistakenly interpreted as a signature. This is achieved by a different usage of
internal structures of the flash memory.

15.9.3 Secure Selfprogramming flow

A reprogramming of the flash memory starts with an erase of the upper area. After a successful erase,
the boot program that is located in the lower area has to be copied (modification possible) to the upper
area. Afterwards a signature is created in the upper area, indicating that this area contains a valid boot
program. The signature which is found in the lower area is destroyed by writing a 00000000H to this
address, and the areas are swapped, ensuring that the copied boot program is now located at address
0. This is followed by an erase of the area, which became the upper one still containing the old boot
program and an invalid signature. After completion of the erase operation, the flash memory contains
now only the boot program, so that the new application program can be written.

The flow looks as follows:

* Erase upper area

e Copy boot program from lower area to upper area

« Create signature in upper area

« Kill signature in lower area

« Swap area so that the lower area becomes the upper and vice versa
« Erase the upper area (which was formerly the lower)

« Write new application program to the flash memory
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0003 FFFFH

0001 FFFFH

0000 0000H

Figure 15-11:
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Chapter 15 Flash Memory (UPD70F3175 only)

Figure 15-11: Secure Selfprogramming Flow (2/2)
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15.9.4 Advantages of Secure Selfprogramming

A boot program is always available, thus ensuring that the device can always be
reprogrammed.
* The size of the boot block is not fixed. All sizes up to 128KB are supported.

« Itis possible to update the boot program using the secure mechanisms.
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A.1 Convention

Appendix A Instruction Set List

(a) Register symbols used to describe operands

Register Symbol Explanation

regl General registers: Used as source registers

reg2 General registers: Used _mainly as destination registers. Also used as
source register in some instructions.

reg3 General registers_: Used mainly _to store the _remainders of division
results and the higher order 3 bits of multiplication results.

bit#3 33-bit data for specifying the bit number

immX X bit immediate data

dispX X bit displacement data

reglD System register number

vector 5-bit data that specifies the trap vector (OOH to 1FH)

ccee 4-bit data that shows the conditions code

sp Stack pointer (SP)

ep Element pointer (r30)

listX X item register list

(b) Register symbols used to describe opcodes

Register Symbol Explanation
R 1-bit data of a code that specifies regl or regID
r 1-bit data of the code that specifies reg2
w 1-bit data of the code that specifies reg3
d 1-bit displacement data
I 1-bit immediate data (indicates the higher bits of immediate data)
i 1-bit immediate data
cccce 4-bit data that shows the condition codes
ccee 4-bit data that shows the condition codes of Bcond instruction
bbb 3-bit data for specifying the bit number
L 1-bit data that specifies a program register in the register list
S 1-bit data that specifies a system register in the register list
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Appendix A Instruction Set List

(c) Register symbols used in operation

Register Symbol Explanation
« Input for
GR[ ] General register
SR ] System register

zero-extend (n)

Expand n with zeros until word length.

sign-extend (n)

Expand n with signs until word length.

load-memory (a, b)

Read size b data from address a.

store-memory (a, b, )

Write data b into address a in size c.

load-memory-bit (a, b)

Read bit b of address a.

store-memory-bit (a, b, c)

Write c to bit b of address a.

saturated (n)

Execute saturated processing of n (n is a 2's complement).
If, as a result of calculations,

n > 7FFFFFFFH, let it be 7FFFFFFFH.

n < 80000000H, let it be 80000000H.

result Reflects the results in a flag.
Byte Byte (8 bits)

Half-word Half word (16 bits)

Word Word (32 bits)

+ Addition

- Subtraction

I Bit concatenation

x Multiplication

+ Division

% Remainder from division results
AND Logical product

OR Logical sum

XOR Exclusive OR

NOT Logical negation

logically shift left by

Logical shift left

logically shift right by

Logical shift right

arithmetically shift right by

Arithmetic shift right

(d) Register symbols used in an execution clock

Register Symbol

Explanation

If executing another instruction immediately after executing the first
instruction (issue).

If repeating execution of the same instruction immediately after exe-
cuting the first instruction (repeat).

If using the results of instruction execution in the instruction immedi-
ately after the execution (latency).

Preliminary User's Manual U16241EE1V1UMO00




Appendix A

Instruction Set List

(e) Register symbols used in flag operations

Identifier Explanation
(Blank) No change
0 Clearto 0
X Set or cleared in accordance with the results.
R Previously saved values are restored.

(f) Condition codes

Condition Condition Code - .
Name Condition Formula Explanation
(cond) (ccce)
\Y 000O ov=1 Overflow
NV 1000 ov=0 No overflow
CiL 0001 cy=1 E:vrvrgr (Less than)
NC/NL 1001 cY=0 mgtcli\r/\r/)ér (Greater than or equal)
ZIE 0010 [z=1 E(e]:f’al
NZ/NE 1010 [z=0 mg: ZZLOal
NH 0011 (CYorz)=1 Not higher (Less than or equal)
1011 (CYorz)=0 Higher (Greater than)
0100 S=1 Negative
1100 S=0 Positive
0101 — Always (Unconditional)
SA 1101 SAT=1 Saturated
LT 0110 (Sxorov)=1 Less than signed
GE 1110 (SxoroVv)=0 Greater than or equal signed
LE 0111 ((SxorQV)orz)=1 Less than or equal signed
GT 1111 ((SxorQV)orz)=0 Greater than signed
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Appendix A

Instruction Set List

A.2 Instruction Set (In Alphabetical Order)

(1/4)
Execution
X . Flags
Mnemonic Operand Opcode Operation Clock
i|r| l]|CcYlov|s SAT]
ADD regl,reg2 rrrrr001110RRRRR|GR[reg2]« GR[reg2] + GR[reg1] 1 (11| x| x| x
immb5,reg2 rrrrr010010iiiii |GR[reg2]« GR[reg2] + sign-extend(immb5) 1)1 x | x| x
ADDI imm16,regl,reg2 lrlrlrlrlrllll?lo?loﬁreﬁreﬁ GR[reg2]« GR[reg1] + sign-extend(imm16) 1|11 x| x| x
AND regl,reg2 rrrrr001010RRRRR|GR[reg2]« GR[reg2] AND GR[reg1] 111]1 0| x
ANDI imm16,regl,reg2 ”:”H?H?F,RFFF GR[reg2]« GR[regl] AND zero-extend(imm16) 111]1 0|0 x
When conditions Ngte Ngte N(?te
Beond disn9 ddddd1011dddcccc |if conditions are satisfied are satisfied 21 2| 2
P Note 1 then PC « PC+sign-extend(disp9) —
When conditions 1111
are not satisfied
rrrrr11111100000|GR[reg3]« GR[reg2] (23 : 16) Il GR[reg2] (31 : 24) Il
BSH reg2,reg3 V01101000010 GRIreg?] (7 : 0) Il GRIreg2] (15 : 8) LI p]x]0)x
rrrrr11111100000|GR[reg3]«GR[reg2] (7 : 0) Il GR[reg2] (15: 8) Il
BSW  lreg2,reg3 w01101000000 GRIreg?] (23 : 16) | GRIreg2] (31 : 24) LI p1]x]0)x
CTPC«PC + 2(return PC)
T (A CTPSW<«PSW
CALLT immé 00000010001 i iiii adr« CTBP+zero-extend(imm6 logically shift left by 1) 4144
PC « CTBP+zero-extend(Load-memory(adr,Half-word))
adr«GR[regl] + sign-extend(disp16) 3|3
bit#3, disp16[regl] 3222%3533 d” d"d” d"dz Z flag<Not(Load-memory-bit(adr,bit#3)) Note|Note|Note
CLR1 Store-memory-bit(adr,bit#3,0) 3133
adr<GR[regl] 3|3
reg2,[regl] E){)E){)E)éééiﬂ????? Z flag < Not(Load-memory-bit(adr,reg2)) Note[Note|Note
Store-memory-bit(adr,reg2,0) 3(3]3
T I, if conditions are satisfied
(r:eccg,|mm5,regz, reerr 1Cﬂ(1)(1)(1)'(:'(:'(:'(:'() then GR[reg3]«sign-extended(immb5) 1111
MoV 9 else GR[reg3]« GR[reg2]
if conditions are satisfied
ccec,regl,reg2,  |rrrrr111111RRRRR|
0 then GR[reg3]«GR[reg1] 1(1|1
reg3 11001ccecO else GR[reg3]« GR[reg2]
cvp regl,reg2 rrrrr001111RRRRR|result«—GR[reg2] — GR[reg1] 111 x| x| x
immb5,reg2 rrrrr010011iiiii |result«~GR[reg2] — sign-extend(immb5) 11 21] x| x| x
0000011111100000(PC«CTPC
CTRET 0000000101000100 [PSW<CTPSW SI3|3|RIRIR R
0000011111100000
ol 0000000101100000 |PSWP<1 tpigt
sp<«sp + zero-extend(immb logically shift left by 2) N+1IN+1lN+1
imms. list12 0000011001iiiiiL|GR[reg in list12]« Load-memory(sp,Word) Note|Note| Note
! LLLLLLLLLLLOOOOO [sp«sp + 4 4|44
repeat 2 steps above until all regs in list12 are loaded
DISPOSE sp«sp + zero-extend(imm5 logically shift left by 2)
0000011001iiiii L|R[reg in list12]« Load-memory(sp,Word) N+3{N+3[N+3
immb5,list12,[regl] [LLLLLLLLLLLRRRRR[sp<«sp + 4 Note|Note|Note
Note 5 repeat 2 steps above until all regs in list12 are loaded 41 4] 4
PC«+GR[regl]
rrrrr111111RRRRR|GR[reg2]« GR[reg2] + GR[reg1l]
bV reglreg2,reg3 | 01011000000 |GRlreg3]« GRIreg2] % GRIregl] 3513535
regl,reg2 rrrrr000010RRRRRIGR[reg2]« GR[reg2] + GR[regl]NOte 6 35| 35|35 x | x
DIVH rrrrr111111RRRRR|GR(reg2 A Note 6
1.reg2.rea3 g2]«GR[reg2] + GR[reg1l] 35| 35| 35
regl.regsreds | yumww01010000000 |GR(reg3]« GRIreg2] % GRIregl] x|
rrrrr111111RRRRR|GRreg2]« GR[reg2] + GR[reg1]N°te 6
DIVHU 1 2 3 34134| 34
regl.regsreds | yumww01010000010|GR(reg3]« GR[reg2] % GRIregl] x|
rrrrr111111RRRRR|GR[reg2]« GR[reg2] + GR[reg1l]
DIVU - |reglreg2regd |\ m01011000010 |GR[reg3]«GRIreg2] % GR[regl] 34] 3434 x| x
1000011111100000
El 0000000101100000 [P SWD«<0 tpigt
0000011111100000
HALT 0000000100100000 [>1°P Pt
rrrrr11111100000 . i
HSW reg2,reg3 01101000100 GRI[reg3]«GR[reg2](15 : 0) Il GR[reg2] (31 : 16) 1(1|1|x|0]|x
rrrrr11110dddddd
) GR[reg2]«PC + 4
JARL disp22,reg2 lfikc)itcéd;iddddddddddO PC<« PC + sign-extend(disp22) 21212
IMP [regl] 00000000011 RRRRR|PC«+GR[reg1] 313|3
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Appendix A

Instruction Set List

(2/4)
Execution
. . Flags
Mnemonic Operand Opcode Operation Clock
i r I [CY|OV| S SAT]
0000011110dddddd
JR disp22 dddddddddddddddO |PC«PC + sign-extend(disp22) 2122
Note 7
’ rrrrr111000RRRRR|adr« GR[regl] + sign-extend(disp16) Note
LDB disp16[regl]reg2 | 4 4ddddddddddddd |GR[reg2] < sign-extend(Load-memory(adr,Byte)) 110
rrrrr11110bRRRRR . .
LDBU  |disp16[regl]reg? | ddddddddddddddi |29r¢ GRIregl] + sign-extend(disp16) 1| 1 |Noe
GR[reg2]« zero-extend(Load-memory(adr,Byte)) 11
Notes 8, 10
rrrrr111001RRRRR . .
I adr<«GR[reg1] + sign-extend(disp16) Note
LDH disp16[regl].reg2 ,Sggdgddddddddddo GR[reg2] «sign-extend(Load-memory(adr,Half-word)) 1t 11
rrrrr111111RRRRR Other than 1111
LDSR reg2,reglD 0000000000100000 |SR[reglD]« GR[reg2] reglD = PSW
Note 12 reglD = PSW 1111 x| x|x X
rrrrr111111RRRRR . .
) adr« GR[reg1]+sign-exend(disp16) Note
LD-HU disp16[regl]reg2 ﬁg&dgddddddddddl GR[reg2]« zero-extend(Load-memory(adr,half-word) 1t 11
rrrrr111001RRRRR . .
LDW |disp16iregl]reg? | ddddddddddddddd1 |31 CRITAL + sign-exenddiento) 1| 1 [Note
Note 8 [reg2]«Load-memory(adr,Word) 9
regl,reg2 rrrrr000000RRRRR|GR[reg2]«+ GR[reg1] 1111
immb5,reg2 rrrrr010000iiiii |GR[reg2]« sign-extend(immb5) 1111
MoV 00000110001RRRRR
imm32,regl fiiiiiiiiiiiiiii |GR[regl]«-imm32 2122
fiiiiiiiiiiiiiii
MOVEA |[imm16,regl,reg2 :’ :‘:‘ :‘:’IlI].IO?IOI].I ji Hi ji iRGR[regz]eGR[regl] + sign-extend(imm16) 1111
. 110010RRRRR
MOVHI  [immi6reglreg2 | i1 1 2 2 GRireg2]« GRireg1] + (imma16 1l 019) 111
2
rrrrr111111RRRRR
regl,reg2,reg3 01000100000 GR[reg3] Il GR[reg2]« GR[reg2] x GR[reg1] 1 Nloje 2
MUL 5
h rrrrr111111iiiii |GR[reg3] Il GR[reg2]« GR[reg2] x sign-extend(imm9)
IMm,reg2,r€93 | w0 10011 I | 1 00|Note 13 1 ije 2
reglreg2 rrrrr000111RRRRR|GR[reg2]« GR[reg2N°'® b x GRreg1]N'e © 1{1]2
MULH
imm5,reg2 rrrrr010111iiiii |GR[reg2]« GR[reg2]N°t © x sign-extend(imms) 1112
; rrrrr110111RRRRR Note 6 _ :
MULHI imm16,regl,reg2 iiiiiiiiiiiiiiii |GRIreg2]«-GRlregl] ote 65 imm16 11112
2
rrrrr111111RRRRR
regl,reg2,reg3 01000100010 GR[reg3] Il GR[reg2]« GR[reg2]xGR[reg1] 1 Nloje 2
MULU 2
. rrrrr111111iiiii |GR[reg3] Il GR[reg2]« GR[reg2]xzero-extend(imm9)
imm9,reg2,1€g3 |\ mm010011 1 1110|Note 13 1 ije 2
NOP 0000000000000000 |Pass at least one clock cycle doing nothing. 111
NOT regl,reg2 rrrrr000001RRRRR|GR[reg2]« NOT(GR[reg1l]) 1111 0| x
RRRRI adr«< GR[reg1]+sign-extend(disp16) 31313
bit#3,disp16[regl] gégggééééégddddszflageNot(Load—memory—bit(adr,bit#3)) Note[Note|Note
NOTL Store-memory-bit(adr,bit#3,Z flag) 31313
adr«GR[regl] 313
reg2,[regl] ngggéééiﬂsgg?g Z flag «—Not(Load-memory-bit(adr,reg2)) Note|Note|Note
Store-memory-bit(adr,reg2,Z flag) 313]3
OR regl,reg2 rrrrr001000RRRRR|GR[reg2]« GR[reg2]OR GR[reg1] 1111 0| x
ORI imm16,regl,reg2 Irlrlrlrlrllllloll??l ji Hi Hi iRGR[reQZ]eGR[regl]OR zero-extend(imm16) 1111 0| x
Store-memory(sp — 4,GR[reg in list12],Word) n+1 | et | net
list12,imm5 0000011110i i i i L |sp<sp -4 Note|Note[Note
' LLLLLLLLLLLOOOOL1 [repeat 1 step above until all regs in list12 are stored 44| a
Sp<«sp — zero-extend(imm5)
PREPARE - — in li
0000011110iiiiilL Store men;ory(sp 4,GRJreg in list12],Word) £+t2 £+t2 £+t2
list12,imms, LLLLLLLLLLLffO11[3P<SP~ _ o ote|Note| Note
" Note 15 ) - repeat 1 step above until all regs in list12 are stored 4144
sp/imm imm16/imm32 )
Sp<«sp — zero-extend(immb) Note|Note|Note
Note 16 -
ep<«sp/imm 171717
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Instruction Set List

(3/14)
Execution
; ) Flags
Mnemonic Operand Opcode Operation Clock
i r I |[CY|OV| S SAT
if PSW.EP=1
then PC «EIPC
PSW «EIPSW
0000011111100000| else if PSW.NP=1
RETI 0000000101000000 then PC « FEPC SI8|3|RIRIR R
PSW «FEPSW
else PC«EIPC
PSW «EIPSW
rrrrr111111RRRRR|GR[reg2]« GR[reg2] arithmetically shift right
AR regl reg2 0000000010100000 by GR[reg1] LI pI]x]0)x
imms reg2 Frrrr01010Liiiii GR[reg2]« GR[reg2] arithmetically sh_lft right 111l 1] xlol «x
by zero-extend (immb5)
if conditions are satisfied
then GR[reg2]« (GR[reg2]Logically shift left by 1)
SASF  |ccccreg2 ngggéiééééggggg OR 00000001H 111
else GR[reg2]« (GR[reg2]Logically shift left by 1)
OR 00000000H
SATADD regl,reg2 rrrrr000110RRRRR|GR[reg2]« saturated(GR[reg2]+GR[regl]) 1)1 x| x| x X
immb5,reg2 rrrrr010001iiiii |GR[reg2]« saturated(GR[reg2]+sign-extend(imm5) 111 x| x| x X
SATSUB [regl,reg2 rrrrr000101RRRRR|GR[reg2]« saturated(GR[reg2]-GR[reg1]) 111 x| x| x x
SATSUBI |imm16,regl,reg2 :’ Ir :’ Ir :’ Illl??llllﬂqﬁﬂ? GRJ[reg2]«saturated(GR[reg1]-sign-extend(imm16) 111 x| x| x x
SATSUBR |regl,reg2 rrrrr000100RRRRR|GR[reg2]« saturated(GR[reg1]-GR[reg2]) 1|11 x| x| x X
If conditions are satisfied
SETF  |ccocreg2 o aaaaaeeee | then GRireg2]«~00000001H 111
else GR[reg2]«00000000H
adr« GR[reg1] + sign-extend(disp16) 3|1 3|3
bit#3,disp16[regl] 00bbb111110RRRRR Z flag<—Not (Load-memory-bit(adr,bit#3)) Note|Note|Note|
dddddddddddddddd ; h
SET1 Store-memory-bit(adr,bit#3,1) 3133
adr« GRJ[regl] 3|33
reg2,[regl] ngggéééﬁiggggg Z flag < Not(Load-memory-bit(adr,reg2)) Note|Note|Note|
Store-memory-bit(adr,reg2,1) 3133
rrrrr111111RRRRR . .
- regl,reg2 0000000011000000 GRJ[reg2]« GR[reg2] logically shift left by GR[reg1] 1({1|1|x|0]|x
imms, reg2 rrrrro10110iiiii [CRI€92]« GRIreg2] logically shift left by 1]1l1]x]o]x
zero-extend(immb5)
rrrrr111111RRRRR . e
SHR regl,reg2 0000000010000000 GR[reg2]«GR[reg2] logically shift right by GR[reg1] 11|21 |x|0] x
imms reg2 rrrrro10100iiiii |CRIe92l« GRIreg2] logically shift right by 1]1]1]x]o]fx
zero-extend(imm5)
) adr«ep + zero-extend(disp7) Note!
SLD.B disp7[ep],reg2 rrrrr0110ddddddd GR{reg2] < sign-extend(Load-memory(adr,Byte)) 1)1 9
: rrrrr0000110dddd|adr<ep + zero-extend(disp4) Note
SLD.BU |disp4{ep] reg2 Note 18 GR[reg2]« zero-extend(Load-memory(adr,Byte)) 11 9
) rrrrr1000ddddddd|adr«ep + zero-extend(disp8) Note!
SLDH disp8lep].reg2 Note 19 GR[reg2]«sign-extend(Load-memory(adr,Half-word)) 11 9
) rrrrr0000111dddd adr«ep+zero-extend(disp5) Note!
SLD.HU |dispS[ep] reg2 Notes 18, 20 GR[reg2]« zero-extend(Load-memory(adr,Half-word)) 11 9
: rrrrr1010ddddddo|adr«ep + zero-extend(disp8) Note!
SLD.W dispg[ep] reg2 Note 21 GR[reg2]« Load-memory(adr,Word) 11 9
. adr«ep + zero-extend(disp7)
SST.B reg2,disp7[ep] rrrrr0111ddddddd Store-memory(adr,GR[reg2], Byte) 111]1
) rrrrr1001ddddddd|adr«ep + zero-extend(disp8)
SSTH reg2,dispSlep] Note 19 Store-memory(adr,GR[reg2],Half-word) e
! rrrrr1010ddddddl |adr<ep + zero-extend(disp8)
SSTW reg2,dispsfep] Note 21 Store-memory(adr,GR[reg2],Word) e
I rrrrr111010RRRRR|adr« GR[regl] + sign-extend(disp16)
STB reg2,disp16{regl] | 44 yydddddddddddd |Store-memory(adr,GR[reg2],Byte) e
rrrrr111011RRRRR . .
! adr« GR[regl] + sign-extend(disp16)
STH reg2,disp16[regl] Sgtidgddddddddddo Store-memory (adr,GR[reg2], Half-word) 1(1|1
rrrrr111011RRRRR . ’
STW  |reg2,disp16fregl] | dddddddddddddddl gd”_GR['egll *5'9”"%‘9””("'3"36) 111
Note 8 tore-memory (adr,GR[reg2], Word)
rrrrr111111RRRRR
STSR regiD,reg2 0000000001000000 GR[reg2]« SR[regID] 1(1|1
SUB regl,reg2 rrrrr001101RRRRR|GR[reg2]« GR[reg2]-GR[reg1] 1|12 x| x| x
SUBR regl,reg2 rrrrr001100RRRRR|GR[reg2]«-GR[reg1]-GR[reg2] 1|12 x| x| x
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Appendix A Instruction Set List
(4/4)
Execution
; ) Flags
Mnemonic Operand Opcode Operation Clock
i r I [CY|OV| S SAT]
adr« (PC+2) + (GR [reg1] logically shift left by 1)
PC« (PC+2) + (sign-extend
SWITCH [regl 00000000010RRRRR] (Load-memory (adr,Half-word))) 5(5]|5
logically shift left by 1
GR[reg1]«sign-extend
SXB regl 00000000101RRRRR (GR[reg1] (7 : 0)) 1111
GR[regl]«sign-extend
SXH regl 00000000111RRRRR (GR[reg1] (15 : 0)) 1(1(1
EIPC«PC+4 (Return PC)
EIPSW«PSW
..... ECR.EICC «Interrupt Code
0000011111%iiiii
TRAP vector PSW.EP«1 3133
0000000100000000 PSW.ID<1
PC+«00000040H (when vector is 00H to OFH)
00000050H (when vector is 10H to 1FH)
TST regl,reg2 rrrrr001011RRRRR|result«—GR[reg2] AND GR[regl] 1111 0| x
i i 3133
. . 11bbb111110RRRRR|adr« GR[regl] + sign-extend(disp16)
bit#3,disp16[reg1] | yddddddddddddd |Z flag«Not (Load-memory-bit (adr,bit#3)) Note|Note Note
TST1
reg2, [req] rrrrr111111RRRRR|adr< GR[regl] N3 N3 N3
9<. lreg 0000000011100110|Z flag < Not (Load-memory-bit (adr,reg2)) NN
XOR regl,reg2 rrrrr001001RRRRR|GR[reg2]« GR[reg2] XOR GR[reg1] 1111 0| x
XORI imm16,regd,reg2 I’Irlrlrlrllll?llf)llﬂaﬁff GR[reg2]« GRregl] XOR zero-extend (imm16) 1|11 0| x
ZXB regl 00000000100RRRRR|GR[regl1]«zero-extend (GR[reg1] (7 : 0)) 1111
ZXH regl 00000000110RRRRR|GR[regl]« zero-extend (GR[regl] (15 : 0)) 1111
Notes: dddddddd: Higher 8 bits of disp9.

3 clocks if the final instruction includes PSW write access.

1
2
3. If there is no wait state (3 + the number of read access wait states).
4

n is the total number of list X load registers. (According to the number of wait states. Also, if
there are no wait states, n is the number of list X registers.)

RRRRR: other than 00000.

The lower half word data only are valid.

ddddddddddddddd: The higher 15 bits of disp16.

5
6
7. ddddddddddddddddddddd: The higher 21 bits of disp22.
8
9

According to the number of wait states (1 if there are no wait states).

. b: bit 0 of disp16.

. According to the number of wait states (2 if there are no wait states).

. In this instruction, for convenience of mnemonic description, the source register is made

reg2, but the regl field is used in the opcode. Therefore, the meaning of register specifica-

tion in the mnemonic description and in the opcode differs from other instructions.

rrrrr=reglD specification
RRRRR= reg2 specification

I I'11:Lower 4 bits of imm9.

14. In the case of reg2 = reg3 (the lower 32 bits of the results are not written in the register) or
reg3 = r0 (the higher 32 bits of the results are not written in the register), shortened by 1

clock.

15. sp/imm: specified by bits 19 and 20 of the sub-opcode.
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504

16.

17.
18.
19.
20.
21.

ff = 00: Load spin ep.
10: Load sign expanded 16-bit immediate data (bits 47 to 32) in ep.
11: Load 32-bitimmediate data (bits 63 to 32) in ep.

Ifimm =imm32, n + 3 clocks.
rrrrr :Other than 00000.
ddddddd: Higher 7 bits of disp8.
dddd: Higher 4 bits of disp5.
dddddd: Higher 6 bits of disp8.
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Appendix B Index

A
A/D conversion result registers 010 11, . .. ... i 423
A/D converter operation
AD tHgOer MOGE . . .t e 431
A/D trigger polling MOde. . .. ..o 433
BasiC OPeration. . . .. ... 427
OPperation MOUES . . . ..o ot e e e 428
A/D scan mode register O . . . .. ..o e 417
ADCRO 0 ADCRIL. . .. e 423
AD E T M . o 422
AD S CMO . . oo 417
AD S C M L. . o 419
ANIOO 10 ANIL L. L L 43
AV DD . . 49, 50
c
Clocked serial interface initial transmission buffer registers 0, 1 .. ........... ... .. ... ..... 284
Clocked serial interface initial transmission buffer registers LO, L1 .. ......... ... .. ... ..... 285
Clocked serial interface mode registers 0, 1. . . .. ... e 277, 305
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