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Notice

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

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

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

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

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

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

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

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

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

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

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

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

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

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

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

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

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Keep safety first in your circuit designs!

Renesas Technology Corporation puts the maximum effort into making semiconductor prod-
ucts better and more reliable, but there is always the possibility that trouble may occur with
them. Trouble with semiconductors may lead to personal injury, fire or property damage.
Remember to give due consideration to safety when making your circuit designs, with ap-
propriate measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of non-
flammable material or (iii) prevention against any malfunction or mishap.

Notes regarding these materials

These materials are intended as a reference to assist our customers in the selection of the
Renesas Technology Corporation product best suited to the customer's application; they do
not convey any license under any intellectual property rights, or any other rights, belonging
to Renesas Technology Corporation or a third party.

Renesas Technology Corporation assumes no responsibility for any damage, or infringe-
ment of any third-party's rights, originating in the use of any product data, diagrams, charts,
programs, algorithms, or circuit application examples contained in these materials.

All information contained in these materials, including product data, diagrams, charts, pro-
grams and algorithms represents information on products at the time of publication of these
materials, and are subject to change by Renesas Technology Corporation without notice
due to product improvements or other reasons. It is therefore recommended that custom-
ers contact Renesas Technology Corporation or an authorized Renesas Technology Cor-
poration product distributor for the latest product information before purchasing a product
listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corporation assumes no responsibility for any damage, liability, or
other loss rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corporation by
various means, including the Renesas Technology Corporation Semiconductor home page
(http://www.renesas.com).

When using any or all of the information contained in these materials, including product
data, diagrams, charts, programs, and algorithms, please be sure to evaluate all informa-
tion as a total system before making a final decision on the applicability of the information
and products. Renesas Technology Corporation assumes no responsibility for any dam-
age, liability or other loss resulting from the information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for
use in a device or system that is used under circumstances in which human life is poten-
tially at stake. Please contact Renesas Technology Corporation or an authorized Renesas
Technology Corporation product distributor when considering the use of a product con-
tained herein for any specific purposes, such as apparatus or systems for transportation,
vehicular, medical, aerospace, nuclear, or undersea repeater use.

The prior written approval of Renesas Technology Corporation is necessary to reprint or
reproduce in whole or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions,
they must be exported under a license from the Japanese government and cannot be im-
ported into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/
or the country of destination is prohibited.

Please contact Renesas Technology Corporation for further details on these materials or
the products contained therein.
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OVERVIEW

1.1 Outline of the 32182 Group

1.1 Outline of the 32182 Group

The 32182 group (hereafter simply the 32182) belongs to the M32R/ECU series in the M32R family of
Renesas microcomputers. For details about the current development status of the 32182, please contact your
nearest office of Renesas or its distributor.

Table 1.1.1 Product List

Type Name ROM Size RAM Size Package Type Operating Ambient Temperature
M32182F3VFP 384 Kbytes 64 Kbytes ~ 144-pin LQFP: 144P6Q-A (0.5 mm pitch) —40°C to 125°C (@64 MHz)
M32182F3UFP 384 Kbytes 64 Kbytes ~ 144-pin LQFP: 144P6Q-A (0.5 mm pitch) —40°C to 105°C (@80 MHz)
M32182F3TFP 384 Kbytes 64 Kbytes ~ 144-pin LQFP: 144P6Q-A (0.5 mm pitch) —40°C to 85°C (@80 MHz)
M32182F8VFP 1 Mbyte 64 Kbytes  144-pin LQFP: 144P6Q-A (0.5 mm pitch) —40°C to 125°C (@64 MHz)
M32182F8UFP 1 Mbyte 64 Kbytes  144-pin LQFP: 144P6Q-A (0.5 mm pitch) —40°C to 105°C (@80 MHz)
M32182F8TFP 1 Mbyte 64 Kbytes  144-pin LQFP: 144P6Q-A (0.5 mm pitch) —40°C to 85°C (@80 MHz)

1.1.1 M32R Family CPU Core with Built-in FPU (M32R-FPU)

(1) Based on a RISC architecture

* The 32182 is a group of 32-bit RISC single-chip microcomputers. The M32R-FPU in this group of
microcomputers incorporates a fully IEEE 754-compliant, single-precision FPU in order to materialize
the common instruction set and the high-precision arithmetic operation of the M32R CPU. The 32182
products listed in the above table are built around the M32R-FPU and incorporates flash memory,
RAM and various peripheral functions, all integrated into a single chip.

* The M32R-FPU is constructed based on a RISC architecture. Memory is accessed using load/store
instructions, and various arithmetic/logic operations are executed using register-to-register operation
instructions.

» The internally has sixteen 32-bit general-purpose registers. The instruction set consists of 100 dis-
crete instructions in total (83 instructions common to the M32R family plus 17 FPU and extended
instructions). These instructions are either 16 bits or 32 bits long.

« In addition to the ordinary load/store instructions, the M32R-FPU supports compound instructions
such as Load & Address Update and Store & Address Update. These instructions help to speed up
data transfers.

(2) Five-stage pipelined processing

» The M32R-FPU supports five-stage pipelined instruction processing consisting of Instruction Fetch,
Decode, Execute, Memory Access and Write Back (processed in six stages when performing float-
ing-point arithmetic). Not just load/store instructions and register-to-register operation instructions,
but also floating-point arithmetic instructions and compound instructions such as Load & Address
Update and Store & Address Update are executed in one CPUCLK period (which is equivalent to 12.5
ns when f(CPUCLK) = 80 MHz).

« Although instructions are supplied to the execution stage in the order in which they were fetched, it is
possible that if the load/store instruction supplied first is extended by wait cycles inserted in memory
access, the subsequent register-to-register operation instruction will be executed before that instruc-
tion. Using such a facility, which is known as the “out-of-order-completion” mechanism, the M32R-
FPU is able to control instruction execution without wasting clock cycles.

(3) Compact instruction code

* The M32R-FPU supports two instruction formats: one 16 bits long, and one 32 bits long. Use of the
16-bit instruction format especially helps to suppress the code size of a program.

* Moreover, the availability of 32-bit instructions makes programming easier and provides higher per-
formance at the same clock speed than in architectures where the address space is segmented. For
example, some 32-bit instructions allow control to jump to an address 32 Mbytes forward or backward
from the currently executed address in one instruction, making programming easy.
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1.1.2 Built-in Multiplier/Accumulator

(1) Built-in high-speed multiplier

e The M32R-FPU contains a 32 bits x 16 bits high-speed multiplier which enables the M32R-FPU to
execute a 32 bits x 32 bits integral multiplication instruction in three CPUCLK periods.

(2) DSP-comparable sum-of-products instructions

» The M32R-FPU supports the following four types of sum-of-products calculation instructions (or multipli-
cation instructions) which each can be executed in one CPUCLK period using a 56-bit accumulator.

(1) 16 high-order bits of register x 16 high-order bits of register
(2) 16 low-order bits of register x 16 low-order bits of register
(3) Whole 32 bits of register x 16 high-order bits of register

(4) Whole 32 bits of register x 16 low-order bits of register

« The M32R-FPU has some special instructions to round the value stored in the accumulator to 16 or
32 bits or shift the accumulator value before storing in a register to have its digits adjusted. Because
these instructions are also executed in one CPUCLK period, when used in combination with high-
speed data transfer instructions such as Load & Address Update or Store & Address Update, they
enable the M32R-FPU to exhibit data processing capability comparable to that of a DSP.

1.1.3 Built-in Single-precision FPU

» The M32R-FPU supports single-precision floating-point arithmetic fully compliant with IEEE 754 stan-
dards. Specifically, five exceptions specified in IEEE 754 standards (Inexact, Underflow, Division by
Zero, Overflow and Invalid Operation) and four rounding modes (round to nearest, round toward O,
round toward + Infinity and round toward — Infinity) are supported. What’'s more, because general-
purpose registers are used to perform floating-point arithmetic, the overhead associated with trans-
ferring the operand data can be reduced.

1.1.4 Built-in Flash Memory and RAM

» The 32182 contains a RAM that can be accessed with zero wait state, allowing to design a high-speed
embedded system.

» The internal flash memory can be written to while mounted on a printed circuit board (on-board writ-
ing). Use of flash memory facilitates development work, because the chip used at the development
stage can be used directly in mass-production, allowing for a smooth transition from prototype to
mass-production without the need to change the printed circuit board.

» The internal flash memory can be rewritten as many as 100 times.

e The internal flash memory has a virtual flash emulation function, allowing the internal RAM to be
superficially mapped into part of the internal flash memory. When combined with the internal Real-
Time Debugger (RTD) and the M32R family’s common debug interface (Scalable Debug Interface or
SDI), this function makes the ROM table data tuning easy.

» The internal RAM can be accessed for reading or rewriting data from an external device indepen-
dently of the M32R-FPU by using the Real-Time Debugger. The external device is communicated
using the Real-Time Debugger’s exclusive clock-synchronized serial 1/0.

1-3 32182 Group User’'s Manual (Rev.1.0)



OVERVIEW
1 1.1 Outline of the 32182 Group

1.1.5 Built-in Clock Frequency Multiplier

» The 32182 contains a clock frequency multiplier, which is schematically shown in Figure 1.1.1 below.

XIN pin X8 CPUCLK (CPU clock)
(8MHz-10MHz) PLL (64MHz-80MHz)

1/4 ——» BCLK (peripheral clock)
(16MHz-20MHz)

Figure 1.1.1 Conceptual Diagram of the Clock Frequency Multiplier

Table 1.1.2 Clock
Functional Block Features

CPUCLK » CPU clock: Defined as f(CPUCLK) when it indicates the operating clock frequency for
the M32R-FPU core, internal flash memory and internal RAM.

BCLK « Peripheral clock: Defined as f(BCLK) when it indicates the operating clock frequency
for the internal peripheral /0O and external data bus.

Clock output (BCLK pin output) * A clock with the same frequency as f(BCLK) is output from this pin.

1.1.6 Powerful Peripheral Functions Built-in

(1) Multijunction timer (MJT)

(2) 10-channel DMAC

(3) 12-channel A-D converter (ADC)

(4) 4-channel high-speed serial I/O (SIO)

(5) Real-time debugger (RTD)

(6) 8-level interrupt controller (ICU)

(7) Three operation modes

(8) Wait controller

(9) 2-channel Full-CAN

(10) M32R family’s common debug function (Scalable Debug Interface or SDI)
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1.2 Block Diagram

Figure 1.2.1 shows a block diagram of the 32182. The features of each block are described in Table 1.2.1.

:x Internal Bus
M32R-FPU Core Interface
(80 MHz)
Multiplier/Accumulator ] :> DMAC

(32 bits x 16 bits + 56 bits)

Single-precision FPU 1

(fully IEEE 754 compliant)

(10 channels)

— Multijunction Timer
(37 channels)

Internal 32-bit bus

A-D Converter
(A-DO: 10-bit converter, 12 channels)

Internal Flash Memory :>
(M32182F3: 384 Kbytes)
Serial I1/0
(4 channels)
Interrupt Controller

(M32182F8: 1 Mbyte)

Internal 32-bit bus

Internal RAM —
(64 Kbytes)

U

Real-Time Debugger
(RTD)

Internal 16-bit bus

(23 sources, 8 levels)

Wait Controller

— Full CAN
(2 channels)

PLL Clock Generator

External Bus
Internal Power Supply Interface
Generator (VDC)

Data@ ‘ ‘ Address

Input/output ports, 97 lines

Figure 1.2.1 Block Diagram of the 32182
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Table 1.2.1 Features of the 32182 (1/2)

Functional Block Features

M32R-FPU CPU core » Implementation: Five-stage pipelined instruction processing (processed in six stages when
performing floating-point arithmetic)
* Internal 32-bit structure of the core
* Register configuration
General-purpose registers: 32 bits x 16 registers
Control registers: 32 bits x 6 registers
* Instruction set
16 and 32-bit instruction formats
100 discrete instructions and six addressing modes
« Internal multiplier/accumulator (32 bits x 16 bits + 56 bits)
* Internal single-precision floating-point arithmetic unit (FPU)

RAM  Capacity: 64 Kbytes, accessible with zero wait state
 The internal RAM can be accessed for reading or rewriting data from the outside independently of
the M32R-FPU by using the Real-Time Debugger, without ever causing the CPU performance to
decrease.

Flash memory « Capacity
M32182F3: 384 Kbytes, 1M32182F8: 1 Mbyte
* One-wait access
* Durability: Rewritable 100 times
Bus specification » Fundamental bus cycle: 12.5 ns (when f(CPUCLK = 80 MHz)
* Logical address space : 4 Gbytes linear
« Internal bus specification : Internal 32-bit data bus (for CPU <-> internal flash memory and RAM access)

(or accessed in 64 bits when accessing the internal flash memory for
instructions)
. Internal 16-bit data bus (for internal peripheral I/O access)

» Extended external area: Maximum 3 Mbytes (1 Mbytes x 3 blocks during external

extension mode)

« External data address: 20-bit address

* External data bus: 16-bit data bus

* Shortest external bus access: 1 BCLK period during read, 1 BCLK period during write

Multijunction timer (MJT) 37-channel multi-functional timer
16-bit output related timer x 11 channels, 16-bit input/output related timer x 10 channels,
16-bit input related timer x 8 channels, 32-bit input related timer x 8 channels

* Flexible timer configuration is possible by interconnecting these timer channels.

« Interrupt request: Counter underflow or overflow and rising or falling or both edges or high or low level
from the TIN pin (These can be used as external interrupt inputs irrespective of timer operation.)

» DMA transfer request: Counter underflow or overflow and rising or falling or both edges or high or
low level from the TIN pin (These can be used as external DMA transfer request inputs
irrespective of timer operation.)

DMAC * Number of channels: 10
* Transfers between internal peripheral 1/0’s or internal RAM’s or between internal peripheral I/O

and internal RAM are supported.

* Capable of advanced DMA transfers when used in combination with internal peripheral I/O

* Transfer request: Software or internal peripheral I/O (A-D converter, MJT, serial /0 or CAN)

* DMA channels can be cascaded. (DMA transfer on a channel can be started by completion of a
transfer on another channel.)

* Interrupt request: DMA transfer counter register underflow
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Table 1.2.1 Features of the 32182 (2/2)

Functional Block

Features

A-D converter (ADC)

* 12 channels: 10-bit resolution A-D converter

« Conversion modes: Ordinary conversion modes plus comparator mode

» Operation modes: Single conversion mode and n-channel scan mode (n = 1-12)

« Sample-and-hold function: Sample-and-hold function can be enabled or disabled as necessary.

« A-D disconnection detection assist function: Influences of the analog input voltage leakage from
any preceding channel during scan mode operation are suppressed.

« An inflow current bypass circuit is built-in.

« Can generate an interrupt or start DMA transfer upon completion of A-D conversion.

« Either 8 or 10-bit conversion results can be read out.

« Interrupt request: Completion of A-D conversion

* DMA transfer request: Completion of A-D conversion

Serial /0 (SIO)

* 4-channel serial 1/0

« Can be chosen to be clock-synchronized serial I/O or UART.

« Data can be transferred at high speed (2 Mbits per second during clock-synchronized mode or
156 Kbits per second during UART mode when f(BCLK) = 20 MHz).

« Interrupt request: Reception completed, receive error, transmit buffer empty or transmission completed

* DMA transfer request: Reception completed or transmit buffer empty

CAN

* 16 message slots x 2 blocks

« Compliant with CAN specification 2.0B active.

« Interrupt request: Transmission completed, reception completed, bus error, error-passive, bus-off
or single shot

« DMA transfer request: Failed to send, transmission completed or reception completed

Real-Time Debugger
(RTD)

« Internal RAM can be rewritten or monitored independently of the CPU by entering a command
from the outside.

» Comes with exclusive clock-synchronized serial ports.

« Interrupt request: RTD interrupt command input

Interrupt Controller (ICU)

« Controls interrupt requests from the internal peripheral I/O.

» Supports 8-level interrupt priority including an interrupt disabled state.
« External interrupt: 11 sources (SBI#, TINO,TIN3, TIN16-TIN23)

« TIN pin input sensing: Rising, falling or both edges or high or low level

Wait Controller

« Controls wait states for access to the extended external area.
« Insertion of 0—7 wait states by setting up in software + wait state extension by entering WAIT# signal

PLL

» A multiply-by-8 clock generating circuit

Clock

* Maximum external input clock frequency (XIN) is 10.0 MHz.
¢ CPUCLK: Operating clock for the M32R-FPU core, internal flash memory and internal RAM
The maximum CPU clock is 80 MHz (when f(XIN) = 10 MHz).
* BCLK: Operating clock for the internal peripheral 1/O and external data bus
The maximum peripheral clock is 20 MHz (peripheral module access when
f(XIN) = 10 MHz).
« Clock output (BCLK pin output): A clock with the same frequency as BCLK is output from this pin.

JTAG

» Boundary scan function

vDC

« Internal power supply generating circuit: Generates the internal power supply (2.5 V) from an
external single power supply (5 or 3.3 V).

Ports

* Input/output pins: 97 pins
« The port input threshold can be set in a program to one of three levels individually for each port
group (with or without Schmitt circuit, selectable).
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1.3 Pin Functions

Figure 1.3.1 shows the 32182’s pin function diagram. Pin functions are described in Table 1.3.1.

Clock

Reset

Mode

Data bus

Address bus

Bus control

Bus control

RTD

Interrupt
controller

A-D converter

[T

[

Port 0
Port 1
Port 2
Port 3

Port 4

Port 6

Port 7

XIN
XOouT

VCNT
osc-vee
OSC-VSS
RESET#
MODO

MOD1
FP

[ PO0/DBO-PO7/DB7
[ P10/DB8-P17/DB15
[ P20/A23-P27/A30
[ P30/A15-P37/A22

PA1/BLWH#/BLE#
P42/BHW#/BHE#
PA3/RD#
P44/CS0#
P45/CS1#
P46/A13, PATIA14

[ P61-P63

[ P70/BCLK/WR#
P71/WAIT#
P72/HREQ#
P73/HACK#

P74/RTDTXD
P75/RTDRXD
P76/RTDACK
| P77/RTDCLK

SBI#

ADOINO-ADOIN11
AVCCO

AVSS0
VREFO

VDDE
EXCVDD

VCC-BUS

fosc-vce |

[ vecBus | [veceH |

VCCE

VCC-BUS

VCCE

32182 Group

VCCE
%o

lvecsus| |

VCCE

P82/TXDO0
P83/RXD0O
P84/SCLKIO/SCLKOO
P85/TXD1
P86/RXD1
P87/SCLKI1/SCLKO1

P93/TO16-P97/TO20

P100/TO8

P101/TO9/TXD3
P102/TO10/CTX1

P103/TO11-P107/TO15

]

P124/TCLKO-P127/TCLK3 _ |

P110/TO0-P117/TO7

P130/TIN16-P134/TIN20
P135/TIN21/RXD3
P136/TIN22/CRX1
P137/TIN23

P150/TINO, P153/TIN3

P174/TXD2
P175/RXD2

P220/CTX0
P221/CRX0

P224/A11/CS2#
P225/A12/CS3#

JTMS
JTCK
JTRST
JTDO
JTDI

VSS

VCCE
EXCVCC

Port 8

Port 9

Port 10

Port 11

Port 12

Port 13

Port 15

Port 17

Port 22

Note « The symbol "#" suffixed to the pin (or signal) names means that the pins (or signals) are active-low.

[ vccE |: Operates with the VCCE power supply

m Operates with the VCC-BUS power supply

| : Operates with the OSC-VCC power supply

Serial
110

Multijunction
timer

Serial
110

CAN

Serial
110

CAN

Address bus
Bus control

JTAG

Figure 1.3.1 Pin Function Diagram
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Table 1.3.1 Description of Pin Functions (1/5)

Type Pin Name

Signal Name

Input/Output Description

Power supply VCCE

Main power supply

Power supply for the device (5.0V+£0.5Vor3.3V +0.3V).

EXCVCC Internal power supply — This pin connects an external capacitor.

VCC-BUS Bus power supply - Power supply for the bus control pins (5.0 V+ 0.5V or 3.3V
+0.3V).

VDDE RAM power supply - Backup power supply for the internal RAM (5.0 V+ 0.5V or
33V+03V).

EXCVDD Internal power - This pin connects an external capacitor for the internal power

supply of RAM supply of the internal RAM.

VSS Ground - Connect all VSS pins to ground (GND).

Clock XIN, Clock input Input These are clock input/output pins. A PLL-based %8 frequency

XOUT Clock output Output multiplier is included, which accepts as input a clock whose
frequency is 1/8 of the internal CPU clock frequency. (XIN
input is 10 MHz when f(CPUCLK) = 80 MHz.)

BCLK System clock Output This pin outputs a clock whose frequency is twice that of the
external input clock (XIN). (BCLK output is 20 MHz when
f(CPUCLK) = 80 MHz.) Use this clock to synchronize the
operation of external devices.

OSC-VCC  Clock power supply — Power supply for the oscillator circuit. Connect OSC-VCC to
the main power supply.

OSC-VSS Clock ground - Connect OSC-VSS to ground.

VCNT PLL control - Connect a resistor and capacitor for control of the PLL circuit.

Reset RESET# Reset Input Reset input pin for the internal circuit.
Mode MODO, Mode Input Set the microcomputer’s operation mode.
MOD1 MODO | MOD1 | Mode
0 0 Single-chip mode
0 1 External extension mode
1 0 Processor mode
(Boot mode) (Note 1)
1 1 (Settings inhibited)
Flash protect FP Flash protect Input This special pin protects the flash memory against rewrites
in hardware.
Address bus A11-A30 Address bus Output Twenty address lines (A11-A30) are included that support

up to 2 MB of memory space per chip select. However, A1l
and A12 are shared with CS#2 and CS#3, respectively.
A31 is not output.

Note 1: Boot mode requires that the FP pin should be at the high level. For details about boot mode, see Chapter 6, “Internal

Memory.”
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Table 1.3.1 Description of Pin Functions (2/5)

Type Pin Name Signal Name Input/Output  Description

Data bus DB0O-DB15 Data bus Input/output  This 16-bit data bus is used to connect external devices.
When writing in byte units during a write cycle, the output
data at the invalid byte position is undefined. During a
read cycle, data on the entire 16-bit bus is always read in.
However, only the data at the valid byte position is
transferred into the internal circuit.

Bus control CSO0#-CS3# Chip select Output These are chip select signals for external devices.

RD# Read Output This signal is output when reading an external device.

WR# Write Output This signal is output when writing to an external device.

BHW#/BLW# Byte high/low write  Output When writing to an external device, this signal indicates the
valid byte position to which data is transferred. BHW# and
BLW# correspond to the upper address side (bits 0-7 are
valid) and the lower address side (bits 8—15 are valid),
respectively.

BHE# Byte high enable Output During an external device access, this signal indicates that
the high-order data (bits 0-7) is valid.

BLE# Byte low enable Output During an external device access, this signal indicates that
the low-order data (bits 8-15) is valid.

WAIT# Wait Input When accessing an external device, a low-level input on
WAIT# pin extends the wait cycle.

HREQ# Hold request Input This input is used by an external device to request control
of the external bus. A low-level input on HREQ# pin places
the CPU in a hold state.

HACK# Hold acknowledge Output This signal notifies that the CPU has entered a hold state
and relinquished control of the external bus.

Multijunction TINO, TIN3, Timer input Input Input pins for the multijunction timer.

timer TIN16-TIN23
TOO-TO20 Timer output Output Output pins for the multijunction timer.
TCLKO Timer clock Input Clock input pins for the multijunction timer.

—TCLK3
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Table 1.3.1 Description of Pin Functions (3/5)

Type Pin Name Signal Name Input/Output Description
A-D converter AVCCO Analog power supply  — AVCCO is the power supply for the A-DO converter.
Connect AVCCO to the power supply rail.
AVSSO Analog ground - AVSSO0 is the analog ground for the A-DO converter.
Connect AVSSO to ground.
ADOINO Analog input Input 12-channel analog input pins for the A-DO converter.
—ADOIN11
VREFO Reference voltage Input VREFO is the reference voltage input pin for the A-DO
input converter.
Interrupt SBI# System break Input This is the system break interrupt (SBI) input pin for the
controller interrupt interrupt controller.
Serial I/0 SCLKI0/ UART transmitireceive  Input/output  When channel 0 is in UART mode:
SCLKOO  clock output or CSIO This pin outputs a clock derived from BRG output by
transmit/receive clock dividing it by 2.
input/output When channel 0 is in CSIO mode:
This pin accepts as input a transmit/receive clock when
external clock is selected or outputs a transmit/receive
clock when internal clock is selected.
SCLKI1/ UART transmitireceive  Input/output When channel 1 is in UART mode:
SCLKO1  clock output or CSIO This pin outputs a clock derived from BRG output by

transmit/receive clock
input/output

dividing it by 2.

When channel 1 is in CSIO mode:
This pin accepts as input a transmit/receive clock when
external clock is selected or outputs a transmit/receive
clock when internal clock is selected.
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Table 1.3.1 Description of Pin Functions (4/5)

Type Pin Name Signal Name Input/Output  Description
Serial /10 TXDO Transmit data Output Transmit data output pin for serial 1/O channel 0.

RXDO Received data Input Received data input pin for serial I/O channel 0.

TXD1 Transmit data Output Transmit data output pin for serial I/O channel 1.

RXD1 Received data Input Received data input pin for serial I/O channel 1.

TXD2 Transmit data Output Transmit data output pin for serial I/O channel 2.

RXD2 Received data Input Received data input pin for serial I/O channel 2.

TXD3 Transmit data Output Transmit data output pin for serial 1/O channel 3.

RXD3 Received data Input Received data input pin for serial I/O channel 3.

Real-time RTDTXD RTD transmit data  Output Serial data output pin for the real-time debugger.

debugger RTDRXD RTD received data Input Serial data input pin for the real-time debugger.

(RTD) RTDCLK RTD clock input Input Serial data transmit/receive clock input pin for the real-time
debugger.

RTDACK RTD acknowledge Output A low-level pulse is output from this pin synchronously with
the start clock for the real-time debugger’s serial data output
word. The low-level pulse width indicates the type of command/
data received by the real-time debugger.

CAN CTX0, CTX1 Transmit data Output This pin outputs data from the CAN module.
CRX0, CRX1 Received data Input This pin accepts as input the data for the CAN module.
JTAG JTMS Test mode select  Input Test mode select input to control the state transition of the
test circuit.

JTCK Test clock Input Clock input for the debug module and test circuit.

JTRST Test reset Input Test reset input to initialize the test circuit asynchronously
with device operation.

JTDI Test data input Input This pin accepts as input the test instruction code or test data
that is serially received.

JTDO Test data output Output This pin outputs the test instruction code or test data serially.
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1.3 Pin Functions

Table 1.3.1 Description of Pin Functions (5/5)

Type Pin Name Signal Name Input/Output Description
Input/output P0O0-P0O7 Input/output port 0  Input/output Programmable input/output port.
ports P10-P17 Input/output port 1
(Note 1) P20-P27 Input/output port 2

P30-P37 Input/output port 3

P41-P47 Input/output port 4

P61-P63 Input/output port 6

P70-P77 Input/output port 7

P82-P87 Input/output port 8

P93-P97 Input/output port 9

P100-P107 Input/output port 10

P110-P117 Input/output port 11

P124-P127 Input/output port 12

P130-P137 Input/output port 13

P150-P153 Input/output port 15

P174, P175 Input/output port 17

P220, P221, Input/output port 22

P224, P225

Note 1: « Input/output port 5 is reserved for future use.
* P221 is input-only port.
« Input/output functions cannot be used for the ports listed below, because no external pins are available for these pins.

P65-P67
P140-P147

P151, P152, P154-P157

P160-P167

P172, P173, P176, P177

P180-P187
P190-P197
P200-P203
P210-P217

P222, P223, P226, P227
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1.4 Pin Assignments

1.4 Pin Assignments

Figure 1.4.1 shows the 32182’s pin assignment diagram. A pin assignment table is shown in Table 1.4.1.

[ 108 ] -4 P82/TXDO
| 107 | - P83/RXDO
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Package: 144P6Q-A (0.5 mm pitch)
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Note: » The symbol "#" suffixed to the pin (or signal) names means that the pins (or signals) are active-low.

P97/T0O20
P117/TO7
P116/TO6
P115/TO5
P114/TO4
P113/TO3
P112/TO2
P111/TO1
P110/TO0
P127/TCLK3
P126/TCLK2
P125/TCLK1
P124/TCLKO
EXCvCC
VCCE

VSS

VSS

SBI#

P63

P62

P61
ADOIN11
ADOIN10
ADOIN9
ADOIN8
AVSSO
ADOIN7
ADOING6
ADOINS
ADOIN4
ADOIN3
ADOIN2
ADOIN1
ADOINO
VREFO
AVCCO

Figure 1.4.1 Pin Assignment Diagram (Top View)
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1 1.4 Pin Assignments

The pins directed for input go to a high-impedance state (Hi-z) when reset. The term “when reset” means that
input on RESET# pin is held low (the device remains reset), and that the RESET# pin is released back high
(the device comes out of reset).

Table 1.4.1 Pin Assignments of the 32182 (1/4)

bin Function Pin State When Reset
No. Symbol Otherthan | Otherthan Type Condition . State during | State at reset
Port port port Function Type reset release
1 |P150/TINO P150 TINO - Input/output P150 Input Hi-z Hi-z
2 |P153/TIN3 P153 TIN3 - Input/output P153 Input Hi-z Hi-z
3 [P130/TIN16 P130 TIN16 - Input/output P130 Input Hi-z Hi-z
4 |P131/TIN17 P131 TIN17 - Input/output P131 Input Hiz Hiz
5 |P132/TIN18 P132 TIN18 - Input/output P132 Input Hi-z Hi-z
6 |P133/TIN19 P133 TIN19 - Input/output P133 Input Hi-z Hi-z
7 |P134/TIN20 P134 TIN20 - Input/output P134 Input Hi-z Hi-z
8 |P135/TIN21/RXD3 P135 TIN21 RXD3 Input/output P135 Input Hi-z Hi-z
9 |P136/TIN22/CRX1 P136 TIN22 CRX1 Input/output P136 Input Hi-z Hi-z
10 |P137/TIN23 P137 TIN23 - Input/output P137 Input Hi-z Hi-z
11 |P220/CTX0 P220 CTX0 - Input/output P220 Input Hi-z Hi-z
12 |P221/CRX0 P221 CRX0 - Input P221 Input Hi-z Hi-z
13 |VCCE - VCCE - - VCCE - - -
14 [VCNT - VCNT - - VCNT - - -
15 |OSC-vCC - OScC-vCC - - OSscC-vCcC - - -
16 [XIN - XIN - Input XIN Input - -
17 |OSC-Vss - OSC-VSS - - OSC-VsS - - -
18 [XOUT - XOouT - Output XOouT Output XOUT XOouT
19 |RESET# - RESET# - Input RESET# Input Hi-z Hi-z
20 |P74/RTDTXD P74 RTDTXD - Input/output P74 Input Hi-z Hi-z
21 [P75/RTDRXD P75 RTDRXD - Input/output P75 Input Hi-z Hi-z
22 |P76/RTDACK P76 RTDACK - Input/output P76 Input Hi-z Hi-z
23 |P77/RTDCLK P77 RTDCLK - Input/output P77 Input Hi-z Hi-z
24 |JTDI(Note 1) - JTDI - Input JTDI Input Hi-z Hi-z
25 [JTDO (Note 1) - JTDO - Output JTDO Output Hi-z Hi-z
26 |JTRST (Note 1) - JTRST - Input JTRST Input Hi-z Hi-z
27 |JTCK (Note 1) - JTCK - Input JTCK Input Hi-z Hi-z
28 |JTMS (Note 1) - JTMS - Input JTMS Input Hi-z Hi-z
29 (P100/TO8 P100 TO8 - Input/output P100 Input Hi-z Hi-z
30 |P101/TO9/TXD3 P101 TO9 TXD3 Input/output P101 Input Hi-z Hi-z
31 |P102/TO10/CTX1 P102 TO10 CTX1 Input/output P102 Input Hi-z Hi-z
32 |P103/TO11 P103 TO11 - Input/output P103 Input Hi-z Hi-z
33 [P104/TO12 P104 TO12 - Input/output P104 Input Hi-z Hi-z
34 |P105/TO13 P105 TO13 - Input/output P105 Input Hi-z Hi-z
35 |P106/TO14 P106 TO14 - Input/output P106 Input Hi-z Hi-z
36 |P107/TO15 P107 TO15 - Input/output P107 Input Hi-z Hi-z
37 [AvVCCO - AVCCO - - AVCCO - - -
38 |VREFO - VREFO - - VREFO - - -
39 |ADOINO - ADOINO - Input ADOINO Input Hi-z Hi-z
40 |ADOIN1 - ADOIN1 - Input ADOIN1 Input Hi-z Hi-z
41 [ADOIN2 - ADOIN2 - Input ADOIN2 Input Hi-z Hi-z
42 |ADOIN3 - ADOIN3 - Input ADOIN3 Input Hi-z Hi-z
43 |ADOIN4 - ADOIN4 - Input ADOIN4 Input Hi-z Hi-z
44 |ADOINS - ADOIN5S - Input ADOIN5 Input Hi-z Hi-z
45 [ADOIN6 - ADOING - Input ADOIN6 Input Hi-z Hi-z
46 |ADOIN7 - ADOIN7 - Input ADOIN7 Input Hi-z Hi-z
47 |AVSSO - AVSSO - - AVSSO - - -
48 |ADOIN8 - ADOIN8 - Input ADOIN8 Input Hi-z Hi-z
49 [ADOIN9 - ADOIN9 - Input ADOIN9 Input Hi-z Hi-z
50 |[ADOIN10O - ADOIN10 - Input ADOIN10 Input Hi-z Hi-z
51 |ADO1IN11 - ADOIN11 Input ADOIN11 Input Hi-z Hi-z

Note 1: The JTCK, JTDI, JTDO and JTMS pins are reset by input from the JTRST pin, and not reset from the RESET# pin.
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1.4 Pin Assignments

Table 1.4.1 Pin Assignments of the 32182 (2/4)

bi Function Pin State When Reset
Nlon. Symbol Other than Type Condition . State during | State at reset
Port port Function Type reset release
52 |P61 P61 - - Input/output P61 Input Hi-z Hi-z
53 (P62 P62 - - Input/output P62 Input Hi-z Hi-z
54 |P63 P63 - - Input/output P63 Input Hi-z Hi-z
55 |SBI# - SBI# - Input SBI# Input Hi-z Hi-z
56 |VSS - VSS - - VSS - - -
57 |VSsS - VSS - - VSS - - -
58 |VCCE - VCCE - - VCCE - - -
59 |EXCvVCC - EXCvCC - - EXCVCC - - -
60 |P124/TCLKO P124 TCLKO - Input/output P124 Input Hi-z Hi-z
61 |P125/TCLK1 P125 TCLK1 - Input/output P125 Input Hi-z Hi-z
62 |P126/TCLK2 P126 TCLK2 - Input/output P126 Input Hi-z Hi-z
63 |P127/TCLK3 P127 TCLK3 - Input/output P127 Input Hi-z Hi-z
64 |P110/TO0 P110 TOO - Input/output P110 Input Hi-z Hi-z
65 |P111/TO1 P111 TO1l - Input/output P111 Input Hi-z Hi-z
66 |P112/TO2 P112 TO2 - Input/output P112 Input Hi-z Hi-z
67 |P113/TO3 P113 TO3 - Input/output P113 Input Hi-z Hi-z
68 |P114/TO4 P114 TO4 - Input/output P114 Input Hi-z Hi-z
69 |P115/TO5 P115 TOS5 - Input/output P115 Input Hi-z Hi-z
70 |P116/TO6 P116 TO6 - Input/output P116 Input Hi-z Hi-z
71 |P117/TO7 P117 TO7 - Input/output P117 Input Hi-z Hi-z
72 |P97/TO20 P97 TO20 - Input/output P97 Input Hi-z Hi-z
73 |P96/TO19 P96 TO19 - Input/output P96 Input Hi-z Hi-z
74 |P95/TO18 P95 TO18 - Input/output P95 Input Hi-z Hi-z
75 |P94/TO17 P94 TO17 - Input/output P94 Input Hi-z Hi-z
76 |P93/TO16 P93 TO16 - Input/output P93 Input Hi-z Hi-z
77 |VSS - VSS - - VSS - - -
78 [VCC-BUS - VCC-BUS - - VCC-BUS - - -
79 |P27/a30 P27 A30 ; Input/output eg:rrrlmr;? i&giag:mztis P27 Input Hi-z Hi-z
During processor mode A30 Output Hi-z Undefined
80 |P26/A29 P26 A29 . Input/output eg:rr:;? si;gnliig:'mis P26 Input Hi-z Hiz
During processor mode A29 Output Hi-z Undefined
81 |P25/A28 P25 A28 - Input/output e)Et)eurrr:r;? szgr::ng:lzzzlis P25 Input Hi-z Hi-z
During processor mode A28 Output Hi-z Undefined
82 |P2air27 P24 A7 ; Inputioutput ez:rr:;? ;?egn'iicf:'ﬁ]igis P24 Input Hi-z Hiz
During processor mode A27 Output Hi-z Undefined
83 |P23/A26 P23 26 - Inputioutput exornal jﬁiig?mis P23 Input Hi-z Hi-z
During processor mode A26 Output Hi-z Undefined
84 |P22/A25 P22 A25 ; Input/output ez:rr:;? ::egr:;g:lmz(is P22 Input Hi-z Hiz
During processor mode A25 Output Hi-z Undefined
85 |P21/A24 P21 A24 ; Input/output eg:rrrlmr;? i&giig:mz(is P21 Input Hi-z Hi-z
During processor mode A24 Output Hi-z Undefined
86 |P20/A23 P20 A23 ; Input/output eg:rr:;? Z:egr::ig:lmz(;s P20 Input Hiz Hiz
During processor mode A23 Output Hi-z Undefined
87 |P37/A22 P37 A22 ; Inputioutput eg:rr:;? sﬁiig:mﬁs P37 Input Hi-z Hi-z
During processor mode A22 Output Hi-z Undefined
88 |P3e/m21 P36 A21 - Input/output ezﬁf:;? i?egriig:'ﬁqiﬁis P36 Input Hi-z Hi-z
During processor mode A21 Output Hi-z Undefined
89 |P35/A20 P35 A20 ; Input/output ez:rr:;? ::egr:;g:lmz(;s P35 Input Hi-z Hiz
During processor mode A20 Output Hi-z Undefined
90 |P34/A19 P34 A19 - Input/output eg:::;? ;;gr:zig:liizis P34 Input Hi-z Hi-z
During processor mode A19 Output Hi-z Undefined
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Table 1.4.1 Pin Assignments of the 32182 (3/4)

Function Pin State When Reset
Pin
Symbol T Conditi -
No. ymbo Port Otherthan | Otherthan e ondition Function Tvoe State during | State at reset
port port » reset release
During smgle.—chlp and P33 Input Hi-z Hi-z
91 |P33/A18 P33 A18 - Input/output | - €xternal extension modes
During processor mode A18 Output Hi-z Undefined
During smgle.—chlp and P32 Input Hi-z Hi-z
92 |P32/A17 P32 A17 - Input/output | external extension modes
During processor mode A7 Output Hi-z Undefined
During smgle.—chlp and P31 Input Hi-z Hi-z
93 [P31/A16 P31 Al6 - Input/output |  external extension modes
During processor mode Al16 Output Hi-z Undefined
During smgle.-chlp and P30 Input Hi-z Hi-z
94 |P30/A15 P30 Al5 - Input/output | - external extension modes
During processor mode Al5 Output Hi-z Undefined
During smgle.»chlp and pa7 Input Hi-z Hi-z
95 |P47/A14 P47 Al4 - Input/output |  external extension modes
During processor mode Al4 Output Hi-z Undefined
During smgle.—chlp and P46 Input Hi-z Hi-z
96 |P46/A13 P46 A13 - Input/output |  external extension modes
During processor mode A13 Output Hi-z Undefined
During smgle.—chlp and P25 Input Hi-z Hi-z
97 |P225/A12/CS3# pP225 Al12 CS3# Input/output |  external extension modes
During processor mode Al12 Output Hi-z Undefined
During smgle.—chlp and P224 Input Hi-z Hi-z
98 |P224/A11/CS2# P224 All CS2# Input/output | - external extension modes
During processor mode All Output Hi-z Undefined
During smgle.-chlp and P45 Input Hi-z Hi-z
99 |P45/CS1# P45 CS1# - Input/output |  external extension modes
During processor mode CS1# Output Hi-z High level
During smgle.»chlp and paa Input Hi-z Hi-z
100 [P44/CSO0# P44 CSo# - Input/output | external extension modes
During processor mode CSo# Output Hi-z High level
101 |VCCE - VCCE - - VCCE - - -
102 |VSS - VSS - - VSS - - -
103 [P87/SCLKI1/SCLKO1 P87 SCLKI1 SCLKO1 | Input/output P87 Input Hi-z Hi-z
104 [P86/RXD1 P86 RXD1 - Input/output P86 Input Hi-z Hi-z
105 |P85/TXD1 P85 TXD1 - Input/output P85 Input Hi-z Hi-z
106 |P84/SCLKIO/SCLKOO P84 SCLKIO SCLKOQ [ Input/output P84 Input Hi-z Hi-z
107 |P83/RXD0O P83 RXDO - Input/output P83 Input Hi-z Hi-z
108 |P82/TXDO P82 TXDO - Input/output P82 Input Hi-z Hi-z
109 |P174/TXD2 P174 TXD2 - Input/output P174 Input Hi-z Hi-z
110 [P175/RXD2 P175 RXD2 - Input/output P175 Input Hi-z Hi-z
111 (FP - FP - Input FP Input Hi-z Hi-z
112 (MODO - MODO - Input MODO Input Hi-z Hi-z
113 (MOD1 - MOD1 - Input MOD1 Input Hi-z Hi-z
114 |EXCVDD - EXCVDD - - EXCVDD - - -
115 |VSS - VSS - - VSS - - -
116 [EXCVCC - EXCvVCC - - EXCVCC - - -
117 |VDDE - VDDE - - VDDE - - -
118 |VSS - VSS - - VSS - - -
119 |VCCE - VCCE - - VCCE - - -
During smgle.—chlp and P17 Input Hi-z Hi-z
120 |P17/DB15 P17 DB15 - Input/output | _external extension modes
During processor mode DB15 Input/output Hi-z Hi-z
During single-chip and .
121 |P16/DB14 P16 DB14 ; inputioutput | external extension modes P16 Input Hi-z Hi-z
During processor mode DB14 Input/output Hi-z Hi-z
During single-chip and .
122 |P15/DB13 P15 DB13 - mputioutput | _external extension modes P15 Input Hi-z Hi-z
During processor mode DB13 Input/output Hi-z Hi-z
During single-chip and .
123 |P14/DB12 P14 DB12 . inputioutput |  external extension modes P14 Input Hi-z Hi-z
During processor mode DB12 Input/output Hi-z Hi-z
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Table 1.4.1 Pin Assignments of the 32182 (4/4)

bi Function Pin State When Reset
in
| T iti
No. Symbo Port Otherthan | Otherthan e Conditon Funcii T State during | State at reset
o port port uncton ype reset release
During smgle.—chlp and P13 Input Hi-z Hi-z
124 |P13/DB11 P13 DB11 - Input/output | _external extension modes
During processor mode DB11 Input/output Hi-z Hi-z
During smgle.—chlp and P12 Input Hi-z Hi-z
125 |P12/DB10 P12 DB10 - Input/output |  external extension modes
During processor mode DB10 Input/output Hi-z Hi-z
During smgle.—chlp and pi1 Input Hi-z Hi-z
126 |P11/DB9 P11 DB9 - Input/output |  external extension modes
During processor mode DB9 Input/output Hi-z Hi-z
During smgle.—chlp and P10 Input Hi-z Hi-z
127 |P10/DB8 P10 DB8 - Input/output |  external extension modes
During processor mode DB8 Input/output Hi-z Hi-z
During smgle.-chlp and P07 Input Hi-z Hi-z
128 |P07/DB7 P07 DB7 - Input/output | external extension modes
During processor mode DB7 Input/output Hi-z Hi-z
During smgle.—chlp and P06 Input Hi-z Hi-z
129 |P06/DB6 P06 DB6 - Input/output | external extension modes
During processor mode DB6 Input/output Hi-z Hi-z
During smgle.-chlp and P05 Input Hi-z Hiz
130 |P0O5/DB5 P05 DB5 - Input/output |  external extension modes
During processor mode DB5 Input/output Hi-z Hi-z
During smgle.—chlp and PO4 Input Hi-z Hi-z
131 |P04/DB4 P04 DB4 - Input/output |  external extension modes
During processor mode DB4 Input/output Hi-z Hi-z
During smgle.—chlp and P03 Input Hi-z Hi-z
132 |P0O3/DB3 P03 DB3 - Input/output | external extension modes
During processor mode DB3 Input/output Hi-z Hi-z
During smgle.—chlp and P02 Input Hi-z Hioz
133 |P02/DB2 P02 DB2 - Input/output | _external extension modes
During processor mode DB2 Input/output Hi-z Hi-z
During single-chip and . .
134 |P01/DB1 PO1 DB1 - Input/output | external extension modes Po1 Input Hi-z Hi-z
During processor mode DB1 Input/output Hi-z Hi-z
During single-chip and . .
135 [PO0/DBO P00 DBO - Input/output |  external extension modes Poo Input Hi-z Hi-z
During processor mode DBO Input/output Hi-z Hi-z
136 |P73/HACK# P73 HACK# - Input/output P73 Input Hi-z Hi-z
137 |P72/HREQ# P72 HREQ# - Input/output P72 Input Hi-z Hi-z
138 |P71/WAIT# P71 WAIT# - Input/output P71 Input Hi-z Hi-z
139 |P70/BCLK/MWR# P70 BCLK WR# Input/output P70 Input Hi-z Hi-z
During processor mode P43 Input Hi-z Hi-z
140 |P43/RD# P43 RD# - Input/output ] i
During external extension RD# output Hi-z High level
and processor modes
During processor mode P42 Input Hi-z Hi-z
141 |P42/BHW#/BHE# P42 BHW# BHE# Input/output ] i
During external extension | g emiey | ouiput Hi-z High level
and processor modes
During processor mode P41 Input Hi-z Hi-z
142 (P41/BLW#/BLE# P41 BLW# BLE# Input/output i i
During extemal extension | o ey ey | ouiput Hi-z High level
and processor modes
143 |VCC-BUS - VCC-BUS - - VCC-BUS - - -
144 |VSS - VSS - - - - - -
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CPU
2 2.1 CPU Registers

2.1 CPU Registers

The M32R-FPU has 16 general-purpose registers, 6 control registers, an accumulator and a program counter.
The accumulator is of 56-bit configuration, and all other registers are of 32-bit configuration.

2.2 General-purpose Registers

The 16 general-purpose registers (RO—R15) are of 32-bit width and are used to retain data and base address, as
well as for integer calculations, floating-point operations, etc. R14 is used as the link register and R15 as the stack
pointer. The link register is used to store the return address when executing a subroutine call instruction. The
Interrupt Stack Pointer (SPI) and the User Stack Pointer (SPU) are alternately represented by R15 depending on
the value of the Stack Mode (SM) bit in the Processor Status Word Register (PSW).

After reset, the value of the general-purpose registers is undefined.

b0o b31 b0o b31
RO R8
R1 R9
R2 R10
R3 R11
R4 R12
R5 R13
R6 R14 (Link register)
R7 R15 (Stack pointer) (Note 1)
Note 1: The stack pointer functions as either the SPI or the SPU depending on
the value of the SM bit in the PSW.

Figure 2.2.1 General-purpose Registers

2.3 Control Registers

There are 6 control registers which are the Processor Status Word Register (PSW), the Condition Bit Register
(CBR), the Interrupt Stack Pointer (SPI), the User Stack Pointer (SPU), the Backup PC (BPC) and the Floating-
point Status Register (FPSR).

The dedicated MVTC and MVFC instructions are used for writing and reading these control registers.

In addition, the SM bit, IE bit and C bit of the PSW can also be set by the SETPSW or CLRPSW instruction.

CRn b0 b31
CRO PSW Processor Status Word Register
CR1 CBR Condition Bit Register
CR2 SPI Interrupt Stack Pointer
CR3 SPU User Stack Pointer
CR6 BPC Backup PC
CR7 FPSR Floating-point Status Register

Notes: « CRn (n = 0-3, 6 and 7) denotes the control register number.
» The dedicated MVTC and MVFC instructions are used for writing and reading these control registers.
* The SM bit, IE bit and C bit of the PSW can also be set by the SETPSW or CLRPSW instructions.

Figure 2.3.1 Control Registers
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2.3.1 Processor Status Word Register: PSW (CRO0)

b0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 b15
0 0 ] o] o] o | o 0 0] o] o] o] o] o] o] o] o
b16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 b31
BSM | BIE BC | SM IE C
? ? 0O | o] o ] o 0 ? 0 0 0 | o ] o] o] o 0
| | | |
BPSW field PSW field
<After reset: B'0000 0000 0000 0000 ??00 0007 0000 0000>
b Bit Name Function R W
0-15 No function assigned. Fix to "0". 0 O
16 BSM Saves value of SM bit when EIT occurs R W
Backup SM Bit
17 BIE Saves value of IE bit when EIT occurs R W
Backup IE Bit
18-22 No function assigned. Fix to "0". 0
23 BC Saves value of C bit when EIT occurs R W
Backup C Bit
24 SM 0: Uses R15 as the interrupt stack pointer R W
Stack Mode Bit 1: Uses R15 as the user stack pointer
25 IE 0: Does not accept interrupt R W
Interrupt Enable Bit 1: Accepts interrupt
26-30 No function assigned. Fix to "0". 0
31 C Indicates carry, borrow or overflow resulting R W
Condition Bit from operations (instruction dependent)

The Processor Status Word Register (PSW) indicates the M32R-FPU status. It consists of the current PSW field
which is regularly used, and the BPSW field where a copy of the PSW field is saved when EIT occurs.

The PSW field consists of the Stack Mode (SM) bit, the Interrupt Enable (IE) bit and the Condition (C) bit.

The BPSW field consists of the Backup Stack Mode (BSM) bit, the Backup Interrupt Enable (BIE) bit and the
Backup Condition (BC) bit.
After reset, BSM, BIE and BC are undefined. All other bits are "0".
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2.3.2 Condition Bit Register: CBR (CR1)

The Condition Bit Register (CBR) is derived from the PSW register by extracting its Condition (C) bit. The value
written to the PSW register’s C bit is reflected in this register. The register can only be read. (Writing to the
register with the MVTC instruction is ignored.)
After reset, the value of CBR is H'0000 0000.

b0

b31

CBR

000 Oo0O0OO0OO0OOODOOOOOOOOOOOOO OO OOOOTD OO OO ODOT®OTO

2.3.3 Interrupt Stack Pointer: SPI (CR2) and User Stack Pointer: SPU (CR3)

The Interrupt Stack Pointer (SPI) and the User Stack Pointer (SPU) retain the address of the current stack
pointer. These registers can be accessed as the general-purpose register R15. R15 switches between repre-
senting the SPI and SPU depending on the value of the Stack Mode (SM) bit in the PSW.

After reset, the values of the SPI and SPU are undefined.

b0 b31

SPI

b31

SPU

2.3.4 Backup PC: BPC (CR6)

The Backup PC (BPC) is used to save the value of the Program Counter (PC) when an EIT occurs. Bit 31 is fixed
to "0".

When an EIT occurs, the register sets either the PC value when the EIT occurred or the PC value for the next
instruction depending on the type of EIT. The BPC value is loaded to the PC when the RTE instruction is
executed. However, the values of the lower 2 bits of the PC are always "00" when returned. (PC always returns
to the word-aligned address.)

After reset, the value of the BPC is undefined.

b0 b31

BPC
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2.3.5 Floating-point Status Register: FPSR (CR7)

b0 1 2 3 4 5 6 7 8 9 10 11 12 13 14  bls
FS FX FU Fz FO FV
0o ] o] o | o] o[ o] o] o] o] o] o] o] o] o] ol]lo
bl6 17 18 19 20 21 22 23 24 25 26 27 28 29 30 b31
EX | EU EZ | EO | EV DN | CE [ CX |[CU|[Cz |CO| cCcVv RM
0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 ] o
<After reset: H'0000 0100>
b Bit Name Function R W
0 FS Reflects the logical sum of FU, FZ, FO and FV. R -
Floating-point Exception Summary Bit
1 FX Set to "1" when an inexact exception occurs (if EIT processing is R W
Inexact Exception Flag unexecuted (Note 1)). Once set, the flag retains the value "1" until
it is cleared to "0" in software.
2 FU Set to "1" when an underflow exception occurs (if EIT processing is R W
Underflow Exception Flag unexecuted (Note 1)). Once set, the flag retains the value "1" until
it is cleared to "0" in software.
3 Fz Set to "1" when a zero divide exception occurs (if EIT processing is R W
Zero Divide Exception Flag unexecuted (Note 1)). Once set, the flag retains the value "1" until
it is cleared to "0" in software.
4 FO Set to "1" when an overflow exception occurs (if EIT processing is R W
Overflow Exception Flag unexecuted (Note 1)). Once set, the flag retains the value "1" until
it is cleared to "0" in software.
5 FV Set to "1" when an invalid operation exception occurs (if EIT processing R W
Invalid Operation Exception Flag is unexecuted (Note 1)). Once set, the flag retains the value "1" until
it is cleared to "0" in software.
6-16 No function assigned. Fix to "0". 0
17 EX 0: Mask EIT processing to be executed when an inexact exception occurs. R W
Inexact Exception Enable Bit 1: Execute EIT processing when an inexact exception occurs.
18 EU 0: Mask EIT processing to be executed when an underflow exception R W
Underflow Exception Enable Bit occurs.
1: Execute EIT processing when an underflow exception occurs.
19 EZ 0: Mask EIT processing to be executed when a zero divide exception R W
Zero Divide Exception Enable Bit occurs.
1: Execute EIT processing when a zero divide exception occurs.
20 EO 0: Mask EIT processing to be executed when an overflow exception R W
Overflow Exception Enable Bit occeurs.
1: Execute EIT processing when an overflow exception occurs.
21 EV 0: Mask EIT processing to be executed when an invalid operation R W
Invalid Operation Exception Enable Bit exception occurs.
1: Execute EIT processing when an invalid operation exception occurs.
22 No function assigned. Fix to "0". 0
23 DN 0: Handle the denormalized number as a denormalized number. R W
Denormalized Number Zero Flush Bit 1: Handle the denormalized number as zero.
(Note 2)
24 CE 0: No unimplemented operation exception occurred. R (Note 3)
Unimplemented Operation 1: An unimplemented operation exception occurred. When the bit is
Exception Cause Bit setto "1", the execution of an FPU operation instruction will clear it to "0".
25 CX 0: No inexact exception occurred. R (Note 3)

Inexact Exception Cause Bit

1: An inexact exception occurred. When the bitis setto "1",
the execution of an FPU operation instruction will clear it to "0".
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26 CuU 0: No underflow exception occurred R (Note 3)
Underflow Exception Cause Bit 1: An underflow exception occurred. When the bit is set to "1",
the execution of an FPU operation instruction will clear it to "0".
27 Ccz 0: No zero divide exception occurred. R (Note 3)
Zero Divide Exception Cause Bit 1: A zero divide exception occurred. When the bit is set to "1",
the execution of an FPU operation instruction will clear it to "0".
28 CcoO 0: No overflow exception occurred. R (Note 3)
Overflow Exception Cause Bit 1: An overflow exception occurred. When the bit is set to "1",
the execution of an FPU operation instruction will clear it to "0".
29 CcVv 0: No invalid operation exception occurred. R (Note 3)
Invalid Operation Exception Cause Bit 1: An invalid operation exception occurred. When the bit is set to "1",
the execution of an FPU operation instruction will clear it to "0".
30, 31 RM 00: Round to nearest R W

Rounding Mode Selection Bit

01: Round toward Zero
10: Round toward + Infinity
11: Round toward — Infinity

Note 1: The phrase “If EIT processing unexecuted” means whenever one of the exceptions occurs, enable bits 17 to 21 are set to

Note 2: If a denormalized number is given to the operand when DN = "0", an unimplemented exception occurs.
Note 3: This bit is cleared by writing "0". Writing "1" has no effect (the bit retains the value it had before the write).

"0" which masks the EIT processing so that it cannot be executed. If two exceptions occur at the same time and their
corresponding exception enable bits are set differently (one enabled, and the other masked), EIT processing is executed. In
this case, these two flags do not change state regardless of the enable bits settings.
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2.4 Accumulator

The Accumulator (ACC) is a 56-bit register used for DSP function instructions.

The accumulator is handled as a 64-bit register when accessed for read or write. When reading data from the
accumulator, the value of bit 8 is sign-extended. When writing data to the accumulator, bits 0 to 7 are ignored. The
accumulator is also used for the multiply instruction “MUL,” in which case the accumulator value is destroyed by
instruction execution.

Use the MVTACHI and MVTACLO instructions for writing to the accumulator. The MVTACHI and MVTACLO
instructions write data to the high-order 32 bits (bits 0-31) and the low-order 32 bits (bits 32—-63), respectively.

Use the MVFACHI, MVFACLO and MVFACMI instructions for reading data from the accumulator. The MVFACHI,
MVFACLO and MVFACMI instructions read data from the high-order 32 bits (bits 0—31), the low-order 32 bits (bits
32-63) and the middle 32 bits (bits 16-47), respectively.

After reset, the value of accumulator is undefined.

r(Note 1)T ﬁRead range of MVFACMI instruction
b0 78 1516 3132 47 48 b63
ACC <r
Write and read ranges of MVTACHI ‘ ‘ Write and read ranges of MVTACLO
and MVFACHI instructions and MVFACLO instructions

Note 1: When read, bits 0 to 7 always show the sign-extended value of the value of bit 8. Writing to this
bit field is ignored.

2.5 Program Counter

The Program Counter (PC) is a 32-bit counter that retains the address of the instruction being executed. Since the
M32R FPU instruction starts with even-numbered addresses, the LSB (bit 31) is always "0".
After reset, the value of PC is H’0000 0000.

b0 b31
PC PC 0

2-7 32182 Group User’s Manual (Rev.1.0)



CPU
2 2.6 Data Formats

2.6 Data Formats

2.6.1 Data Types

The data types that can be handled by the M32R-FPU instruction set are signed or unsigned 8, 16 and 32-bit
integers and single-precision floating-point numbers. The signed integers are represented by 2's complements.

b0 b7
Signed byte S
(8-bit) integer
b0 b7
Unsigned byte
(8-bit) integer
bo b15
Signed halfword s
(16-bit) integer
b0 b15
Unsigned halfword
(16-bit) integer
b0 b31
Signed word S
(32-bit) integer
b0 b31
Unsigned word
(32-bit) integer \
b0 bl b8 b9 b31
Single-precision s E F
floating-point number

S: Sign bit; E: Exponent field; F: Fraction field

Figure 2.6.1 Data Types
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2.6.2 Data Formats

(1) Data formats in registers

The data sizes in the M32R-FPU registers are always words (32 bits).

When loading byte (8-bit) or halfword (16-bit) data from memory into a register, the data is sign-extended
(LDB, LDH instructions) or zero-extended (LDUB, LDUH instructions) to a word (32-bit) quantity before
being loaded in the register.

When storing data from a register into a memory, the 32-bit data, the 16-bit data on the LSB side and the 8-
bit data on the LSB side of the register are stored into memory by the ST, STH and STB instructions,

respectively.
<Load> From memory
Sign-extended (LDB instruction) or  (LDB, LDUB instructions)
b zero-extended (LDUB instruction) 24 ¢ b31
w | | | e |
Sign-extended (LDH instruction) or From memory (LDH, LDUH instructions)
po Zero-extended (LDUH instruction) 44 ‘ b31
|
From memory (LD instruction)
bo ¢ b31
S
<Store>
bo 24 b31
. e |

To memory (STB instruction)
b0 16 b31

. e
v

To memory (STH instruction)
b0 b3

iy

Rn

|

To memory (ST instruction)

Figure 2.6.2 Data Formats in Registers
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(2) Data formats in memory

The data sizes in memory can be byte (8 bits), halfword (16 bits) or word (32 bits). Although byte data can
be located at any address, halfword and word data must be located at the addresses aligned with a
halfword boundary (least significant address bit = "0") or a word boundary (two low-order address bits =
"00"), respectively. If an attempt is made to access memory data that overlaps the halfword or word bound-
ary, an address exception occurs.

Address

+0 address +1 address +2 address +3 address

v v v v

b0 7 8 15 16 23 24 b31

e ] | | |

e | L [ |
| | [ e [ ]

N | | T

~bo 15 b31

. F |
i [ awoa ]

b0 b31
wo | G |

Figure 2.6.3 Data Formats in Memory

(3) Endian
The diagrams below show a general endian system and the endian adopted for the M32R family micro-
computers.
Bit endian Byte endian
(H'01) (H'01234567)
Big endian B'0000001 H01 | H23 | H45 | H67
o]0) b7 HH HL LH LL
Little endian B'0000001 H'67 H'45 H'23 H'01
b7 b0 LL LH HL HH
Note: « Even when bits are arranged in big endian, H'01 is not B'10000000.

Figure 2.6.4 General Endian System
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Renesas
microcomputer 7700 and M16C families M32R family
family name
Endian Little/little Little/big Big/big
(bit/byte)
Address +0 +1 +2 +3 +0 +1 +2 +3 +0 +1 +2 +3
Data arrangement LL , LH  HL | HH HH | HL o LH L HH | HL | LH LU
Bit number 7-0 15-8 23-16 31-24 31-24 23-16 15-8 7-0 0-7 8-15 16-23 24-31
Example:
0X012p34567 .byte 67,45,23,01 .byte 01,23,45,67 .byte 01,23,45,67
Note: « The M32R family uses the big endian for both bits and bytes.

Figure 2.6.5 Endian Adopted for the M32R Family

(4) Transfer instructions

» Constant transfer

LD24 Rdest, #imm24
LDI Rdest, #imm16
LDI Rdest, #imm8

SETH Rdest, #imm16

* Register to register transfer

MV Rdest, Rsrc

« Control register transfer

MVFC Rdest, CRsrc
MVTC Rsrc, CRdest

LD24 Rdest, #imm24

imm24 ! I |
b0 b23 ‘
Rdest | 00 | | l |
b0 8 b31
SETH Rdest, #imm16
IIIj
b0 b15
Rdest | | | 00 ; 00
b0 15 b31
MV Rdest, Rsrc
Rsrc | | | |
b0 b31 |
Rdest | | | |
b0 b31
MVTC Rsrc, CRdest
Rsrc | | | |
b0 b31 |
CRdest | | | | |
b0 b31

Note: » The condition bit C changes state when data is written to CRO (PSW) using the MVTC instruction.

Figure 2.6.6 Transfer Instructions
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(5) Transfer from memory (signed) to registers

* Signed 32 bits

LD24 Rsrc, #label
LD Rdest, @Rsrc

* Signed 16 bits

LD24 Rsrc, #label
LDH Rdest, @Rsrc

« Signed 8 bits

LD24 Rsrc, #label
LDB Rdest, @Rsrc

label

Memory Register
label | Rdest l
] ] | l | ] |
+0 +1 +2 43 b0 b31
| Rdest l
| | | | I I
+0 1 12 3| 00 ; 00 |

0: Positive number
1: Negative number

label

Determined by MSB

/|FF|FF| | |
b0

+0 +1 +2

+3

Determined by MSB

0: Positive number

Rdest
[ 00 ;00,0 [ |

| FF | FF | FF | |

1: Negative number b0 b31
Figure 2.6.7 Transfer from Memory (Signed) to Registers
(6) Transfer from memory (unsigned) to registers
Memory Register
« Unsigned 32 bits l
Rdest
LD24 Rsrc, #label label
LD Rdest, @Rsrc | | | | | |
+0 +1 +2 +3 b0 b31
 Unsigned 16 bits | l
label Rd
LD24 Rsrc, #label est
LDUH Rdest, @Rsrc I [ 00 ) 00 | L
+0 +1 +2 +3 b0 b31
* Unsigned 8 bits | l
label Rdest
LD24 Rsrc, #label 5 o0 0
LDUB Rdest, @Rsrc | 100, 00| |
+0 +1 +2 +3 b0 b31

Figure 2.6.8 Transfer from Memory (Unsigned) to Registers
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(7) Notes on data transfer

When transferring data, be aware that data arrangements in registers and memory are different.

Data in registers Data in memory

* Word data (32 bits)

(RO_R15) +0 +1 +2 +3
HH O HL o LHE Ll - HH o HLLHE L
b0 b31 b0 b31

« Halfword data (16 bits)

(RO-R15) +0 +1 42 43
| | | a E | D a C | |
b0 b31 b0 b15
(RO-R15) +0 +1 +2 +3
| | | a | D | | a D
b0 b31 b16 b31

* Byte data (8 bhits)

(RO-R15) +0 +1 +2 +3
| | | | — | | |
b0 b31 b0 b7
(RO-R15) +0 +1 +2 +3
| | | | D | | |
b0 b31 b8 bi5
(RO-R15) +0 +1 +2 +3
| | | | D | | |
b0 b31 b16 b23
(RO-R15) +0 +1 +2 +3
| | | | D | | |
b0 b31 b24 b3

Figure 2.6.9 Difference in Data Arrangements
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2.7 Supplementary Explanation for BSET, BCLR, LOCK and UNLOCK
Instruction Execution

The LOCK bit is set when executing the BSET or BCLR instruction, and is cleared when the BSET or BCLR
instruction finishes.

The LOCK instruction sets the LOCK bit, as well as performs an ordinary load operation. The UNLOCK instruction
is used to clear the LOCK bhit.

The LOCK bit is located inside the CPU, and cannot directly be accessed for read or write by users. This bit
controls granting of bus control requested by devices other than the CPU.

* When LOCK bit ="0"

Control of the bus requested by devices other than the CPU is granted
* When LOCK bit ="1"

Control of the bus requested by devices other than the CPU is denied

In the 32182 group, control of the bus may be requested by devices other than the CPU in the following two cases:

* When DMA transfer is requested by the internal DMAC
*« When HREQ# input is pulled low to request that the CPU be placed in a hold state
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3.1 Outline of the Address Space

The logical addresses of the M32R are always handled in 32 bits, providing a linear address space of up to 4
Gbytes. The address space of the M32R/ECU consists of the following:

(1) User space

* Internal ROM area

 Extended external area

* Internal RAM area

* SFR (Special Function Register) area
(2) System space (not open to the user)

(1) User space

The 2 Ghytes from the address H’0000 0000 to the address H'7FFF FFFF comprise the user space.
Located in this space are the internal ROM area, an extended external area, the internal RAM area and the
SFR (Special Function Register) area (in which a set of internal peripheral I/O registers exist). Of these, the
internal ROM and extended external areas are located differently depending on mode settings as will be
described later.

(2) System space

The 2 Gbytes from the address H’8000 0000 to the address H'FFFF FFFF comprise the system space.
This space is reserved for use by development tools such as an in-circuit emulator and debug monitor, and
cannot be used by the user.
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Logical address

H'00000000 T[T [T
16 Mbytes
e R
User space i
2 Gbytes N i
Ghost area |
- — in 16-Mbyte
units |
HIFFFFFFF| | ~ N . 2 i
H'8000 0000

2 Gbytes System space

H'FFFF FFFF

Note 1: This area is located differently depending on how chip mode is set.

L ~~.|HOOFF FFFF

EIT vector entry

........ |

[ Internal ROM area| H0000 0000
384 Mbytes

(Note 1) H'0005 FFFF

H'0006 0000

CSO0 area
H'001F FFFF

H'0020 0000

CS1 area

H.003F FFFF

H'0040 0000

CS?2 area

H'005F FFFF

H'0060 0000

CS3 area

H'007F FFFF

H'0080 0000

SFR area

16 Kbytes
H'0080 3FFF

H'0080 4000

RAM area
64 Kbytes

H'0081 3FFF

H'0081 4000

Reserved area
48 Kbytes

H'0081 FFFF

. _.--~"|H'0082 0000

Sse”
7SS
- ~
e Ss
- ~
e Ss

= Ghost area in
/\/128-Kbyte units

S PRae
~ -
N -
N -
pevdl
-~ SS
- ~
- N

Figure 3.1.1 Address Space of the M32182F3
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EIT vector entry
Logical address

H'0000 0000 [ 17777 T [ T —L

Internal ROM area| H'0000 0000

1 Mbyte
16 Mbytes (Note )  |H'OOOF FFFF

H'0010 0000

. o R — . CSO0 area
B g 4 H'001F FFFF

H'0020 0000

CS1 area

User space
2 Gbytes

H'003F FFFF

H'0040 0000

Ghost area |
- -4 in 16-Mbyte |

. P units CS?2 area

H'005F FFFF

H'0060 0000

CS3 area
H7FFFFFFF| | - v , H007F FFFF
H'8000 0000

H'0080 0000

SFR area

16 Kbytes
H'0080 3FFF

H'0080 4000

RAM area
64 Kbytes

H'0081 3FFF

H'0081 4000

2 Gbytes System space Reserved area

48 Kbytes
H'0081 FFFF

e _.--~"|H'0082 0000

Sse”
7SS
- ~
e Ss
- ~
e Ss

/—\_/ Ghost area in
/\/128-Kbyte units

N 7
~ -
~ -
~ -
\\><’r
7SS
-~ Ss
- ~

~.JHOOFF FFFF

H'FFFF FFFF

Note 1: This area is located differently depending on how chip mode is set.

Figure 3.1.2 Address Space of the M32182F8
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3.2 Operation Modes

The microcomputer is placed in one of the following modes depending on how CPU operation mode is set by
MODO and MOD1 pins. The operation mode used for rewriting the internal flash memory is described separately
in Section 6.5, “Programming the Internal Flash Memory.”

Table 3.2.1 Operation Mode Settings

MODO MOD1 (Note 1) Operation mode (Note 2)
VSS VSS Single-chip mode

VSS VCCE External extension mode
VCCE VSS Processor mode (FP = VSS)
VCCE VCCE Reserved (use inhibited)

Note 1: Connect VCCE and VSS to the VCCE input power supply and ground, respectively.
Note 2: For the operation mode used to rewrite the internal flash memory (FP = VCCE) which is not shown in the above

table, see Section 6.5, “Programming the Internal Flash Memory.”

The internal ROM and extended external areas are located differently depending on how operation mode is set.
(All other areas in the address space are located the same way.) The diagram below shows how the internal ROM
and extended external areas are mapped into the address space in each operation mode. (For flash rewrite mode,
see Section 6.5, “Programming the Internal Flash Memory.”)
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CS0# CSO0# CSO# CSO#
Pin function (Note 1) Lol Lol Lol Lol
| CS2# A11 /[CS2# A11/[CS2# | CS2#
Logical address / CS3# / CS3# A12/|CS3# A12 /|CS3#
H'0000 0000 | Internal ROM Internal ROM Internal ROM Internal ROM
H'0005 FFFF | (384 Kbytes) (384 Kbytes) (384 Kbytes) (384 Kbytes)
H'0006 0000
Reserved area Reserved area Reserved area Reserved area
(640 Kbytes) (640 Kbytes) (640 Kbytes) (640 Kbytes)
H'000F FFFF
H'0010 0000
CSO0 area CSO0 area
(512 Kbytes) (512 Kbytes)
CSO0 area CSO area
(1 Mbyte) (1 Mbyte) TSl P P
>< <]
H'001F FFFF /,/ Y // .
H'0020 0000
CS1 area CS1 area
(512 Kbytes) (512 Kbytes)
CS1 area
(1 Mbyte) ‘\\ )/ \\\ //
\ )/ ><”
\ / . - ~ ~ R
CS1 area \\\ /) e S
(2 Mbytes) N % S
N 7 e CS1 area
NS AN (512 Kbytes)
N 7/ /
/x\ / \\\ Sl -
// \ N // \ So e -
7 \ / \ :<
// \\ 7 \\ - - N -
H'003F FFFF / \ / ) R N
H'0040 0000 |\ / N /
\ / CS2 area \ J
\ / (512 Kbytes) Y Y
\ /) CS2 area \ /)
\\ // (1 Mbyte) \\\ // \\ ,/
\\ /// \\ /// \\ ///
\ \ / \
X N/ X
Y \\ // \\ / I
s \ ’ N s
/ \\ \\ // /< / \\
/ \ N 4 2N / \
/ \ \\// / \ / \
/ \ DA / \ / \
, \\ AN )/ \ / \\
/ / N\ \ /
/ \ // \\ // \ ; \
/ M , \ , \ / \
HOO5F FFFF |/ \ / \ / N / \
H'0060 0000 |\ / N /
\ / \ / CS3 area CS3 area
\ /) \ / (512 Kbytes) (512 Kbytes)
\\ ,/ \\ // < =
\ / \ / \ / N prl
‘\ / \\ / \\ / S <7
N [ \ / PR
\ / \ / \ / - So
NG \/ \ ’ P SO
/< /( \ // =
/ \\ / \\ \\ //
PN AN Y CS3 area
FE SN AN (512 Kbytes)
\ \
/// \ /,/ Y / \\\ Y -
\ \ / \ ~ P
/// \\ // \\ // \ S <
/ \ PN
HOO7F FFFF |/ \ N \ / N SRR

Note 1: Enclosed in [__] are the valid pin function.

Figure 3.2.1 Internal ROM and Extended External Area of the M32182F3 in External Extension Mode
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ADDRESS SPACE
3.2 Operation Modes

CSO# CSO# CSO# CSO#
Pin function (Note 1) CS1# CS1# CS1# CS1#
| CS2# A11 /[CS2# A11/[CS2# [ A11]/ cS2#
Logicel address | CS3# [A12]/ CS3# A12/[CS3# A12 /[CS3#
H'0000 0000
Internal ROM Internal ROM Internal ROM Internal ROM
(1 Mbyte) (1 Mbyte) (1 Mbyte) (1 Mbyte)
H'000F FFFF
H'0010 0000
CSO area CSO area
(512 Kbytes) (512 Kbytes)
CSO0 area CSO area
(1 Mbyte) (1 Mbyte) NG el IR e
<] <]
HOO1F FFFF
H'0020 0000
CS1 area CS1 area
(512 Kbytes) (512 Kbytes)
CS1 area
(1 Mbyte) . , \\\ //’
\\ /// /><\\
CS1 area \\\ /) e N
(2 Mbytes) . % N
N J/ e CS1 area
NS N (512 Kbytes)
N 7/ /
//\\\ /// \\\ \\\ ///
/// \\ // \\ \\><//
R AN / \\ /// \\\
H'003F FFFF / \ ’ - >~
H'0040 0000 | / \
\ / CS2 area \ ;
\ /) (512 Kbytes) \ /
\ / CS2 area \ J
\ ’ (1 Mbyte) . N ’
\ / \ / \ /
\\\ // \\\ // \\\ //
\ / N / \ /
’( \ ’ \\ ’/ ’(
// \\ \\ // \\ // / \\
/ \\ AN / //<\ / \\
\ N ’ \
// \\ \\// ,/ \\ // \\
/) \ ///\\\ )/ K ‘ \
/) \ ’ \ )/ N / \
// \\ /// \\\ / \ // \
H'005F FFFF |/ ' / \ ’ '
H'0060 0000 \ / \ /
\ / \ / CS3 area CS3 area
\ / \ / (512 Kbytes) (512 Kbytes)
/ /
\\\ // \\\ // \\\ B
\ / \ / \\ S -7
\ / \ / \ 4 <7
\ /’ \ /’ \ )/ PN
N\ N\ \ / -7 AN
\ \ \ / pad
A A N /
S N \\ /
SN FE N CS3 area
FA FA N (512 Kbytes)
// \‘ // \‘ / A <
/ \ / \ 4 \ o -
/ N / \ )/ \ ~o T
/l \\ // \\ // \\ /><\\
H'007F FFFF |/ \ / ' / Rt -
Note 1: Enclosed in [__] are the valid pin function.

Figure 3.2.2 Internal ROM and Extended External Area of the M32182F8 in External Extension Mode
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ADDRESS SPACE
3.2 Operation Modes

CS0# CS0# CS0# CS0#
Pin function (Note 2) CS1# CS1# CS1# CS1#
| CS2# A11 /[CS2# A11 /| [CS2# | A11]/ cs2#
/ CS3# / CS3# A12 /[CS3# A12 /[CS3#
H'0000 0000
CSO0 area CSO area
(512 Kbytes) (512 Kbytes)
CSO area
(1 Mbyte) . K \\\ /,/
\\ // /:<\
\ / Rs AN
CSO0 area N )/ - ~
(2 Mbytes) N , S
AR J v CS0 area
NS AN (512 Kbytes)
NV )/ \
///\\\ // \\ \\\\ ///
// \\\ /,/ \\\ ::<:\
H'001F FFFF a ' :
H'0020 0000
CS1 area CS1 area
(512 Kbytes) (512 Kbytes)
CS1 area
(1 Mbyte) | K \\\ //’
\\ pd /><\
\ / // \\
CS1 area N )/ - ~.
(2 Mbytes) N S
AR J v CS1 area
NS AN (512 Kbytes)
NV )/ \
///\\\ )/ \\\ \\\\ 7
/// \\ /// \\\ /:><:\
H'003F FFFF . \ / )
H'0040 0000 |\ / N /
\ / CS2 area \ /
N / (512 Kbytes) Y y
\ /) CS2 area \ /)
N (1 Mbyte) N , N
/ / /
Ny \ / Ny
\ / \\ / \\ /
N N J/ N
A \ / A
\ \ ’ \ , \
/ \ \ \ / / \
S AN ’ K S
\ \ 7/ / \
// \ \\ / / \\ // \
/ ‘\ N )/ \ / ‘\
/ \ /N / \ / \
, N FARN , \\ / \
// \ ’ \ / \ // \
// \\ /// N N // \ // \\
H'005F FFFF |/ \ . N / i \
H'0060 0000 | / \ /
\ / \ / CS3 area CS3 area
\ / \ ! (512 Kbytes) (512 Kbytes)
\ /) \ _
\\\ // \\\ // \\ \\\ ////
\ // \ // \ ,/ \></
- vy, \ / - SO
\ \ \ , -7 ~o
\ \ \ 7 ~
( ( \ //
A A N
; \ ; \ \ (’ CS3 area
K FAE N (512 Kbytes)
/ \ / / \
/ \ / , \ <Z -
/ \ / \ , \ N -7
/ \ / \ / \ ~ s
/ \ / \ ’ \ ><
/ \ / \ )/ RN
H'007F FFFF | / : / 2 =

Note 2: Enclosed in [__] are the valid pin function.

Figure 3.2.3 Extended External Area in Processor Mode
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ADDRESS SPACE
3 3.3 Internal ROM and Extended External Areas

3.3 Internal ROM and Extended External Areas

The 8-Mbyte area in the user space from the address H’0000 0000 to the address H'007F FFFF comprise the
internal ROM and extended external areas. For the address mapping of these areas that differs with each opera-
tion mode, see Section 3.2, “Operation Modes.”

3.3.1 Internal ROM Area

The internal ROM is allocated to the addresses shown below. Located at the beginning of this area is the EIT
vector entry (and the ICU vector table).

Table 3.3.1 Internal ROM Allocation Address

Type Name Size Allocation Address
M32182F3 384 Kbytes H’0000 0000 to H’0005 FFFF
M32182F8 1 Mbyte H’0000 0000 to H'000F FFFF

3.3.2 Extended External Area

The extended external area is only available when external extension or processor mode is selected by opera-
tion mode settings. When accessing the extended external area, the control signals necessary to access exter-
nal devices are output.

The CS0# through CS3# signals are output corresponding to the address mapping of the extended external
area. The CSO#, CS1#, CS2# and CS3# signals are output for the CS0, CS1, CS2 and CS3 areas, respectively.

Table 3.3.2 Address Mapping of the Extended External Area in Each Operation Mode

Operation Mode Address Mapping of Extended External Area
Single-chip mode None
External extension mode H’0010 0000 to H'001F FFFF (CSO area: 1 Mbyte)

H’0020 0000 to H'003F FFFF (CS1 area: 2 Mbytes)
H’0040 0000 to H'005F FFFF (CS2 area: 2 Mbytes)
H’0060 0000 to H'007F FFFF (CS3 area: 2 Mbytes)
Processor mode H’0000 0000 to H'001F FFFF (CSO area: 2 Mbytes)
H’0020 0000 to H'003F FFFF (CS1 area: 2 Mbytes)
H’0040 0000 to H'005F FFFF (CS2 area: 2 Mbytes)
H’0060 0000 to H'007F FFFF (CS3 area: 2 Mbytes)
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ADDRESS SPACE
3 3.4 Internal RAM and SFR Areas

3.4 Internal RAM and SFR Areas

The 8-Mbyte area from the address H’0080 0000 to the address H'00FF FFFF comprise the internal RAM and
SFR (Special Function Register) areas. Of these, the space that the user can actually use is a 128-Kbyte area
from the address H’'0080 0000 to the address H'0081 FFFF. The other areas here are ghosts in 128-Kbyte units.
(Do not use the ghost area intentionally during programming.)

3.4.1 Internal RAM Area

The internal RAM area is allocated to the addresses shown below.

Table 3.4.1 Internal RAM Allocation Address

Type Name Size Allocation Address
M32182F3 64 Kbytes H’0080 4000 to H'0081 3FFF
M32182F8 64 Kbytes H’0080 4000 to H'0081 3FFF

3.4.2 SFR (Special Function Register) Area

The addresses H'0080 0000 to H'0080 3FFFF comprise the SFR (Special Function Register) area. Located in
this area are the internal peripheral 1/O registers.

H'0080 0000
SFR area
(16 Kbytes)
H'0080 3FFF
H'0080 4000
H'0080 7FFF
H'0080 8000 | B
Virtual flash emulation areas
Internal RAM separated in 4-Kbyte units
(64 Kbytes) can be allocated here.
For details, see Section 6.6.
H'0080 FFFF ( v
H'0081 0000
H'0081 3FFF

Figure 3.4.1 Internal RAM and SFR (Special Function Register) Areas of the M32182F3
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ADDRESS SPACE
3.4 Internal RAM and SFR Areas

0 7.8 15

+0 address |+1 address

H'0080 0000
Interrupt Controller
(ICU)
H'0080 007E
H'0080 0080
A-D Converter

H'0080 00EE
H'0080 0100

Serial 1/0
H'0080 0146
H'0080 0180 Wait C I
H0080 0186 ait Controller
H'0080 01EO

Flash control

H'0080 01F8
H'0080 0200 MIT ;
Hoogo ozse | MT (Gommenpard
H'0080 0240

MJT(TOP)
HO0080O2FE |
H'0000 0300

MJT(TIO)
HoO8OO3BE|
H'0080 03CO MUT(TMS
HO008003DE| ( ,,,,,, ) ,,,,,,,,
H'0080 03EO MJT(TMLO)
H'0080 03FE
H'0080 0400

DMAC
H'0080 0478
H'0080 0700
Input/output port

H'0080 0786

A~

the CPU.

0 7 8 15
+0 address |+1 address
H'0080 OFEOQ MUT(TMLT
H'0080 OFFE ( )
H'0080 1000
CANO
H'0080 11FE
H'0080 1400
CAN1
H'0080 15FE
H'0080 3FFE

Multijunction
timer (MJT)

Note: » The Real-time Debugger (RTD) is an independent module that is operated from the outside, and is transparent to

Figure 3.4.2 Outline Mapping of the SFR Area
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ADDRESS SPACE
3 3.4 Internal RAM and SFR Areas

SFR Area Register Map (1/21)

Address +0 address +1 address See
b0 b7 | b8 bl5| pages
H'0080 0000 Interrupt Vector Register 5-5
(IVECT)
H'0080 0002 (Use inhibited area)
H'0080 0004 Interrupt Request Mask Register (Use inhibited area) 5-6
(IMASK)
H'0080 0006 SBI Control Register (Use inhibited area) 5-7
(SBICR)
| (Use inhibited area)
H'0080 0060 | CANO Transmit/Receive & Error Interrupt Control Register (Use inhibited area) 5-8
(ICANOCR)
| (Use inhibited area)
H'0080 0066 (Use inhibited area) RTD Interrupt Control Register 5-8
(IRTDCR)
H'0080 0068 S102, 3 Transmit/Receive Interrupt Control Register DMAS5-9 Interrupt Control Register 5-8
(ISI023CR) (IDMA59CR)
H'0080 006A (Use inhibited area)
H'0080 006C A-DO Conversion Interrupt Control Register SI00 Transmit Interrupt Control Register 5-8
(IADOCCR) (ISIO0TXCR)
H'0080 006E SIO0 Receive Interrupt Control Register SI01 Transmit Interrupt Control Register 5-8
(ISIOORXCR) (ISIO1TXCR)
H'0080 0070 SIO1 Receive Interrupt Control Register DMAO-4 Interrupt Control Register 5-8
(ISIO1RXCR) (IDMA0D4ACR)
H'0080 0072 TIO0-3 Output Interrupt Control Register TOPS6, 7 Output Interrupt Control Register 5-8
(ITIO03CR) (ITOP67CR)
H'0080 0074 TOPO-5 Output Interrupt Control Register TI108, 9 Output Interrupt Control Register 5-8
(ITOPO5CR) (ITIO89CR)
H'0080 0076 T104-7 Output Interrupt Control Register TOP10 Output Interrupt Control Register 5-8
(ITIO47CR) (ITOP10CR)
H'0080 0078 T108,9 Output Interrupt Control Register TMSO, 1 Output Interrupt Control Register 5-8
(ITOP89CR) (ITMS01CR)
H'0080 007A (Use inhibited area) TINO-2 Input Interrupt Control Register 5-8
(ITINO2CR)
H'0080 007C TIN12-19 Input Interrupt Control Register TIN20-29 Input Interrupt Control Register 5-8
(ITIN1219CR) (ITIN2029CR)
H'0080 007E TIN3-6 Input Interrupt Control Register CAN1 Transmit/Receive & Error Interrupt Control Register 5-8
(ITIN36CR) (ICAN1CR)
H'0080 0080 A-DO Single Mode Register 0 A-DO Single Mode Register 1 11-14
(ADOSIMO) (ADOSIM1) 11-16
H'0080 0082 (Use inhibited area)
H'0080 0084 A-DO Scan Mode Register 0 A-DO Scan Mode Register 1 11-18
(ADOSCMO) (ADOSCM1) 11-20
H'0080 0086 |A-DO Disconnection Detection Assist Function Control Register A-DO Conversion Speed Control Register 11-23
(ADODDACR) (ADOCVSCR) 11-22
H'0080 0088 A-DO Successive Approximation Register 11-27
(ADOSAR)
H'0080 008A A-DO Disconnection Detection Assist Method Select Register 11-24
(ADODDASEL)
H'0080 008C A-DO Comparate Data Register 11-28
(ADOCMP)
H'0080 008E (Use inhibited area)
H'0080 0090 10-bit A-DO Data Register 0 11-29
(ADODTO)
H'0080 0092 10-bit A-DO Data Register 1 11-29
(ADODT1)
H'0080 0094 10-bit A-DO Data Register 2 11-29
(ADODT?2)
H'0080 0096 10-bit A-DO Data Register 3 11-29
(ADODT3)
H'0080 0098 10-bit A-DO Data Register 4 11-29
(ADODT4)
H'0080 009A 10-bit A-DO Data Register 5 11-29
(ADODT5)
H'0080 009C 10-bit A-DO Data Register 6 11-29
(ADODT®6)
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ADDRESS SPACE
3 3.4 Internal RAM and SFR Areas

SFR Area Register Map (2/21)

Address +0 address +1 address See
b0 b7 | b8 bl5 | pages
H'0080 009E 10-bit A-DO Data Register 7 11-29
(ADODT7)
H'0080 00AO0 10-bit A-DO Data Register 8 11-29
(ADODTS8)
H'0080 00A2 10-bit A-DO Data Register 9 11-29
(ADODT9)
H'0080 00A4 10-bit A-DO Data Register 10 11-29
(ADODT10)
H'0080 00A6 10-bit A-DO Data Register 11 11-29
(ADODT11)
| (Use inhibited area)
H'0080 00DO (Use inhibited area) 8-bit A-DO Data Register 0 11-30
(ADO8DTO)
H'0080 00D2 (Use inhibited area) 8-bit A-DO Data Register 1 11-30
(AD08DT1)
H'0080 00D4 (Use inhibited area) 8-bit A-DO Data Register 2 11-30
(AD08DT2)
H'0080 00D6 (Use inhibited area) 8-bit A-DO Data Register 3 11-30
(AD08DT3)
H'0080 00D8 (Use inhibited area) 8-bit A-DO Data Register 4 11-30
(AD08DT4)
H'0080 OODA (Use inhibited area) 8-bit A-DO Data Register 5 11-30
(AD08DTS5)
H'0080 00DC (Use inhibited area) 8-bit A-DO Data Register 6 11-30
(ADO8DTE6)
H'0080 OODE (Use inhibited area) 8-bit A-DO Data Register 7 11-30
(AD08DT7)
H'0080 00EO (Use inhibited area) 8-bit A-DO Data Register 8 11-30
(ADO8DTS)
H'0080 O0E2 (Use inhibited area) 8-bit A-DO Data Register 9 11-30
(AD08DT9)
H'0080 00E4 (Use inhibited area) 8-bit A-DO Data Register 10 11-30
(AD08DT10)
H'0080 OOE6 (Use inhibited area) 8-bit A-DO Data Register 11 11-30
(AD08DT11)
| (Use inhibited area)
H'0080 0100 S1023 Interrupt Request Status Register S1003 Interrupt Request Enable Register 12-9
(SI23STAT) (SIO3EN) 12-10
H'0080 0102 SI003 Interrupt Request Source Select Register (Use inhibited area) 12-11
(SIO3SEL)
| (Use inhibited area)
H'0080 0110 SIO0 Transmit Control Register SIO0 Transmit/Receive Mode Register 12-13
(SOTCNT) (SOMOD) 12-14
H'0080 0112 SI00 Transmit Buffer Register 12-17
(SOTXB)
H'0080 0114 SIO0 Receive Buffer Register 12-18
(SORXB)
H'0080 0116 SIO0 Receive Control Register SI00 Baud Rate Register 12-19
(SORCNT) (SOBAUR) 12-22
| (Use inhibited area)
H'0080 0120 SIO1 Transmit Control Register SIO1 Transmit/Receive Mode Register 12-13
(S1TCNT) (S1MOD) 12-14
H'0080 0122 SI01 Transmit Buffer Register 12-17
(S1TXB)
H'0080 0124 SIO1 Receive Buffer Register 12-18
(S1IRXB)
H'0080 0126 SI01 Receive Control Register SI01 Baud Rate Register 12-19
(S1IRCNT) (S1BAUR) 12-22
| (Use inhibited area)
H'0080 0130 S102 Transmit Control Register SI02 Transmit/Receive Mode Register 12-13
(S2TCNT) (S2MOD) 12-14
H'0080 0132 S102 Transmit Buffer Register 12-17
(S2TXB)
H'0080 0134 S102 Receive Buffer Register 12-18
(S2RXB)
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3

ADDRESS SPACE
3.4 Internal RAM and SFR Areas

SFR Area Register Map (3/21)

Address
H'0080 0136
I
H'0080 0140
H'0080 0142
H'0080 0144
H'0080 0146
I
H'0080 0180
H'0080 0182
I
H'0080 01EO
H'0080 01E2
H'0080 01E4
H'0080 01E6
H'0080 01E8
H'0080 01EA
H'0080 01EC
H'0080 O1EE
H'0080 01F0
H'0080 01F2
H'0080 01F4
H'0080 01F6
I
H'0080 0200
H'0080 0202
H'0080 0204
I
H'0080 0210
H'0080 0212
I
H'0080 0218
H'0080 021A
I
H'0080 0220

H'0080 0222

+0 address +1 address See
b0 b7 | b8 bl5| Pages
S102 Receive Control Register S102 Baud Rate Register 12-19
(S2RCNT) (S2BAUR) 12-22
(Use inhibited area)
SI103 Transmit Control Register S103 Transmit/Receive Mode Register 12-13
(S3TCNT) (S3MOD) 12-14
S103 Transmit Buffer Register 12-17
(S3TXB)
S103 Receive Buffer Register 12-18
(S3RXB)
SI03 Receive Control Register S103 Baud Rate Register 12-19
(S3RCNT) (S3BAUR) 12-22
(Use inhibited area)
CSO0 Area Wait Control Register CS1 Area Wait Control Register 16-4
(CSOWTCR) (CS1IWTCR)
CS2 Area Wait Control Register CS3 Area Wait Control Register 16-4
(CS2WTCR) (CS3WTCR)
(Use inhibited area)
Flash Mode Register Flash Status Register 1 6-5
(FMOD) (FSTAT1) 6-6
Flash Control Register 1 Flash Control Register 2 6-
(FCNT1) (FCNT2) 6-9
Flash Control Register 3 Flash Control Register 4 6-10
(FCNT3) (FCNT4)
(Use inhibited area)
Virtual Flash S Bank Register 0 6-12
(FESBANKO)
Virtual Flash S Bank Register 1 6-12
(FESBANK1)
Virtual Flash S Bank Register 2 6-12
(FESBANK?2)
Virtual Flash S Bank Register 3 6-12
(FESBANK3)
Virtual Flash S Bank Register 4 6-12
(FESBANK4)
Virtual Flash S Bank Register 5 6-12
(FESBANK5)
Virtual Flash S Bank Register 6 6-12
(FESBANK®6)
Virtual Flash S Bank Register 7 6-12
(FESBANK?)
(Use inhibited area)
(Use inhibited area) Clock Bus & Input Event Bus Control Register 10-14
(CKIEBCR)
Prescaler Register 0 Prescaler Register 1 10-10
(PRSO0) (PRS1)
Prescaler Register 2 Output Event Bus Control Register 10-10
(PRS2) (OEBCR) 10-15
(Use inhibited area)
TCLK Input Processing Control Register 10-18
(TCLKCR)
TINO-4 Input Processing Control Register 10-19
(TINOACR)
(Use inhibited area)
TIN12-19 Input Processing Control Register 10-20
(TIN1219CR)
TIN20-23, TIN30-33 Input Processing Control Register 10-20
(TIN2023_3033CR)
(Use inhibited area)
F/F6-15 Source Select Register 10-22
(FF615S)
(Use inhibited area) F/F16-19 Source Select Register 10-23

(FF1619S)

3-14

32182 Group User’'s Manual (Rev.1.0)




3

ADDRESS SPACE
3.4 Internal RAM and SFR Areas

SFR Area Register Map (4/21)

Address
H'0080 0224
H'0080 0226
H'0080 0228
H'0080 022A
I
H'0080 0230
H'0080 0232
H'0080 0234
H'0080 0236
H'0080 0238
H'0080 023A
H'0080 023C
H'0080 023E
H'0080 0240
H'0080 0242
H'0080 0244
H'0080 0246
I
H'0080 0250
H'0080 0252
H'0080 0254
H'0080 0256
I
H'0080 0260
H'0080 0262
H'0080 0264
H'0080 0266
I
H'0080 0270
H'0080 0272
H'0080 0274
H'0080 0276
I
H'0080 0280

H'0080 0282

+0 address +1 address See
b0 b7 | b8 bl5| pages
F/FO-15 Protect Register 10-24
(FFO15P)
F/FO-15 Data Register 10-25
(FFO15D)
(Use inhibited area) F/F16-20 Protect Register 10-24
(FF1620P)
(Use inhibited area) F/F16-20 Data Register 10-25
(FF1620D)
(Use inhibited area)
TOPO-5 Interrupt Request Status Register TOPO-5 Interrupt Request Mask Register 10-30
(TOPOS5IST) (TOPO5IMA)
TOPS6, 7 Interrupt Request Mask & Status Register TOPS8, 9 Interrupt Request Mask & Status Register 10-32
(TOP67IMS) (TOP89IMS) 10-33
TIO0-3 Interrupt Request Mask & Status Register TIO4-7 Interrupt Request Mask & Status Register 10-34
(TIO03IMS) (TIO47IMS) 10-35
TIO8, 9 Interrupt Request Mask & Status Register TMSO, 1 Interrupt Request Mask & Status Register 10-36
(TIO89IMS) (TMS01IMS) 10-37
TINO-2 Interrupt Request Mask & Status Register TIN3-6 Interrupt Request Mask & Status Register 10-38
(TINO2IMS) (TIN36IMS) 10-39
(Use inhibited area)
TIN12-19 Interrupt Request Status Register TIN12-19 Interrupt Request Mask Register 10-40
(TIN1219IST) (TIN1219IMA)
TIN20-23 Interrupt Request Mask & Status Register (Use inhibited area) 10-42
(TIN2023IMS)
TOPO Counter 10-54
(TOPOCT)
TOPO Reload Register 10-55
(TOPORL)
(Use inhibited area)
TOPO Correction Register 10-56
(TOPOCC)
(Use inhibited area)
TOP1 Counter 10-54
(TOP1CT)
TOP1 Reload Register 10-55
(TOP1RL)
(Use inhibited area)
TOP1 Correction Register 10-56
(TOP1CC)
(Use inhibited area)
TOP2 Counter 10-54
(TOP2CT)
TOP2 Reload Register 10-55
(TOP2RL)
(Use inhibited area)
TOP2 Correction Register 10-56
(TOP2CC)
(Use inhibited area)
TOP3 Counter 10-54
(TOP3CT)
TOP3 Reload Register 10-55
(TOP3RL)
(Use inhibited area)
TOP3 Correction Register 10-56
(TOP3CC)
(Use inhibited area)
TOP4 Counter 10-54
(TOPACT)
TOP4 Reload Register 10-55
(TOP4RL)
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ADDRESS SPACE
3.4 Internal RAM and SFR Areas

SFSFR Area Register Map (5/21)

Address +0 address +1 address See
b0 b7 | b8 b15| pages
H'0080 0284 (Use inhibited area)
H'0080 0286 TOP4 Correction Register 10-56
(TOP4CC)
| (Use inhibited area)
H'0080 0290 TOP5 Counter 10-54
(TOP5CT)
H'0080 0292 TOPS5 Reload Register 10-55
(TOP5RL)
H'0080 0294 (Use inhibited area)
H'0080 0296 TOPS5 Correction Register 10-56
(TOP5CC)
H'0080 0298 (Use inhibited area)
H'0080 029A TOPO-5 Control Register 0 10-50
(TOPO5CRO)
H'0080 029C (Use inhibited area) TOPO-5 Control Register 1 10-50
(TOPO5CR1)
| (Use inhibited area)
H'0080 02A0 TOP6 Counter 10-54
(TOP6CT)
H'0080 02A2 TOP6 Reload Register 10-55
(TOP6CC)
H'0080 02A4 (Use inhibited area)
H'0080 02A6 TOPG6 Correction Register 10-56
(TOP6CC)
H'0080 02A8 (Use inhibited area)
H'0080 02AA TOPG6, 7 Control Register 10-52
(TOP67CR)
| (Use inhibited area)
H'0080 02B0 TOP7 Counter 10-54
(TOP7CT)
H'0080 02B2 TOP7 Reload Register 10-55
(TOP7RL)
H'0080 02B4 (Use inhibited area)
H'0080 02B6 TOP7 Correction Register 10-56
(TOP7CC)
| (Use inhibited area)
H'0080 02CO0 TOPS8 Counter 10-54
(TOP8CT)
H'0080 02C2 TOP8 Reload Register 10-55
(TOP8RL)
H'0080 02C4 (Use inhibited area)
H'0080 02C6 TOPS8 Correction Register 10-56
(TOP8CC)
| (Use inhibited area)
H'0080 02D0 TOP9 Counter 10-54
(TOP9CT)
H'0080 02D2 TOP9 Reload Register 10-55
(TOP9RL)
H'0080 02D4 (Use inhibited area)
H'0080 02D6 TOP9 Correction Register 10-56
(TOP9CC)
| (Use inhibited area)
H'0080 02E0 TOP10 Counter 10-54
(TOP10CT)
H'0080 02E2 TOP10 Reload Register 10-55
(TOP10RL)

3-16

32182 Group User’'s Manual (Rev.1.0)



3

ADDRESS SPACE
3.4 Internal RAM and SFR Areas

SFR Area Register Map (6/21)

Address +0 address +laddress See
b0 b7 | b8 bl15| pages
H'0080 02E4 (Use inhibited area)
H'0080 02E6 TOP10 Correction Register 10-56
(TOP10CC)
H'0080 02E8 (Use inhibited area)
H'0080 02EA TOP8-10 Control Register 10-53
(TOP810CR)
| (Use inhibited area)
H'0080 02FA TOP External Enable Permit Register 10-57
(TOPEEN)
H'0080 02FC TOP Enable Protect Register 10-57
(TOPPRO)
H'0080 02FE TOP Count Enable Register 10-58
(TOPCEN)
H'0080 0300 TIOO Counter 10-88
(TIOOCT)
H'0080 0302 (Use inhibited area)
H'0080 0304 TIOO Reload 1 Register 10-90
(TIOORL1)
H'0080 0306 TIOO0 Reload 0/ Measure Register 10-89
(TIOORLO)
| (Use inhibited area)
H'0080 0310 TIO1 Counter 10-88
(TIO1CT)
H'0080 0312 (Use inhibited area)
H'0080 0314 TIO1 Reload 1 Register 10-90
(TIO1RL1)
H'0080 0316 TIO1 Reload 0/ Measure Register 10-89
(TIO1RLO)
H'0080 0318 (Use inhibited area)
H'0080 031A TIO0-3 Control Register 0 10-81
(TIO03CRO)
H'0080 031C (Use inhibited area) TIO0-3 Control Register 1 10-82
(TIO03CR1)
| (Use inhibited area)
H'0080 0320 TIO2 Counter 10-88
(TIO2CT)
H'0080 0322 (Use inhibited area)
H'0080 0324 TIO2 Reload 1 Register 10-90
(TIO2RL1)
H'0080 0326 TIO2 Reload 0/ Measure Register 10-89
(TIO2RLO)
| (Use inhibited area)
H'0080 0330 TIO3 Counter 10-88
(TIO3CT)
H'0080 0332 (Use inhibited area)
H'0080 0334 TIO3 Reload 1 Register 10-90
(TIO3RL1)
H'0080 0336 TIO3 Reload 0/ Measure Register 10-89
(TIO3RLO)
| (Use inhibited area)
H'0080 0340 TIO4 Counter 10-88
(TIOACT)
H'0080 0343 (Use inhibited area)
H'0080 0344 TIO4 Reload 1 Register 10-90
(TIO4RL1)
H'0080 0346 TIO4 Reload 0/ Measure Register 10-89
(TIO4RLO)
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3

ADDRESS SPACE
3.4 Internal RAM and SFR Areas

SFR Area Register Map (7/21)

Address +0 address +1 address See
b0 b7 | b8 bl5| pages
H'0080 0348 (Use inhibited area)
H'0080 034A T104 Control Register TIO5 Control Register 10-83
(TIO4CR) (TIO5CR) 10-85
| (Use inhibited area)
H'0080 0350 TIO5 Counter 10-88
(TIO5CT)
H'0080 0352 (Use inhibited area)
H'0080 0354 TIO5 Reload 1 Register 10-90
(TIO5RL1)
H'0080 0356 TIO5 Reload 0/ Measure Register 10-89
(TIO5RLO)
| (Use inhibited area)
H'0080 0360 TI06 Counter 10-88
(TIOBCT)
H'0080 0362 (Use inhibited area)
H'0080 0364 TIO6 Reload 1 Register 10-90
(TIO6RL1)
H'0080 0366 TIO6 Reload 0/ Measure Register 10-89
(TIOB6RLO)
H'0080 0368 (Use inhibited area)
H'0080 036A TIO6 Control Register TIO7 Control Register 10-86
(TIOB6CR) (TIO7CR) 10-87
| (Use inhibited area)
H'0080 0370 TIO7 Counter 10-88
(TIO7CT)
H'0080 0372 (Use inhibited area)
H'0080 0374 TIO7 Reload 1 Register 10-90
(TIO7RL1)
H'0080 0376 TIO7 Reload 0/ Measure Register 10-89
(TIO7RLO)
| (Use inhibited area)
H'0080 0380 TIO8 Counter 10-88
(TIO8CT)
H'0080 0382 (Use inhibited area)
H'0080 0384 TIO8 Reload 1 Register 10-90
(TIO8RL1)
H'0080 0386 TIO8 Reload 0/ Measure Register 10-89
(TIO8RLO)
H'0080 0388 (Use inhibited area)
H'0080 038A TIO8 Control Register TI0O9 Control Register 10-87
(TIO8CR) (TIO9CR) 10-88
| (Use inhibited area)
H'0080 0390 TIO9 Counter 10-88
(TIO9CT)
H'0080 0392 (Use inhibited area)
H'0080 0394 TIO9 Reload 1 Register 10-90
(TIO9RL1)
H'0080 0396 TIO9 Reload 0/ Measure Register 10-89
(TIO9RLO)
| (Use inhibited area)
H'0080 03BC TIO Enable Protect Register 10-91
(TIOPRO)
H'0080 03BE TIO Count Enable Register 10-92
(TIOCEN)
H'0080 03CO0 TMSO0 Counter 10-109
(TMSOCT)
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3

ADDRESS SPACE
3.4 Internal RAM and SFR Areas

SFR Area Register Map (8/21)

Address
H'0080 03C2
H'0080 03C4
H'0080 03C6
H'0080 03C8
H'0080 03CA
I
H'0080 03D0
H'0080 03D2
H'0080 03D4
H'0080 03D6
H'0080 03D8
I
H'0080 03EO
H'0080 03E2

H'0080 03EA
I
H'0080 03F0
H'0080 03F2
H'0080 03F4
H'0080 03F6
H'0080 03F8
H'0080 O3FA
H'0080 O3FC
H'0080 O3FE
H'0080 0400

H'0080 0408
I
H'0080 0410
H'0080 0412
H'0080 0414
H'0080 0416
H'0080 0418

H'0080 041A

(DM5SA)

+0 address +laddress See
b0 b7 | b8 bl5| pages
TMSO0 Measure 3 Register 10-109
(TMSOMR3)
TMSO0 Measure 2 Register 10-109
(TMSOMR?2)
TMSO Measure 1 Register 10-109
(TMSOMR1)
TMSO0 Measure 0 Register 10-109
(TMSOMRO)
TMSO Control Register TMS1 Control Register 10-108
(TMSOCR) (TMS1CR)
(Use inhibited area)
TMS1 Counter 10-109
(TMS1CT)
TMS1 Measure 3 Register 10-109
(TMS1MR3)
TMS1 Measure 2 Register 10-109
(TMS1IMR2)
TMS1 Measure 1 Register 10-109
(TMS1MR1)
TMS1 Measure 0 Register 10-109
(TMS1MRO0)
(Use inhibited area)
TMLO Counter (Upper) 10-114
,,,,,,,,,,,,,,,,,,,,,,, G 5 R
(Lower)
(Use inhibited area)
(Use inhibited area) TMLO Control Register 10-113
(TMLOCR)
(Use inhibited area)
TMLO Measure 3 Register (Upper) 10-114
,,,,,,,,,,,,,,,,,,,,,,, (MLOMR3)
(Lower)
TMLO Measure 2 Register (Upper) 10-114
,,,,,,,,,,,,,,,,,,,,,,, (MLOMR2) L
(Lower)
[ TMLOMeasure 1 Register (Uppe) | 10-114 |
,,,,,,,,,,,,,,,,,,,,,,, (MLOMRYL) L
(Lower)
TMLO Measure 0 Register (Upper) 10-114
,,,,,,,,,,,,,,,,,,,,,,, (TMLOMRO)
(Lower)
DMAO-4 Interrupt Request Status Register DMAO-4 Interrupt Request Mask Register 9-24
(DMO4ITST) (DMO4ITMK) 9-25
(Use inhibited area)
DMAS5-9 Interrupt Request Status Register DMA5-9 Interrupt Request Mask Register 9-24
(DM59ITST) (DM59ITMK) 9-25
(Use inhibited area)
DMAO Channel Control Register 0 DMAO Channel Control Register 1 9-6
(DMOCNTO) (DMOCNT1)
DMAO Source Address Register 9-19
(DMOSA)
DMAO Destination Address Register 9-20
(DMODA)
DMAO Transfer Count Register 9-21
(DMOTCT)
DMAS5 Channel Control Register 0 DMAGS Channel Control Register 1 9-11
(DM5CNTO) (DM5CNT1)
DMAGS Source Address Register 9-19
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3

ADDRESS SPACE
3.4 Internal RAM and SFR Areas

SFR Area Register Map (9/21)

Address

H'0080 041C

H'0080 041E

H'0080 0420

H'0080 0422

H'0080 0424

H'0080 0426

H'0080 0428

H'0080 042A

H'0080 042C

H'0080 042E

H'0080 0430

H'0080 0432

H'0080 0434

H'0080 0436

H'0080 0438

H'0080 043A

H'0080 043C

H'0080 043E

H'0080 0440

H'0080 0442

H'0080 0444

H'0080 0446

H'0080 0448

H'0080 044A

H'0080 044C

H'0080 044E

H'0080 0450

H'0080 0452

H'0080 0454

H'0080 0456

H'0080 0458

H'0080 045A

H'0080 045C

H'0080 045E

H'0080 0460

+0 address +1 address See
b0 b7 | b8 bl5| pages
DMAGS Destination Address Register 9-20
(DM5DA)
DMAGS Transfer Count Register 9-21
(DM5TCT)
DMA1 Channel Control Register 0 DMA1 Channel Control Register 1 9-7
(DM1CNTO0) (DM1CNT1)
DMA1 Source Address Register 9-19
(DM1SA)
DMAL1 Destination Address Register 9-20
(DM1DA)
DMAZ1 Transfer Count Register 9-21
(DM1TCT)
DMAG6 Channel Control Register O DMAG6 Channel Control Register 1 9-12
(DM6CNTO) (DM6CNT1)
DMAG6 Source Address Register 9-19
(DM6SA)
DMAG Destination Address Register 9-20
(DM6DA)
DMAG6 Transfer Count Register 9-21
(DM6TCT)
DMAZ2 Channel Control Register O DMAZ2 Channel Control Register 1 9-8
(DM2CNTO0) (DM2CNT1)
DMAZ2 Source Address Register 9-19
(DM2SA)
DMAZ2 Destination Address Register 9-20
(DM2DA)
DMAZ2 Transfer Count Register 9-21
(DM2TCT)
DMA7 Channel Control Register 0 DMA7 Channel Control Register 1 9-13
(DM7CNTO) (DM7CNT1)
DMA7 Source Address Register 9-19
(DM7SA)
DMA7 Destination Address Register 9-20
(DM7DA)
DMA7 Transfer Count Register 9-21
(DM7TCT)
DMA3 Channel Control Register 0 DMA3 Channel Control Register 1 9-9
(DM3CNTO0) (DM3CNT1)
DMA3 Source Address Register 9-19
(DM3SA)
DMAS3 Destination Address Register 9-20
(DM3DA)
DMAS3 Transfer Count Register 9-21
(DM3TCT)
DMAS8 Channel Control Register 0 DMAB8 Channel Control Register 1 9-14
(DM8CNTO0) (DM8CNT1)
DMAS8 Source Address Register 9-19
(DM8SA)
DMAS8 Destination Address Register 9-20
(DM8DA)
DMAS8 Transfer Count Register 9-21
(DMS8TCT)
DMA4 Channel Control Register 0 DMA4 Channel Control Register 1 9-10
(DM4CNTO0) (DM4ACNT1)
DMA4 Source Address Register 9-19
(DM4SA)
DMA4 Destination Address Register 9-20
(DM4DA)
DMAA4 Transfer Count Register 9-21
(DM4TCT)
DMA9 Channel Control Register 0 DMA9 Channel Control Register 1 9-15
(DMOCNTO) (DM9CNT1)
DMA9 Source Address Register 9-19
(DM9SA)
DMAJ9 Destination Address Register 9-20
(DM9DA)
DMAG9 Transfer Count Register 9-21
(DMITCT)
DMAO Software Request Generation Register 9-18
(DMOSRI)
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3

ADDRESS SPACE
3.4 Internal RAM and SFR Areas

SFR Area Register Map (10/21)

Address
H'0080 0462
H'0080 0464
H'0080 0466
H'0080 0468
I
H'0080 0470
H'0080 0472
H'0080 0474
H'0080 0476
H'0080 0478
I
H'0080 0700
H'0080 0702
H'0080 0704
H'0080 0706
H'0080 0708
H'0080 070A
H'0080 070C
H'0080 070E
H'0080 0710
H'0080 0712
H'0080 0714
H'0080 0716
I
H'0080 0720
H'0080 0722
H'0080 0724
H'0080 0726
H'0080 0728
H'0080 072A
H'0080 072C
H'0080 072E
H'0080 0730
H'0080 0732

H'0080 0734

+0 address +1 address See
b0 b7 | b8 bl5| pages
DMA1 Software Request Generation Register 9-18
(DMOSRI)
DMAZ2 Software Request Generation Register 9-18
(DM2SRI)
DMAZ3 Software Request Generation Register 9-18
(DM3SRI)
DMA4 Software Request Generation Register 9-18
(DM4SRI)
(Use inhibited area)
DMAGS Software Request Generation Register 9-18
(DM5SRI)
DMAG6 Software Request Generation Register 9-18
(DM6SRI)
DMA7 Software Request Generation Register 9-18
(DM7SRI)
DMABS8 Software Request Generation Register 9-18
(DM8SRI)
DMA9 Software Request Generation Register 9-18
(DM9ISRI)
(Use inhibited area)
PO Data Register P1 Data Register 8-7
(PODATA) (P1DATA)
P2 Data Register P3 Data Register 8-7
(P2DATA) (P3DATA)
P4 Data Register (Use inhibited area) 8-7
(PADATA)
P6 Data Register P7 Data Register 8-7
(P6DATA) (P7DATA)
P8 Data Register P9 Data Register 8-7
(PBDATA) (PO9DATA)
P10 Data Register P11 Data Register 8-7
(P10DATA) (P11DATA)
P12 Data Register P13 Data Register 8-7
(P12DATA) (P13DATA)
P14 Data Register P15 Data Register 8-7
(P14DATA) (P15DATA)
P16 Data Register P17 Data Register 8-7
(P16DATA) (P17DATA)
P18 Data Register P19 Data Register 8-7
(P18DATA) (P19DATA)
P20 Data Register P21 Data Register 8-7
(P20DATA) (P21DATA)
P22 Data Register (Use inhibited area) 8-7
(P22DATA)
(Use inhibited area)
PO Direction Register P1 Direction Register 8-8
(PODIR) (P1DIR)
P2 Direction Register P3 Direction Register 8-8
(P2DIR) (P3DIR)
P4 Direction Register (Use inhibited area) 8-8
(P4DIR)
P6 Direction Register P7 Direction Register 8-8
(P6DIR) (P7DIR)
P8 Direction Register P9 Direction Register 8-8
(P8DIR) (PODIR)
P10 Direction Register P11 Direction Register 8-8
(P10DIR) (P11DIR)
P12 Direction Register P13 Direction Register 8-8
(P12DIR) (P13DIR)
P14 Direction Register P15 Direction Register 8-8
(P14DIR) (P15DIR)
P16 Direction Register P17 Direction Register 8-8
(P16DIR) (P17DIR)
P18 Direction Register P19 Direction Register 8-8
(P18DIR) (P19DIR)
P20 Direction Register P21 Direction Register 8-8
(P20DIR) (P21DIR)
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3

ADDRESS SPACE
3.4 Internal RAM and SFR Areas

SFR Area Register Map (11/21)

Address
H'0080 0736
I
H'0080 0740
H'0080 0742
H'0080 0744
H'0080 0746
H'0080 0748
H'0080 074A
H'0080 074C
H'0080 074E
H'0080 0750
H'0080 0752
H'0080 0754
H'0080 0756
|
H'0080 0760
H'0080 0762
H'0080 0764

H'0080 076A

H'0080 0776
|
H'0080 077E
|
H'0080 0786
|
H'0080 OFEQ
H'0080 OFE2

H'0080 OFEA

H'0080 OFFO

H'0080 OFF2

+0 address +1 address See
b0 b7 | b8 bl15| pages
P22 Direction Register (Use inhibited area) 8-8
(P22DIR)
(Use inhibited area)
PO Operation Mode Register P1 Operation Mode Register 8-9
(POMOD) (P1MOD)
P2 Operation Mode Register P3 Operation Mode Register 8-10
(P2MOD) (P3MOD)
P4 Operation Mode Register Port Input Special Function Control Register 8-11
(P4AMOD) (PICNT) 8-21
P6 Operation Mode Register P7 Operation Mode Register 8-11
(P6MOD) (P7MOD) 8-12
P8 Operation Mode Register P9 Operation Mode Register 8-12
(P8BMOD) (P9MOD) 8-13
P10 Operation Mode Register P11 Operation Mode Register 8-13
(P10MOD) (P11MOD) 8-14
P12 Operation Mode Register P13 Operation Mode Register 8-14
(P12MOD) (P13MOD) 8-15
P14 Operation Mode Register P15 Operation Mode Register 8-15
(P14MOD) (P15MOD) 8-16
P16 Operation Mode Register P17 Operation Mode Register 8-16
(P16MOD) (P17MOD) 8-17
P18 Operation Mode Register P19 Operation Mode Register 8-17
(P18MOD) (P19MOD) 8-18
P20 Operation Mode Register P21 Operation Mode Register 8-18
(P20MOD) (P21MOD)
P22 Operation Mode Register (Use inhibited area) 8-19
(P22MOD)
(Use inhibited area)
Port Group 0, 1 Input Level Setting Register Port Group 2, 3 Input Level Setting Register 8-25
(PGO1LEV) (PG23LEV)
Port Group 4, 5 Input Level Setting Register Port Group 6, 7 Input Level Setting Register 8-25
(PG45LEV) (PG67LEV)
Port Group 8 Input Level Setting Register (Use inhibited area) 8-25
(PG8LEV)
(Use inhibited area)
P10 Peripheral Output Select Register (Use inhibited area) 8-20
(P10SMOD)
(Use inhibited area)
P22 Peripheral Output Select Register (Use inhibited area) 8-20
(P22SMOD)
(Use inhibited area)
(Use inhibited area) Bus Mode Control Register 15-9
(BUSMODC)
(Use inhibited area)
Clock Control Register (Use inhibited area) 18-5
(CLKCR)
(Use inhibited area)
TML1 Counter (Upper) 10-114
,,,,,,,,,,,,,,,,,,,,,,, amuieny o ____ |l ____
(Lower)
(Use inhibited area)
(Use inhibited area) TML1 Control Register 10-113
(TML1CR)
(Use inhibited area)
TML1 Measure 3 Register (Upper) 10-114
,,,,,,,,,,,,,,,,,,,,,,, (TMLIMRZ) o]
(Lower)

3-22

32182 Group User’'s Manual (Rev.1.0)



3

ADDRESS SPACE
3.4 Internal RAM and SFR Areas

SFR Area Register Map (12/21)

Address
H'0080 OFF4
H'0080 OFF6
H'0080 OFF8
H'0080 OFFA
H'0080 OFFC
H'0080 OFFE
I
H'0080 1000
H'0080 1002
H'0080 1004
H'0080 1006
H'0080 1008
H'0080 100A
H'0080 100C
H'0080 100E
H'0080 1010
H'0080 1012
H'0080 1014
H'0080 1016
H'0080 1018
I
H'0080 1028
H'0080 102A
H'0080 102C
H'0080 102E
H'0080 1030
H'0080 1032
H'0080 1034
H'0080 1036
H'0080 1038
H'0080 103A
H'0080 103C
H'0080 103E
H'0080 1040

H'0080 1042

+0 address +1 address See
b0 b7 | b8 bl15| pages
TML1 Measure 2 Register (Upper) 10-114
,,,,,,,,,,,,,,,,,,,,,,, (MLIMR2)
(Lower)
TML1 Measure 1 Register (Upper) 10-114
,,,,,,,,,,,,,,,,,,,,,,, (tMLIMRY)
(Lower)
TML1 Measure 0 Register (Upper) 10-114
,,,,,,,,,,,,,,,,,,,,,,, (TMLIMRO) ]
(Lower)
(Use inhibited area)
CANO Control Register 13-15
(CANOCNT)
CANO Status Register 13-18
(CANOSTAT)
CANO Frame Format Select Register 13-21
(CANOFFS)
CANO Configuration Register 13-22
(CANOCONF)
CANO Timestamp Count Register 13-24
(CANOTSTMP)
CANO Receive Error Count Register CANO Transmit Error Count Register 13-25
(CANOREC) (CANOTEC)
CANO Slot Interrupt Request Status Register 13-29
(CANOSLIST)
(Use inhibited area)
CANO Slot Interrupt Request Enable Register 13-30
(CANOSLIEN)
(Use inhibited area)
CANO Error Interrupt Request Status Register CANO Error Interrupt Request Enable Register 13-31
(CANOERIST) (CANOERIEN) 13-32
CANO Baud Rate Prescaler CANO Cause of Error Register 13-26
(CANOBRP) (CANOEF) 13-45
CANO Mode Register CANO DMA Transfer Request Select Register 13-46
(CANOMOD) (CANODMARQ) 13-47
(Use inhibited area)
CANO Global Mask Register Standard ID 0 CANO Global Mask Register Standard ID 1 13-48
(COGMSKSO0) (COGMSKS1)
CANO Global Mask Register Extended ID 0 CANO Global Mask Register Extended ID 1 13-49
(COGMSKEDO) (COGMSKEL1)
CANO Global Mask Register Extended ID 2 (Use inhibited area) 13-50
(COGMSKE?2)
(Use inhibited area)
CANO Local Mask Register A Standard ID 0 CANO Local Mask Register A Standard ID 1 13-48
(COLMSKASO) (COLMSKAS1)
CANO Local Mask Register A Extended ID 0 CANO Local Mask Register A Extended ID 1 13-49
(COLMSKAEDO) (COLMSKAEZ1)
CANO Local Mask Register A Extended ID 2 (Use inhibited area) 13-50
(COLMSKAE?2)
(Use inhibited area)
CANO Local Mask Register B Standard ID 0 CANO Local Mask Register B Standard ID 1 13-48
(COLMSKBSO0) (COLMSKBS1)
CANO Local Mask Register B Extended ID 0 CANO Local Mask Register B Extended ID 1 13-49
(COLMSKBEDO) (COLMSKBEZ1)
CANO Local Mask Register B Extended ID 2 (Use inhibited area) 13-50
(COLMSKBE?2)
(Use inhibited area)
CANO Single Shot Mode Control Register 13-52
(CANOSSMODE)
(Use inhibited area)
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ADDRESS SPACE
3.4 Internal RAM and SFR Areas

SFR Area Register Map (13/21)

Address bo +0 address b7 | be +laddress bis See
H'0080 1044 CANO Single-Shot Interrupt Request Status Register gzq.’f;
(CANOSSIST)
H'0080 1046 (Use inhibited area)
H'0080 1048 CANO Single-Shot Interrupt Request Enable Register 13-34
(CANOSSIEN)
H'0080 1050 CANO Messa(g:gl\?g)lfooccll\lgrr;trol Register CANO Mess?(gzgl\?lsolfllc(':\lgrr;trol Register 13-53
H'0080 1052 CANO Mességgﬁgﬁzzc(’:\lgrntrol Register CANO Messaggﬁ?ﬁ?c%grntrol Register 13-53
H'0080 1054 CANO Mess%ggﬁ?ﬁfcﬁgr%trol Register CANO Mess%ggl\%gsc%gr%trol Register 13-53
H'0080 1056 CANO Messag(e)ﬁg)ﬁgc?\lgrntrol Register CANO Messa(g:(e)l\%‘lgﬁic(':\lgrntrol Register 13-53
H'0080 1058 CANO Mess%ggﬁgigcﬁgr%trol Register CANO Mess%ggl\%g;c%gr%trol Register 13-53
H'0080 105A CANO Messaggl\?g)ﬁll(?c(':\lgrntrol Register CANO Messaggl\%lsoﬁf.llccll\lqrntrol Register 13-53
H'0080 105C CANO Mess;ggl\?gﬁllzzc?\ﬁr)ltrol Register CANO Mess;ggﬁgillgc?\ﬁr)mol Register 13-53
H'0080 105E CANO Mess;gg'\ﬁ,lsoﬁllfc(':\lgrrztrol Register CANO Mességgl\%lsoﬁlllssccll\lgrrztrol Register 13-53
| : : (Use inhibited area) ( :
H'0080 1100 CANO Messggagll_ootsoms(t)andard IDO CANO Messg(g)&glc)és()lDS{andard ID1 %g—gg
H'0080 1102 CANO Mes;é%ﬁ/lgll%é)lgéiended IDO CANO MesiggeMgt)églgiiended ID1 iggg
H'0080 1104 CANO Mes%%ﬁ/lgll?éé)égended ID 2 CANO Messag(eCSOI(’\)AtSOLgStflcl_)ength Register %g—g%
H'0080 1106 CANO I\(/Ig%s,\ha\gﬁosl:;grtog Data 0 CANO I\Elg%?\?gﬁosl:;grtlc)) Data 1 }ggi
H'0080 1108 CANO I\/(Ig%s'\jligEOSDI(_)rtz()) Data 2 CANO N(I(e:?)?\?gEOSDIQI%()) Data 3 iggg
H'0080 110A CANO I\flg:%sMagEOS[I)grt‘lC)) Data 4 CANO I\fl(e:%?\?gﬁo%grtsg) Data 5 }gg;
H'0080 110C CANO I\/Elce:%s'\jlgﬁolegrtB(z) Data 6 CANO l\/ilgsé?\?gﬁosljlgrtg) Data 7 iggg
H'0080 110E CANO Message Slot 0 Timestamp 13-71
(COMSLOTSP)
H'0080 1110 CANO Mes?ggagll_oltsllgctgndard IDO CANO Mes(sggﬁﬂgll_oltsllgi?ndard ID1 Sg;
H'0080 1112 CANO Messéa:%ﬁ/éllfjjt-lzllgétended IDO CANO Messg%%éll?iélgi(tended ID1 %ggg
H'0080 1114 CANO Meség%ﬁ/lglﬂégézended ID 2 CANO Messagfecsolcliﬂtsll_lfgtflcl_)ength Register ig-g%
H'0080 1116 CANO '&S%ﬁgfl%%l) Data 0 CANO I\Elgzs'\?gﬁl%grtll). Data 1 %ggz
H'0080 1118 CANO I\flgsos'\ha\gﬁlsljl%tzi Data 2 CANO I\flg%?wagflle%tﬁ Data 3 iggg
H'0080 111A CANO '\l(lgf)sl‘\;algﬁlsljl(')rtzli Data 4 CANO I\/(I(e:%sl\zlgElSDI(_th; Data 5 %ggg
H'0080 111C CANO I\flg%ﬁgﬁlsljl%i Data 6 CANO l\flg%sage Slot i Data 7 13:69
H'0080 111E ( : CANO Message Slot 1 Timestamp (COMSLIDTD) 12—32
(COMSL1TSP)
H'0080 1120 CANO Messgg&gll_oztszms(t)?ndard IDO CANO Mes(sggﬁﬂgll_oztég{?ndard ID1 i%g;
H'0080 1122 CANO Mesié%ﬁﬂgt)ztélgétended IDO CANO Messzci%ﬁ/lgllijztég)l(tended ID1 %ggg
H'0080 1124 CANO Meséggﬁ/élﬁ)ztégﬁended ID2 CANO Messag(ecsol(’\)/ltszl_lggtflcl_)ength Register ﬁ:g%
H'0080 1126 CANO '\(/(Iggﬁgfz%%% Data O CANO I\E(Igséizlgﬁzsljlgrté Data 1 %ggi
H'0080 1128 CANO Mce:%?wagﬁz%grtf Data 2 CANO Mg%ﬁgﬁz%grtsz Data 3 iggg
H'0080 112A CANO I\/EIE%)S'\;I&\%BSDI(_JI_E‘% Data 4 CANO “{Ig%ﬁgﬁz%%% Data 5 %gg;
H'0080 112C CANO Message Slot 2 Data 6 CANO Message Slot 2 Data 7 13-69
(COMSL2DT6) (COMSL2DT7) 13-70
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3

ADDRESS SPACE

3.4 Internal RAM and SFR Areas

SFR Area Register Map (14/21)

Address +0 address +1 address See

b0 b7 | b8 bl5| pages

H'0080 112E CANO Message Slot 2 Timestamp 13-71
(COMSL2TSP)

H'0080 1130 CANO Message Slot 3 Standard ID 0 CANO Message Slot 3 Standard ID 1 13-57

(COMSL3SIDO0) (COMSL3sSID1) 13-58

H'0080 1132 CANO Message Slot 3 Extended ID 0 CANO Message Slot 3 Extended ID 1 13-59

(COMSL3EIDO) (COMSL3EID1) 13-60

H'0080 1134 CANO Message Slot 3 Extended ID 2 CANO Message Slot 3 Data Length Register 13-61

(COMSL3EID2) (COMSL3DLC) 13-62

H'0080 1136 CANO Message Slot 3 Data 0 CANO Message Slot 3 Data 1 13-63

(COMSL3DTO0) (COMSL3DT1) 13-64

H'0080 1138 CANO Message Slot 3 Data 2 CANO Message Slot 3 Data 3 13-65

(COMSL3DT2) (COMSL3DT3) 13-66

H'0080 113A CANO Message Slot 3 Data 4 CANO Message Slot 3 Data 5 13-67

(COMSL3DT4) (COMSL3DT5) 13-68

H'0080 113C CANO Message Slot 3 Data 6 CANO Message Slot 3 Data 7 13-69

(COMSL3DT6) (COMSL3DT7) 13-70

H'0080 113E CANO Message Slot 3 Timestamp 13-71
(COMSL3TSP)

H'0080 1140 CANO Message Slot 4 Standard ID 0 CANO Message Slot 4 Standard ID 1 13-57

(COMSL4SIDO0) (COMSL4SID1) 13-58

H'0080 1142 CANO Message Slot 4 Extended ID 0 CANO Message Slot 4 Extended ID 1 13-59

(COMSLA4EIDO) (COMSLA4EID1) 13-60

H'0080 1144 CANO Message Slot 4 Extended ID 2 CANO Message Slot 4 Data Length Register 13-61

(COMSLA4EID2) (COMSL4DLC) 13-62

H'0080 1146 CANO Message Slot 4 Data 0 CANO Message Slot 4 Data 1 13-63

(COMSL4DTO) (COMSL4DT1) 13-64

H'0080 1148 CANO Message Slot 4 Data 2 CANO Message Slot 4 Data 3 13-65

(COMSL4DT2) (COMSL4DT3) 13-66

H'0080 114A CANO Message Slot 4 Data 4 CANO Message Slot 4 Data 5 13-67

(COMSLADT4) (COMSL4DT5) 13-68

H'0080 114C CANO Message Slot 4 Data 6 CANO Message Slot 4 Data 7 13-69

(COMSLADT6) (COMSL4DT7) 13-70

H'0080 114E CANO Message Slot 4 Timestamp 13-71
(COMSLATSP)

H'0080 1150 CANO Message Slot 5 Standard ID 0 CANO Message Slot 5 Standard ID 1 13-57

(COMSL5SIDO0) (COMSL5SID1) 13-58

H'0080 1152 CANO Message Slot 5 Extended ID 0 CANO Message Slot 5 Extended ID 1 13-59

(COMSL5EIDO) (COMSL5EID1) 13-60

H'0080 1154 CANO Message Slot 5 Extended ID 2 CANO Message Slot 5 Data Length Register 13-61

(COMSL5EID2) (COMSL5DLC) 13-62

H'0080 1156 CANO Message Slot 5 Data 0 CANO Message Slot 5 Data 1 13-63

(COMSL5DTO) (COMSL5DT1) 13-64

H'0080 1158 CANO Message Slot 5 Data 2 CANO Message Slot 5 Data 3 13-65

(COMSL5DT2) (COMSL5DT3) 13-66

H'0080 115A CANO Message Slot 5 Data 4 CANO Message Slot 5 Data 5 13-67

(COMSL5DT4) (COMSL5DT5) 13-68

H'0080 115C CANO Message Slot 5 Data 6 CANO Message Slot 5 Data 7 13-69

(COMSL5DT®6) (COMSL5DT7) 13-70

H'0080 115E CANO Message Slot 5 Timestamp 13-71
(COMSL5TSP)

H'0080 1160 CANO Message Slot 6 Standard ID 0 CANO Message Slot 6 Standard ID 1 13-57

(COMSL6SIDO0) (COMSL6SID1) 13-58

H'0080 1162 CANO Message Slot 6 Extended ID 0 CANO Message Slot 6 Extended ID 1 13-59

(COMSL6EIDO) (COMSLG6EID1) 13-60

H'0080 1164 CANO Message Slot 6 Extended ID 2 CANO Message Slot 6 Data Length Register 13-61

(COMSL6EID?2) (COMSL6DLC) 13-62

H'0080 1166 CANO Message Slot 6 Data 0 CANO Message Slot 6 Data 1 13-63

(COMSL6DTO0) (COMSL6DT1) 13-64

H'0080 1168 CANO Message Slot 6 Data 2 CANO Message Slot 6 Data 3 13-65

(COMSL6DT?2) (COMSL6DT3) 13-66

H'0080 116A CANO Message Slot 6 Data 4 CANO Message Slot 6 Data 5 13-67

(COMSL6DT4) (COMSL6DT5) 13-68

H'0080 116C CANO Message Slot 6 Data 6 CANO Message Slot 6 Data 7 13-69

(COMSL6DT6) (COMSL6DT7) 13-70

H'0080 116E CANO Message Slot 6 Timestamp 13-71
(COMSL6TSP)

H'0080 1170 CANO Message Slot 7 Standard ID 0 CANO Message Slot 7 Standard ID 1 13-57

(COMSL7SIDO0) (COMSL7SID1) 13-58

H'0080 1172 CANO Message Slot 7 Extended ID 0 CANO Message Slot 7 Extended ID 1 13-59

(COMSL7EIDO) (COMSL7EID1) 13-60
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ADDRESS SPACE
3.4 Internal RAM and SFR Areas

SFR Area Register Map (15/21)

Address

H'0080 1174

H'0080 1176

H'0080 1178

H'0080 117A

H'0080 117C

H'0080 117E

H'0080 1180

H'0080 1182

H'0080 1184

H'0080 1186

H'0080 1188

H'0080 118A

H'0080 118C

H'0080 118E

H'0080 1190

H'0080 1192

H'0080 1194

H'0080 1196

H'0080 1198

H'0080 119A

H'0080 119C

H'0080 119E

H'0080 11A0

H'0080 11A2

H'0080 11A4

H'0080 11A6

H'0080 11A8

H'0080 11AA

H'0080 11AC

H'0080 11AE

H'0080 11B0O

H'0080 11B2

H'0080 11B4

H'0080 11B6

H'0080 11B8

+0 address +1 address See
b0 b7 | b8 bl15| pages
CANO Message Slot 7 Extended ID 2 CANO Message Slot 7 Data Length Register 13-61
(COMSL7EID2) (COMSL7DLC) 13-62
CANO Message Slot 7 Data 0 CANO Message Slot 7 Data 1 13-63
(COMSL7DTO) (COMSL7DT1) 13-64
CANO Message Slot 7 Data 2 CANO Message Slot 7 Data 3 13-65
(COMSL7DT2) (COMSL7DT3) 13-66
CANO Message Slot 7 Data 4 CANO Message Slot 7 Data 5 13-67
(COMSL7DT4) (COMSL7DT5) 13-68
CANO Message Slot 7 Data 6 CANO Message Slot 7 Data 7 13-69
(COMSL7DT6) (COMSL7DT7) 13-70
CANO Message Slot 7 Timestamp 13-71

(COMSL7TSP)
CANO Message Slot 8 Standard ID 0 CANO Message Slot 8 Standard ID 1 13-57
(COMSL8SIDO0) (CoMsL8SID1) 13-58
CANO Message Slot 8 Extended ID 0 CANO Message Slot 8 Extended ID 1 13-59
(COMSLS8EIDO) (COMSLB8EID1) 13-60
CANO Message Slot 8 Extended ID 2 CANO Message Slot 8 Data Length Register 13-61
(COMSLS8EID2) (COMSLS8DLC) 13-62
CANO Message Slot 8 Data 0 CANO Message Slot 8 Data 1 13-63
(COMSL8DTO0) (COMSL8DT1) 13-64
CANO Message Slot 8 Data 2 CANO Message Slot 8 Data 3 13-65
(COMSL8DT2) (COMSL8DT3) 13-66
CANO Message Slot 8 Data 4 CANO Message Slot 8 Data 5 13-67
(COMSL8DT4) (COMSL8DTS5) 13-68
CANO Message Slot 8 Data 6 CANO Message Slot 8 Data 7 13-69
(COMSL8DT6) (COMSL8DT7) 13-70
CANO Message Slot 8 Timestamp 13-71

(COMSL8TSP)
CANO Message Slot 9 Standard ID 0 CANO Message Slot 9 Standard ID 1 13-57
(COMSL9ISIDO0) (COMSL9SID1) 13-58
CANO Message Slot 9 Extended ID 0 CANO Message Slot 9 Extended ID 1 13-59
(COMSL9EIDO) (COMSL9EID1) 13-60
CANO Message Slot 9 Extended ID 2 CANO Message Slot 9 Data Length Register 13-61
(COMSL9EID2) (COMSL9DLC) 13-62
CANO Message Slot 9 Data 0 CANO Message Slot 9 Data 1 13-63
(COMSL9DTO) (COMSL9DT1) 13-64
CANO Message Slot 9 Data 2 CANO Message Slot 9 Data 3 13-65
(COMSL9DT2) (COMSL9DT3) 13-66
CANO Message Slot 9 Data 4 CANO Message Slot 9 Data 5 13-67
(COMSL9DT4) (COMSL9DT5) 13-68
CANO Message Slot 9 Data 6 CANO Message Slot 9 Data 7 13-69
(COMSL9DT6) (COMSL9DT7) 13-70
CANO Message Slot 9 Timestamp 13-71

(COMSLITSP)
CANO Message Slot 10 Standard ID 0 CANO Message Slot 10 Standard ID 1 13-57
(COMSL10SIDO0) (COMSL10SID1) 13-58
CANO Message Slot 10 Extended ID 0O CANO Message Slot 10 Extended ID 1 13-59
(COMSL10EIDO) (COMSL10EID1) 13-60
CANO Message Slot 10 Extended ID 2 CANO Message Slot 10 Data Length Register 13-61
(COMSL10EID2) (COMSL10DLC) 13-62
CANO Message Slot 10 Data 0 CANO Message Slot 10 Data 1 13-63
(COMSL10DTO) (COMSL10DT1) 13-64
CANO Message Slot 10 Data 2 CANO Message Slot 10 Data 3 13-65
(COMSL10DT2) (COMSL10DT3) 13-66
CANO Message Slot 10 Data 4 CANO Message Slot 10 Data 5 13-67
(COMSL10DT4) (COMSL10DT5) 13-68
CANO Message Slot 10 Data 6 CANO Message Slot 10 Data 7 13-69
(COMSL10DT6) (COMSL10DT7) 13-70
CANO Message Slot 10 Timestamp 13-71

(COMSL10TSP)
CANO Message Slot 11 Standard ID 0 CANO Message Slot 11 Standard ID 1 13-57
(COMSL11SIDO) (COMSL11SID1) 13-58
CANO Message Slot 11 Extended ID 0 CANO Message Slot 11 Extended ID 1 13-59
(COMSL11EIDO) (COMSL11EID1) 13-60
CANO Message Slot 11 Extended ID 2 CANO Message Slot 11 Data Length Register 13-61
(COMSL11EID2) (COMSL11DLC) 13-62
CANO Message Slot 11 Data 0 CANO Message Slot 11 Data 1 13-63
(COMSL11DTO) (COMSL11DT1) 13-64
CANO Message Slot 11 Data 2 CANO Message Slot 11 Data 3 13-65
(COMSL11DT2) (COMSL11DT3) 13-66
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ADDRESS SPACE
3.4 Internal RAM and SFR Areas

SFR Area Register Map (16/21)

Address

H'0080 11BA

H'0080 11BC

H'0080 11BE

H'0080 11CO

H'0080 11C2

H'0080 11C4

H'0080 11C6

H'0080 11C8

H'0080 11CA

H'0080 11CC

H'0080 11CE

H'0080 11D0

H'0080 11D2

H'0080 11D4

H'0080 11D6

H'0080 11D8

H'0080 11DA

H'0080 11DC

H'0080 11DE

H'0080 11E0

H'0080 11E2

H'0080 11E4

H'0080 11E6

H'0080 11ES8

H'0080 11EA

H'0080 11EC

H'0080 11EE

H'0080 11F0

H'0080 11F2

H'0080 11F4

H'0080 11F6

H'0080 11F8

H'0080 11FA

H'0080 11FC

+0 address +1 address See
[o]0] b7 | b8 bl5| pages
CANO Message Slot 11 Data 4 CANO Message Slot 11 Data 5 13-67
(COMSL11DT4) (COMSL11DT5) 13-68
CANO Message Slot 11 Data 6 CANO Message Slot 11 Data 7 13-69
(COMSL11DT6) (COMSL11DT7) 13-70
CANO Message Slot 11 Timestamp 13-71

(COMSL11TSP)
CANO Message Slot 12 Standard ID 0 CANO Message Slot 12 Standard ID 1 13-57
(COMSL12SIDO) (COMSL12SID1) 13-58
CANO Message Slot 12 Extended ID 0 CANO Message Slot 12 Extended ID 1 13-59
(COMSL12EIDO) (COMSL12EID1) 13-60
CANO Message Slot 12 Extended ID 2 CANO Message Slot 12 Data Length Register 13-61
(COMSL12EID2) (COMSL12DLC) 13-62
CANO Message Slot 12 Data 0 CANO Message Slot 12 Data 1 13-63
(COMSL12DTO) (COMSL12DT1) 13-64
CANO Message Slot 12 Data 2 CANO Message Slot 12 Data 3 13-65
(COMSL12DT2) (COMSL12DT3) 13-66
CANO Message Slot 12 Data 4 CANO Message Slot 12 Data 5 13-67
(COMSL12DT4) (COMSL12DT5) 13-68
CANO Message Slot 12 Data 6 CANO Message Slot 12 Data 7 13-69
(COMSL12DT6) (COMSL12DT7) 13-70
CANO Message Slot 12 Timestamp 13-71

(COMSL12TSP)
CANO Message Slot 13 Standard ID 0 CANO Message Slot 13 Standard ID 1 13-57
(COMSL13SID0) (COMSL13sSID1) 13-58
CANO Message Slot 13 Extended ID 0 CANO Message Slot 13 Extended ID 1 13-59
(COMSL13EIDO) (COMSL13EID1) 13-60
CANO Message Slot 13 Extended ID 2 CANO Message Slot 13 Data Length Register 13-61
(COMSL13EID2) (COMSL13DLC) 13-62
CANO Message Slot 13 Data 0 CANO Message Slot 13 Data 1 13-63
(COMSL13DTO) (COMSL13DT1) 13-64
CANO Message Slot 13 Data 2 CANO Message Slot 13 Data 3 13-65
(COMSL13DT2) (COMSL13DT3) 13-66
CANO Message Slot 13 Data 4 CANO Message Slot 13 Data 5 13-67
(COMSL13DT4) (COMSL13DT5) 13-68
CANO Message Slot 13 Data 6 CANO Message Slot 13 Data 7 13-69
(COMSL13DT6) (COMSL13DT7) 13-70
CANO Message Slot 13 Timestamp 13-71

(COMSL13TSP)
CANO Message Slot 14 Standard ID 0 CANO Message Slot 14 Standard ID 1 13-57
(COMSL14SIDO0) (COMSL14sSID1) 13-58
CANO Message Slot 14 Extended ID 0 CANO Message Slot 14 Extended ID 1 13-59
(COMSL14EIDO) (COMSL14EID1) 13-60
CANO Message Slot 14 Extended ID 2 CANO Message Slot 14 Data Length Register 13-61
(COMSL14EID2) (COMSL14DLC) 13-62
CANO Message Slot 14 Data 0 CANO Message Slot 14 Data 1 13-63
(COMSL14DTO) (COMSL14DT1) 13-64
CANO Message Slot 14 Data 2 CANO Message Slot 14 Data 3 13-65
(COMSL14DT2) (COMSL14DT3) 13-66
CANO Message Slot 14 Data 4 CANO Message Slot 14 Data 5 13-67
(COMSL14DT4) (COMSL14DT5) 13-68
CANO Message Slot 14 Data 6 CANO Message Slot 14 Data 7 13-69
(COMSL14DT6) (COMSL14DT7) 13-70
CANO Message Slot 14 Timestamp 13-71

(COMSL14TSP)
CANO Message Slot 15 Standard ID 0 CANO Message Slot 15 Standard ID 1 13-57
(COMSL15SID0) (COMSL15SID1) 13-58
CANO Message Slot 15 Extended ID 0 CANO Message Slot 15 Extended ID 1 13-59
(COMSL15EIDO) (COMSL15EID1) 13-60
CANO Message Slot 15 Extended ID 2 CANO Message Slot 15 Data Length Register 13-61
(COMSL15EID2) (COMSL15DLC) 13-62
CANO Message Slot 15 Data 0 CANO Message Slot 15 Data 1 13-63
(COMSL15DTO) (COMSL15DT1) 13-64
CANO Message Slot 15 Data 2 CANO Message Slot 15 Data 3 13-65
(COMSL15DT2) (COMSL15DT3) 13-66
CANO Message Slot 15 Data 4 CANO Message Slot 15 Data 5 13-67
(COMSL15DT4) (COMSL15DT5) 13-68
CANO Message Slot 15 Data 6 CANO Message Slot 15 Data 7 13-69
(COMSL15DT6) (COMSL15DT7) 13-70
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ADDRESS SPACE
3.4 Internal RAM and SFR Areas

SFR Area Register Map (17/21)

Address +0 address +1 address See
b0 b7 | b8 bl5| pages
H'0080 11FE CANO Message Slot 15 Timestamp 13-71
(COMSL15TSP)
| (Use inhibited area)
H'0080 1400 CANL1 Control Register 13-15
(CANICNT)
H'0080 1402 CAN1 Status Register 13-18
(CAN1STAT)
H'0080 1404 CAN1 Frame Format Select Register 13-21
(CAN1FFS)
H'0080 1406 CANL1 Configuration Register 13-22
(CAN1CONF)
H'0080 1408 CANL1 Timestamp Count Register 13-24
(CAN1ITSTMP)
H'0080 140A CANL1 Receive Error Count Register CAN1 Transmit Error Count Register 13-25
(CAN1REC) (CAN1TEC)
H'0080 140C CANL1 Slot Interrupt Request Status Register 13-29
(CAN1SLIST)
H'0080 140E (Use inhibited area)
H'0080 1410 CANL1 Slot Interrupt Request Enable Register 13-30
(CAN1SLIEN)
H'0080 1412 (Use inhibited area)
H'0080 1414 CAN1 Error Interrupt Request Status Register CAN1 Error Interrupt Request Enable Register 13-31
(CAN1ERIST) (CAN1ERIEN) 13-32
H'0080 1416 CAN1 Baud Rate Prescaler CANL1 Cause of Error Register 13-26
(CAN1BRP) (CANIEF) 13-45
H'0080 1418 CAN1 Mode Register (Use inhibited area) 13-46
(CAN1IMOD)
| (Use inhibited area)
H'0080 1428 CAN1 Global Mask Register Standard ID 0 CAN1 Global Mask Register Standard ID 1 13-48
(C1GMSKS0) (C1GMSKS1)
H'0080 142A CAN1 Global Mask Register Extended ID 0 CAN1 Global Mask Register Extended ID 1 13-49
(C1GMSKED) (C1GMSKE1)
H'0080 142C CAN1 Global Mask Register Extended ID 2 (Use inhibited area) 13-50
(CIGMSKE?2)
H'0080 142E (Use inhibited area)
H'0080 1430 CAN1 Local Mask Register A Standard ID 0 CAN1 Local Mask Register A Standard ID 1 13-48
(C1LMSKASO0) (C1LMSKAS1)
H'0080 1432 CANL1 Local Mask Register A Extended ID 0 CANL1 Local Mask Register A Extended ID 1 13-49
(C1ILMSKAEDO) (C1ILMSKAE1)
H'0080 1434 CAN1 Local Mask Register A Extended ID 2 (Use inhibited area) 13-50
(C1LMSKAE2)
H'0080 1436 (Use inhibited area)
H'0080 1438 CAN1 Local Mask Register B Standard ID 0 CAN1 Local Mask Register B Standard ID 1 13-48
(C1LMSKBS0) (C1LMSKBS1)
H'0080 143A CAN1 Local Mask Register B Extended ID 0 CAN1 Local Mask Register B Extended ID 1 13-49
(C1LMSKBEDO) (C1LMSKBEZ1)
H'0080 143C CAN1 Local Mask Register B Extended ID 2 (Use inhibited area) 13-50
(C1LMSKBE2)
H'0080 143E (Use inhibited area)
H'0080 1440 CANL1 Single-Shot Mode Control Register 13-52
(CAN1SSMODE)
H'0080 1442 (Use inhibited area)
H'0080 1444 CANL1 Single-Shot Interrupt Request Status Register 13-33
(CAN1SSIST)
H'0080 1446 (Use inhibited area)
H'0080 1448 CANL1 Single-Shot Interrupt Request Enable Register 13-34
(CAN1SSIEN)
| (Use inhibited area)
H'0080 1450 CAN1 Message Slot 0 Control Register CAN1 Message Slot 1 Control Register 13-53
(CIMSLOCNT) (CIMSLICNT)
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3.4 Internal RAM and SFR Areas

SFR Area Register Map (18/21)

Address

H'0080 1452
H'0080 1454
H'0080 1456
H'0080 1458
H'0080 145A
H'0080 145C
H'0080 145E

I

H'0080 1500
H'0080 1502
H'0080 1504
H'0080 1506
H'0080 1508
H'0080 150A
H'0080 150C
H'0080 150E
H'0080 1510
H'0080 1512
H'0080 1514
H'0080 1516
H'0080 1518
H'0080 151A
H'0080 151C
H'0080 151E
H'0080 1520
H'0080 1522
H'0080 1524
H'0080 1526
H'0080 1528
H'0080 152A
H'0080 152C
H'0080 152E
H'0080 1530
H'0080 1532

H'0080 1534

+0 address +1 address See
bo b7 | b8 bl5| pages
CAN1 Message Slot 2 Control Register CAN1 Message Slot 3 Control Register 13-53
(CIMSLOCNT) (C1IMSL3CNT)
CAN1 Message Slot 4 Control Register CAN1 Message Slot 5 Control Register 13-53
(CIMSLACNT) (CIMSL5CNT)
CAN1 Message Slot 6 Control Register CAN1 Message Slot 7 Control Register 13-53
(CIMSLBCNT) (CIMSL7CNT)
CAN1 Message Slot 8 Control Register CAN1 Message Slot 9 Control Register 13-53
(CIMSLS8CNT) (CIMSL9OCNT)
CAN1 Message Slot 10 Control Register CAN1 Message Slot 11 Control Register 13-53
(CIMSL10CNT) (CIMSL11CNT)
CAN1 Message Slot 12 Control Register CAN1 Message Slot 13 Control Register 13-53
(CIMSL12CNT) (CIMSL13CNT)
CAN1 Message Slot 14 Control Register CAN1 Message Slot 15 Control Register 13-53
(CIMSL14CNT) (CIMSL15CNT)
(Use inhibited area)
CAN1 Message Slot 0 Standard ID 0 CAN1 Message Slot 0 Standard ID 1 13-57
(C1IMSLOSIDO) (C1IMSLOSID1) 13-58
CAN1 Message Slot 0 Extended ID 0O CAN1 Message Slot 0 Extended ID 1 13-59
(C1IMSLOEIDO) (CIMSLOEID1) 13-60
CAN1 Message Slot 0 Extended ID 2 CAN1 Message Slot 0 Data Length Register 13-61
(C1IMSLOEID2) (CIMSLODLC) 13-62
CAN1 Message Slot 0 Data 0 CAN1 Message Slot 0 Data 1 13-63
(C1IMSLODTO) (CIMSLODT1) 13-64
CAN1 Message Slot 0 Data 2 CAN1 Message Slot 0 Data 3 13-65
(CIMSLODT2) (C1IMSLODT3) 13-66
CAN1 Message Slot 0 Data 4 CAN1 Message Slot 0 Data 5 13-67
(CIMSLODT4) (C1IMSLODT5) 13-68
CAN1 Message Slot 0 Data 6 CAN1 Message Slot 0 Data 7 13-69
(CIMSLODT6) (CAIMSLODT7) 13-70
CAN1 Message Slot 0 Timestamp 13-71
(CIMSLOTSP)
CAN1 Message Slot 1 Standard ID 0 CAN1 Message Slot 1 Standard ID 1 13-57
(C1IMSL1SIDO) (C1IMSL1SID1) 13-58
CAN1 Message Slot 1 Extended ID 0 CAN1 Message Slot 1 Extended ID 1 13-59
(C1IMSL1EIDO) (CIMSL1EID1) 13-60
CAN1 Message Slot 1 Extended ID 2 CAN1 Message Slot 1 Data Length Register 13-61
(CIMSL1EID2) (CIMSL1DLC) 13-62
CAN1 Message Slot 1 Data 0 CAN1 Message Slot 1 Data 1 13-63
(CIMSL1DTO0) (CAIMSL1DT1) 13-64
CAN1 Message Slot 1 Data 2 CAN1 Message Slot 1 Data 3 13-65
(CIMSL1DT2) (CIMSL1DT3) 13-66
CAN1 Message Slot 1 Data 4 CAN1 Message Slot 1 Data 5 13-67
(CIMSL1DT4) (CAIMSL1DT5) 13-68
CAN1 Message Slot 1 Data 6 CAN1 Message Slot 1 Data 7 13-69
(CIMSL1DT6) (CIMSL1DT7) 13-70
CAN1 Message Slot 1 Timestamp 13-71
(CIMSL1TSP)
CAN1 Message Slot 2 Standard ID 0 CAN1 Message Slot 2 Standard ID 1 13-57
(C1IMSL2SIDO0) (C1IMSL2SID1) 13-58
CAN1 Message Slot 2 Extended ID 0 CAN1 Message Slot 2 Extended ID 1 13-59
(C1IMSL2EIDO) (CIMSL2EID1) 13-60
CAN1 Message Slot 2 Extended ID 2 CAN1 Message Slot 2 Data Length Register 13-61
(C1IMSL2EID2) (CIMSL2DLC) 13-62
CAN1 Message Slot 2 Data 0 CAN1 Message Slot 2 Data 1 13-63
(CIMSL2DTO0) (CAIMSL2DT1) 13-64
CAN1 Message Slot 2 Data 2 CAN1 Message Slot 2 Data 3 13-65
(CIMSL2DT2) (CIMSL2DT3) 13-66
CAN1 Message Slot 2 Data 4 CAN1 Message Slot 2 Data 5 13-67
(CIMSL2DT4) (C1IMSL2DT5) 13-68
CAN1 Message Slot 2 Data 6 CAN1 Message Slot 2 Data 7 13-69
(CIMSL2DT6) (CIMSL2DT7) 13-70
CAN1 Message Slot 2 Timestamp 13-71
(C1IMSL2TSP)
CAN1 Message Slot 3 Standard ID 0 CAN1 Message Slot 3 Standard ID 1 13-57
(C1IMSL3SIDO) (C1IMSL3SID1) 13-58
CAN1 Message Slot 3 Extended ID 0 CAN1 Message Slot 3 Extended ID 1 13-59
(C1IMSL3EIDO) (C1IMSL3EID1) 13-60
CAN1 Message Slot 3 Extended ID 2 CAN1 Message Slot 3 Data Length Register 13-61
(C1IMSL3EID2) (C1IMSL3DLC) 13-62
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3.4 Internal RAM and SFR Areas

SFR Area Register Map (19/21)

Address +0 address +1 address See

b0 b7 | b8 bl5| pages

H'0080 1536 CAN1 Message Slot 3 Standard ID 0 CAN1 Message Slot 3 Standard ID 1 13-63

(CIMSL3DTO) (C1IMSL3DT1) 13-64

H'0080 1538 CAN1 Message Slot 3 Data 2 CAN1 Message Slot 3 Data 3 13-65

(C1IMSL3DT2) (C1IMSL3DT3) 13-66

H'0080 153A CAN1 Message Slot 3 Data 4 CAN1 Message Slot 3 Data 5 13-67

(CAIMSL3DT4) (CAIMSL3DT5) 13-68

H'0080 153C CAN1 Message Slot 3 Data 6 CAN1 Message Slot 3 Data 7 13-69

(C1MSL3DT6) (C1IMSL3DT7) 13-70

H'0080 153E CAN1 Message Slot 3 Timestamp 13-71
(CIMSL3TSP)

H'0080 1540 CAN1 Message Slot 4 Standard ID 0 CAN1 Message Slot 4 Standard ID 1 13-57

(C1IMSLA4SIDO) (C1IMSLA4SID1) 13-58

H'0080 1542 CAN1 Message Slot 4 Extended ID 0 CAN1 Message Slot 4 Extended ID 1 13-59

(C1IMSLA4EIDO) (CIMSL4EID1) 13-60

H'0080 1544 CAN1 Message Slot 4 Extended ID 2 CAN1 Message Slot 4 Data Length Register 13-61

(C1IMSL4EID?2) (C1IMSL4DLC) 13-62

H'0080 1546 CAN1 Message Slot 4 Data 0 CAN1 Message Slot 4 Data 1 13-63

(CAIMSL4DTO) (CAIMSL4DT1) 13-64

H'0080 1548 CAN1 Message Slot 4 Data 2 CAN1 Message Slot 4 Data 3 13-65

(CAIMSL4DT2) (CIMSL4DT3) 13-66

H'0080 154A CAN1 Message Slot 4 Data 4 CAN1 Message Slot 4 Data 5 13-67

(CIMSL4DT4) (C1IMSL4DT5) 13-68

H'0080 154C CAN1 Message Slot 4 Data 6 CAN1 Message Slot 4 Data 7 13-69

(CIMSL4DT6) (CAIMSL4DT7) 13-70

H'0080 154E CAN1 Message Slot 4 Timestamp 13-71
(C1IMSLATSP)

H'0080 1550 CAN1 Message Slot 5 Standard ID 0 CAN1 Message Slot 5 Standard ID 1 13-57

(C1IMSL5SIDO) (CIMSL5SID1) 13-58

H'0080 1552 CAN1 Message Slot 5 Extended ID 0 CAN1 Message Slot 5 Extended ID 1 13-59

(C1IMSL5EIDO) (C1IMSL5EID1) 13-60

H'0080 1554 CAN1 Message Slot 5 Extended ID 2 CAN1 Message Slot 5 Data Length Register 13-61

(C1IMSL5EID?2) (CIMSL5DLC) 13-62

H'0080 1556 CAN1 Message Slot 5 Data 0 CAN1 Message Slot 5 Data 1 13-63

(C1MSL5DTO) (C1IMSL5DT1) 13-64

H'0080 1558 CAN1 Message Slot 5 Data 2 CAN1 Message Slot 5 Data 3 13-65

(CAIMSL5DT2) (CAIMSL5DT3) 13-66

H'0080 155A CAN1 Message Slot 5 Data 4 CAN1 Message Slot 5 Data 5 13-67

(C1MSL5DT4) (C1IMSL5DT5) 13-68

H'0080 155C CAN1 Message Slot 5 Data 6 CAN1 Message Slot 5 Data 7 13-69

(CAIMSL5DT6) (CAIMSL5DT7) 13-70

H'0080 155E CAN1 Message Slot 5 Timestamp 13-71
(C1IMSL5TSP)

H'0080 1560 CAN1 Message Slot 6 Standard ID 0 CAN1 Message Slot 6 Standard ID 1 13-57

(C1IMSL6SIDO) (C1IMSL6SID1) 13-58

H'0080 1562 CAN1 Message Slot 6 Extended ID 0 CAN1 Message Slot 6 Extended ID 1 13-59

(C1IMSL6EIDO) (CIMSL6EID1) 13-60

H'0080 1564 CAN1 Message Slot 6 Extended ID 2 CAN1 Message Slot 6 Data Length Register 13-61

(C1IMSL6EID2) (C1IMSL6DLC) 13-62

H'0080 1566 CAN1 Message Slot 6 Data 0 CAN1 Message Slot 6 Data 1 13-63

(CIMSL6DTO) (CAIMSL6DT1) 13-64

H'0080 1568 CAN1 Message Slot 6 Data 2 CAN1 Message Slot 6 Data 3 13-65

(C1IMSL6DT?2) (C1IMSL6DT3) 13-66

H'0080 156A CAN1 Message Slot 6 Data 4 CAN1 Message Slot 6 Data 5 13-67

(CIMSL6DT4) (CAIMSL6DT5) 13-68

H'0080 156C CAN1 Message Slot 6 Data 6 CAN1 Message Slot 6 Data 7 13-69

(C1IMSL6DT®6) (C1IMSL6DT7) 13-70

H'0080 156E CAN1 Message Slot 6 Timestamp 13-71
(CIMSL6TSP)

H'0080 1570 CAN1 Message Slot 7 Standard ID 0 CAN1 Message Slot 7 Standard ID 1 13-57

(C1IMSL7SIDO0) (CIMSL7SID1) 13-58

H'0080 1572 CAN1 Message Slot 7 Extended ID 0 CAN1 Message Slot 7 Extended ID 1 13-59

(C1IMSL7EIDO) (CIMSL7EID1) 13-60

H'0080 1574 CAN1 Message Slot 7 Extended ID 2 CAN1 Message Slot 7 Data Length Register 13-61

(C1IMSL7EID2) (CIMSL7DLC) 13-62

H'0080 1576 CAN1 Message Slot 7 Data 0 CAN1 Message Slot 7 Data 1 13-63

(CAIMSL7DTO) (CAMSL7DT1) 13-64

H'0080 1578 CAN1 Message Slot 7 Data 2 CAN1 Message Slot 7 Data 3 13-65

(CIMSL7DT2) (CIMSL7DT3) 13-66

H'0080 157A CAN1 Message Slot 7 Data 4 CAN1 Message Slot 7 Data 5 13-67

(CAIMSL7DT4) (CLMSL7DT5) 13-68
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3.4 Internal RAM and SFR Areas

SFR Area Register Map (20/21)

Address +0 address +laddress See

b0 b7 | b8 bl5| pages

H'0080 157C CAN1 Message Slot 7 Data 6 CAN1 Message Slot 7 Data 7 13-69

(CIMSL7DT6) (CAMSL7DT7) 13-70

H'0080 157E CAN1 Message Slot 7 Timestamp 13-71
(CIMSL7TSP)

H'0080 1580 CAN1 Message Slot 8 Standard ID 0 CAN1 Message Slot 8 Standard ID 1 13-57

(C1IMSL8SIDO) (C1IMSL8SID1) 13-58

H'0080 1582 CAN1 Message Slot 8 Extended ID 0 CAN1 Message Slot 8 Extended ID 1 13-59

(C1IMSLB8EIDO) (C1IMSL8EID1) 13-60

H'0080 1584 CAN1 Message Slot 8 Extended ID 2 CAN1 Message Slot 8 Data Length Register 13-61

(C1IMSLS8EID2) (C1IMSL8DLC) 13-62

H'0080 1586 CAN1 Message Slot 8 Data 0 CAN1 Message Slot 8 Data 1 13-63

(C1MSL8DTO) (C1MSL8DT1) 13-64

H'0080 1588 CAN1 Message Slot 8 Data 2 CAN1 Message Slot 8 Data 3 13-65

(C1IMSL8DT2) (CIMSL8DT3) 13-66

H'0080 158A CAN1 Message Slot 8 Data 4 CAN1 Message Slot 8 Data 5 13-67

(C1IMSL8DT4) (C1MSL8DT5) 13-68

H'0080 158C CAN1 Message Slot 8 Data 6 CAN1 Message Slot 8 Data 7 13-69

(C1IMSL8DT6) (CAIMSL8DT7) 13-70

H'0080 158E CAN1 Message Slot 8 Timestamp 13-71
(CIMSL8TSP)

H'0080 1590 CAN1 Message Slot 9 Standard ID 0 CAN1 Message Slot 9 Standard ID 1 13-57

(C1IMSL9SIDO) (C1IMSL9SID1) 13-58

H'0080 1592 CAN1 Message Slot 9 Extended ID 0 CAN1 Message Slot 9 Extended ID 1 13-59

(C1IMSL9EIDO) (C1IMSL9EID1) 13-60

H'0080 1594 CAN1 Message Slot 9 Extended ID 2 CAN1 Message Slot 9 Data Length Register 13-61

(C1IMSL9EID?2) (C1IMSL9DLC) 13-62

H'0080 1596 CAN1 Message Slot 9 Data 0 CAN1 Message Slot 9 Data 1 13-63

(C1IMSL9DTO) (CAIMSL9DT1) 13-64

H'0080 1598 CAN1 Message Slot 9 Data 2 CAN1 Message Slot 9 Data 3 13-65

(C1IMSL9DT2) (C1IMSL9DT3) 13-66

H'0080 159A CAN1 Message Slot 9 Data 4 CAN1 Message Slot 9 Data 5 13-67

(C1IMSL9DT4) (CIMSL9DT5) 13-68

H'0080 159C CAN1 Message Slot 9 Data 6 CAN1 Message Slot 9 Data 7 13-69

(C1IMSL9DT6) (C1IMSL9DT7) 13-70

H'0080 159E CAN1 Message Slot 9 Timestamp 13-71
(CIMSLITSP)

H'0080 15A0 CAN1 Message Slot 10 Standard ID 0 CAN1 Message Slot 10 Standard ID 1 13-57

(C1MSL10SIDO) (C1IMSL10SID1) 13-58

H'0080 15A2 CAN1 Message Slot 10 Extended ID 0 CAN1 Message Slot 10 Extended ID 1 13-59

(C1IMSL10EIDO) (CIMSL10EID1) 13-60

H'0080 15A4 CAN1 Message Slot 10 Extended ID 2 CAN1 Message Slot 10 Data Length Register 13-61

(CIMSL10EID2) (C1IMSL10DLC) 13-62

H'0080 15A6 CAN1 Message Slot 10 Data 0 CAN1 Message Slot 10 Data 1 13-63

(CIMSL10DTO) (CIMSL10DT1) 13-64

H'0080 15A8 CAN1 Message Slot 10 Data 2 CAN1 Message Slot 10 Data 3 13-65

(CIMSL10DT?2) (C1IMSL10DT3) 13-66

H'0080 15AA CAN1 Message Slot 10 Data 4 CAN1 Message Slot 10 Data 5 13-67

(CAIMSL10DT4) (C1IMSL10DT5) 13-68

H'0080 15AC CAN1 Message Slot 10 Data 6 CAN1 Message Slot 10 Data 7 13-69

(CIMSL10DT®6) (C1IMSL10DT7) 13-70

H'0080 15AE CAN1 Message Slot 10 Timestamp 13-71
(C1IMSL10TSP)

H'0080 15B0 CAN1 Message Slot 11 Standard ID 0 CAN1 Message Slot 11 Standard ID 1 13-57

(C1IMSL11SIDO0) (C1IMSL11SID1) 13-58

H'0080 15B2 CAN1 Message Slot 11 Extended ID O CAN1 Message Slot 11 Extended ID 1 13-59

(CIMSL11EIDO) (CIMSL11EID1) 13-60

H'0080 15B4 CAN1 Message Slot 11 Extended ID 2 CAN1 Message Slot 11 Data Length Register 13-61

(CIMSL11EID2) (CIMSL11DLC) 13-62

H'0080 15B6 CAN1 Message Slot 11 Data 0 CAN1 Message Slot 11 Data 1 13-63

(CIMSL11DTO) (CIMSL11DT1) 13-64

H'0080 15B8 CAN1 Message Slot 11 Data 2 CAN1 Message Slot 11 Data 3 13-65

(CIMSL11DT?2) (CIMSL11DT3) 13-66

H'0080 15BA CAN1 Message Slot 11 Data 4 CAN1 Message Slot 11 Data 5 13-67

(CIMSL11DT4) (C1IMSL11DT5) 13-68

H'0080 15BC CAN1 Message Slot 11 Data 6 CAN1 Message Slot 11 Data 7 13-69

(CAIMSL11DT®6) (CIMSL11DT7) 13-70

H'0080 15BE CAN1 Message Slot 11 Timestamp 13-71
(CAIMSL11TSP)

H'0080 15C0 CAN1 Message Slot 12 Standard ID 0 CAN1 Message Slot 12 Standard ID 1 13-57

(C1MSL12SID0) (C1IMSL12SID1) 13-58
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3.4 Internal RAM and SFR Areas

SFR Area Register Map (21/21)

Address

H'0080 15C2

H'0080 15C4

H'0080 15C6

H'0080 15C8

H'0080 15CA

H'0080 15CC

H'0080 15CE

H'0080 15D0

H'0080 15D2

H'0080 15D4

H'0080 15D6

H'0080 15D8

H'0080 15DA

H'0080 15DC

H'0080 15DE

H'0080 15E0

H'0080 15E2

H'0080 15E4

H'0080 15E6

H'0080 15E8

H'0080 15EA

H'0080 15EC

H'0080 15EE

H'0080 15F0

H'0080 15F2

H'0080 15F4

H'0080 15F6

H'0080 15F8

H'0080 15FA

H'0080 15FC

H'0080 15FE

+0 address +1 address See

b0 b7 | b8 bl5| pages
CAN1 Message Slot 12 Extended ID 0 CAN1 Message Slot 12 Extended ID 1 13-59
(C1IMSL12EIDO) (C1IMSL12EID1) 13-60
CAN1 Message Slot 12 Extended ID 2 CAN1 Message Slot 12 Data Length Register 13-61
(CIMSL12EID2) (C1IMSL12DLC) 13-62
CAN1 Message Slot 12 Data 0 CAN1 Message Slot 12 Data 1 13-63
(C1IMSL12DTO) (CIMSL12DT1) 13-64
CAN1 Message Slot 12 Data 2 CAN1 Message Slot 12 Data 3 13-65
(CIMSL12DT2) (CIMSL12DT3) 13-66
CAN1 Message Slot 12 Data 4 CAN1 Message Slot 12 Data 5 13-67
(CIMSL12DT4) (C1IMSL12DT5) 13-68
CAN1 Message Slot 12 Data 6 CAN1 Message Slot 12 Data 7 13-69
(CIMSL12DT6) (CIMSL12DT7) 13-70
CAN1 Message Slot 12 Timestamp 13-71

(CIMSL12TSP)
CAN1 Message Slot 13 Standard ID 0 CAN1 Message Slot 13 Standard ID 1 13-57
(C1IMSL13SID0) (C1IMSL13SID1) 13-58
CAN1 Message Slot 13 Extended ID 0 CAN1 Message Slot 13 Extended ID 1 13-59
(C1IMSL13EIDO0) (C1IMSL13EID1) 13-60
CAN1 Message Slot 13 Extended ID 2 CAN1 Message Slot 13 Data Length Register 13-61
(C1IMSL13EID2) (CIMSL13DLC) 13-62
CAN1 Message Slot 13 Data 0 CAN1 Message Slot 13 Data 1 13-63
(C1IMSL13DTO) (C1IMSL13DT1) 13-64
CAN1 Message Slot 13 Data 2 CAN1 Message Slot 13 Data 3 13-65
(C1IMSL13DT?2) (C1IMSL13DT3) 13-66
CAN1 Message Slot 13 Data 4 CAN1 Message Slot 13 Data 5 13-67
(C1IMSL13DT4) (C1IMSL13DT5) 13-68
CAN1 Message Slot 13 Data 6 CAN1 Message Slot 13 Data 7 13-69
(CIMSL13DT6) (C1IMSL13DT7) 13-70
CAN1 Message Slot 13 Timestamp 13-71

(CIMSL13TSP)
CAN1 Message Slot 14 Standard ID 0 CAN1 Message Slot 14 Standard ID 1 13-57
(C1IMSL14SID0) (C1IMSL14SID1) 13-58
CAN1 Message Slot 14 Extended ID 0 CAN1 Message Slot 14 Extended ID 1 13-59
(C1IMSL14EIDO0) (C1IMSL14EID1) 13-60
CAN1 Message Slot 14 Extended ID 2 CAN1 Message Slot 14 Data Length Register 13-61
(C1IMSL14EID2) (CIMSL14DLC) 13-62
CAN1 Message Slot 14 Data 0 CAN1 Message Slot 14 Data 1 13-63
(C1IMSL14DTO) (CIMSL14DT1) 13-64
CAN1 Message Slot 14 Data 2 CAN1 Message Slot 14 Data 3 13-65
(C1IMSL14DT2) (C1IMSL14DT3) 13-66
CAN1 Message Slot 14 Data 4 CAN1 Message Slot 14 Data 5 13-67
(C1IMSL14DT4) (C1IMSL14DT5) 13-68
CAN1 Message Slot 14 Data 6 CAN1 Message Slot 14 Data 7 13-69
(CIMSL14DT6) (CIMSL14DT7) 13-70
CAN1 Message Slot 14 Timestamp 13-71

(CIMSL14TSP)
CAN1 Message Slot 15 Standard ID O CAN1 Message Slot 15 Standard ID 1 13-57
(C1IMSL15SID0) (C1IMSL15SID1) 13-58
CAN1 Message Slot 15 Extended ID 0 CAN1 Message Slot 15 Extended ID 1 13-59
(C1IMSL15EIDO) (C1IMSL15EID1) 13-60
CAN1 Message Slot 15 Extended ID 2 CAN1 Message Slot 15 Data Length Register 13-61
(CIMSL15EID2) (C1IMSL15DLC) 13-62
CAN1 Message Slot 15 Data 0 CAN1 Message Slot 15 Data 1 13-63
(C1IMSL15DTO) (C1IMSL15DT1) 13-64
CAN1 Message Slot 15 Data 2 CAN1 Message Slot 15 Data 3 13-65
(C1IMSL15DT?2) (C1IMSL15DT3) 13-66
CAN1 Message Slot 15 Data 4 CAN1 Message Slot 15 Data 5 13-67
(CIMSL15DT4) (C1IMSL15DT5) 13-68
CAN1 Message Slot 15 Data 6 CAN1 Message Slot 15 Data 7 13-69
(C1IMSL15DT6) (CIMSL15DT7) 13-70
CAN1 Message Slot 15 Timestamp 13-71

(C1MSL15TSP)
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3.5 EIT Vector Entry

3.5 EIT Vector Entry

The EIT vector entry is located at the beginning of the internal ROM/extended external areas. The branch instruc-
tion for jumping to the start address of each EIT event processing handler is written here. Note that it is the branch
instruction and not the jump address itself that is written here. For details, see Chapter 4, “EIT.”

H'0000 0000

H'0000 0004

H'0000 0008

H'0000 000C

H'0000 0010

H'0000 0014

H'0000 0018

H'0000 001C

H'0000 0020

H'0000 0024

H'0000 0028

H'0000 002C

H'0000 0030

H'0000 0034

H'0000 0038

H'0000 003C

H'0000 0040

H'0000 0044

H'0000 0048

H'0000 004C

H'0000 0050

H'0000 0054

H'0000 0058

H'0000 005C

H'0000 0060

H'0000 0064

H'0000 0068

H'0000 006C

H'0000 0070

H'0000 0074

H'0000 0078

H'0000 007C

H'0000 0080

H'0000 0090

31

RI (Reset Interrupt)

SBI (System Break Interrupt)

L RIE (Reserved Instruction Exception) —|

AE (Address Exception)

TRAPO

TRAP1

TRAP2

TRAP3

TRAP4

TRAPS

TRAP6

TRAP7

TRAP8

TRAP9

TRAP10

TRAP11

TRAP12

TRAP13

TRAP14

TRAP15

El (External Interrupt) (Note 1)

FPE (Floating-Point Exception)

Note 1: When flash entry bit = 1 (flash E/W enable mode), the EI vector entry is located at H'0080 4000.

Figure 3.5.1 EIT Vector Entry
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3.6 ICU Vector Table

3.6 ICU Vector Table

The ICU vector table is used by the internal interrupt controller of the microcomputer. This table has the addresses
shown below, at which the start addresses of interrupt handlers for the interrupt requests from respective internal
peripheral I/Os are set. For details, see Chapter 5, “Interrupt Controller.”

ICU Vector Table Memory Map (1/2)

Address

H'0000 0094
H'0000 0096
H'0000 0098
H'0000 009A
H'0000 009C
H'0000 009E
H'0000 00AO0
H'0000 00A2
H'0000 00A4
H'0000 00AG6
H'0000 00A8
H'0000 00AA
H'0000 00AC
H'0000 00AE
H'0000 00BO
H'0000 00B2
H'0000 00B4
H'0000 00B6
H'0000 00B8
H'0000 00BA
H'0000 00BC
H'0000 00BE
H'0000 00CO
H'0000 00C2
H'0000 00C4
H'0000 00C6
H'0000 00C8
H'0000 00CA
H'0000 00CC
H'0000 00CE
H'0000 00DO
H'0000 00D2
H'0000 00D4
H'0000 00D6

+0 address +1 address

b7 b8

TIN3-6 Input Interrupt Handler Start Address (A0—A15)

TIN3-6 Input Interrupt Handler Start Address (A16—-A31)

TIN20-29 Input Interrupt Handler Start Address (A0O—-A15)

TIN20-29 Input Interrupt Handler Start Address (A16—A31)

TIN12-19 Input Interrupt Handler Start Address (AO—A15)

TIN12-19 Input Interrupt Handler Start Address (A16—A31)

TINO-2 Input Interrupt Handler Start Address (AO—A15)

TINO-2 Input Interrupt Handler Start Address (A16—A31)

(Note 1)

TMSO, 1 Output Interrupt Handler Start Address (A0-A15)

TMSO, 1 Output Interrupt Handler Start Address (A16—A31)

TOPS8, 9 Output Interrupt Handler Start Address (A0—A15)

TOPS8, 9 Output Interrupt Handler Start Address (A16—A31)

TOP210 Output Interrupt Handler Start Address (A0—-A15)

TOP10 Output Interrupt Handler Start Address (A16—-A31)

TIO4—7 Output Interrupt Handler Start Address (A0O-A15)

TIO4—-7 Output Interrupt Handler Start Address (A16—A31)

TIO8, 9 Output Interrupt Handler Start Address (A0—-A15)

TIO8, 9 Output Interrupt  Handler Start Address (A16—A31)

TOPO-5 Output Interrupt Handler Start Address (A0-A15)

TOPO-5 Output Interrupt Handler Start Address (A16—A31)

TOPG6, 7 Output Interrupt Handler Start Address (A0—A15)

TOPG6, 7 Output Interrupt Handler Start Address (A16—A31)

TIO0-3 Output Interrupt Handler Start Address (A0—-A15)

TIO0-3 Output Interrupt Handler Start Address (A16-A31)

DMAO—4 Interrupt Handler Start Address (A0—A15)

DMAO-4 Interrupt Handler Start Address (A16—A31)

SIO1 Receive Interrupt Handler Start Address (A0-A15)

SIO1 Receive Interrupt Handler Start Address (A16-A31)

SIO1 Transmit Interrupt Handler Start Address (A0O-A15)

SIO1 Transmit Interrupt Handler Start Address (A16—A31)

SIO0 Receive Interrupt Handler Start Address (A0—-A15)

SI00 Receive Interrupt Handler Start Address (A16—A31)
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ICU Vector Table Memory Map (2/2)

Address

H'0000 00D8
H'0000 O0ODA
H'0000 00DC
H'0000 OODE
H'0000 00EO
H'0000 00E2
H'0000 00E4
H'0000 O0OE6
H'0000 OOE8
H'0000 O0EA
H'0000 00EC
H'0000 O0EE
H'0000 O0FO0
H'0000 00F2
H'0000 O0F4
H'0000 00F6
H'0000 O0OF8
H'0000 O0FA
H'0000 OOFC
H'0000 OOFE
H'0000 0100
H'0000 0102
H'0000 0104
H'0000 0106
H'0000 0108
H'0000 010A
H'0000 010C
H'0000 010E
H'0000 0110
H'0000 0112

+0 address +1 address
b0 b7 b8 b15

SIO0 Transmit Interrupt Handler Start Address (A0-A15)

SI00 Transmit Interrupt Handler Start Address (A16—A31)

A-DO Conversion Interrupt Handler Start Address (A0—A15)

A-DO Conversion Interrupt Handler Start Address (A16—-A31)

(Note 1)

DMAS5-9 Interrupt Handler Start Address (A16—A31)

S102, 3 Transmit/receive Interrupt Handler Start Address (A0—-A15)

S102, 3 Transmit/receive Interrupt Handler Start Address (A16-A31)

RTD Interrupt Handler Start Address (A0-A15)

RTD Interrupt Handler Start Address (A16-A31)

(Note 1)

CANO Transmit/receive & Error Interrupt Handler Start Address (A16—A31)

CAN1 Transmit/receive & Error Interrupt Handler Start Address (A0—A15)

CANL1 Transmit/receive & Error Interrupt Handler Start Address (A16—-A31)

Note 1: Valid for the interrupt requests in the 32180. No interrupt requests are generated in the 32182.
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3.7 Notes about Address Space

* Virtual flash emulation function

The microcomputer has the function to map 4-Kbyte memory blocks beginning with the address H’'0080 8000
into areas (S banks) of the internal flash memory that are divided in 4-Kbyte units. This functions is referred to as
the virtual flash emulation function.

This function allows the data located in 4-Kbyte blocks of the internal RAM to be changed with the flash memory
contents at the addresses specified by the Virtual Flash Bank Register. For details about this function, see
Section 6.6, “Virtual Flash Emulation Function.”
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EIT
4 4.1 Outline of EIT

4.1 Outline of EIT

If some event occurs when the CPU is executing an ordinary program, it may become necessary to suspend the
program being executed and execute another program. Events like this one are referred to by a generic name as
EIT (Exception, Interrupt and Trap).

(1) Exception

This is an event related to the context being executed. It is generated by an error or violation during instruction
execution. This type of event includes Address Exception (AE), Reserved Instruction Exception (RIE) and Floating-
Point Exception (FPE).

(2) Interrupt

This is an event generated irrespective of the context being executed. It is generated by a hardware-derived signal
from an external source, as well as by the internal peripheral 1/O. This type of event includes Reset Interrupt (RI),
System Break Interrupt (SBI) and External Interrupt (EI).

(3) Trap
This refers to a software interrupt generated by executing a TRAP instruction. This type of event is intentionally
generated in a program as in the OS’s system call by the programmer.

EIT ———— Exception (Exception) ———— Reserved Instruction Exception (RIE)
— Address Exception (AE)

—— Floating-Point Exception (FPE)

— Interrupt (Interrupt) — 7 Reset Interrupt (RI)

—— System Break Interrupt (SBI)

—— External Interrupt (EI)

— Trap (Trap) — Trap (TRAP)

Figure 4.1.1 Classification of EITs
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4.2 EIT Events

4.2.1 Exception

(1) Reserved Instruction Exception (RIE)

Reserved Instruction Exception (RIE) occurs when execution of a reserved instruction (unimplemented
instruction) is detected.

(2) Address Exception (AE)

Address Exception (AE) occurs when an attempt is made to access a misaligned address in Load or Store
instructions.

(3) Floating-point Exception (FPE)
Floating-point Exception (FPE) occurs when Unimplemented Exception (UIPL) or one of the five exceptions
specified in the IEEE 754 standard (OVF/UDF/IXCT/DIVO/IVLD) is detected. Each exception processing is
outlined below.

1) Overflow Exception (OVF)
The exception occurs when the absolute value of the operation result exceeds the largest describable
precision in the floating-point format. The following table shows the operation results when an OVF oc-
curs.

Table 4.2.1 Operation Results When an OVF Occurred

Operation Result (Content of the Destination Register)
Rounding Mode | Sign of the Result | \yhen the OVF EIT processing is | When the OVF EIT processing is
masked (Note 1) executed (Note 2)
_ + +MAX
-Infinity
- -Infinity
+Infinity + +Infinity
- -MAX No change
+ +MAX
0
- -MAX
Nearest + +Infinity
- -Infinity

Note 1: When the overflow exception enable (EO) bit (FPSR register bit 20) = "0"

Note 2: When the overflow exception enable (EO) bit (FPSR register bit 20) = "1"

Note: « If an OVF occurs while EIT processing for OVF is masked, an IXCT occurs at the same time.
« +MAX = H'7F7F FFFF, -MAX = H'FF7F FFFF

2) Underflow Exception (UDF)
The exception occurs when the absolute value of the operation result is less than the largest describable
precision in the floating-point format. The following table shows the operation results when a UDF occurs.

Table 4.2.2 Operation Results when a UDF Occurred

Operation Result (Content of the Destination Register)

When UDF EIT processing is masked (Note 1) When UDF EIT processing is executed (Note 2)
DN = 0: An unimplemented exception occurs No change
DN =1:0is returned 9

Note 1: When the underflow exception enable (EU) bit (FPSR register bit 18) = "0"

Note 2: When the underflow exception enable (EU) bit (FPSR register bit 18) = "1"
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3) Inexact Exception (IXCT)

The exception occurs when the operation result differs from a result led out with an infinite range of
precision. The following table shows the operation results and the respective conditions in which each

IXCT occurs.

Table 4.2.3 Operation Results when an IXCT Occurred

Occurrence Condition

Operation Result (Content of the Destination Register)

When the IXCT EIT processing for is
masked (Note 1)

When the IXCT EIT processing is
executed (Note 2)

Overflow occurs in OVF masked
condition

Reference OVF operation results

No change

Rounding occurs

Rounded value

No change

Note 1: When the inexact exception enable (EX) bit (FPSR register bit 17
Note 2: When the inexact exception enable (EX) bit (FPSR register bit 17

4) Zero Division Exception (DIVO)

~— ~—

nge
nn

The exception occurs when a finite nonzero value is divided by zero. The following table shows the
operation results when a DIVO is occurs.

Table 4.2.4 Operation Results When a DIVO Occurred

Operation Result (Content of th

e Destination Register)

Dividend

When the DIVO EIT processing is

masked (Note 1)

When the DIVO EIT processing is

executed (Note 2)

Nonzero finite value

+-Infinity (Sign is derived by
exclusive ORing the signs of the
divisor and dividend.)

No change

Note 1: When the zero division exception enable (EZ) bit (FPSR register bit 19) = "0"
Note 2: When the zero division exception enable (EZ) bit (FPSR register bit 19) = "1"

Please note that the DIVO EIT processing does not occur in the following conditions.

Table 4.2.5 Cases in Which No DIVO Occur

Dividend Behavior
0 An invalid operation exception occurs
Infinity No exceptions occur (with the result = " Infinity")
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5) Invalid Operation Exception (IVLD)
The exception occurs when an invalid operation is executed. The following table shows the operation
results and the respective conditions in which each IVLD occurs.

Table 4.2.6 Operation Results When an IVLD Occurred
Operation Result (Content of the Destination Register)

Occurrence Condition When the VLD ET
When the VLD HT processing is masked (Note 1) | processing is executed
(Note 2)
Operation for SNaN operand
+Inf|n|t.y—.(+lnf|n|ty), -Infinity-(-Infinity) ONaN
0 x Infinity
0/0, Infinity / Infinity
When FTOI | Return value w hen pre-conversion signed bit is:
«When an integer conversion instruction | "0": H7FFF FFFF No change
overflowed was executed| "1": H8000 0000
«When NaN or Infinity was converted| When FTOS | Return value w hen pre-conversion signed bit is:
into an integer instruction "0": HO000 7FFF
was executed| "1": HFFHF 8000
When < or > comparison w as performed on NaN  |Conmparison results (comparison invalid)

Note 1: When the invalid operation exception enable (EV) bit (FPSR register bit 21
Note 2: When the invalid operation exception enable (EV) bit (FPSR register bit 21
Note: « NaN (Not a Number)
SNaN (Signaling NaN): a NaN in which the MSB of the decimal fraction is "0". When SNaN is used as the
source operand in an operation, an IVLD occurs. SNaNs are useful in identifying program bugs when used
as the initial value in a variable. However, SNaNs cannot be generated by hardware.
QNaN (Quiet NaN): a NaN in which the MSB of the decimal fraction is "1". Even when QNaN is used as the
source operand in an operation, an IVLD will not occur (excluding comparison and format conversion).
Because a result can be checked by the arithmetic operations, QNaN allows the user to debug without
executing an EIT processing. QNaNs are created by hardware.

="Q"
np

~— ~—

6) Unimplemented Exception (UIPL)
The exception occurs when the denormalized number zero flush (DN) bit (FPSR register bit 23) ="0" and
a denormalized number is given as an operation operand. (Note 1)
Because the UIPL has no enable bits available, it cannot be masked when they occur. The destination
register remains unchanged.

Note 1: A UDF occurs when the intermediate result of an operation is a denormalized number, in which case if
the DN bit (FPSR register bit 23) ="0", an UIPL occurs.

4.2.2 Interrupt

(1) Reset Interrupt (RI)
Reset Interrupt (RI) is always accepted by entering the RESET# signal. The reset interrupt is assigned the
highest priority.
For details about the reset interrupt, see Chapter 7, “Reset.”

(2) System Break Interrupt (SBI)

System Break Interrupt (SBI) is an emergency interrupt which is used when power outage is detected or a fault
condition is notified by an external watchdog timer. This interrupt can only be used in cases when after interrupt
processing, control will not return to the program that was being executed when the interrupt occurred.

(3) External Interrupt (EI)
External Interrupt (El) is requested from internal peripheral I/Os managed by the interrupt controller. The
interrupt controller manages these interrupts by assigning each one of eight priority levels including an
interrupt-disabled state.
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4.2.3 Trap

Traps are software interrupts which are generated by executing the TRAP instruction. Sixteen distinct vector
addresses are provided corresponding to TRAP instruction operands 0-15.

4.3 EIT Processing Procedure

EIT processing consists of two parts, one in which they are handled automatically by hardware, and one in which
they are handled by user-created programs (EIT handlers). The procedure for processing EITs when accepted,
except for a rest interrupt, is shown below.

™~ EIT request -

" generated
¢ ~ Program execution restarted
| ionh onl | ) Program suspended | onli i
nstruction|Instruction| Instruction and EIT request nstruction| Instruction ceee
A B C C D
accepted -
~ Instruction Instruction processing-completed
processing-canceled type (FPE, El, TRAP)
type (RIE, AE)
A,
PC—BPC (Note 1)
PSW-sBPSW | Hardware preprocessing Hardware postprocessing | BPSW—PSW
(Note 1) BPC—PC
User-created EIT handler
EIT vector [T
entry : EIT handler except for SBI
: BPC, PSW, FPSR General-purpose
Branch and general-purpose »3Processing;> registers, PSW, FPSR RTE :
instruction registers are saved i by handler: " |and BPC are restored instruction| :
to the stack : from the stack
3 SBl Program terminated
(sBn L= (System Break 9

) or system is reset
Interrupt processing)

Note 1: Indicates saving and restoring the PSW register bits between its PSW and BPSW fields.

Figure 4.3.1 Outline of the EIT Processing Procedure

When an EIT is accepted, the CPU branches to the EIT vector after hardware preprocessing (as will be described
later). The EIT vector has an entry address assigned for each EIT. This is where the BRA (branch) instruction for
the EIT handler (not the jump address itself) is written.

In the hardware preprocessing, the PC is transferred to the BPC (backup PC), and the content of the PSW register’s
PSW field is transferred to the BPSW field in that register.

Other necessary operations must be performed in the user-created EIT handler. These include saving the BPC and
PSW registers (including the BPSW field) and the general-purpose registers to be used in the EIT handler to the
stack. In addition, the accumulator and the FPSR register must be saved to the stack as necessary. Remember
that all these registers must be saved to the stack in a program by the user.

When processing by the EIT handler is completed, restore the saved registers from the stack and finally execute
the RTE instruction. Control is thereby returned from the EIT processing to the program that was being executed
when the EIT occurred. (This does not apply to the System Break Interrupt, however.)

In the hardware postprocessing, the BPC is returned to the PC, and the content of the PSW register's BPSW field
is returned to the PSW field in that register. Note that the values stored in the BPC and the PSW register's BPSW
field after executing the RTE instruction are undefined.
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4.4 EIT Processing Mechanism

The EIT processing mechanism consists of the M32R CPU core and the interrupt controller for internal peripheral I/
Os. It also has the backup registers for the PC and PSW (the BPC register and the BPSW field of the PSW
register). The EIT processing mechanism is shown below.

M32R/ECU

RESET# [

M32R CPU core

RI Rl | High
AE, RIE, FPE, TRAP
Priority
SBI# [ SBI SBI
i e >
> Interrupt
ller El
Internal : | ©ONUO (S El v
peripheral : (Icu) Low
I/0s @
—>
> IE flag
(PSW)
I ’BPSW’ pswl I PC register |

PSW register

Figure 4.4.1 EIT Processing Mechanism
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4.5 Acceptance of EIT Events

When an EIT event occurs, the CPU suspends the program it has hitherto been executing and branches to EIT
processing by the relevant handler. Conditions under which each EIT event occurs and the timing at which they are
accepted are shown below.

Table 4.5.1 Acceptance of EIT Events

EIT Event Type of Processing Acceptance Timing Values Set in BPC Register
Reserved Instruction Instruction processing- During instruction execution PC value of the instruction that
Exception (RIE) canceled type generated RIE
Address Exception (AE)  Instruction processing- During instruction execution PC value of the instruction that
canceled type generated AE
Floating-Point Exception  Instruction processing- Break in instructions PC value of the instruction that
(FPE) completed type generated FPE + 4
Reset Interrupt (RI) Instruction processing- Each machine cycle Undefined value
aborted type
System Break Interrupt Instruction processing- Break in instructions PC value of the next instruction
(SBI) completed type (word boundary only)
External Interrupt (EI) Instruction processing- Break in instructions PC value of the next instruction
completed type (word boundary only)
Trap (TRAP) Instruction processing- Break in instructions PC value of TRAP instruction + 4

completed type

4.6 Saving and Restoring the PC and PSW

The following describes operation of the microcomputer at the time when it accepts an EIT and when it executes the
RTE instruction.

(1) Hardware preprocessing when an EIT is accepted

[1] Save the PSW register’s SM, IE and C bits in its backup field.
BSM - SM
BIE - IE
BC - C

[2] Update the PSW register’'s SM, IE and C bits

SM - Remains unchanged (RIE, AE, FPE, TRAP) or cleared to "0" (SBI, El, RI)
IE - Cleared to "0"
C - Cleared to "0"

[3] Save the PCregister
BPC - PC

[4] Set the vector address in the PC register

Branches to the EIT vector and executes the branch (BRA) instruction written in it, thereby transferring
control to the user-created EIT handler.

(2) Hardware postprocessing when the RTE instruction is executed

[A] Restore the PSW register’s SM, IE and C bits from its backup field.
SM - BSM
IE - BIE
cC - BC

[B] Restore the PC register from the BPC register.
PC - BPC

Note: « The values stored in the BPC and the PSW register's BSM, BIE and BC bits after executing the RTE
instruction are undefined.

4-8 32182 Group User’'s Manual (Rev.1.0)



EIT

4 4.6 Saving and Restoring the PC and PSW
[1] Saving the SM, IE and C bits [3] Saving the PC
BSM  « SM BPC « PC
BIE <« IE
BC « C [4] Setting the vector address in the PC

PC <« Vector address
[2] Updating the SM, IE and C bits

SM < Unchanged or 0

IE «~ 0
C «~ 0
[A] Restoring the SM, IE and C bits from the [B] Restoring the PC from the BPC register
backup field
SM < BSM The value stored in the BPC register
IE <« BIE after executing the RTE instruction is
C « BC undefined.

The values stored in the BSM, BIE
and BC bits after executing the RTE
instruction are undefined.

PSW BPC PC
When EIT is accepted (1] [3]
. /7 a
When RTE instruction \
is executed (Al [B]

S AN

BPSW field PSW field
0(MSB) 7.8 15 16 17 23 24 25 31(LSB)
PSW 00OOOOOOOO000OOO“"‘OOOOO““"‘OOOOOM‘
BSM BIE BC SM IE C

Figure 4.6.1 Saving and Restoring the PC and PSW
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4.7 EIT Vector Entry

The EIT vector entry is located in the user space beginning with the address H’'0000 0000. The table below lists the
EIT vector entry.

Table 4.7.1 EIT Vector Entry

Name Abbreviation Vector Address SM IE BPC
Reset Interrupt RI H'0000 0000 (Note 1) O 0 Undefined
System Break SBI H'0000 0010 0 0 PC of the next instruction
Interrupt
Reserved Instruction RIE H'0000 0020 Unchanged O PC of the instruction that generated RIE
Exception
Address Exception AE H'0000 0030 Unchanged 0 PC of the instruction that generated AE
Trap TRAPO H'0000 0040 Unchanged 0 PC of TRAP instruction + 4
TRAP1 H'0000 0044 Unchanged O PC of TRAP instruction + 4
TRAP2 H'0000 0048 Unchanged 0 PC of TRAP instruction + 4
TRAP3 H'0000 004C Unchanged 0 PC of TRAP instruction + 4
TRAP4 H'0000 0050 Unchanged O PC of TRAP instruction + 4
TRAPS H'0000 0054 Unchanged 0 PC of TRAP instruction + 4
TRAP6 H'0000 0058 Unchanged 0 PC of TRAP instruction + 4
TRAP7 H'0000 005C Unchanged O PC of TRAP instruction + 4
TRAPS8 H'0000 0060 Unchanged 0 PC of TRAP instruction + 4
TRAP9 H'0000 0064 Unchanged 0 PC of TRAP instruction + 4
TRAP10 H'0000 0068 Unchanged 0 PC of TRAP instruction + 4
TRAP11 H'0000 006C Unchanged 0 PC of TRAP instruction + 4
TRAP12 H'0000 0070 Unchanged 0 PC of TRAP instruction + 4
TRAP13 H'0000 0074 Unchanged 0 PC of TRAP instruction + 4
TRAP14 H'0000 0078 Unchanged 0 PC of TRAP instruction + 4
TRAP15 H'0000 007C Unchanged 0 PC of TRAP instruction + 4
External Interrupt El H'0000 0080 (Note 2) 0 0 PC of the next instruction
Floating-Point Exception FPE H'0000 0090 Unchanged O PC of the instruction that generated FPE + 4

Note 1: During boot mode, the CPU starts executing the boot program after reset. For details, see Section 6.5,
“Programming the Internal Flash Memory.”

Note 2: During flash E/W enable mode, this vector address is moved to the beginning of the internal RAM (address H'0080
4000). For details, see Section 6.5, “Programming the Internal Flash Memory.”
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4.8 Exception Processing

4.8.1 Reserved Instruction Exception (RIE)

[OccurrenceConditions]

Reserved Instruction Exception (RIE) occurs when a reserved instruction (unimplemented instruction) is
detected. Instruction check is performed on the op-code part of the instruction.

When a reserved instruction exception occurs, the instruction that generated it is not executed. If an exter-
nal interrupt is requested at the same time a reserved instruction exception is detected, it is the reserved
instruction exception that is accepted.

[EIT Processing]

(1) Saving SM, IE and C bits

The PSW register's SM, IE and C bits are saved to the respective backup bits: BSM, BIE and BC.
BSM SM
BIE - IE
BC - C

(2) Updating SM, IE and C bits
The PSW register's SM, IE and C bits are updated as shown below.

SM « Unchanged
IE - 0
C - 0

(3) Saving the PC

The PC value of the instruction that generated the reserved instruction exception is set in the BPC register.
For example, if the instruction that generated the reserved instruction exception is at address 4, the value 4
is set in the BPC register. Similarly, if the instruction that generated the reserved instruction exception is at
address 6, the value 6 is set in the BPC register. In this case, the value of the BPC register bit 30 indicates
whether the instruction that generated the reserved instruction exception resides on a word boundary (BPC
register bit 30 = "0") or not on a word boundary (BPC register bit 30 ="1").

However, in either case of the above, the address to which the RTE instruction returns after the EIT handler
has terminated is address 4. (This is because the 2 low-order address bits are cleared to ‘00’ when returned
to the PC.)

| 0 | +1 ] #2 | 43| | +0 | 41| 42 | 43
Address ")~ T Address ")~ >
H'00 H'00
S > wos [REowme] S > wos [ ccures
H'08 H'08
H'0C H'0C

| BPC [« 04

| BPC [+ H'06

Figure 4.8.1 Example of a Return Address for Reserved Instruction Exception (RIE)
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(4) Branching to the EIT vector entry
The CPU branches to the address H'0000 0020 in the user space. This is the last operation performed in
hardware preprocessing.

(5) Jumping from the EIT vector entry to the user-created handler
The CPU executes the BRA instruction written by the user at the address H'0000 0020 of the EIT vector
entry to jump to the start address of the user-created handler. At the beginning of the user-created EIT
handler, first save the BPC and PSW registers and the necessary general-purpose registers to the stack.
Also, save the accumulator and FPSR register as necessary.

(6) Returning from the EIT handler

At the end of the EIT handler, restore the saved registers from the stack and execute the RTE instruction.
When the RTE instruction is executed, hardware postprocessing is automatically performed. At this time,
the CPU restarts from a word-boundary instruction including the instruction that generated a RIE (see Figure
4.8.1). Except when using reserved instruction exceptions intentionally, occurrence of a reserved instruc-
tion exception suggests that the system has some fatal fault already existing in it. In such a case, therefore,
do not return from the reserved instruction exception handler to the program that was being executed when
the exception occurred.

4.8.2 Address Exception (AE)

[OccurrenceConditions]
Address Exception (AE) occurs when an attempt is made to access a misaligned address in Load or Store
instructions. The following lists the combination of instructions and accessed addresses that may cause
address exceptions to occur.

» Two low-order address bits accessed in the LDH, LDUH or STH instruction are ‘01’ or ‘11’

» Two low-order address bits accessed in the LD, ST, LOCK or UNLOCK instruction are ‘01, ‘10’ or ‘11’
When an address exception occurs, memory access by the instruction that generated the exception is not
performed. If an external interrupt is requested at the same time an address exception is detected, it is the
address exception that is accepted.

[EIT Processing]
(1) Saving SM, IE and C bits
The PSW register's SM, IE and C bits are saved to the respective backup bits: BSM, BIE and BC.
BSM SM
BIE - IE
BC - C

(2) Updating SM, IE and C bits
The PSW register's SM, IE and C bits are updated as shown below.
SM < Unchanged
IE - 0
C - 0

(3) Saving the PC

The PC value of the instruction that generated the address exception is set in the BPC register. For ex-
ample, if the instruction that generated the address exception is at address 4, the value 4 is set in the BPC
register. Similarly, if the instruction that generated the address exception is at address 6, the value 6 is set
in the BPC register. In this case, the value of the BPC register bit 30 indicates whether the instruction that
generated the reserved instruction exception resides on a word boundary (BPC register bit 30 ="0") or not on
a word boundary (BPC register bit 30 ="1").

However, in either case of the above, the address to which the RTE instruction returns after the EIT handler
has terminated is address 4. (This is because the 2 low-order address bits are cleared to ‘00’ when returned
to the PC.)
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| 0 | +1 | +3 | | 1| +2 ] 43|
Address ) T Address ) T
H'00 H'00
a%%trlérsns > 104 AE occurred ‘ a%?jtr%rsns —» H'04 ‘ AE occurred
H'08 H'08
H'0C H'0C

| BPC |+ H04

| BPC |« H'06

Figure 4.8.2 Example of a Return Address for Address Exception (AE)

(4) Branching to the EIT vector entry
The CPU branches to the address H'0000 0030 in the user space. This is the last operation performed in
hardware preprocessing.

(5) Jumping from the EIT vector entry to the user-created handler
The CPU executes the BRA instruction written by the user at the address H'0000 0030 of the EIT vector
entry to jump to the start address of the user-created handler. At the beginning of the user-created EIT
handler, first save the BPC and PSW registers and the necessary general-purpose registers to the stack.
Also, save the accumulator and FPSR register as necessary.

(6) Returning from the EIT handler
At the end of the EIT handler, restore the saved registers from the stack and execute the RTE instruction.
When the RTE instruction is executed, hardware postprocessing is automatically performed. At this time,
the CPU restarts from a word-boundary instruction including the instruction that generated an AE (see Figure
4.8.2). Except when using address exceptions intentionally, occurrence of an address exception suggests
that the system has some fatal fault already existing in it. In such a case, therefore, do not return from the
address exception handler to the program that was being executed when the exception occurred.

4.8.3 Floating-Point Exception (FPE)

[OccurrenceConditions]
Floating-Point Exception (FPE) occurs when Unimplemented Exception (UIPL) or one of the five exceptions
specified in IEEE 754 standards (OVF, UDF, IXCT, DIVO or IVLD) is detected.
Note, however, that the EIT processing described below is executed only when the exception that occurred
is one whose exception enable bit in the FPSR register is set to "1" or an unimplemented exception.

[EIT Processing]
(1) Saving SM, IE and C bits
The PSW register's SM, IE and C bits are saved to the respective backup bits: BSM, BIE and BC.
BSM < SM
BIE « IE
BC - C

(2) Updating SM, IE and C bits
The PSW register's SM, IE and C bits are updated as shown below.

SM « Unchanged
IE - 0
C - 0
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(3) Saving the PC
The PC value of the instruction that generated the FPE exception + 4 is set in the BPC register.
Because all of the instructions that generate an FPE exception are 32 bits long, the address to which the
RTE returns is always the instruction next to the one that generated the FPE exception.

(4) Branching to the EIT vector entry
The CPU branches to the address H'0000 0090 in the user space. This is the last operation performed in
hardware preprocessing.

(5) Jumping from the EIT vector entry to the user-created handler
The CPU executes the BRA instruction written by the user at the address H'0000 0090 of the EIT vector
entry to jump to the start address of the user-created handler. At the beginning of the user-created EIT
handler, first save the BPC, PSW and FPSR registers and the necessary general-purpose registers to the
stack.

(6) Returning from the EIT handler
At the end of the EIT handler, restore the saved registers from the stack and execute the RTE instruction.
When the RTE instruction is executed, hardware postprocessing is automatically performed.
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4.9 Interrupt Processing

4.9.1 Reset Interrupt (RI)

[OccurrenceConditions]
A reset interrupt is accepted in machine cycle by pulling the RESET# input signal low. The reset interrupt is
assigned the highest priority among all EITs.

[EIT Processing]
(1) Initializing SM, IE and C bits
The PSW register’'s SM, IE and C bits are initialized as shown below.

SM « 0
IE - 0
C - 0

For the reset interrupt, the values of BSM, BIE and BC bits are undefined.

(2) Branching to the EIT vector entry
The CPU branches to the address H'0000 0000 in the user space. However, when operating in boot mode,
the CPU jumps to the boot program. For details, see Section 6.5, “Programming the Internal Flash Memory.”

(3) Jumping from the EIT vector entry to the user program
The CPU executes the instruction written by the user at the address H’0000 0000 of the EIT vector entry. In
the reset vector entry, be sure to initialize the PSW and SPI registers before jumping to the start address of
the user program.

4.9.2 System Break Interrupt (SBI)

System Break Interrupt (SBI) is an emergency interrupt which is used when power outage is detected or a fault
condition is notified by an external watchdog timer. The system break interrupt cannot be masked by the PSW
register IE bit.

Therefore, the system break interrupt can only be used when the system has some fatal event already existing in
it when the interrupt is detected. Also, this interrupt must be used on condition that after processing by the SBI
handler, control will not return to the program that was being executed when the system break interrupt occurred.

[OccurrenceConditions]
A system break interrupt is accepted by a falling edge on SBI# input pin. (The system break interrupt cannot
be masked by the PSW register IE bit.)

In no case will a system break interrupt be activated immediately after executing a 16-bit instruction that
starts from a word boundary. (For 16-bit branch instructions, however, the interrupt is accepted immediately
after branching.) Note also that because of the instruction processing-completed type, a system break
interrupt is accepted after the instruction is completed.

4-15 32182 Group User’'s Manual (Rev.1.0)



EIT
4.9 Interrupt Processing

Address 1000

——> Order in which instructions are executed

Address 1002

Address 1004

Address 1008

‘ 16-bit instruction ‘ 16-bit instruction ‘

32-bit instruction

!

O

!

X

!

O

Interrupt may
be accepted

Interrupt cannot  Interrupt may

be accepted

be accepted

!

O

Interrupt may
be accepted

Figure 4.9.1 Timing at Which System Break Interrupt (SBI) is Accepted

[EIT Processing]
(1) Saving SM, IE and C bits
The PSW register's SM, IE and C bits are saved to the respective backup bits: BSM, BIE and BC.

BSM -~ SM
BIE - IE
BC - C

(2) Updating SM, IE and C bits
The PSW register's SM, IE and C bits are updated as shown below.

SM  « 0
IE - 0
C - 0

(3) Saving the PC
The address of the next instruction (always on word boundary) following one in which the interrupt was
detected is stored in the BPC register. If the interrupt was detected in a branch instruction, then the next
instruction is one that exists at the jump address.

(4) Branching to the EIT vector entry
The CPU branches to the address H'0000 0010 in the user space. This is the last operation performed in
hardware preprocessing.

(5) Jumping from the EIT vector entry to the user-created handler
The CPU executes the BRA instruction written by the user at the address H'0000 0010 of the EIT vector
entry to jump to the start address of the user-created handler.
The system break interrupt can only be used when the system has some fatal event already existing in it
when the interrupt is detected. Also, this interrupt must be used on condition that after processing by the
SBI handler, control will not return to the program that was being executed when the system break interrupt
occurred.
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4.9.3 External Interrupt (EI)

An external interrupt is generated upon an interrupt request which is output by the microcomputer’s internal
interrupt controller. The interrupt controller manages interrupt requests by assigning each one of seven priority
levels. For details, see Chapter 5, “Interrupt Controller.” For details about the interrupt request sources, see each
section in which the relevant internal peripheral 1/O is described.

[OccurrenceConditions]
External interrupts are managed based on interrupt requests from each internal peripheral I/O by the
microcomputer’s internal interrupt controller, and are sent to the CPU via the interrupt controller. The CPU checks
these interrupt requests at a break in instructions residing on word boundaries, and when an interrupt request is
detected and the PSW register IE flag = "1", accepts it as an external interrupt.
In no case will an external interrupt be activated immediately after executing a 16-bit instruction that starts from
aword boundary. (For 16-bit branch instructions, however, the interrupt is accepted immediately after branching.)

———> Order in which instructions are executed

Address 1000 Address 1002 Address 1004 Address 1008
‘ 16-bit instruction‘ 16-bit instruction‘ 32-bit instruction ‘
O X O O
Interrupt may  Interrupt cannot  Interrupt may Interrupt may
be accepted be accepted be accepted be accepted

Figure 4.9.2 Timing at Which External Interrupt (El) is Accepted

[EIT Processing]
(1) Saving SM, IE and C bits
The PSW register's SM, IE and C bits are saved to the respective backup bits: BSM, BIE and BC.
BSM SM
BIE - IE
BC - C

(2) Updating SM, IE and C bits
The PSW register's SM, IE and C bits are updated as shown below.

SM  ~ 0
IE - 0
C - 0

(3) Saving the PC
The content of the PC register (always on word boundary) is saved to the BPC register.

(4) Branching to the EIT vector entry
The CPU branches to the address H'0000 0080 in the user space. However, when operating in flash E/W enable
mode, the CPU goes to the beginning of the internal RAM (address H'0080 4000). (For details, see Section 6.5,
“Programming the Internal Flash Memory.”) This is the last operation performed in hardware preprocessing.

(5) Jumping from the EIT vector entry to the user-created handler
The CPU executes the BRA instruction written by the user at the address H'0000 0080 of the EIT vector
entry to jump to the start address of the user-created handler. At the beginning of the user-created EIT
handler, first save the BPC and PSW registers and the necessary general-purpose registers to the stack.
Also, save the accumulator and FPSR register as necessary.
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(6) Returning from the EIT handler
At the end of the EIT handler, restore the saved registers from the stack and execute the RTE instruction.
When the RTE instruction is executed, hardware postprocessing is automatically performed.

4.10 Trap Processing

4.10.1 Trap

[OccurrenceConditions]
Traps are software interrupts which are generated by executing the TRAP instruction. Sixteen traps are
generated, each corresponding to one of TRAP instruction operands 0-15. Accordingly, sixteen vector
entries are provided.

[EIT Processing]
(1) Saving SM, IE and C bits
The PSW register's SM, IE and C bits are saved to the respective backup bits: BSM, BIE and BC.
BSM SM
BIE < IE
BC - C

(2) Updating SM, IE and C bits
The PSW register’'s SM, IE and C bits are updated as shown below.
SM < Unchanged
IE - 0
Cc - 0

(3) Saving the PC

When the trap instruction is executed, the PC value of TRAP instruction + 4 is set in the BPC register. For
example, if the TRAP instruction is located at address 4, the value H'08 is set in the BPC register.
Similarly, if the TRAP instruction is located at address 6, the value H'0A is set in the BPC register. The
value of the BPC register bit 30 indicates whether the trap instruction resides on a word boundary (BPC
register bit 30 = "0") or not on a word boundary (BPC register bit 30 = "1").

However, in either case of the above, the address to which the RTE instruction returns after the EIT
handler has terminated is address 8. (This is because the 2 low-order address bits are cleared to ‘00’
when returned to the PC.)

| A0 [+l | +2 ] #3 | F0 [ A1 | 42 ] 43 |

Address )~ T Address )~ T
H'00 H'00

H'04 [TRAP instruction‘ H'04 ‘TRAP instruction
Rawn > wos Soun > wos
H'OC H'OC

| BPC [« 08 | BPC |« H0A

Figure 4.10.1 Example of a Return Address for Trap (TRAP)
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(4) Branching to the EIT vector entry
The CPU branches to the addresses H'0000 0040—H’0000 007C in the user space. This is the last operation
performed in hardware preprocessing.

(5) Jumping from the EIT vector entry to the user-created handler
The CPU executes the BRA instruction written by the user at the addresses H’0000 0040—H’0000 007C of
the EIT vector entry to jump to the start address of the user-created handler. At the beginning of the user-
created EIT handler, first save the BPC and PSW registers and the necessary general-purpose registers to
the stack. Also, save the accumulator and FPSR register as necessary.

(6) Returning from the EIT handler
At the end of the EIT handler, restore the general-purpose registers and the BPC and PSW registers from
the stack and execute the RTE instruction. When the RTE instruction is executed, hardware postprocessing
is automatically performed. At this time, the CPU restarts from the next word-boundary instruction including
the instruction that generates a trap (see Figure 4.10.1).

4.11 EIT Priority Levels

The table below lists the priority levels of EIT events. When two or more EITs occur simultaneously, the event with
the highest priority is accepted first.

Table 4.11.1 Priority of EIT Events and How Returned from EIT

Priority EIT Event Type of Processing Values Set in BPC Register
1 (Highest) Reset Interrupt (RI) Instruction processing-aborted type Undefined
2 Address Exception (AE) Instruction processing-canceled type PC of the instruction that

generated AE

Reserved Instruction Instruction processing-canceled type PC of the instruction that
Exception (RIE) generated RIE
Floating-Point Exception Instruction processing-completed type PC of the instruction that
(FPE) generated FPE + 4
Trap (TRAP) Instruction processing-completed type TRAP instruction + 4

3 System Break Interrupt Instruction processing-completed type PC of the next instruction
(SBI)

4 External Interrupt (El) Instruction processing-completed type PC of the next instruction

Note that for External Interrupt (El), the priority levels of interrupt requests from each peripheral I/O are set by the
microcomputer’s internal interrupt controller. For details, see Chapter 5, “Interrupt Controller.”
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4.12 Example of EIT Processing

(1) When RIE, AE, FPE, SBI, El or TRAP occurs singly

IE=1
v BPC register = Return address A

IE=0

RIE, AE, FPE, SBI, El or TRAP
occurs singly = | If IE = 0, no events but reset and
SBI are accepted.

Return address A:

IE=1

RTE instruction
 J

: EIT handler

Figure 4.12.1 Processing of Events When RIE, AE, FPE, SBI, El or TRAP Occurs Singly

(2) When RIE, AE, FPE or TRAP and El occur simultaneously

RIE, AE, FPE or TRAP is accepted first.
BPC register = Return address A

RTE instruction
RIE, AE, FPE or TRAP and El

occur simultaneously

Return address A:

El is accepted next.
BPC register = Return address A

RTE instruction

: EIT handler

Figure 4.12.2 Processing of Events When RIE, AE, FPE or TRAP and EI Occur Simultaneously
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EIT vector entry

~o ~

BRA instruction@/|

) ~

EIT handler

(Other than SBI) (SBI)

‘ Save BPC to the stack ‘

¥

‘ Save PSW to the stack ‘

¥

Save general-purpose
registers to the stack

l

Processing by
EIT handler

!

Restore general-purpose

registers from the stack

A
Hardware PPCHBPC
preprocessing | P W—>BPSW
(Note 1)
Program being
executed
/\_/
}EIT event/i ‘ 777777777777777777
/ occurs \
/\_/
(Note 1)
Hardware | gpgyy psyy

postprocessing | gpc_spC

¥

Restore PSW from the stack

¥

Restore BPC from the stack

!

Note 1: Indicates saving and restoring the PSW register bits between its PSW and BPSW fields.

RTE

/’X—/

System Break Interrupt
(SBI) processing

1

Program terminated
or system reset

/L

Figure 4.12.3 Example of EIT Processing
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4.13 Precautions on EIT

The Address Exception (AE) requires caution because if one of the instructions that use “register indirect + register
update” addressing mode (following three) generates an address exception when it is executed, the values of the
registers to be automatically updated (Rsrc and Rsrc2) become undefined.
Except that the values of Rsrc and Rsrc2 become undefined, these instructions behave the same way as when
used in other addressing modes.
e Applicable instructions

LD Rdest, @Rsrc+

ST Rsrcl, @-Rsrc2

ST Rsrcl, @+Rsrc2

If the above case applies, consider the fact that the register values become undefined when you design the processing
to be performed after executing said instructions. (If an address exception occurs, it means that the system has some
fatal fault already existing in it. Therefore, address exceptions must be used on condition that control will not be returned
from the address exception handler to the program that was being executed when the exception occurred.)

4-22 32182 Group User's Manual (Rev.1.0)



CHAPTER 5

INTERRUPT CONTROLLER (ICU)

5.1
5.2
5.3

5.4
5.5
5.6

Outline of the Interrupt Controller

ICU Related Registers

Interrupt Request Sources in Internal
Peripheral 1/0

ICU Vector Table

Description of Interrupt Operation
Description of System Break Interrupt (SBI)
Operation



INTERRUPT CONTROLLER (ICU)
5 5.1 Qutline of the Interrupt Controller

5.1 Outline of the Interrupt Controller

The Interrupt Controller (ICU) manages maskable interrupts from internal peripheral I/Os and a system break
interrupt (SBI). The maskable interrupts from internal peripheral I/Os are sent to the M32R CPU as external
interrupts (EI).

The maskable interrupts from internal peripheral I/Os are managed by assigning them one of eight priority levels
including an interrupt-disabled state. If two or more interrupt requests with the same priority level occur at the
same time, their priorities are resolved by predetermined hardware priority. The source of an interrupt request
generated in internal peripheral 1/Os is identified by reading the relevant interrupt status register provided for
internal peripheral 1/Os.

On the other hand, the system break interrupt (SBI) is recognized when a low-going transition occurs on the SBI#
signal input pin. This interrupt is used for emergency purposes such as when power outage is detected or a fault
condition is notified by an external watchdog timer, so that it is always accepted irrespective of the PSW register
IE bit status. After processing of an SBI, shut down or reset the system without returning to the program that was
being executed when the interrupt occurred.

Specifications of the Interrupt Controller are outlined below.

Table 5.1.1 Outline of the Interrupt Controller (ICU)

Item Specification

Interrupt request source  Maskable interrupt requests from internal peripheral I/Os: 23 sources (Note 1)
System break interrupt request: 1 source (input from SBI# pin)

Priority management 8 priority levels including an interrupt-disabled state
(However, interrupts with the same priority level have their priorities resolved by fixed
hardware priority.)

Note 1: There are actually a total of 123 interrupt request resources when counted individually, which are grouped into 23
interrupt request resources.
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Interrupt Controller

System Break Interrupt (SBI)
request generated
(nonmaskable)
. 1
SBI Control Register SBIREQ
(SBICR)
SBI
SBI# [} © » To the CPU core
Peripheral circuits
Edge
Interrupt request g IRE m External Interrupt (EI)
Edge @ LEER request generated
Interrupt request IRE n o= > a g
Edge o = (maskable)
Interrupt request 9 o || S
IRE 3 =
: . >0 e
. . = <]
. . o = -
M . s g Interrupt Vector Register
. : 8 = (IVECT)
. . =] e}
. . = o
. . o & IMASK El
. . £ > compari- » To the CPU core
P
2 2 son
Interrupt Level = NEW IMASK
control circuit 0 % _
IREQ © 2 i
Interrupt Level N g ;
control circuit o> I £ Interrupt Request Mask
5 2 Register (IMASK)
Interrupt Level = | o
control circuit
T Interrupt Control Register

Figure 5.1.1 Block Diagram of the Interrupt Controller
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5.2 ICU Related Registers

The diagram below shows a register map associated with the Interrupt Controller (ICU).

ICU Related Register Map

Address
H'0080 0000
H'0080 0002
H'0080 0004
H'0080 0006
|
H'0080 0060
|
H'0080 0066
H'0080 0068
H'0080 006A
H'0080 006C
H'0080 006E
H'0080 0070
H'0080 0072
H'0080 0074
H'0080 0076
H'0080 0078
H'0080 007A
H'0080 007C

H'0080 007E

+0 address +1 address See pages
b0 b7| b8 b15
Interrupt Vector Register 5-5
(IVECT)
(Use inhibited area)
Interrupt Request Mask Register (Use inhibited area) 5-6
(IMASK
SBI Control Register (Use inhibited area) 5-7
(SBICR)
(Use inhibited area)
CANO Transmit/Receive & Error Interrupt Control Register (Use inhibited area) 5-8
(ICANOCR)
(Use inhibited area)
(Use inhibited area) RTD Interrupt Control Register 5-8
(IRTDCR)
S102,3 Transmit/Receive Interrupt Control Register DMAS5-9 Interrupt Control Register 5-8
(ISI023CR) (IDMA59CR)
(Use inhibited area)
A-DO Conversion Interrupt Control Register SI00 Transmit Interrupt Control Register 5-8
(IADOCCR) (ISIO0TXCR)
SI00 Receive Interrupt Control Register SI01 Transmit Interrupt Control Register 5-8
(ISIOORXCR) (ISIO1TXCR)
SI01 Receive Interrupt Control Register DMAO0-4 Interrupt Control Register 5-8
(ISIO1RXCR) (IDMA0D4ACR)
TIO0-3 Output Interrupt Control Register TOPG6,7 Output Interrupt Control Register 5-8
(ITIO03CR) (ITOP67CR)
TOPO0-5 Output Interrupt Control Register TI108,9 Output Interrupt Control Register 5-8
(ITOPO5CR) (ITIO89CR)
TIO4—7 Output Interrupt Control Register TOP10 Output Interrupt Control Register 5-8
(ITIO47CR) (ITOP10CR)
TOPS8,9 Output Interrupt Control Register TMSO0,1 Output Interrupt Control Register 5-8
(ITOP89CR) (ITMS01CR)
(Use inhibited area) TINO-2 Input Interrupt Control Register 5-8
(ITINO2CR)
TIN12-19 Input Interrupt Control Register TIN20-29 Input Interrupt Control Register 5-8
(ITIN1219CR) (ITIN2029CR)
TIN3-6 Input Interrupt Control Register CAN1 Transmit/Receive & Error Interrupt Control Register 5-8

(ITIN36CR)

(ICAN1ICR)
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5.2.1 Interrupt Vector Register

Interrupt Vector Register (IVECT) <Address: H'0080 0000>
b0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 bils
IVECT
? | ? | ? | ? | ? | ? ? ? ? ? | ? | ? | ? | ? | ? ?

<After reset: Undefined>

b Bit Name Function R W

0-15 IVECT When an interrupt request is accepted, the 16-low-order R N
16 low-order bits of ICU vector table address bits of the ICU vector table address for the accepted
interrupt request source are stored in this register.

Note: « This register must always be accessed in halfwords (2 bytes). (This is a read-only register.)

The Interrupt Vector Register (IVECT) is used when an interrupt request is accepted to store the 16-low-order
bits of the ICU vector table address for the accepted interrupt request source.

Before this function can work, the ICU vector table (addresses H’'0000 0094 through H’0000 0113) must have
set in it the start addresses of interrupt handlers for each internal peripheral 1/0. When an interrupt request is
accepted, the 16-low-order bits of the ICU vector table address for the accepted interrupt request source are
stored in the IVECT register. In the EIT handler, read the content of this IVECT register using the LDH instruction
to get the ICU vector table address.

When the IVECT register is read, operations (1) to (4) below are automatically performed in hardware.

(1) The interrupt priority level of the accepted interrupt request source (ILEVEL) is set in the IMASK register as
a new IMASK value. (Interrupts with lower priority levels than that of the accepted interrupt request source
are masked.)

(2) The interrupt request bit for the accepted interrupt request source is cleared (not cleared for level-recognized
interrupt request sources).

(3) The interrupt request (EI) to the CPU core is deasserted.

(4) The ICU's internal sequencer is activated to start internal processing (interrupt priority resolution).

Notes: » Do not read the Interrupt Vector Register (IVECT) in the EIT handler unless interrupts are disabled
(PSW register IE bit = "0"). In the EIT handler, furthermore, read the Interrupt Request Mask
Register (IMASK) first before reading the IVECT register.

« To reenable interrupts (by setting the IE bit to "1") after reading the Interrupt Vector Register
(IVECT), perform a dummy access to the internal memory, etc. before reenabling interrupts. (The
ICU vector table readout in the El handler processing example in Figure 5.5.2 Typical Handler
Operation for Interrupts from Internal Peripheral 1/O is an access to the internal ROM and, there-
fore, does not require adding a dummy access.)
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5.2.2 Interrupt Request Mask Register

Interrupt Request Mask Register (IMASK) <Address: H'0080 0004>
b0 1 2 3 4 5 6 b7
IMASK
o , 0 ; 0o y 0o |} o 1 1 1

<After reset: H'07>

b Bit Name Function R W

0-4 No function assigned. Fix to "0" 0O O

5-7 IMASK 000: Disable maskable interrupts R W
Interrupt request mask bit 001: Accept interrupts with priority level O

010: Accept interrupts with priority levels 0-1
011: Accept interrupts with priority levels 0-2
100: Accept interrupts with priority levels 0-3
101: Accept interrupts with priority levels 0-4
110: Accept interrupts with priority levels 0-5
111: Accept interrupts with priority levels 0-6

The Interrupt Request Mask Register (IMASK) is used to finally determine whether or not to accept an interrupt
request after comparing its priority with the priority levels (Interrupt Control Register ILEVEL bits) that have been
set for each interrupt request source.

When the Interrupt Vector Register (IVECT) described above is read, the interrupt priority level of the accepted
interrupt request source is set in this IMASK register as a new mask value.

When any value is written to the IMASK register, operations (1) to (2) below are automatically performed in
hardware.

(1) The interrupt request (El) to the CPU core is deasserted.
(2) The ICU's internal sequencer is activated to start internal processing (interrupt priority resolution).

Notes: ¢ Do not write to the Interrupt Request Mask Register (IMASK) in the EIT handler unless interrupts
are disabled (PSW register IE bit = "0").
* To reenable interrupts (by setting the IE bit to "1") after writing to the Interrupt Request Mask
Register (IMASK), perform a dummy access to the internal memory, etc. before reenabling inter-
rupts.
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5.2.3 SBI (System Break Interrupt) Control Register

SBI (System Break Interrupt) Control Register (SBICR)

<Address: H'0080 0006>

b0 1 2 3 4 5 6 b7
SBIREQ
o , 0 ;, 0 | 0 ; O ; 0o ;| o 0
<After reset: H'00>
b Bit Name Function R W
0-6 No function assigned. Fix to "0" 0 O
7 SBIREQ 0: SBI not requested R (Note 1)

SBI request bit

1: SBI requested

Note 1: This bit can only be cleared (see below)

The System Break Interrupt (SBI) is an interrupt request generated by a falling edge on the SBI# signal input pin.
When a falling edge on the SBI# signal input pin is detected and this bit is set to "1", a system break interrupt

(SBI) request is generated to the CPU.

This bit cannot be set to "1" in software, it can only be cleared.

To clear this bit to "0", follow the procedure described below.

1. Write "1" to the SBI request bit.
2. Write "0" to the SBI request bit.

Note: « Unless this bit is set to "1", do not perform the above clearing operation.
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5.2.4 Interrupt Control Registers

CANO Transmit/Receive & Error Interrupt Control Register (ICANOCR) <Address: H'0080 0060>
RTD Interrupt Control Register (IRTDCR) <Address: H'0080 0067>
S102,3 Transmit/Receive Interrupt Control Register (ISIO23CR) <Address: H'0080 0068>
DMAS5-9 Interrupt Control Register (IDMA59CR) <Address: H'0080 0069>
A-DO Conversion Interrupt Control Register (IADOCCR) <Address: H'0080 006C>
SI00 Transmit Interrupt Control Register (ISIO0TXCR) <Address: H'0080 006D>
SI00 Receive Interrupt Control Register (ISIOORXCR) <Address: H'0080 006E>
SIO1 Transmit Interrupt Control Register (ISIO1TXCR) <Address: H'0080 006F>
SIO1 Receive Interrupt Control Register (ISIO1RXCR) <Address: H’'0080 0070>
DMAO—-4 Interrupt Control Register (IDMAO4CR) <Address: H'0080 0071>
TI00-3 Output Interrupt Control Register (ITIO03CR) <Address: H'0080 0072>
TOP6,7 Output Interrupt Control Register (ITOP67CR) <Address: H'0080 0073>
TOPO-5 Output Interrupt Control Register (ITOPO5CR) <Address: H'0080 0074>
T108,9 Output Interrupt Control Register (ITIO89CR) <Address: H'0080 0075>
T104—7 Output Interrupt Control Register (ITIO47CR) <Address: H'0080 0076>
TOP10 Output Interrupt Control Register (ITOP10CR) <Address: H'0080 0077>
TOPS8,9 Output Interrupt Control Register (ITOP89CR) <Address: H'0080 0078>
TMSO0,1 Output Interrupt Control Register (ITMSO01CR) <Address: H'0080 0079>
TINO-2 Input Interrupt Control Register (ITINO2CR) <Address: H'0080 007B>
TIN12-19 Input Interrupt Control Register (ITIN1219CR) <Address: H'0080 007C>
TIN20-29 Input Interrupt Control Register (ITIN2029CR) <Address: H'0080 007D>
TIN3-6 Input Interrupt Control Register (ITIN36CR) <Address: H'0080 007E>
CAN1 Transmit/Receive & Error Interrupt Control Register (ICAN1CR) <Address: H'0080 007F>

b0 1 2 3 4 5 6 b7

(b8 9 10 11 12 13 14 b15)

IREO ILEVEL
o | 0 , o 0 0 1 1 1

<After reset: H'07>

b Bit Name Function R W
0-2 No function assigned. Fix to "0" 0 O
(8-10)

3 IREQ <When edge recognized> R W
(11) Interrupt request bit At read

0: Interrupt not requested

1: Interrupt requested

At write

0: Clear interrupt request

1: Generate interrupt request

<When level-recognized> R O
At read

0: Interrupt not requested

1: Interrupt requested

4 No function assigned. Fix to "0" 0 0
(12)

5-7 ILEVEL 000: Interrupt priority level 0 R W
(13-15) Interrupt priority level bits 001: Interrupt priority level 1

010: Interrupt priority level 2
011: Interrupt priority level 3
100: Interrupt priority level 4
101: Interrupt priority level 5
110: Interrupt priority level 6
111: Interrupt priority level 7 (interrupt disabled)
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(1) IREQ (Interrupt Request) bit (Bit 3 or 11)

When an interrupt request from some internal peripheral I/O occurs, the corresponding IREQ (Interrupt Re-
quest) bit is set to "1".

This bit can be set and cleared in software for only edge-recognized interrupt request sources (and not for
level-recognized interrupt request sources). Also, when this bit is set by an edge-recognized interrupt re-
guest generated, it is automatically cleared to "0" by reading the Interrupt Vector Register (IVECT) (not
cleared in the case of level-recognized interrupt request).

If the IREQ bit is cleared in software at the same time it is set by an interrupt request generated, clearing in
software has priority. Also, if the IREQ bit is cleared by reading the Interrupt Vector Register (IVECT) at the
same time it is set by an interrupt request generated, clearing by a read of the IVECT register has priority.

Note: « External Interrupt (El) to the CPU core is not deasserted by clearing the IREQ bit. External
Interrupt (EIl) to the CPU core can only be deasserted by the following operation:
(1) Reset
(2) IVECT register read
(3) Write to the IMASK register

Interrupt request from
each internal peripheral 1/10

) IREQ| Set
Bit3or 11 v
Data bus A ’
Set/clear FIF
Reset
Interrupt enabled IVECT read 3—
IMASK write
Clear
Bits 5-7 or bits 13-15 ILEVEL o - v El
\ 3 Interrupt priority © F/F — To the CPU core

\

(levels 0-7) resolving circuit

Figure 5.2.1 Configuration of the Interrupt Control Register (Edge-recognized Type)

Interrupt request from each : )
group internal peripheral 1/0 : / Group interrupt
Read Read-only circuit

Data bus —1 b3, b1l IREQ L /
-« \I ‘

Reset

IVECT read

Interrupt enabled IMASK Wnteg )
Clear
A4
\ b5-b7, b13-b15 3 ILEVEL ¢ Interrupt priority| Set FIE El To the CPU core
(levels 0-7) - resolving circuit

Figure 5.2.2 Configuration of the Interrupt Control Register (Level-recognized Type)
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(2) ILEVEL (Interrupt Priority Level) (Bits 5-7 or bits 13-15)

These bits set the priority levels of interrupt requests from each internal peripheral I/O. Set these bits to ‘111’
to disable or any value ‘000’ through ‘110’ to enable the interrupt from some internal peripheral 1/O.

When an interrupt occurs, the Interrupt Controller resolves priority between this interrupt and other interrupt
sources based on ILEVEL settings and finally compares priority with the IMASK value to determine whether
to forward an El request to the CPU or keep the interrupt request pending.

The table below shows the relationship between ILEVEL settings and the IMASK values at which interrupts

are accepted.

Table 5.2.1 ILEVEL Settings and Accepted IMASK Values

ILEVEL values set

IMASK values at which interrupts are accepted

0 (ILEVEL = "000")
1 (ILEVEL = "001")
2 (ILEVEL = "010")
3 (ILEVEL = "011")
4 (ILEVEL = "100")
5 (ILEVEL = "101")
6 (ILEVEL = "110")
7 (ILEVEL = "111")

Accepted when IMASK is 1-7
Accepted when IMASK is 2—7
Accepted when IMASK is 3-7
Accepted when IMASK is 4-7
Accepted when IMASK is 5-7
Accepted when IMASK is 6-7
Accepted when IMASK is 7

Not accepted (interrupts disabled)
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5.3 Interrupt Request Sources in Internal Peripheral I/O

The Interrupt Controller receives as inputs the interrupt requests from MJT (multijunction timer), DMAC, serial 1/O,
A-D converter, RTD and CAN. For details about these interrupts, see each section in which the relevant internal

peripheral I/O is described.

Table 5.3.1 Interrupt Request Sources in Internal Peripheral 1/0

Interrupt Request Sources Contents Number of ICU Type of Input
Input Sources  Source ( Note 1)
TIN3-6 input interrupt request TINS3 input 1 Level-recognized
TIN20-29 input interrupt request  TIN20—TIN23 inputs 4 Level-recognized
TIN12-19 input interrupt request TIN16-TIN19 inputs 4 Level-recognized
TINO-2 input interrupt request TINO input 1 Level-recognized
TMSO0,1 output interrupt request  TMSO, TMS1 output 2 Level-recognized
TOP8,9 output interrupt request TOPS8, TOP9 output 2 Level-recognized
TOP10 output interrupt request  TOP10 output 1 Edge-recognized
TIO4-7 output interrupt request  TIO4-TIO7 outputs 4 Level-recognized
T108,9 output interrupt request  TIO8, TIO9 outputs 2 Level-recognized
TOPO-5 output interrupt request  TOPO-TOPS5 outputs 6 Level-recognized
TOPG6,7 output interrupt request TOP6-TOP7 outputs 2 Level-recognized
TIO0-3 output interrupt request  TIOO-TIO3 outputs 4 Level-recognized
DMAO-4 interrupt request DMAO-4 transfer completed 5 Level-recognized
SI01 receive interrupt request SI01 reception-completed or receive error interrupt 1 Edge-recognized
SI01 transmit interrupt request  SIO1 transmission-completed or transmit buffer empty 1 Edge-recognized
interrupt
SI00 receive interrupt request SI00 reception-completed or receive error interrupt 1 Edge-recognized
SI00 transmit interrupt request  SIOO0 transmission-completed or transmit buffer empty 1 Edge-recognized
interrupt
A-DO conversion interrupt request ~ A-DO converter’s scan mode one-shot operation, 1 Edge-recognized
single mode or comparate mode completed
DMAS5-9 interrupt request DMA5-9 transfer completed 5 Level-recognized
S102,3 transmit/receive interrupt  S102,3 reception-completed or receive error interrupt, 4 Level-recognized
request transmission-completed or transmit buffer empty interrupt
RTD interrupt request RTD interrupt generation command 1 Edge-recognized
CANO transmit/receive & error CANO transmission or reception completed, CANO error 35 Level-recognized
interrupt request passive, CANO error bus-off, CANO bus error, single shot
CAN1 transmit/receive & error CANL1 transmission or reception completed, CAN1 error 35 Level-recognized

interrupt request

passive, CANL1 error bus-off, CAN1 bus error, single shot

Note 1: ICU type of input source

« Edge-recognized: Interrupt requests are generated on a falling edge of the interrupt signal supplied to the ICU.
« Level-recognized: Interrupt requests are generated when the interrupt signal supplied to the ICU is held low. For
this type of interrupt, the ICU’s Interrupt Control Register IRQ bit cannot be set or cleared in software.
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5.4 ICU Vector Table

The ICU vector table is used to set the start addresses of interrupt handlers for each internal peripheral I/0. The
32-source interrupt requests (of these, 23 sources are used in the 32182) are assigned the following vector table

addresses.

Table 5.4.1 ICU Vector Table Addresses

Interrupt Request Source

ICU Vector Table Addresses

TIN3-6 input interrupt request
TIN20-23 input interrupt request
TIN12-19 input interrupt request
TINO-2 input interrupt request
(Note 1)

TMSO0,1 output interrupt request
TOP8,9 output interrupt request
TOP10 output interrupt request
TIO4—7 output interrupt request
T108,9 output interrupt request
TOPO-5 output interrupt request
TOPG6,7 output interrupt request
TIO0-3 output interrupt request
DMAO—-4 interrupt request

SI01 receive interrupt request
SI01 transmit interrupt request
SIOO0 receive interrupt request
SI00 transmit interrupt request
A-DO conversion interrupt request
(Note 1)

(Note 1)

DMAS5-9 interrupt request
S102,3 transmit/receive interrupt request
RTD interrupt request

(Note 1)

(Note 1)

(Note 1)

(Note 1)

(Note 1)

(Note 1)

CANO transmit/receive & error interrupt request
CAN1 transmit/receive & error interrupt request

H'0000 0094
H'0000 0098
H'0000 009C
H'0000 00AOQ
H'0000 00A4
H'0000 00A8
H'0000 00AC
H'0000 00BO
H'0000 00B4
H'0000 00B8
H'0000 00BC
H'0000 00CO
H'0000 00C4
H'0000 00C8
H'0000 00CC
H'0000 00DO
H'0000 00D4
H'0000 00D8
H'0000 00DC
H'0000 O0EO
H'0000 OOE4
H'0000 OOES8
H'0000 00EC
H'0000 00FO
H'0000 O0F4
H'0000 00F8
H'0000 O0FC
H'0000 0100
H'0000 0104
H'0000 0108
H'0000 010C
H'0000 0110

H'0000 0097
H'0000 009B
H'0000 009F
H'0000 00A3
H'0000 00A7
H'0000 00AB
H'0000 00AF
H'0000 00B3
H'0000 00B7
H'0000 00BB
H'0000 00BF
H'0000 00C3
H'0000 00C7
H'0000 00CB
H'0000 00CF
H'0000 00D3
H'0000 00D7
H'0000 00DB
H'0000 OODF
H'0000 OOE3
H'0000 OCE7
H'0000 OOEB
H'0000 OOEF
H'0000 O0F3
H'0000 00F7
H'0000 OOFB
H'0000 OOFF
H'0000 0103
H'0000 0107
H'0000 010B
H'0000 010F
H'0000 0113

Note 1: Valid for the interrupt requests in the 32180. No interrupt requests are generated in the 32182.
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5.5 Description of Interrupt Operation

5.5.1 Acceptance of Internal Peripheral 1/O Interrupts

An interrupt request from any internal peripheral I/O is checked to see whether or not to accept by comparing its
ILEVEL value set in the Interrupt Control Register and the IMASK value of the Interrupt Request Mask Register.
If its priority is higher than the IMASK value, the interrupt request is accepted. However, if two or more interrupt
requests occur simultaneously, the Interrupt Controller resolves priority between these interrupt requests follow-
ing the procedure described below.

1) The ILEVEL values set in the Interrupt Control Registers for the respective internal peripheral 1/0Os are
compared with each other.

2) If the ILEVEL values are the same, priorities are resolved according to the predetermined hardware priority.

3) The ILEVEL and IMASK values are compared.

If two or more interrupt requests occur simultaneously, the Interrupt Controller first compares their priority levels
set in each Interrupt Control Register’s ILEVEL bit to select an interrupt request that has the highest priority. If
the interrupt requests have the same ILEVEL value, their priorities are resolved according to the hardware fixed
priority. The interrupt request thus selected has its ILEVEL value compared with the IMASK value and if its
priority is higher than the IMASK value, the Interrupt Controller sends an El request to the CPU.

Interrupt requests may be masked by setting the Interrupt Request Mask Register and the Interrupt Control
Register’'s ILEVEL bit (disabled at level 7) provided for each internal peripheral /0 and the PSW register IE bit.

1) 2) 3)
Interrupt Rgigxziz”otgly Resolve priority Compare with Accept interrupt
requested > 910 L > accordingto > > if PSW register
or not Interrupt Priority hardware griorit IMASK value IE bit —gl
Level (ILEVEL) priority =
settings) : : i Can be accepte
ILEVEL i Can b d
Lovel 3 : : Lovel 3 :  when IMASK = 4-7
eve ' . Leve : :
TIN3-6 input interrupt request : Requested j ] ] >
Level 4 f f CA
TI04-7 output interrupt request : Requested .
: : : Hardware
Level 5 : : © | fixed priorit
TOP8,9 output interrupt request . Requested » } priorty
Level 3 f | Level 3 !
SIOO0 transmit interrupt request : Requested : >
Level 1 : !
DMAO-4 interrupt request : Not requested !
Level 3 5 | Level 3 !
A-DO conversion interrupt request : Requested : >

Figure 5.5.1 Example of Priority Resolution when Accepting Interrupt Requests
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Table 5.5.1 Hardware Fixed Priority Levels

Priority Interrupt Request Source ICU Vector Table Address ICU Type of Input Source

High TIN3-6 input interrupt request H'0000 0094 -  H'0000 0097 Level-recognized
TIN20-23 input interrupt request H'0000 0098 —  H'0000 009B Level-recognized
TIN12-19 input interrupt request H'0000 009C —  H'0000 009F Level-recognized
TINO-2 input interrupt request H'0000 00A0 -  H'0000 00A3 Level-recognized
TMSO,1 output interrupt request H'0000 00A8 —  H'0000 00AB Level-recognized
TOPS8,9 output interrupt request H'0000 00AC -  H'0000 O0AF Level-recognized
TOP10 output interrupt request H'0000 00BO -  H'0000 00B3 Edge-recognized
TIO4—7 output interrupt request H'0000 00B4 -  H'0000 00B7 Level-recognized
T108,9 output interrupt request H'0000 00B8 -  H'0000 00OBB Level-recognized
TOPO-5 output interrupt request H'0000 00BC -  H'0000 00BF Level-recognized
TOP6,7 output interrupt request H'0000 00CO -  H'0000 00C3 Level-recognized
TIO0-3 output interrupt request H'0000 00C4 -  H'0000 00C7 Level-recognized
DMAO—4 interrupt request H'0000 00C8 -  H'0000 00CB Level-recognized
SIO1 receive interrupt request H'0000 00CC -  H'0000 O0CF Edge-recognized
SIO1 transmit interrupt request H'0000 00DO0 -  H'0000 00D3 Edge-recognized
SIOO receive interrupt request H'0000 00D4 -  H'0000 00D7 Edge-recognized
SIO00 transmit interrupt request H'0000 00D8 -  H'0000 00DB Edge-recognized
A-DO conversion interrupt request H'0000 00ODC -  H'0000 OODF Edge-recognized
DMAS5-9 interrupt request H'0000 00OE8 -  H'0000 OOEB Level-recognized
S102,3 transmit/receive interrupt request H'0000 0OEC -  H'0000 OOEF Level-recognized
RTD interrupt request H'0000 00FO —  H'0000 O0OF3 Edge-recognized
CANQO transmit/receive & error interrupt  H'0000 010C -  H'0000 010F Level-recognized
request

v CANL1 transmit/receive & error interrupt  H'0000 0110 -  H'0000 0113 Level-recognized

Low request

Table 5.5.2 ILEVEL Settings and Accepted IMASK Values

ILEVEL values set IMASK values at which interrupts are accepted

0 (ILEVEL = "000")
1 (ILEVEL = "001")
2 (ILEVEL = "010")
3 (ILEVEL = "011")
4 (ILEVEL = "100")
5 (ILEVEL = "101")
6 (ILEVEL = "110")
7 (ILEVEL = "111")

Accepted when IMASK is 1-7
Accepted when IMASK is 2—7
Accepted when IMASK is 3-7
Accepted when IMASK is 4-7
Accepted when IMASK is 5-7
Accepted when IMASK is 6-7
Accepted when IMASK is 7

Not accepted (interrupts disabled)
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5.5.2 Processing by Internal Peripheral I/O Interrupt Handlers

(1) Branching to the interrupt handler

Upon accepting an interrupt request, the CPU branches to the EIT vector entry after performing the hardware
preprocessing as described in Section 4.3, “EIT Processing Procedure.” The EIT vector entry for External
Interrupt (EI) is located at the address H'0000 0080. This address is where the instruction (not the jump
address itself) for branching to the beginning of the interrupt handler routine for external interrupt requests is
written.

(2) Processing in the External Interrupt (El) handler

A typical operation of the External Interrupt (EI) handler (for interrupts from internal peripheral 1/0) is shown
in Figure 5.5.2.

[1] Saving each register to the stack
Save the BPC, PSW and general-purpose registers to the stack. Also, save the accumulator and FPSR
register to the stack as necessary.

[2] Reading the Interrupt Request Mask Register (IMASK) and saving to the stack
Read the Interrupt Request Mask Register and save its content to the stack.

[3] Reading the Interrupt Vector Register (IVECT)

Read the Interrupt Vector Register. This register holds the 16 low-order address bits of the ICU vector table

for the accepted interrupt request source that was stored in it when accepting an interrupt request. When the

Interrupt Vector Register is read, the following processing is automatically performed in hardware:

 The interrupt priority level of the accepted interrupt request (ILEVEL) is set in the IMASK register as a
new IMASK value. (Interrupts with lower priority levels than that of the accepted interrupt request
source are masked.)

* The accepted interrupt request source is cleared (not cleared for level-recognized interrupt request
sources).

« The interrupt request (EI) to the CPU core is dropped.

» The ICU’s internal sequencer is activated to start internal processing (interrupt priority resolution).

[4] Reading and overwriting the Interrupt Request Mask Register (IMASK)
Read the Interrupt Request Mask Register and overwrite it with the read value. This write to the IMASK
register causes the following processing to be automatically performed in hardware:
* The interrupt request (EIl) to the CPU core is dropped.
» The ICU’s internal sequencer is activated to start internal processing (interrupt priority resolution).
Note: « Processing in [4] here is unnecessary when multiple interrupts are to be enabled in [6] below.

[5] Reading the ICU vector table
Read the ICU vector table for the accepted interrupt request source. The relevant ICU vector table
address can be obtained by zero-extending the content of the Interrupt Vector Register that was read in
[3] (i.e., the 16 low-order address bits of the ICU vector table for the accepted interrupt request source).
The ICU vector table must have set in it the start address of the interrupt handler for the interrupt request
source concerned.)

[6] Enabling multiple interrupts
To enable another higher priority interrupt while processing the accepted interrupt (i.e., enabling multiple
interrupts), set the PSW register IE bit to "1".
[7] Branching to the internal peripheral I/O interrupt handler
Branch to the start address of the interrupt handler that was read out in [5].
[8] Processing in the internal peripheral I/O interrupt handler
[9] Disabling interrupts
Clear the PSW register IE bit to "0" to disable interrupts.
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[10] Restoring the Interrupt Request Mask Register (IMASK)
Restore the Interrupt Request Mask Register that was saved to the stack in [2].

[11] Restoring registers from the stack
Restore the registers that were saved to the stack in [1].

[12] Completion of external interrupt processing

Execute the RTE instruction to complete the external interrupt processing. The program returns to the
state in which it was before the currently processed interrupt request was accepted.

(3) Identifying the source of the interrupt request generated

If any internal peripheral I/O has two or more interrupt request sources, check the Interrupt Request Status
Register provided for each internal peripheral I/O to identify the source of the interrupt request generated.

(4) Enabling multiple interrupts

To enable multiple interrupts in the interrupt handler, set the PSW register IE (Interrupt Enable) bit to enable
interrupt requests to be accepted. However, before writing "1" to the IE bit, be sure to save each register
(BPC, PSW, general-purpose registers and IMASK) to the stack.

Note: « Before enabling multiple interrupts, read the Interrupt Vector Register (IVECT) and then the ICU
vector table, as shown in Figure 5.5.2, “Typical Handler Operation for Interrupts from Internal
Peripheral 1/0.”
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El (External Interrupt)
vector entry
[V V]

H'0000 0080 |BRA instruction®
El (External Interrupt)

~ handler

z\JlA

Y

Hardware preprocessing Save BPC to the stack
when EIT is accepted
i (Note 1) [1] Save PSW to the stack

i Save general-purpose
Program being | registers to the stack
executed i

. Read and save Interrupt
b [2]| Request Mask Register
M ;

.

A

H'0080 0004

(IMASK) to the stack

e H < Interrupt 3
generated

Read Interrupt Vector _ f
"""""""" H [3] Register (IVECT) - H'0080 0000

<

. (Note 2)
. :

L]

L]

L]

¥

Read and overwrite

[4] | Interrupt Request Mask
Register (IMASK) (Note 2)

/_\_/ (Note 3)

: ¥

B ICU vector table
[5] Read ICU vector table |« " o ~o

¥ H'0000 0094 T gTierrupt handler

start address

[6] Set PSW register |E bit to 1 | (Note 4) M

3 Mot 10000 0113

[7] Branch to the interrupt handler ~ ~_
for each internal peripheral /0

Hardware postprocessing l
when RTE instruction ¢ ¢
is executed
v Interrupt Interrupt

(Note 1) handler handler [8]
‘ [ ! ¥
Clear PSW register
[9] IE bitto 0
‘ (Note 4)

10 Restore Interrupt Request
[ ] Mask Register (IMASK)
from the stack

!

Restore general-purpose
registers from the stack

(Note 2)

[1] to [12]: Processing of El

[11] Restore PSW from the stack by interrupt handler

Restore BPC from the stack

I - [12] RTE

/\_/

Note 1: For operations at EIT acceptance and return from EIT, also see Section 4.3, "EIT Processing Procedure."

Note 2: Do not read the Interrupt Vector Register (IVECT) or write to the Interrupt Request Mask Register (IMASK)
in the EIT handler unless interrupts are disabled (PSW register IE bit = 0).

Note 3: When multiple interrupts are disabled, execute processing in [4]. Processing in [4] is unnecessary if multiple
interrupts are enabled by executing processing in [6] and [9].

Note 4: To enable multiple interrupts, execute processing in [6] and [9].

Note 5: To reenable interrupts (by setting the IE bit to 1) after reading the Interrupt Vector Register (IVECT),
perform a dummy access to the internal memory, etc. before reenabling interrupts. In the example here,
there is no need to add a dummy access because the ICU vector table is read after reading the IVECT register.
Similarly, to reenable interrupts (by setting the IE bit to 1) after writing to the Interrupt Request Mask Register
(IMASK), perform a dummy access to the internal memory, etc. before reenabling interrupts.

Figure 5.5.2 Typical Handler Operation for Interrupts from Internal Peripheral I/O
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5.6 Description of System Break Interrupt (SBI) Operation

5.6.1 Acceptance of SBI

System Break Interrupt (SBI) is an emergency interrupt which is used when power outage is detected or a fault
condition is notified by an external watchdog timer. The system break interrupt is accepted anytime upon detec-
tion of a falling edge on the SBI# signal input pin no matter how the PSW register IE bit is set, and cannot be

masked.

5.6.2 SBI Processing by Handler

When the system break interrupt generated has been serviced, shut down or reset the system without returning
to the program that was being executed when the interrupt occurred.

SBI (System Break Interrupt)

H'0000 0010

Program being

executed

/\/

Note 1: Do not return to the program that was being executed when the interrupt occurred.

vector entry
~ ~

N

BRA instruction @

L ~

’4

<—— SBI generated

SBI (System Break Interrupt)

handler

Processing to shut
down the system
(Note 1)

Shut down or
reset the system

Figure 5.6.1 Typical SBI Operation
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6.1 Outline of the Internal Memory

The 32182 internally ¢
* 64-Kbyte RAM

ontains the following types of memory:

» 384-Kbytes flash memory

6.2 Internal RAM

Specifications of the internal RAM are shown below.

Table 6.2.1 Specifications of the Internal RAM

Item

Specification

Size

64 Kbytes

Location address

H’0080 4000 to H’'0081 3FFF

Wait insertion

Operates with zero wait states

Internal bus connection

Connected by 32-bit bus

Dual port

By using the Real-Time Debugger (RTD), data can be read (monitored) or written to any area of

the internal RAM via serial communication from external devices independently of the CPU. (See

Chapter 14, “Real-Time Debugger.”)

Notes: « Immediately after power-on reset (for the power-on case in which VDDE also goes up from GND), the value of the

RAM is undefined.

« If the RAM is reset during RAM backup (power for only VDDE is on), the RAM retains the value it had immediately

before being reset.

6.3 Internal Flash Memory

Specifications of the internal flash memory are shown below.

Table 6.3.1 Specifications of the Internal Flash Memory

Item

Specification

Size

M32182F3: 384 Kbytes
M32182F8: 1 Mbyte

Location address

M32182F3: H'0000 0000 to H’'0005 FFFF
M32182F8: H'0000 0000 to H'000F FFFF

Wait insertion

Operates with one wait state

Durability

Can be rewritten 100 times

Internal bus connection

Instruction access: Connected by 64-bit bus (Transfer rates equivalent to zero wait states on 32-bit

bus are possible.)
Data access: Connected by 32-bit bus

Other

Virtual flash emulation function is incorporated. (See Section 6.6, “Virtual Flash Emulation Function.”)
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Internal flash memory area of the M32182F3 (384 Kbytes)

H'0000 0000 16KB Block O
H'0000 4000 8KB Block 1
H0000 6000 8KB Block 2 Unequal blocks
H'0000 8000 32KB Block 3
H'0001 0000
64KB Block 4
H'0002 0000
64KB Block 5
H'0003 0000
64KB Block 6 Equal blocks
H'0004 0000
64KB Block 7
H'0005 0000
64KB Block 8
H'0005 FFFF

Figure 6.3.1 Block Configuration of the M32182F3’s Internal Flash Memory
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Internal flash memory area of the M32182F8 (1 Mbyte)

H'0000 0000 16KB Block 0O
H'0000 4000 8KB Block 1
H'0000 6000 8KB Block 2 Unequal blocks
H'0000 8000 32KB Block 3
H'0001 0000

64KB Block 4
H'0002 0000

64KB Block 5
H'0003 0000

64KB Block 6
H'0004 0000

64KB Block 7
H'0005 0000

64KB Block 8
H'0006 0000

64KB Block 9
H'0007 0000

64KB Block 10
H'0008 0000

64KB Block 11 Equal blocks
H'0009 0000

64KB Block 12
H'000A 0000

64KB Block 13
H'000B 0000

64KB Block 14
H'000C 0000

64KB Block 15
H'000D 0000

64KB Block 16
H'000E 0000

64KB Block 17
H'000F 0000

64KB Block 18
H'000F FFFF

Figure 6.3.2 Block Configuration of the M32182F8'’s Internal Flash Memory
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6.4 Registers Associated with the Internal Flash Memory

A register map associated with the internal flash memory is shown below.

Internal Flash Memory Related Register Map

Address +0 address +1 address See pages
[o]0] b7| b8 bl5
H'0080 01EO Flash Mode Register Flash Status Register 1 6-5
(FMOD) (FSTAT1) 6-6
H'0080 01E2 Flash Control Register 1 Flash Control Register 2 6-8
(FCNT1) (FCNT2) 6-9
H'0080 01E4 Flash Control Register 3 Flash Control Register 4 6-10
(FCNT3) (FCNT4)
H'0080 01E6 (Use inhibited area)
H'0080 01E8 Virtual Flash S Bank Register 0 6-12
(FESBANKO)
H'0080 01EA Virtual Flash S Bank Register 1 6-12
(FESBANK1)
H'0080 01EC Virtual Flash S Bank Register 2 6-12
(FESBANK?2)
H'0080 O1EE Virtual Flash S Bank Register 3 6-12
(FESBANK3)
H'0080 01F0 Virtual Flash S Bank Register 4 6-12
(FESBANK4)
H'0080 01F2 Virtual Flash S Bank Register 5 6-12
(FESBANKS5)
H'0080 01F4 Virtual Flash S Bank Register 6 6-12
(FESBANK®)
H'0080 01F6 Virtual Flash S Bank Register 7 6-12
(FESBANK?7)
6.4.1 Flash Mode Register
Flash Mode Register (FMOD) <Address: H'0080 01E0>
b0 1 3 4 5 6 b7
FPMOD
o | o 0o | 0 | 0 | o ?
<After reset: H'0?>
b Bit Name Function R W
0-6 No function assigned. Fix to "0" 0 0
7 FPMOD 0: FP pin = "low" R -

External FP pin status bit

1: FP pin = "high'

The Flash Mode Register (FMOD) is a read-only status register, with its FPMOD bit indicating the FP (Flash

Protect) pin status.

The internal flash memory is enabled for programming or erase operation only when FPMOD = "1", and is
protected against programming or erase operation when FPMOD = "0".
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6.4.2 Flash Status Registers

There are two registers to indicate the status of the internal flash memory: Flash Status Register 1 (FSTAT1)
located in the SFR area (H’0080 01E1) and Flash Status Register 2 (FSTAT2) included in the internal flash
memory. Use these two status registers (FSTAT1 and FSTAT?2) to control the programming or erase operation
performed on the internal flash memory.

Flash Status Register 1 (FSTAT1)

<Address: H'0080 01E1>

b8 9 10 11 12 13 14 b15
FSTAT
0 0 | 0 | 06 | 0 | o | o 1
<After reset: H'01>
b Bit Name Function R W
8-14 No function assigned. Fix to "0". 0 O
15 FSTAT 0: Busy R -
Ready/busy status bit 1: Ready

Flash Status Register 1 (FSTATL1) is a read-only status register used to know the status of the programming or
erase operation performed on the internal flash memory. When FSTAT ="0" (busy), the internal flash memory is
being programmed or erased, during which time do not start a new programming or erase operation on it. When
FSTAT ="1" (ready), a new programming or erase operation can be started on it.

Furthermore, while FSTAT ="0" (busy), do not operate on the FCNT4 register FRESET bit described later.

6.4.3 Flash Status Register 2 (FSTAT2)

Flash Status Register 2 (FSTAT2)

b8 9 10 11 12 13 14 b15
FBUSY ERASE |WRERRLWRERR2
1 0 0 0 0 ) 0
<After reset: H'80>
b Bit Name Function R W
8 FBUSY 0: Being programmed or erased R -
Flash busy bit 1: Ready state
9 No function assigned. Fix to "0". -
10 ERASE 0: Erase normally operating or terminated R -
Erase status confirmation bit 1: Erase error occurred
11 WRERR1 0: Programming normally operating or terminated R -
Write status confirmation bit 1 1: Programming error occurred
12 WRERR2 0: Programming normally operating or terminated R -
Write status confirmation bit 2 1: Over-programming occurred
13-15 No function assigned. Fix to "0". 0 O
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This status register is included in the internal flash memory, and can be enabled for read by writing the Read
Status command (H'7070) to any address of the internal flash memory. For details, see Section 6.5, “Program-
ming the Internal Flash Memory.”

Flash Status Register 2 (FSTAT2) consists of the following four read-only status bits that indicate the operation
condition of the internal flash memory.

(1) FBUSY (Flash Busy) bit (Bit 8)

The FBUSY bit is used to determine whether the operation on the internal flash memory is finished when it is
being programmed or erased. When FBUSY ="0", it means that the programming or erase operation is being
executed; when FBUSY ="1", the operation is finished.

(2) ERASE (Erase status) bit (Bit 10)

The ERASE bit is used to determine after execution of processing whether the erase operation performed on
the internal flash memory resulted in an error. When ERASE = "0", it means that the erase operation termi-
nated normally; when ERASE ="1", the erase operation terminated in an error.

(3) WRERRL1 (Write status 1) bit (Bit 11)

The WRERRL1 bit is used to determine after completion of processing whether the programming operation
performed on the internal flash memory resulted in an error. When WRERR1 = "0", it means that the pro-
gramming operation terminated normally; when WRERR1 = "1", the programming operation terminated in an
error.

The condition under which WRERR1 is set to "1" is when any bit other than those that must be "0" is found to
be "0" by comparison between the write data and the data in the internal flash memory.

(4) WRERR2 (Write status 2) bit (Bit 12)

The WRERR2 bit is used to determine after execution of processing whether the programming operation
performed on the internal flash memory resulted in an error. When WRERR2 = "0", it means that the pro-
gramming operation terminated normally; when WRERR2 ="1", the programming operation terminated in an
error.

The condition under which WRERR?2 is set to "1" is when the internal flash memory cannot be written to even
by repeating the programming operation a specified number of times.

6-7 32182 Group User’'s Manual (Rev.1.0)



6

INTERNAL MEMORY
6.4 Registers Associated with the Internal Flash Memory

6.4.4 Flash Control Registers

Flash Control Register 1 (FCNT1) <Address: H'0080 01E2>
b0 1 2 3 4 5 6 b7
FENTRY FEMMOD
0 | 0o | o 0 0o | 0 | o 0

<After reset: H'00>

b Bit Name Function R W

0-2 No function assigned. Fix to "0". 0 O

3 FENTRY 0: Normal read R W
Flash E/W enable mode entry bit 1: Program/erase enable

4-6 No function assigned. Fix to "0". 0 O

7 FEMMOD 0: Normal mode R W
Virtual flash emulation mode bit 1: Virtual flash emulation mode

Flash Control Register 1 (FCNT1) consists of the following two bits to control the internal flash memory.

(1) FENTRY (Flash Mode Entry) bit (Bit 3)

The FENTRY bit controls entry to flash E/W enable mode. Flash E/W enable mode can only be entered when
FENTRY ="1".

To set the FENTRY bit to "1", write "0" and then "1" to the FENTRY bit in succession while the FP pin = "high". To
clear the FENTRY bit, check to see that the FSTATL register FSTAT bit = "1" (ready) and then write "0" to the
FENTRY bit.

Note that the following operations cannot be performed while programming or erasing the internal flash
memory (FSTATL register FSTAT bit = "0" (busy)). If one of these operations is attempted, the FENTRY bit
is cleared to "0" in hardware.

1) Writing "0" to the FENTRY bit
2) Entering a low-level signal to the FP pin
3) Entering a low-level signal to the RESET# pin

When running a program resident in the internal flash memory while the FENTRY bit = "0", the El vector entry
is located at the address H’0000 0080 of the internal flash memory. When running the flash write/erase
program in the RAM while the FENTRY bit = "1", the EIl vector entry is located at the address H'0080 4000 of
the RAM, allowing the flash programming/erase operation to be controlled using interrupts.

Table 6.4.1 Changes of the El Vector Entry by FENTRY

FENTRY El Vector Entry Address
0 Internal flash memory area H'0000 0080
1 Internal RAM area H'0080 4000

(2) FEMMOD (Virtual Flash Emulation Mode) bit (Bit 7)

The FEMMOD bit controls entry to virtual flash emulation mode. Virtual flash emulation mode is entered by
setting the FEMMOD bit to "1" while the FENTRY bit = "0". (For details, see Section 6.6, “Virtual Flash
Emulation Function.”)
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Flash Control Register 2 (FCNT2)

<Address: H'0080 01E3>

b8 9 10 11 12 13 14 b15
FPROT
0 | 0 | 0o | o 0 | 0o | o 0
<After reset: H'00>
b Bit Name Function R W
8-14 No function assigned. Fix to "0". 0O 0
15 FPROT 0: Protection by lock bit effective R W
Unlock bit 1: Protection by lock bit invalidated

Flash Control Register 2 (FCNT2) controls invalidation of the internal flash memory protection by a lock bit
(protection against programming/erase operation). Protection of the internal flash memory is invalidated by
setting the FPROT bit to "1", so that any blocks protected by a lock bit can now be programmed or erased.

To set the FPROT bit to "1", write "0" and then "1" to the FPROT bit in succession while the FENTRY bit="1". To
clear the FPROT bit to "0", write "0" to the FPROT bit.

If one of the following operations is attempted, the FPROT bit is cleared to "0".

1) Writing "0" to the FPROT bit
2) Entering a low-level signal to the FP pin
3) Clearing the FENTRY bit to "0"

4) Entering a low-level signal to the RESET# pin

FENTRY =1 |

NO
FENTRY =1
YES
o
I ‘
'_
&
a v
- FPROT =0
A 4
Y FPROT = 1
— A
I
'_
%
ey

FPROT is not set to 1 if a write cycle
to any other area occurs during this time.

Figure 6.4.1 Protection Unlocking Flow
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6 6.4 Registers Associated with the Internal Flash Memory
Flash Control Register 3 (FCNT3) <Address: H'0080 01E4>
b0 1 2 3 4 5 6 b7
FELEVEL
0 | 0 | 0 | 0 | 0o | o | o 0

<After reset: H'00>

b Bit Name Function R W

0-6 No function assigned. Fix to "0". 0 O

7 FELEVEL 0: Normal level R W
Erase margin-up bit 1: Raise erase margin up

Flash Control Register 3 (FCNT3) controls the depth of erase levels when erasing the internal flash memory with one
of erase commands. The internal flash memory erase level can be deepened by setting the FELEVEL bit to "1".

Flash Control Register 4 (FCNT4) <Address: H'0080 01E5>

b8 9 10 11 12 13 14 b15
FRESET

0 | 0 | 0 | 0 | 0o | 0 | o 0

<After reset: H'00>

b Bit Name Function R W

8-14 No function assigned. Fix to "0". 0 O

15 FRESET 0: No operation R W
Flash reset bit 1: Reset

Flash Control Register 4 (FCNT4) controls initializing each status bit of Flash Status Register 2 (FSTAT2) or
canceling a programming/erase operation.

Setting the FRESET bit to "1" initializes each status bit of the FSTAT2 register or cancels a programming/erase
operation.

The FRESET bit is effective only when the FENTRY bit ="1". If the FENTRY bit ="0", the FRESET bit informa-
tion is ignored.

When programming or easing the internal flash memory, make sure the FRESET bit remains "0".

An example for clearing each status of FSTAT2 during a programming/erase operation, and an example for
forcibly terminating (canceling) a programming/erase operation due to time-out are shown below.
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I
FENTRY =0

FENTRY =1

v

Program/erase
the flash memory

* At this point in time,
the FSTAT1 register FSTAT bit = 1 (ready).

NO

v

Programming/erase
operation terminated normally

FRESET =1

FRESET =0

v

Program/erase
the flash memory

Figure 6.4.2 Example of FCNT4 Register Operation 1 (Clearing each status of the FSTAT2 register)

Flash programming/erase operation has timed out

Forcibly terminate

l

FRESET =1

y

FRESET =0

Figure 6.4.3 Example of FCNT4 Register Operation 2 (Forcibly terminating operation when programming/
erasing the internal flash memory)
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6.4.5 Virtual Flash S Bank Registers

Virtual Flash S Bank Register 0 (FESBANKO) <Address: H'0080 01E8>
Virtual Flash S Bank Register 1 (FESBANK1) <Address: H'0080 01EA>
Virtual Flash S Bank Register 2 (FESBANK2) <Address: H'0080 01EC>

Virtual Flash S Bank Register 3 (FESBANK3) <Address: H'0080 O1EE>
Virtual Flash S Bank Register 4 (FESBANKA4) <Address: H'0080 01F0>
Virtual Flash S Bank Register 5 (FESBANKS5) <Address: H'0080 01F2>
Virtual Flash S Bank Register 6 (FESBANKSG6) <Address: H'0080 01F4>
Virtual Flash S Bank Register 7 (FESBANK?7) <Address: H'0080 01F6>
b0 1 2 3 4 5 6 8 9 10 11 12 13 14  bi5
MODENS SBANKAD
o |( o0 | 0 j; O ; O | 0 | 0 | ©O o ;, o0 ; O | O ;3 O | O | 0 | ©O
<After reset: H'0000>
b Bit Name Function R W
0 MODENS 0: Disable virtual flash emulation function R W
Virtual flash emulation enable bit 1: Enable virtual flash emulation function
1-7 No function assigned. Fix to "0". 0 O
8-15 SBANKAD Start address A12—-A19 of the relevant S bank R W

S bank address
Note: « These registers must always be accessed in halfwords.

(1) MODENS (Virtual Flash Emulation Enable) bit (Bit 0)

The MODENS bit can be set to "1" after entering virtual flash emulation mode (by setting the FEMMOD bit to
"1" while the FENTRY bit = "0"). This causes the virtual flash emulation function to be enabled for the S bank
area selected by the SBANKAD bits.

(2) SBANKAD (S Bank Address) bits (Bits 8—15)

The SBANKAD bits are provided for selecting one of the S banks that are separated every 4 KB. Use these
SBANKAD bits to set the eight bits A12—A19 of the 32-bit start address of the desired S bank.

Note:  For details, see Section 6.6, “Virtual Flash Emulation Function.”
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6.5 Programming the Internal Flash Memory

6.5.1 Outline of Internal Flash Memory Programming

To program or erase the internal flash memory, there are following two methods to choose depending on the
situation:

(1) When the flash write/erase program does not exist in the internal flash memory
(2) When the flash write/erase program already exists in the internal flash memory

For (1), set the FP pin = "high", MODO = "high" and MOD1 = "low" to enter boot mode. In this case, the CPU
starts running the boot program immediately after reset.

The boot program transfers the flash write/erase program into the internal RAM. After the transfer, jump to a
location in the RAM and use the RAM-resident program to set the Flash Control Register 1 (FCNT1) FENTRY bit
to "1" to make the internal flash memory ready for programming/erase operation (i.e., placed in boot mode +
flash E/W enable mode).

When the above is done, use the flash write/erase program that has been transferred into the internal RAM to
program or erase the internal flash memory.

For (2), set the FP pin = "high", MODO = "low" and MOD1 = "low" to enter single-chip mode. Transfer the flash
write/erase program from the internal flash memory in which it has been prepared into the internal RAM. After
the transfer, jump to the RAM and use the program transferred into the RAM to set the Flash Control Register 1
(FCNT1) FENTRY bit to "1" to make the internal flash memory ready for programming/erase operation (i.e.,
placed in single-chip mode + flash E/W enable mode).

When the above is done, use the flash write/erase program that has been transferred into the internal RAM to
program or erase the internal flash memory. Or flash E/W enable mode can be entered from external extension
mode by setting the FP pin = "high", MODO = "low" and MOD1 = "high".

During flash E/W enable mode (FP pin = 1, FENTRY = 1), the EIT vector entry for External Interrupt (El) is
relocated to the start address (H'0080 4000) of the internal RAM. During normal mode, it is located in the flash

area (H'0000 0080).
Flash E/W enable mode Normal mode
(FENTRY = 1) (FENTRY = 0)
H'0000 0000 H'0000 0000 —le  Elvector entry
(H'0000 0080)
Internal ROM area Internal ROM area
/\ L—
H'0080 3FFF El vector entry H'0080 3FFF
H'0080 4000 < (H'0080 4000) H'0080 4000
Internal RAM Internal RAM
/\ L—
HOOFF FFFF | o H'00FF FFFF

Figure 6.5.1 El Vector Entry during Flash E/W Enable Mode
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(1) When the flash write/erase program does not exist in the internal flash memory

In this case, the boot program is used to program or erase the internal flash memory. To transfer the write
data, use serial I/O1 in clock-synchronized serial mode.

To program or erase the internal flash memory using a flash programmer, follow the procedure described below.

RAM

Flash
memory

RAM

<Step 1>
« Initial state (Flash write/erase program nonexistent in the internal
FP=LorH MOD1=L MODO=L RESET=L flash memory)
RAM CPU
Boot
Flash program
memory Write data
SI01
External device (e.g., flash programmer)
M32R/ECU
<Step 2>
« Set the FP pin high, MODO pin high and MOD1 pin low to place the
FP=H MODl1=L MODO=H RESET=H flash memory in boot mode + flash E/W enable mode.
? ? ? ? « Dessert reset signal and start up with the boot program.
« Transfer the flash write/erase program into the RAM.
« Jump to the flash write/erase program in the RAM.
Flash write/
erase CPU
program
Boot
Flash program
memery
SIo1
External device (e.g., flash programmer)
M32R/ECU

iy

<Step 3>
« Using the flash write/erase program in the RAM, set the Flash Control
FP=H MODl1=L MODO=H RESET=H Register 1 (FCNT1) FENTRY bit to 1.
? ? ? « Program or erase the internal flash memory using the flash write/erase
program.
- * When finished, reset MODO low and jump to the internal flash memory
Flash write/ or apply a reset to enter normal mode.
erase 4p| CPU
program
Boot
Flash write program
data
4—Imﬁ Write data

M32R/ECU

External device (e.g., flash programmer)

Figure 6.5.2 Procedure for Programming/Erasing the Internal Flash Memory (when the flash write/erase

program does not exist in it)
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6.5 Programming the Internal Flash Memory

RESET# pin

MODO pin

MOD1 pin

FP pin

FENTRY bit

POWER ON

Reset signal deasserted
(Boot program starts)

Mode
selected

Reset signal deasserted

A

/

Settings by the
boot program

| Flash programming/erasing
| by the boot program
<t

Mode
selected

Figure 6.5.3 Internal Flash Memory Write/Erase Timing (when the flash write/erase program does not exist in it)
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(2) When the flash write/erase program already exists in the internal flash memory

In this case, the flash write/erase program prepared in the internal flash memory is used to program or erase
the internal flash memory.

For programming/erase operation here, use the internal peripheral circuits in the manner suitable for the
programming system. (All resources of the internal peripheral circuits such as the data bus, serial I/0O and
ports can be used.)

The following shows an example for programming or erasing the internal flash memory by using serial I/O0 in
single-chip mode.

<Step 1>
« Initial state (Flash write/erase program existing in the internal flash memory)
FP=LorH MOD1=L MODO=L « An ordinary program in the internal flash memory is being executed.
RAM CPU

Flash write/
erase SI00 :
program Write data

External device

M32R/ECU
<Step 2>
« Set the FP pin high, MOD1 pin low and MODO pin low to place the
FP=H MOD1=L MODO=L flash memory in single-chip + flash E/W enable mode.
? ? ? « After determining the FP pin and MOD1 pin levels, transfer the flash
write/erase program from the internal flash memory area into the RAM.

« Jump to the flash write/erase program in the RAM.
Flash write/ | g

RAM erase | CPU
program

Flash )
memory SI00 Write data

External device

M32R/ECU
<Step 3>
« Using the flash write/erase program in the RAM, set the Flash Control

FP=H MOD1 =L MODO =L Register 1 (FCNT1) FENTRY bit to 1.
? F F « Program or erase the internal flash memory using the flash write/erase
program in the RAM.
] * When finished, jump to the program in the flash memory or apply a
Flash write/ % reset to enter normal mode.
RAM erase 4P CPU
program
Flash
memory Flash write
data )
SIo0 Write data
External device

M32R/ECU

Figure 6.5.4 Procedure for Programming/Erasing the Internal Flash Memory (when the flash write/erase
program already exists in it)
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Flash rewrite Flash mode Flash mode

starts turned on turned off
RESET# pin  High or low /. :
MODO pin Low | |

MOD1 pin High or low (single—chip or external Iextension)

FP pin High or low

FENTRY bit

Flash programming/erasing by
the flash write/erase program

< > |

Flash write/erase program ' ‘
transferred into the RAM

Figure 6 .5.5

Internal Flash Memory Write/Erase Timing (when the flash write/erase program already exists in it)
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6.5.2 Controlling Operation Modes during Flash Programming

The microcomputer’s operation mode is set by MODO, MOD1 and Flash Control Register 1 (FCNT1) FENTRY
bit. The table below lists operation modes that may be used when programming or erasing the internal flash

memory.

Table 6.5.1 Operation Modes Set during Flash Programming/Erase

FP MODO MOD1 FENTRY (Note 1) Operation Mode Reset Vector Entry El Vector Entry
0 0 0 0 Single-chip mode Start address of internal Flash area
0 0 0 flash memory (H'0000 0080)
(H'0000 0000)
0 1 0 0 Processor mode Start address of external External area
area
(H'0000 0000) (H'0000 0080)
0 1 External extension Start address of internal Flash area
mode flash memory (H'0000 0080)
(H'0000 0000)
1 0 0 1 Single-chip mode Start address of internal Beginning of internal RAM
+ flash E/W enable flash memory (H'0080 4000)
(H'0000 0000)
1 1 0 0 Boot mode Boot program starts Flash area
running (H'0000 0080)
1 1 0 1 Boot mode + flash Boot program starts Beginning of internal RAM
E/W enable running (H'0080 4000)
1 0 1 1 External extension Start address of internal Beginning of internal RAM
mode + flash E/W flash memory (H'0080 4000)
enable (H'0000 0000)
- 1 1 - Use inhibited - -

Note 1: Indicates the Flash Control Register 1 (FCNT1) FENTRY bit status (— denotes “Don’t care”). However, if FP = "0",
writing "1" to FENTRY only results in it cleared to "0".

(1) Flash E/W enable mode

Flash E/W enable mode is a mode in which the internal flash memory can be programmed or erased. In flash
E/W enable mode, no programs can be executed in the internal flash memory. Therefore, the necessary
program must be transferred into the internal RAM before entering flash E/W enable mode, so that it can be

executed in the RAM.

(2) Entering flash E/W enable mode

Flash E/W enable mode can only be entered when operating in single-chip, external extension or boot mode.
Furthermore, it is only when the FP pin = "high" and the Flash Control Register 1 (FCNT1) FENTRY bit = "1"
that flash E/W enable mode can be entered. Flash E/W enable mode cannot be entered when operating in
processor mode or the FP pin = "low".
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(3) Detecting the MODO and MODL1 pin levels

The MODO and MODL1 pin levels ("high" or "low") can be known by checking the P8 Data Register (Port Data
Register, H'0080 0708) MODODT and MOD1DT bits.

P8 Data Register (P8DATA)

<Address: H'0080 0708>

b0 1 2 3 4 5 6 b7
MODODT|MOD1DT| P82DT | P83DT | P84DT | P85DT | P86DT | P87DT
? ? ? ? ? ? ? ?
<After reset: Undefined>
b Bit Name Function R W
0 MODODT 0: MODO pin = "low" R -
MODO data bit 1: MODO pin = "high"
1 MOD1DT 0: MOD1 pin = "low" R -
MOD1 data bit 1: MOD1 pin = "high"
2 P82DT At read R W
Port P82 data bit Depends on how the Port Direction Register is set
3 P83DT « If direction bit = "0" (input mode)
Port P83 data bit 0: Port input pin = "low"
4 P84DT 1: Port input pin = "high"
Port P84 data bit « If direction bit = "1" (output mode) (Note 1)
5 P85DT 0: Port output latch ="0" / Port pin level = "low"
Port P85 data bit 1: Port output latch = "1" / Port pin level = "high"
6 P86DT At write
Port P86 data bit Write to the port output latch
7 P87DT

Port P87 data bit

Note 1: To select the port data to read, use the Port Input Special Function Control Register’s port input data select bit (PISEL).
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( START )

Enter one of the following modes:
« Single-chip mode
* Boot mode

« External extension mode FMOD(H'0080 01EQ)
FPMOD
P8DATA(H'0080 0708)

DO = MODODT
D1 =MOD1DT

Check NO

MODO/1 and FP pin
levels
OK h 4
END

Transfer the flash write/erase program
into the internal RAM

Set the Flash Control Register in SFR area
(FCNT1, H'0080 01E2) FENTRY bitto 0

Switched to the flash write/erase
program

Set the Flash Control Register in SFR area
(FCNT1, H'0080 01E2) FENTRY bit to 1

— Go to flash E/W enable mode

Wait for 1 ps
(using a hardware or software timer)

Execute flash write/erase command and
various read commands (Note 1)

Jump to the flash memory or apply reset

Switched to normal mode

END

Note 1: For details about each command, see Section 6.5.4, "Procedure for Programming/Erasing
the Internal Flash Memory."

Figure 6.5.6 Procedure for Entering Flash E/W Enable Mode
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6.5.3 Procedure for Programming/Erasing the Internal Flash Memory

To program or erase the internal flash memory, set up chip mode to enter flash E/W enable mode and execute the
flash write/erase program in the internal RAM into which it has been transferred from the internal flash memory.

In flash E/W enable mode, because the internal flash memory cannot be accessed for read as in normal mode,
no programs present in it can be executed. Therefore, the flash write/erase program must be made available in
the internal RAM before entering flash E/W enable mode. (Once flash E/W enable mode is entered into, only
flash commands and no other commands can be used to access the internal flash memory.)

To access the internal flash memory in flash E/W enable mode, issue commands for the internal flash memory
address to be operated on. The table below lists the commands that can be issued in flash E/W enable mode.

Note: « During flash E/W enable mode, the internal flash memory cannot be accessed for read or write
wordwise.

Table 6.5.2 Commands in Flash E/W Enable Mode

Command Name Issued Command Data

Read Array command H'FFFF

Page Program command H'4141

Lock Bit Program command H7777

Block Erase command H'2020

Erase All Unlocked Blocks command H'A7A7

Read Status Register command H'7070

Clear Status Register command H'5050

Read Lock Bit Status command H'7171

Verify command (Note 1) H'DODO

Note 1: « This command is used in conjunction with Lock Bit Program, Block Erase and Erase All Unlocked Blocks
operations.

» This command must be issued immediately after the Lock Bit Program, Block Erase or Erase All Unlocked Blocks

command.

« If the Lock Bit Program, Block Erase or Erase All Unlocked Blocks command is followed by the Read Array com-
mand (H'FFFF), the Lock Bit Program, Block Erase or Erase All Unlocked Blocks command is canceled.

« If the Lock Bit Program, Block Erase or Erase All Unlocked Blocks command is followed by other than the Verify
(H'DODO) or Read Array (H'FFFF) command, the Lock Bit Program, Block Erase or Erase All Unlocked Blocks

command is not executed normally and terminated in error.

(1) Read Array command

Writing the command (H'FFFF) to any address of the internal flash memory places it in read mode. Then read
the desired flash memory address, and the content of that address will be read out.
Before exiting flash E/W enable mode, always be sure to execute the Read Array command.

C START )
!

Write the Read Array command (H'FFFF)
to any address of the internal flash memory

l

Read the desired flash memory address

Figure 6.5.7 Read Array Command
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(2) Page Program command

The internal flash memory is programmed one page at a time, each page consisting of 256 bytes (lower
addresses H'00 to H'FF). To program the flash memory, write the Page Program command (H'4141) to any
address of the internal flash memory and then the program data to the address to be programmed.

The protected flash memory blocks cannot be accessed for write by the Page Program command.

Page programming is automatically performed by the internal control circuit, and whether the Page Program
command has finished can be known by checking the Flash Status Register 1 (FSTAT1) FSTAT bit. (See
Section 6.4.2, “Flash Status Registers.”) While the FSTAT bit = "0" (busy), the next programming (by the
Page Program command) cannot be performed.

( START )

A 4
Write the Page Program command
(H'4141) to any address of
the internal flash memory

A

Write the program data to the internal flash
memory address to be programmed (Note 1)

v
Write the next program data to the
previously programmed address + 2

!

Finished programming
one page?

i YES

Internal flash memory is programmed
by Page Program (Note 2)

v

Wait for 1 ps
(using a hardware or software timer)

<

v

NO

FSTAT bit =1

YES
NO

Read any address of the internal flash
memory (Note 3) to check for programming
To next page error (see Figure 6.4.2) i YES

Forcibly terminated
(see Figure 6.4.3.)

NO

Last address?

»
<

Note 1: Start programming from the beginning of a 256-byte boundary (lower address H'00).

Note 2: When a programming operation started, the internal flash memory is automatically readied to run the Read Status command,
so that there is no need to enter the Read Status command until another command is entered.

Note 3: Inspect the Flash Status Register 2 ERASE (erase status), WRERRL1 (write status 1) and WRERR2 (write status 2) bits to check
for programming error.

Figure 6.5.8 Page Program Command
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(3) Lock Bit Program command

The internal flash memory can be protected against programming/erase operation one block at a time. The
Lock Bit Program command is provided for protecting the flash memory blocks.

Write the Lock Bit Program command (H'7777) to any address of the internal flash memory. Next, write the
Verify command (H’'DODO) to the last even address of the flash memory block to be protected, and this
memory block is thereby protected against programming/erase operation. To remove protection, use the
Flash Control Register 2 (FCNT2) FPROT bit to invalidate protection by a lock bit (see Section 6.4.3, “Flash
Control Registers”) and erase the flash memory block whose protection is to be removed. (The content of
that memory block is also erased.)

Executing a programming/erase operation on flash memory blocks protected by a lock bit results in an error.
If erased, the FSTAT2 register ERASE bit is set to "1" (erase error occurred); if programmed, the FSTAT2
register WRERRL1 bit is set to "1" (programming error occurred).

The table below lists the target flash memory blocks and their addresses to be specified when writing the
Verify command.

Table 6.5.3 M32182F3 Target Blocks and Specified Addresses

Target Block Specified Address

H'0000 3FFE

H'0000 5FFE

H'0000 7FFE

H'0000 FFFE

H'0001 FFFE

H'0002 FFFE

H'0003 FFFE

H'0004 FFFE

N~ WIN| L |O

H'0005 FFFE

Table 6.5.4 M32182F8 Target Blocks and Specified Addresses

Target Block Specified Address
0 H'0000 3FFE
1 H'0000 5FFE
2 H'0000 7FFE
3 H'0000 FFFE
4 H'0001 FFFE
5 H'0002 FFFE
6 H'0003 FFFE
7 H'0004 FFFE
8 H'0005 FFFE
9 H'0006 FFFE
10 H'0007 FFFE
11 H'0008 FFFE
12 H'0009 FFFE
13 H'000A FFFE
14 H'000B FFFE
15 H'000C FFFE
16 H'000D FFFE
17 H'000E FFFE
18 H'000F FFFE
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C START >

A 4
Write the Lock Bit Program command
(H'7777) to any address of the
internal flash memory

y

Write the Verify command (H'DODO)

to the last even address of the flash
memory block to be protected

v

Lock bit is programmed
by Lock Bit Program (Note 1)

l

Wait for 1 s
(using a hardware or software timer)

4
NO
FSTAT bit=1
YES
NO
Read any address of the internal flash YES

memory (Note 2) to check for
programming error (see Figure 6.4.2)

Forcibly terminated
(see Figure 6.4.3.)

A

END

Note 1: When a programming operation started, the internal flash memory is automatically readied to run the Read Status
command, so that there is no need to enter the Read Status command until another command is entered.

Note 2: Inspect the Flash Status Register 2 ERASE (erase status), WRERR1 (write status 1) and WRERR?2 (write status 2)
bits to check for programming error.

Figure 6.5.9 Lock Bit Program Command
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(4) Block Erase command

The Block Erase command erases the content of the internal flash memory one block at a time. To perform
this operation, write the Block Erase command (H’2020) to any address of the internal flash memory. Next,
write the Verify command (H’'DODO) to the last even address of the flash memory block to be erased (see
Table 6.5.3, “M32182F3 Target Blocks and Specified Addresses”).
The protected flash memory blocks cannot be erased by the Block Erase command.

Block erase operation is automatically performed by the internal control circuit, and whether the Block Erase
command has finished can be known by checking the Flash Status Register 1 (FSTAT1) FSTAT bit. (See
Section 6.4.2, “Flash Status Registers.”) While the FSTAT bit = "0" (busy), the next block erase operation (by

the Block Erase command) cannot be performed.

( START )

A

Write the Block Erase command
(H'2020) to any address of the
internal flash memory

Write the Verify command (H'DODO) to
the last even address of the flash
memory block to be erased

v

Internal flash memory contents
are erased by the Block Erase
command (Note 1)

l

Wait for 1 ps
(using a hardware or software timer)

NO

FSTAT bit=1

YES

Read any address of the internal flash
memory (Note 2) to check for erase
error (see Figure 6.4.2)

<

YES

Forcibly terminated
(see Figure 6.4.3.)

A

END

Note 1: When an erase operation started, the internal flash memory is automatically readied to run the Read Status command,
so that there is no need to enter the Read Status command until another command is entered.
Note 2: Inspect the Flash Status Register 2 ERASE (erase status), WRERRL1 (write status 1) and WRERR2 (write status 2) bits

to check for erase error.

Figure 6.5.10 Block Erase Command
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(5) Erase All Unlocked Blocks command

The Erase All Unlocked Blocks command erases all flash memory blocks that are not protected. To erase all
unlocked blocks, write the command (H'A7A7) to any address of the internal flash memory. Next, write the
Verify command (H’'DODO) to any address of the internal flash memory, and all unlocked memory blocks are
thereby erased.

( START >

A
Write the Erase All Unlocked Blocks

command (H'A7A7) to any address of the
internal flash memory

N

Write the Verify command (H'DODO) to
any address of the internal flash memory

v

Flash memory contents are erased
by Erase All Unlocked Blocks
(Note 1)

|

Wait for 1 ps
(using a hardware or software timer)

) 4
NO
FSTAT bit=1
YES
NO
Read any address of the internal flash YES

memory (Note 2) to check for erase
error (see Figure 6.4.2)

Forcibly terminated
(see Figure 6.4.3.)

< |

A

END

Note 1: When an erase operation started, the internal flash memory is automatically readied to run the Read Status command,
so that there is no need to enter the Read Status command until another command is entered.

Note 2: Inspect the Flash Status Register 2 ERASE (erase status), WRERRL1 (write status 1) and WRERR?2 (write status 2) bits
to check for erase error.

Figure 6.5.11 Erase All Unlocked Blocks Command
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(6) Read Status Register command

The Read Status Register command reads the content of Flash Status Register 2 (FSTAT2) that indicates
whether flash memory programming or erase operation has terminated normally. To read Flash Status Reg-
ister 2, write the Read Status Register command (H'7070) to any address of the internal flash memory. Next,
read any address of the internal flash memory, and Flash Status Register 2 (FSTATZ2) will be read out.

¢ START )

A 4
Write the Read Status Register
command (H'7070) to any address

of the internal flash memory

v

Read any address of the
internal flash memory

END

Figure 6.5.12 Read Status Register Command

(7) Clear Status Register command

The Clear Status Register command clears the Flash Status Register 2 ERASE (erase status), WRERR1
(write status 1) and WRERR?2 (write status 2) bits to "0". Write the Clear Status Register command (H'5050)
to any address of the internal flash memory, and Flash Status Register 2 is thereby initialized.

If an error occurs when programming or erasing the internal flash memory and the Flash Status Register 2
ERASE (erase status), WRERRZ1 (write status 1) or WRERR2 (write status 2) bit is set to "1", the next
programming or erase operation cannot be executed unless each status bit is cleared to "0".

¢ START )

A

Write the Clear Status Register command (H'5050)
to any address of the internal flash memory

END

Figure 6.5.13 Clear Status Register Command
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(8) Read Lock Bit Status command

The Read Lock Bit Status command is provided for checking whether a flash memory block is protected
against programming/erase operation. Write the Read Lock Bit Status command (H'7171) to any address of
the internal flash memory. Next, read the last even address of the flash memory block to be checked (see
Table 6.5.3, “M32182F3 Target Blocks and Specified Addresses”), and the read data shows whether the
target block is protected.

If the FLBSTO (lock bit 0) and FLBST1 (lock bit 1) in the read data both are "0", it means that the target
memory block is protected. If the FLBSTO (lock bit 0) and FLBST1 (lock bit 1) both are "1", it means that the
target memory block is not protected.

¢ START )

A
Write the Read Lock Bit Status command
(H'7171) to any address of the
internal flash memory

v
Read the last even address of the
flash memory block to be checked

END

Figure 6.5.14 Read Lock Bit Status Command
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Lock Bit Status Register (FLBST)

b0 1 2 3 4 7 8 9 10 11 12 13 14 b15
FLBSTO FLBSTI
? ? B g 4 3 Z ? ] ? ? ? ?2 0 ? 0 2?2 | 2?2 | ?
<After reset: Undefined>
b Bit Name Function R W
0 No function assigned. ? -
1 FLBSTO 0: Protected R -
Lock bit O 1: Not protected
2-8 No function assigned. ? -
9 FLBST1 0: Protected R -
Lock bit 1 1: Not protected

(Same content as FLBSTO is output)

10-15 No function assigned.

The Lock Bit Status Register is a read-only register, which is included for each memory block independently of

one another. The following shows how the lock bits in this register are set.

a) Setting the lock bit to "0" (protected)

Issue the Lock Bit Program command (H'7777) to the memory block to be protected.

b) Setting the lock bit to "1" (not protected)

Set the Flash Control Register 2 FPROT bit to invalidate protection by a lock bit, then issue the Block Erase
command (H'2020) or Erase All Unlocked Blocks command (H'A7A7) to erase the memory block which is to
be unprotected. This is the only way to set the lock bit to "1". In no way can the lock bit alone be set to "1".

c) Lock bit status after reset

Because the lock bits are nonvolatile, they are unaffected by a reset and power-off.
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6.5.4 Flash Programming Time (Reference)
The following shows the time needed to program internal flash memory for reference.

(1) Time required for transfer by SIO (for a transfer data size of 384 KB)

1/57,600 bps x 1 (frame) x 11 (number of bits transferred) x 384 KB = approx. 75.1 [s]

(2) Time required for programming the flash memory

384 KB / 256-byte block x 8 ms = approx. 12.3 [s]

(3) Time required for erasing the entire area

50 ms x 9 (blocks) = approx. 450 [ms]

(4) Total flash programming time (entire 384 KB area)

When communicating at 57,600 bps via UART, the flash programming time can be ignored because it is very
short compared to the serial communication time. Therefore, the total flash programming time can be calcu-
lated using the equation below.

(1) + (3) = approx. 76 [s]
If the transfer time can be ignored by speeding up the serial communication or by other means, the fastest
programming time possible can be calculated using the equation below.

(2) + (3) = approx. 13 [s]
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6.6 Virtual Flash Emulation Function

The microcomputer has the function to map 4-Kbyte memory blocks beginning with the address H'0080 8000 into
areas (S banks) of the internal flash memory that are divided in 4-Kbyte units. This functions is referred to as the
Virtual Flash Emulation Function.

This function allows the data located in 4-Kbyte blocks of the internal RAM to be changed with the contents of
internal flash memory at the addresses specified by the Virtual Flash S Bank Register. That way, the relevant RAM
data can read out by reading the content of internal flash memory.

For applications that require modifying the contents of internal flash memory (e.g., data table) during operation,
this function enables dynamic data modification by modifying the relevant RAM data.

The RAM blocks allocated for virtual flash emulation can be accessed for read and write the same way as in usual RAM.
This function, when used in combination with the microcomputer’s internal Real-Time Debugger (RTD), allows the
data table, etc. created in the internal flash memory to be referenced or rewritten from the outside, thereby facili-
tating data table tuning from an external device.

Note: « Before programming/erasing the internal flash memory, always be sure to exit this virtual flash
emulation mode.

H'0080 4000 '

(Cannot be used for
virtual flash emulation)

H'0080 8000 RAM bank block 0
(FESBANKO)

4 Kbytes
H'0080 9000 RAM bank block 1
(FESBANKT)

4 Kbytes
H'0080 AOOO RAM bank block 2
(FESBANK?2)

4 Kbytes
H'0080 BOOO RAM bank block 3
(FESBANK3)

4 Kbytes

H'0080 C0O00 RAM bank block 4
(FESBANK4)

4 Kbytes
H'0080 DO0O RAM bank block 5
(FESBANKS5)

4 Kbytes
H'0080 EO0O RAM bank block 6
(FESBANK6)

4 Kbytes
H'0080 FO0O RAM bank block 7

(FESBANK?Y)
4 Kbytes

Internal RAM area

H'0081 0000

(Cannot be used for
virtual flash emulation)

H'0081 3FFF

Figure 6.6.1 Internal RAM Bank Configuration of the M32182F3
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6.6.1 Virtual Flash Emulation Area

The following shows the internal flash memory areas in which the Virtual Flash Emulation Function is applicable.

Using the Virtual Flash S Bank Register (FESBANKO-FESBANKY), select one among all S banks of internal
flash memory that are divided in 4-Kbyte units (by setting the eight start address bits A12—A19 of the desired S
bank in the Virtual Flash S Bank Register SBANKAD bits). Then set the Virtual Flash S Bank Register’s flash
emulation enable bit (MODENS) to "1", and the selected S bank area will be replaced with 4-Kbyte blocks of the
internal RAM beginning with the address H'0080 8000, up to eight such blocks in all.

Notes: ¢ If the same bank area is set in two or more Virtual Flash S Bank Registers (FESBANKO-
FESBANK?7) and each register’s flash emulation enable bit (MODENS) is set to "1" (enabled), the
bank is assigned the corresponding internal RAM area (4-Kbyte) according to the priority of Virtual
Flash S Bank Registers given below.

FESBANKO > FESBANK1 > FESBANK2 > FESBANK3 > FESBANK4 > FESBANKS5 >
FESBANKG6 > FESBANK7

« During virtual flash emulation mode, RAM can be accessed for read and write from both the
internal RAM area and the flash emulation areas set in the internal flash memory.

* Before reading any flash emulation area after setting the Flash Control Register 1 (FCNT1) flash
emulation mode bit (FEMMOD) to "1", be sure to check that the flash emulation mode bit
(FEMMOD) has been set to "1" by reading it once.

» Before reading any flash emulation area after setting the Virtual Flash S Bank Register
(FESBANKO-FESBANKY) flash emulation enable bit (MODENS) and bank address bits
(SBANKAD), be sure to check that those MODENS and SBANKAD bits have been set to the
intended values by reading them once.
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H'0000 0000
H'0000 1000

H'0000 2000

H'0005 D000
H'0005 E000

H'0005 FOOO

<Internal flash>

(4 Kbytes)

S bank 1
(4 Kbytes)

S bank 2
(4 Kbytes)

S bank 93
(4 Kbytes)

S bank 94
(4 Kbytes)

S bank 95
(4 Kbytes)

S bank 0 I

Notes: ¢ If the same bank area is set in two or more Virtual Flash S Bank Registers (FESBANKO-FESBANK?7) and each register's flash
emulation enable bit (MODENS) is set to 1, the bank is assigned the corresponding internal RAM area in order of priority:
FESBANKO > FESBANK1 > FESBANK2 > FESBANK3 > FESBANK4 > FESBANKS5 > FESBANKG6 > FESBANK?7.

« If any 4-Kbyte area (S bank) specified by the Virtual Flash S Bank Register is accessed, its corresponding internal RAM area
is accessed. During virtual flash emulation mode, RAM can be accessed for read and write from both the internal RAM area and
the flash emulation areas set in the internal flash memory.

<Internal RAM>

H0080 4000
4 Kbytes H0080 8000
4 Kbytes H0080 9000
4 Kbytes H0080 A000
4 Kbytes H0080 BOOO
4 Kbytes H0080 C000
4 Kbytes H0080 D00D
4 Kbytes H0080 E000
4 Kbytes H0080 FO0O

H'0081 3FFF

Figure 6.6.2 Virtual Flash Emulation Area of the M32182F3

H'0000 0000
H'0000 1000

H'0000 2000

H'000F D000
H'000F EO0O0

H'000F FO00

Notes: ¢ If the same bank area is set in two or more Virtual Flash S Bank Registers (FESBANKO-FESBANK7) and each register's flash
emulation enable bit (MODENS) is set to 1, the bank is assigned the corresponding internal RAM area in order of priority:
FESBANKO > FESBANK1 > FESBANK2 > FESBANK3 > FESBANK4 > FESBANKS5 > FESBANKG > FESBANK?7.

« If any 4-Kbyte area (S bank) specified by the Virtual Flash S Bank Register is accessed, its corresponding internal RAM area
is accessed. During virtual flash emulation mode, RAM can be accessed for read and write from both the internal RAM area and

<Internal flash>

S bank 0
(4 Kbytes)

Sbank 1
(4 Kbytes)

S bank 2
(4 Kbytes)

S bank 253
(4 Kbytes)

S bank 254
(4 Kbytes)

S bank 255
(4 Kbytes)

the flash emulation areas set in the internal flash memory.

|
M—PM—PM—VM—P‘M—PM—PM—M—N

<Internal RAM>

H'0080 4000
4 Kbytes H'0080 8000
4 Kbytes H'0080 9000
4 Kbytes H'0080 AO0O
4 Kbytes H'0080 BOOO
4 Kbytes H'0080 CO00
4 Kbytes H'0080 DO0O
4 Kbytes H'0080 E000
4 Kbytes H'0080 FO00

H0081 3FFF

Figure 6.6.3 Virtual Flash Emulation Area of the M32182F8

6-33

32182 Group User’'s Manual (Rev.1.0)



INTERNAL MEMORY

) )

(SIS

S bank Start address of S bank Values set in S bank
in flash memory address (SBANKAD) bits
H'0000 0000 .
k g H'00
S bank 0 (Note 1)
H'0000 1000 .
S bank 1 (Nofe 1) H'01
S bank 2 H0000 2000 H02
(Note 1)
H'0005 E000 H'5E
S bank 94 (Note 1)
S bank 95 H'0005 FO00 H'5F
(Note 1)

Note 1: Set the eight start address bits A12-A19 of each S bank of internal flash memory that is divided in 4-Kbyte units
in the Virtual Flash S Bank Register's S bank address (SBANKAD) bits.

Figure 6.6.4 Values Set in the M32182F3'’s Virtual Flash S Bank Register

))

(¢

S bank Start address of S bank Values set in S bank
in flash memory address (SBANKAD) bits
H'0000 0000 .
S bank 0 puslhg H'00
an (Note 1)
H'0000 1000 .
S bank 1 (Nofe 1) H'01l
S bank 2 H0000 2000 H'02
(Note 1)
L]
L L] ~
~ : ~
H'000F E00O0 !
k 254 H'FE
S bank 25 (Note 1)
S bank 255 H'000F FO00 H'FF
(Note 1)

Note 1: Set the eight start address bits A12-A19 of each S bank of internal flash memory that is divided in 4-Kbyte units
in the Virtual Flash S Bank Register's S bank address (SBANKAD) bits.

Figure 6.6.5 Values Set in the M32182F8'’s Virtual Flash S Bank Register

32182 Group User’'s Manual (Rev.1.0)




INTERNAL MEMORY
6 6.6 Virtual Flash Emulation Function

6.6.2 Entering Virtual Flash Emulation Mode

To enter virtual flash emulation mode, set the Flash Control Register 1 (FCNT1) FEMMOD bit by writing "1".
After entering virtual flash emulation mode, set the Virtual Flash S Bank Register MODENS bit to "1" to enable
the Virtual Flash Emulation Function.

Even during virtual flash emulation mode, the internal RAM area (H’0080 8000 through H'0080 FFFF) can be
accessed the same way as in usual internal RAM.

< Settings start >
}

Write flash data to RAM

}

Enter virtual flash emulation mode
FEMMOD « 1

!

Set RAM location address in
Virtual Flash S Bank Register
SBANKADN «— Address A12—-A19

!

Enable virtual flash emulation
MODENS « 1

|

( Settings completed )

Figure 6.6.6 Virtual Flash Emulation Mode Sequence
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6.6.3 Application Example of Virtual Flash Emulation Mode

By using two RAM areas that have been set in the same flash area by the Virtual Flash Emulation Function, the

data in the flash memory can be replaced succes

sively.

(1) Operation when reset

Flash memory

Bank xx Initial value

4— Replace area

RAM block O

4— Data write to RAMO

RAM block 1

(2) Programming operation using RAM blo

ck O

Flash memory

Replaced
Bank xx Initial value <—| RAM block 0 |
Bank xx specified
]
RAM block 0
RAM block 1 4— Data write to RAM1

(3) Programming operation switched from

RAM block 0 to RAM block 1

Flash memory

Replaced
Bank xx Initial value 4—| RAM block O | | RAM block 1 |
Bank xx specified Bank xx specified
inas invali
RAM block O (settings invalid)
RAM block 1

Figure 6.6.7 Application Example of Virtual Flash Emulation Mode (1/2)
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(4) Programming operation using RAM block 1

Flash memory

Replaced

RAM block 1 |

Bank xx specified

Bank xx Initial value
(Bank specification cleared)
RAM block O ¢— Data write to RAMO
RAM block 1

(5) Programming operation switched from RAM block 1 to RAM block 0

Flash memory

Replaced
Bank xx Initial value <—| RAM block 0 RAM block 1 |
Bank xx specified Bank_ XX s_pecif_ied
RAM block 0 (settings invalid)
RAM block 1 ’
(6) Goto (2)

Note: Enclosed in I:] are the valid area.

Figure 6.6.8 Application Example of Virtual Flash Emulation Mode (2/2)
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6.7 Connecting to A Serial Programmer

For the internal flash memory to be rewritten in boot mode + flash E/W enable mode by using a general-purpose
serial programmer, several pins on the microcomputer must be processed to make them suitable for the serial

programmer, as shown below.

Table 6.7.1 Processing Microcomputer Pins before Using a Serial Programmer

Pin Name Pin No. Function Remark
SCLKI1 103 Transfer clock input Need to be pulled high
RXD1 104 Serial data input (received data) Need to be pulled high
TXD1 105 Serial data output (transmit data)
P84 106 Transmit/receive enable output Need to be pulled high
FP 111 Flash memory protect Connect to the main power supply
MODO 112 Operation mode 0 Connect to the main power supply
MOD1 113 Operation mode 1 Connect to ground
esene i e Do o
JTRST 26 JTAG reset Pull low via resistor
XIN 16 Clock input
XOuT 18 Clock output
VCNT 14 Control input for PLL circuit
OSC-vCC |15 PLL circuit power supply Connect to the main power supply
OSC-VSS |17 PLL circuit ground Connect to ground
VREFO 38 ?g:;?:re voltage input for A-D Connect to the main power supply
AVCCO 37 Analog power supply Connect to the main power supply
AVSSO0 47 Analog ground Connect to ground
VDDE 117 RAM backup power supply Connect to the main power supply
VCCE 13,58,101,119 Main power supply 5V+-10% or3.3V +-10%
VCC-BUS 78,143 Bus power supply Depends on the target system
EXCVCC 59,116 Internal power supply Need to be grqunded to earth via
EXCVDD 114 bypass capacitor
VSS 56,57,77,102,115,118,144 |Ground ov
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The diagram below shows an example of a user system configuration which has had a serial programmer con-
nected. After the user system is powered on, the serial programmer writes to the internal flash memory in clock-
synchronized serial mode. No communication problems associated with the oscillator frequency may occur. If the
system uses any pins that are to be connected to a serial programmer, care must be taken to prevent adverse
effects on the system when a serial programmer is connected. Note that the serial programmer uses the ad-
dresses H'0000 0084 through H'0000 008F as an area in which to check the ID for flash memory protection. If the
internal flash memory needs to be protected, set any ID in this area.

User system board
Connect to the VCCE (5 or 3.3 V)
power supply rail
<
VCCE
VDDE
0OScC-vCC
Connect to AVCCO
Main power supply the user
Connect to the system power VREFO
VCCE (50r3.3V)  supply rail
power supply rail
< EXCVCC
¢ [ | EXCVDD
Flash programmer signals Connector 77
W 3 VCC-BUS
lain power supply
(for referencesj
RxD (input) P85/TXD1
TxD (output) O P86/RXD1
SCLKO (output) P87/SCLKIT/SCLKO1
BUSY (input) O P84/SCLKIO/SCLKOO
MODO (output) O MODO
FP (output) O Fp
RESET (output) O RESET#
GND (common) O VSS
AVSSO
OSC-VSS
To system circuit —/———— | MOD1
| - —W\— JTRST
. 2kW
Set microcomputer ————— 77
operating conditions
—] XIN
L]
—| XouT
e
b 32182
777

Notes: « Turn on the power for the user system before writing to the internal flash memory.
« If P84-P87 are used in the system circuit, connection to a serial programmer must be taken into consideration.
+ SBI# must be fixed high or low to ensure that no interrupts will be generated.
+ The pullup resistance values of P84, P86 and P87 must be selected to suit the system design condition.
« The typical pullup resistance values of P84, P86 and P87 are 4.7 to 10 KW.
« The status of any other ports that are not shown here will not affect flash memory programming.
+ Make sure the mode setting pin/power supply voltages do not fluctuate to prevent unintended changes of modes
while rewriting the internal flash memory.

Figure 6.7.1 Pin Connection Diagram
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6.8 Internal Flash Memory Protect Function

The internal flash memory has the following four types of protect functions to prevent it from being inadvertently
rewritten or illegally copied, programmed or erased.

(1) Flash memory protect ID

When using a tool to program/erase the internal flash memory such as a general-purpose programmer or emu-
lator, the ID entered by a tool and the ID stored in the internal flash memory are collated. Unless the correct ID
is entered, no programming/erase operations can be performed. (For some tools, tool execution is enabled after
erasing the entire flash memory area, and the internal flash memory becomes accessible for write.)

(2) Protection by FP pin

The internal flash memory is protected in hardware against programming/erase operation by pulling the FP
(Flash Protect) pin low. Furthermore, because the FP pin level can be known by reading the Flash Mode Regis-
ter (FMOD)'s FPMOD (external FP pin status) bit in the flash write/erase program, the internal flash memory can
also be protected in software. For systems that do not require protection by setting external pins, the FP pin may
be fixed high to simplify the operation to program/erase the internal flash memory.

(3) Protection by FENTRY bit

Flash E/W enable mode cannot be entered into unless the Flash Control Register 1 (FCNT1)'s FENTRY (flash
mode entry) bit is set to "1". To set the FENTRY bit to "1", write "0" and then "1" in succession while the FP pin
is high.

(4) Protection by a lock bit

Any block of internal flash memory can be protected by setting the lock bit provided for it to "0". That memory
block is disabled against programming/erase operation.
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6.9 Precautions To Be Taken when Rewriting the Internal Flash Memory
The following describes precautions to be taken when programming/erasing the internal flash memory.

* When the internal flash memory is programmed or erased, a high voltage is generated internally. Because mode
transitions during programming/erase operation may cause the chip to break down, make sure the mode setting
pin/power supply voltages do not fluctuate to prevent unintended changes of modes.

« If the system uses any pins that are to be used by a general-purpose programming/erase tool, care must be
taken to prevent adverse effects on the system when the tool is connected.

« If the internal flash memory needs to be protected while using a general-purpose programming/erase tool, set
any ID in the flash memory protect ID verification area (H'0000 0084 to H’0000 008F).

« If the internal flash memory does not need to be protected while using a general-purpose programming/erase
tool, fill the entire flash memory protect ID verification area (H'0000 0084 to H’'0000 008F) with H'FF.

« If the Flash Status Register 2 (FSTAT2)'s each error status is to be cleared (initialized to H'80) by resetting the
Flash Control Register 4 (FCNT4) FRESET bit, check to see that the Flash Status Register 1 (FSTAT1) FSTAT
bit = "1" (ready) before clearing the error status.

« Before resetting the Flash Control Register 1 (FCNT1) FENTRY bit from "1" to "0", check to see that the Flash
Status Register 1 (FSTAT1) FSTAT bit = "1" (ready) or the Flash Status Register 2 (FSTAT2) FBUSY bit = "1"
(ready).

* Do not clear the FENTRY bit if the Flash Control Register 1 (FCNT1) FENTRY bit = "1" and the Flash Status
Register 1 (FSTAT1) FSTAT bit = "0" (busy), or the Flash Status Register 2 (FSTAT2) FBUSY bit = "0" (being
programmed or erased).
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7.1 Outline of Reset

The microcomputer is reset by applying a low-level signal to the RESET# input pin. The microcomputer is gotten
out of a reset state by releasing the RESET# input back high, upon which the reset vector entry address is set in
the Program Counter (PC) and the CPU starts executing from the reset vector entry.

7.2 Reset Operation

When a low-level signal in width of more than 200 ns (a duration needed for noise cancellation) is applied to the
RESET# pin, the microcomputer is reset. At this time, pins on the microcomputer are reset (see the Pin State
When Reset in Table 1.4.1, “Pin Assignments”), and an internal bus hold request signal is output internally. Fur-
thermore, the internal circuits (including the CPU) are reset 9-10 BCLK periods later.

When the RESET# input is returned high, the microcomputer pins get out of a reset state and the internal bus hold
request is deasserted 17-18 BCLK periods later. Then the internal circuits get out of a reset state 15 BCLK
periods after that.

Flip-flop Counter

—> Pin reset signal
RESET# O—— Noise Canceller S

R OVF |— Internal circuit reset signal

I

Figure 7.2.1 Reset Circuit

Duration needed for Extended for a duration during which
noise cancellation (Note 1) the RESET# input is held low
. D ow e —
RESET# pin '\ ]
1> 200ns )y
b : « :
Reset signal (internal signal) ' ' '
past the noise canceller ' '
i H )
i i « i
Pin reset (Note 2) and ; ; ; 17-18BCLK ; 15BCLK
internal bus hold request | ' ' f
(internal signal) ; vy ' i
T €6 ! :
Internal circuit reset ' | :
(internal signal) 5 ;
. » )) 1
'9-10BCLK ' '
Note 1: If the low level duration of the reset signal is less than 200 ns, it is cancelled by the noise canceller.
Note 2: The port-related registers also are reset.

Figure 7.2.2 Reset Sequence
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7.2.1 Reset at Power-on

When powering on the microcomputer, hold the RESET# signal input pin low until the rated power supply volt-
age is reached and the microcomputer’s internal x8 clock generator becomes oscillating stably.

7.2.2 Reset during Operation

To reset the microcomputer during operation, hold the RESET# signal input pin low for more than 200 ns.

7.2.3 Reset at Entering RAM Backup Mode

To prevent the RAM access by the CPU or DMA from becoming interrupted by a reset, first an internal bus hold
request is output internally after accepting the reset input. Then the internal circuits are reset after the internal
bus is placed in a hold state.

Note: » Reset input at entering RAM backup mode cannot be used in the following cases (because the
internal bus hold request may not be accepted and the RAM contents may be corrupted):
« When the lock bit = 1 (see Section 2.7, “Supplementary Explanation for BSET, BCLR, LOCK
and UNLOCK Instruction Execution”)
* When executing any instruction present in external memory

7.2.4 Reset Vector Relocation during Flash Programming

When entering the boot mode, the reset vector entry address is relocated to the start address (H'8000 0000) of
the boot program space. For details, see Section 6.5, “Programming the Internal Flash Memory.”
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7.3 Internal State Immediately after Reset

The table below lists the internal state of the microcomputer immediately after it has gotten out of a reset state. For
details about the initial register state of each internal peripheral I/O, see each section in this manual in which the
relevant internal peripheral 1/O is described.

Table 7.3.1 Internal State Immediately after Reset

Register State after Reset

PSW (CRO) B'0000 0000 0000 0000 2?00 000? 0000 0000 (BSM, BIE, BC bits = undefined)
CBR (CR1) H'0000 0000 (C bits = 0)

SPI (CR2) Undefined

SPU (CR3) Undefined

BPC (CR6) Undefined

FPSR (CR7) H'0000 0100 (Only DN bit = 1)

PC H'0000 0000 (Executed beginning with the address H'0000 0000) (Note 1)
RO-R15 Undefined

ACC (accumulator)

Undefined

RAM

Undefined when reset at power-on. (However, if the RAM is gotten out of reset after
returning from backup mode, it retains the content it had before being reset.)

Note 1: When in boot mode, the CPU executes the boot program.

7.4 Things to Be Considered after Reset

* Input/output ports

After reset, the microcomputer’s input/output ports are disabled against input in order to prevent current from
flowing through the port. To use any ports in input mode, set the Port Input Special Function Control Register
(PICNT) PIENO bit to enable them for input. For details, see Section 8.3, “Input/Output Port Related Registers.”
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8.1 Outline of Input/Output Ports

The 32182 has a total of 97 input/output ports from P0-P13, P15, P17 and P22 (except P5, which is reserved for
future use). These input/output ports can be used as input or output ports by setting the respective direction
registers.

Each input/output port is a dual-function or triple-function pin, sharing the pin with other internal peripheral 1/0 or
extended external bus signal line. Pin functions are selected depending on the current operation mode or by
setting the input/output port operation mode registers. (If any internal peripheral /0O has still another function, it is
also necessary to set the register provided for that peripheral 1/0.)

The microcomputer also has a port input function enable bit that can be used to prevent current from flowing into
the input ports. This helps to simplify the software and hardware processing to be performed immediately after
reset or during flash programming. Note that before any ports can be used in input mode, this port input function
enable bit must be set accordingly.

The input/output ports are outlined below.

Table 8.1.1 Outline of Input/Output Ports

Item Specification
Number of ports Total 97 ports

PO : P0O0-PO7 (8 ports)

P1 : P10-P17 (8 ports)

P2 : P20-P27 (8 ports)

P3 : P30-P37 (8 ports)

P4 : P41-P47 (7 ports)

P6 : P61-P63 (3 ports)

P7 : P70-P77 (8 ports)

P8 : P82-P87 (6 ports)

P9 : P93-P97 (5 ports)

P10 : P100-P107 (8 ports)

P11 : P110-P117 (8 ports)

P12 : P124-P127 (4 ports)

P13 : P130-P137 (8 ports)

P15 : P150, P153 (2 ports)

P17 : P174, P175 (2 ports)

P22 : P220, P221, P224, P225 (4 ports)
Port function The input/output ports can individually be set for input or output mode using the direction control register

provided for each input/output port. (However, P221 is input-only port.)

Pin function Shared with peripheral I/O or extended external signals to serve dual-functions (or shared with two or
more peripheral 1/O functions to serve triple-functions)
Pin function P0O-P4, P224, P225: Depends on the CPU operation mode (that is set by MODO and MOD1 pins). (Note 1)
selection P6-P22: As set by each input/output port’s operation mode register.
(However, peripheral I/O pin functions are selected by peripheral 1/0O registers.)

Note 1: If the CPU operation mode is external extension mode, PO-P3, P44-P47, P224 and P225 initially are input/output
port pins, and are switched to extended external signal pin functions by setting the respective port operation mode
registers. P41-P43, when in external extension mode, serve as dedicated external bus interface signal pins.

Note: « P14, P16, P18-P21 are nonexist.
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8.2 Selecting Pin Functions

Each input/output port serves dual functions sharing the pin with other internal peripheral I/O or extended external
bus signal line (or triple functions sharing the pin with two or more peripheral I/O functions). Pin functions are
selected depending on the current operation mode or by setting the input/output port operation mode registers.

P0-P4, P224 and P225, when the CPU is set to operate in processor mode, all are switched to serve as signal
pins for external access. The CPU operation mode is determined depending on how the MODO and MOD1 pins

are set (see the table below).

Table 8.2.1 CPU Operation Modes and PO-P4, P224 and P225 Pin Functions

MODO MOD1 Operation Mode P0-P4, P224 and P225 Pin Function

VSS VSS Single-chip mode Input/output port pin

VSS VCCE External extension mode Input/output port pin or extended external signal pin (Note 1)
VCCE VSS Processor mode (FP pin =VSS) Extended external signal pin

VCCE VCCE Reserved (use inhibited) -

Note 1: P41-P43 serve as dedicated external bus interface signal pins.
Note: « VCCE and VSS are connected to 5 or 3.3 V and GND, respectively.

Each input/output port has their functions switched between input/output port pins and internal peripheral 1/0 pins
by setting the respective port operation mode registers. If any internal peripheral I/O has two or more pin functions,
use the register provided for that peripheral 1/0 to select the desired pin function.

Note that FP and MOD1 pin settings during internal flash memory programming do not affect the pin functions.
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0 1 4 5 6 7
PO g DBO , DB1 , DB2 , DB3 , DB4 , DB5 , DB6 , DB7 ;
P1 g DB8 l DB9 , DB10 , DB11 , DB12 , DB13 , DB14 , DB15 ;
CPU operation
mode settings  p2 g A23 ‘ A24 , A25 , A26 , A27 , A28 , A29 , A30 ;
(Note 1)
P3 g A15 , A16 , AL7 , A18 , A19 , A20 , A21 , A22 ;
P4 ; Bl , Bé*,_‘{éi’, RD# , cso# , csi# , A13 , Al4 ;
— : : ‘ : : : : : ‘
(Reserved)  P5 | | | | | | | | 3
— 1, L L 1 J 1. L 1 !
[ | SBI# | SCLKI4 /| SCLKI5 /
Pé ! ; (P61) , (P62) , (P63) ;<Note3) ISCLKO4| scu<05| (P67) '
P7 g Boke/ l WAIT# , HREQ#, HACK# ,RTDTXD,RTDRXD, RTDACK, RTDCLK;
{ MODO | MOD1 SCLKIO / SCLKI1 /
P8 | (Note3) | (Now3) | 'XPO , RXDO SCLKOOI TXD1 , RXD1 ,SCLKOl!
P9 | § § ; TO16 , TO17 , TO18 , TO19 , TO20 ;
TO9/ | TO10/
P10 g TO8 lTXD?)(Notezv}CTXl(NmezJ TO11 , TO12 , TO13 , TO14 , TO15 ;
P11 g TOO l TO1 , TO2 , TO3 , TO4 , TO5 , TO6 , TO7 ;
P12 | | | ; TCLKO , TCLK1 , TCLK2 , TCLK3 ;
TIN21/ | TIN22/
P13 g TIN16 1 TINL7 , TIN18 , TIN19 , TIN20 , RXD3 , CRYL , TIN23 ;
Input/output
portoperation P14 ' TINS | TIN9 | TIN10 | TIN11 | TIN12 | TIN13 | TIN14 | TIN15 '
mode setting
P15 g TINO | TINL | TIN2 | TIN3 | TIN4 | TIN5 | TING | TIN7 '
P16 ' TO21 | TO22 | TO23 | TO24 | TO25 | TO26 | TO27 | TO28 '
P17 i l TIN24 | TIN25 , TXD2 , RXD2 l TXD3 | RXD3 '
P18 ' T029 | TO30 | TO31 | TO32 | TO33 | TO34 | TO35 | TO36 '
TIN33/
P19 ' TIN26 | TIN27 | TIN28 | TIN29 | TIN30 | TIN31 | TIN32 |PWMOFF2'
P20 ‘ TXD4 | RXD4 | TXD5 | RXDS , § | | §
P21 ‘ TO37 | TO38 | TO39 | TO40 | TO41 | TO42 | TO43 | TO44 '
p22 Al1/ Al2/
| g CTX0 1 CRX0 1 CTX1 | CRX1 L:SZ#(NoteZCS3#(Note2 CcS2# CS3#
l

(Note 1)

Note 1: During processor mode, these ports are switched to function as extended external signal pins. During external extension
mode, only P41-P43 are switched to function as external bus interface pins. Other pins become input/output port pins
when reset, so that some of these pins, if needed, must be set to function as external bus interface pins.

Note 2: These are triple-function pins. Their desired output function must be selected using the peripheral output select register.

Note 3: These ports cannot be used for input/output port function. The SBI#, MODO and MODL1 pin input levels can be read from
these ports.

Note: « No pins are available for those in shaded sections[[___]. However, because internal circuits are included, make sure
the ports are set for low-level output when initialized (to prevent current from flowing in through the port). These pins exist
in only the 32180 and are nonexistent in the 32182. However, P223 is an input-only pin and internally pulled high, so that
there is no need to set it for output.

Figure 8.2.1 Input/Output Ports and Pin Function Assignments
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8.3 Input/Output Port Related Registers

The input/output port related registers included in the microcomputer consists of the port data register, port direc-
tion register and port operation mode register.
Note that P5 is reserved for future use. The tables below show an input/output port related register map.

Input/Output Port Related Register Map (1/2)

Address +0 address +1 address See pages
b0 b7 | b8 b15
H'0080 0700 PO Data Register P1 Data Register 8-7
(PODATA) (P1DATA)
H'0080 0702 P2 Data Register P3 Data Register 8-7
(P2DATA) (P3DATA)
H'0080 0704 P4 Data Register (Use inhibited area) 8-7
(PADATA)
H'0080 0706 P6 Data Register P7 Data Register 8-7
(P6DATA) (P7DATA)
H'0080 0708 P8 Data Register P9 Data Register 8-7
(PBDATA) (P9DATA)
H'0080 070A P10 Data Register P11 Data Register 8-7
(P1ODATA) (P11DATA)
H'0080 070C P12 Data Register P13 Data Register 8-7
(P12DATA) (P13DATA)
H'0080 070E P14 Data Register P15 Data Register 8-7
(P14DATA) (P15DATA)
H'0080 0710 P16 Data Register P17 Data Register 8-7
(P16DATA) (P17DATA)
H'0080 0712 P18 Data Register P19 Data Register 8-7
(P18DATA) (P19DATA)
H'0080 0714 P20 Data Register P21 Data Register 8-7
(P20DATA) (P21DATA)
H'0080 0716 P22 Data Register (Use inhibited area) 8-7
(P22DATA)
| (Use inhibited area)
H'0080 0720 PO Direction Register P1 Direction Register 8-8
(PODIR) (P1DIR)
H'0080 0722 P2 Direction Register P3 Direction Register 8-8
(P2DIR) (P3DIR)
H'0080 0724 P4 Direction Register (Use inhibited area) 8-8
(P4DIR)
H'0080 0726 P6 Direction Register P7 Direction Register 8-8
(P6DIR) (P7DIR)
H'0080 0728 P8 Direction Register P9 Direction Register 8-8
(P8DIR) (PODIR)
H'0080 072A P10 Direction Register P11 Direction Register 8-8
(P10DIR) (P11DIR)
H'0080 072C P12 Direction Register P13 Direction Register 8-8
(P12DIR) (P13DIR)
H'0080 072E P14 Direction Register P15 Direction Register 8-8
(P14DIR) (P15DIR)
H'0080 0730 P16 Direction Register P17 Direction Register 8-8
(P16DIR) (P17DIR)
H'0080 0732 P18 Direction Register P19 Direction Register 8-8
(P18DIR) (P19DIR)
H'0080 0734 P20 Direction Register P21 Direction Register 8-8
(P20DIR) (P21DIR)
H'0080 0736 P22 Direction Register (Use inhibited area) 8-8
(P22DIR)
| (Use inhibited area)

Note: ¢ Although no pins are available for P65-P67, P140-P147, P151, P152, P154-P157, P160-P167, P172, P173, P176,
P177, P180-P187, P190-P197, P200-P203, P210-P217, P222, P226 and P227, because internal circuits are in-
cluded, make sure the ports are set for low-level output when initialized (to prevent current from flowing in through the

port).
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Input/Output Port Related Register Map (2/2)

Address
H'0080 0740
H'0080 0742
H'0080 0744
H'0080 0746
H'0080 0748
H'0080 074A
H'0080 074C
H'0080 074E
H'0080 0750
H'0080 0752
H'0080 0754
H'0080 0756
I
H'0080 0760
H'0080 0762
H'0080 0764
I
H'0080 076A

H'0080 0776

(P22SMOD)

+0 address +1 address See pages
b0 b7 | b8 b15
PO Operation Mode Register P1 Operation Mode Register 8-9
(POMOD) (P1MOD)
P2 Operation Mode Register P3 Operation Mode Register 8-10
(P2MOD) (P3MOD)
P4 Operation Mode Register Port Input Special Function Control Register 8-11
(P4MOD) (PICNT) 8-21
P6 Operation Mode Register P7 Operation Mode Register 8-11
(P6MOD) (P7MOD) 8-12
P8 Operation Mode Register P9 Operation Mode Register 8-12
(P8BMOD) (POMOD) 8-13
P10 Operation Mode Register P11 Operation Mode Register 8-13
(P10MOD) (P11MOD) 8-14
P12 Operation Mode Register P13 Operation Mode Register 8-14
(P12MOD) (P13MOD) 8-15
P14 Operation Mode Register P15 Operation Mode Register 8-15
(P14MOD) (P15MOD) 8-16
P16 Operation Mode Register P17 Operation Mode Register 8-16
(P16MOD) (P17MOD) 8-17
P18 Operation Mode Register P19 Operation Mode Register 8-17
(P18MOD) (P19MOD) 8-18
P20 Operation Mode Register P21 Operation Mode Register 8-18
(P20MOD) (P21MOD)
P22 Operation Mode Register (Use inhibited area) 8-19
(P22MOD)
(Use inhibited area)
Port Group 0,1 Input Level Setting Register Port Group 2,3 Input Level Setting Register 8-25
(PGO1LEV) (PG23LEV)
Port Group 4,5 Input Level Setting Register Port Group 6,7 Input Level Setting Register 8-25
(PG45LEV) (PG67LEV)
Port Group 8 Input Level Setting Register (Use inhibited area) 8-25
(PG8BLEV)
(Use inhibited area)
P10 Peripheral Output Select Register (Use inhibited area) 8-20
(P10SMOD)
(Use inhibited area)
P22 Peripheral Output Select Register (Use inhibited area) 8-20

Note: ¢ Although no pins are available for P65-P67, P140-P147, P151, P152, P154-P157, P160-P167, P172, P173, P176,
P177, P180-P187, P190-P197, P200-P203, P210-P217, P222, P226 and P227, because internal circuits are in-
cluded, make sure the ports are set for low-level output when initialized (to prevent current from flowing in through the

port).
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8.3.1 Port Data Registers

H’0080 0700>
H’0080 0701>
H’0080 0702>
H'0080 0703>
H’0080 0704>
H'0080 0706>
H’0080 0707>
H’0080 0708>
H’0080 0709>
H’0080 070A>
H'0080 070B>
H’0080 070C>
H’0080 070D>
H’0080 070E>
H’0080 070F>
H'0080 0710>
H’0080 0711>
H'0080 0712>
H’0080 0713>
H’0080 0714>
H’0080 0715>

<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:

PO Data Register (PODATA)
P1 Data Register (P1DATA)
P2 Data Register (P2DATA)
P3 Data Register (P3DATA)
P4 Data Register (P4ADATA)
P6 Data Register (P6DATA)
P7 Data Register (P7DATA)
P8 Data Register (P8DATA)
P9 Data Register (PODATA)
P10 Data Register (P1LODATA)
P11 Data Register (P11DATA)
P12 Data Register (P12DATA)
P13 Data Register (P13DATA)
P14 Data Register (P14DATA)
P15 Data Register (P15DATA)
P16 Data Register (P16DATA)
P17 Data Register (P17DATA)
P18 Data Register (P18DATA)
P19 Data Register (P19DATA)
P20 Data Register (P20DATA)
P21 Data Register (P21DATA)

P22 Data Register (P22DATA) <Address: H'0080 0716>
b0 1 2 3 4 5 6 b7
(b8 9 10 11 12 13 14 b15)

PnODT |Pn1DT | Pn2DT | Pn3DT | Pn4DT | PnSDT | Pn6DT | Pn7DT
? ? ? ? ? ? ? ?

n = 0-22 (not including P5)
<After reset: Undefined>

b Bit Name Function R W
0(b8) PnODT (Port PnO data bit) <At read> R W
1(b9) Pn1DT (Port Pnl data bit) Depends on how the Port Direction Register is set
2(b10) Pn2DT (Port Pn2 data bit) If direction bit = "0" (input mode)
3(b11) Pn3DT (Port Pn3 data bit) 0: Port input pin = "low"
4(b12) Pn4DT (Port Pn4 data bit) 1: Port input pin = "high"
5(b13) Pn5DT (Port Pn5 data bit) If direction bit = "1" (output mode) (Note 1)
6(b14) Pn6DT (Port Pn6 data bit) 0: Port output latch = "0" / Port pin level = "low"
7(b15) Pn7DT (Port Pn7 data bit) 1: Port output latch = "1" / Port pin level = "high"
<At write>
Write to the port output latch
Note 1: To select the port data to read, use the Port Input Special Function Control Register’s port input data select bit (PISEL).

Notes: « No data bits are provided for the following ports (read as "0", writing has no effect):
P40, P60, P90-P92, P120-P123, P170, P171, P204-P207
» The SBI# pin level can be read out by reading the P64DT bit. Writing to the P64DT bit has no effect.
* The MODO and MODL1 pin levels can be read out by reading the P80ODT and P81DT bits, respectively. Writing to the P80DT

and P81DT bits has no effect.

» P221 is input-only port. Writing to the P221DT bit has no effect.

* Although no pins are available for P65-P67, P140-P147, P151, P152, P154-P157, P160-P167, P172, P173, P176, P177,
P180-P187, P190-P197, P200-P203, P210-P217, P222, P226 and P227, because internal circuits are included, make
sure the ports are set for low-level output when initialized (to prevent current from flowing in through the port).

» Alhough no pins are available for P223, it is internally pulled high (read as "0", writing has no effect).
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8.3.2 Port Direction Registers

PO Direction Register (PODIR)
P1 Direction Register (P1DIR)
P2 Direction Register (P2DIR)
P3 Direction Register (P3DIR)
P4 Direction Register (P4DIR)
P6 Direction Register (P6DIR)
P7 Direction Register (P7DIR)
P8 Direction Register (P8DIR)
P9 Direction Register (P9DIR)
P10 Direction Register (P10DIR)
P11 Direction Register (P11DIR)
P12 Direction Register (P12DIR)
P13 Direction Register (P13DIR)
P14 Direction Register (P14DIR)
P15 Direction Register (P15DIR)
P16 Direction Register (P16DIR)
P17 Direction Register (P17DIR)
P18 Direction Register (P18DIR)
P19 Direction Register (P19DIR)
P20 Direction Register (P20DIR)
P21 Direction Register (P21DIR)
P22 Direction Register (P22DIR)

b0 1 2 3 4 5 6 b7
(b8 9 10 11 12 13 14 b15)

PnODR |Pn1DR | Pn2DR | Pn3DR | Pn4DR | Pn5DR | PN6DR | Pn7DR
0 0 0 0 0 0 0 0

n = 0-22 (not including P5)

<Address: H'0080 0720>
<Address: H'0080 0721>
<Address: H'0080 0722>
<Address: H'0080 0723>
<Address: H'0080 0724>
<Address: H'0080 0726>
<Address: H'0080 0727>
<Address: H'0080 0728>
<Address: H'0080 0729>
<Address: H'0080 072A>
<Address: H'0080 072B>
<Address: H'0080 072C>
<Address: H'0080 072D>
<Address: H'0080 072E>
<Address: H'0080 072F>
<Address: H'0080 0730>
<Address: H'0080 0731>
<Address: H'0080 0732>
<Address: H'0080 0733>
<Address: H'0080 0734>
<Address: H'0080 0735>
<Address: H'0080 0736>

<After reset: H'00>

b Bit Name

Function

R W

0(b8) PnODR (Port Pn0 direction bit)

1(b9) Pn1DR (Port Pnl direction bit)

2(b10) Pn2DR (Port Pn2 direction bit)

3(b11) Pn3DR (Port Pn3 direction bit)

4(b12) Pn4DR (Port Pn4 direction bit)

5(b13) Pn5DR (Port Pn5 direction bit)

6(b14) Pn6DR (Port Pn6 direction bit)

7(b15) Pn7DR (Port Pn7 direction bit)

0: Input mode

1: Output mode

R W

Notes: « No direction bits are provided for the following ports (read as 0, writing has no effect):
P40, P60, P64, P80, P81, P90-P92, P120-P123, P170, P171, P204-P207, P221, P223
« After reset, all ports are set for input mode.
« Although no pins are available for P65-P67, P140-P147, P151, P152, P154-P157, P160-P167, P172, P173, P176, P177,
P180-P187, P190-P197, P200-P203, P210-P217, P222, P226 and P227, because internal circuits are included, make
sure the ports are set for low-level output when initialized (to prevent current from flowing in through the port).

32182 Group User’'s Manual (Rev.1.0)



INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8 8.3 Input/Output Port Related Registers

8.3.3 Port Operation Mode Registers

PO Operation Mode Register (POMOD) <Address: H'0080 0740>
b0 1 2 3 4 5 6 b7

POOMD | POIMD | PO2MD | PO3MD | PO4MD | PO5SMD | PO6MD | PO7MD
0 0 0 0 0 0 0 0

<After reset: H'00>

b Bit Name Function R W

0 POOMD 0: POO R W
Port POO operation mode bit 1: DBO

1 PO1MD 0: PO1 R W
Port PO1 operation mode bit 1: DB1

2 P0O2MD 0: P02 R W
Port P02 operation mode bit 1: DB2

3 PO3MD 0: P03 R W
Port PO3 operation mode bit 1: DB3

4 P04MD 0: PO4 R W
Port P04 operation mode bit 1: DB4

5 PO5MD 0: PO5 R W
Port PO5 operation mode bit 1: DB5

6 PO6MD 0: P06 R W
Port P06 operation mode bit 1: DB6

7 PO7MD 0: PO7 R W

[N

: DB7
Note: « PO Operation Mode Register is useful only when the CPU operates in external extension mode.

Port PO7 operation mode bit

P1 Operation Mode Register (P1MOD) <Address: H'0080 0741>
b8 9 10 11 12 13 14 b15
P10MD | P11MD | P12MD | P13MD | P14MD | P15MD | P16MD | P17MD
0 0 0 0 0 0 0 0
<After reset: H'00>
b Bit Name Function R W
8 P10MD 0: P10 R W
Port P10 operation mode bit 1: DB8
9 P11MD 0: P11 R W
Port P11 operation mode bit 1: DB9
10 P12MD 0: P12 R W
Port P12 operation mode bit 1: DB10
11 P13MD 0: P13 R W
Port P13 operation mode bit 1: DB11
12 P14MD 0: P14 R W
Port P14 operation mode bit 1. DB12
13 P15MD 0: P15 R W
Port P15 operation mode bit 1: DB13
14 P16MD 0: P16 R W
Port P16 operation mode bit 1: DB14
15 P17MD 0: P17 R W
Port P17 operation mode bit 1: DB15

Note: « P1 Operation Mode Register is useful only when the CPU operates in external extension mode.
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P2 Operation Mode Register (P2MOD) <Address: H'0080 0742>
b0 1 2 3 4 5 6 b7

P20MD | P21MD | P22MD | P23MD | P24MD | P25MD | P26MD | P27MD
0 0 0 0 0 0 0 0

<After reset: H'00>

b Bit Name Function R W

0 P20MD 0: P20 R W
Port P20 operation mode bit 1: A23

1 P21MD 0: P21 R W
Port P21 operation mode bit 1: A24

2 P22MD 0: P22 R W
Port P22 operation mode bit 1: A25

3 P23MD 0: P23 R W
Port P23 operation mode bit 1: A26

4 P24MD 0: P24 R W
Port P24 operation mode bit 1: A27

5 P25MD 0: P25 R W
Port P25 operation mode bit 1: A28

6 P26MD 0: P26 R W
Port P26 operation mode bit 1: A29

7 P27MD 0: P27 R W

=

: A30
Note: « P2 Operation Mode Register is useful only when the CPU operates in external extension mode.

Port P27 operation mode bit

P3 Operation Mode Register (P3MOD) <Address: H'0080 0743>
b8 9 10 11 12 13 14 b15
P30MD | P31MD | P32MD | P33MD | P34MD | P35MD | P36MD | P37MD
0 0 0 0 0 0 0 0

<After reset: H'00>

b Bit Name Function R W

8 P30MD 0: P30 R W
Port P30 operation mode bit 1: A15

9 P31MD 0: P31 R W
Port P31 operation mode bit 1: A16

10 P32MD 0: P32 R W
Port P32 operation mode bit 1: A17

11 P33MD 0: P33 R W
Port P33 operation mode bit 1: A18

12 P34MD 0: P34 R W
Port P34 operation mode bit 1: A19

13 P35MD 0: P35 R W
Port P35 operation mode bit 1: A20

14 P36MD 0: P36 R W
Port P36 operation mode bit 1: A21

15 P37MD 0: P37 R W
Port P37 operation mode bit 1: A22

Note: « P3 Operation Mode Register is useful only when the CPU operates in external extension mode.
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P4 Operation Mode Register (P4MOD) <Address: H'0080 0744>
b0 1 2 3 4 5 6 b7
P44MD | P45MD | P46MD | P47MD
0 0 0 0 0 0 0 0

<After reset: H'00>

b Bit Name Function R W

0-3 No function assigned. Fix to "0". 0 0

4 P44MD 0: P44 R W
Port P44 operation mode bit 1: CSO#

5 P45MD 0: P45 R W
Port P45 operation mode bit 1: CS1#

6 P46MD 0: P46 R W
Port P46 operation mode bit 1: A13

7 P47MD 0: P47 R W
Port P47 operation mode bit 1: A14

Note: » P4 Operation Mode Register is useful only when the CPU operates in external extension mode.

P6 Operation Mode Register (P6MOD) <Address: H'0080 0746>
bo 1 2 3 4 5 6 b7
P65MD | P66MD
0 | 0 | o0 | 0o | o 0 0 0
<After reset: H'00>
b Bit Name Function R W
0-4 No function assigned. Fix to "0". 0 0
5,6 Fix to "0". 0 0
7 No function assigned. Fix to "0". 0 O

Notes: « Port P60 is nonexistent.
*« P61-P63 are always input/output ports (single-function pins).
« Port P64 is the SBI# input-only pin. The pin level can be known by reading the data register for P64.
« Although no pins are available for P65 and P66, because internal circuits are included, make sure the ports are set for low-
level output when initialized (to prevent current from flowing in through the port).
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P7 Operation Mode Register (P7MOD)

<Address: H'0080 0747>

b8 9 10 11 12 13 14 b15
P70MD | P7IMD | P72MD | P73MD | P74MD | P75MD | P76MD | P77MD
0 0 0 0 0 0 0 0
<After reset: H'00>
b Bit Name Function W
8 P70MD 0: P70 w
Port P70 operation mode bit 1: BCLK/WR#
9 P71MD 0: P71 R W
Port P71 operation mode bit 1: WAIT#
10 P72MD 0: P72 R W
Port P72 operation mode bit 1: HREQ#
11 P73MD 0: P73 R W
Port P73 operation mode bit 1: HACK#
12 P74MD 0: P74 R W
Port P74 operation mode bit 1: RTDTXD
13 P75MD 0: P75 R W
Port P75 operation mode bit 1: RTDRXD
14 P76MD 0: P76 R W
Port P76 operation mode bit 1: RTDACK
15 P77MD 0: P77 R W
Port P77 operation mode bit 1: RTDCLK
P8 Operation Mode Register (P8MOD) <Address: H'0080 0748>
b0 1 2 3 4 5 6 b7
P82MD | P83MD | P84MD | P85MD | P86MD | P87MD
) 0 0 0 0 0 0
<After reset: H'00>
b Bit Name Function R W
0,1 No function assigned. Fix to "0". 0 O
2 P82MD 0: P82 R W
Port P82 operation mode bit 1: TXDO
3 P83MD 0: P83 R W
Port P83 operation mode bit 1: RXDO
4 P84MD 0: P84 R W
Port P84 operation mode bit 1: SCLKIO/SCLKOO
5 P85MD 0: P85 R W
Port P85 operation mode bit 1: TXD1
6 P86MD 0: P86 R W
Port P86 operation mode bit 1: RXD1
7 P87MD 0: P87 R W
Port P87 operation mode bit 1: SCLKI1/SCLKO1

Note: ¢ Ports P80 and P81 are nonexistent.
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P9 Operation Mode Register (POMOD)

<Address: H'0080 0749>

b8 9 10 11 12 13 14 b15
P93MD | P94MD | P95MD | P96MD | P97MD
0 | 0 | o 0 0 0 0 0
<After reset: H'00>
b Bit Name Function R W
8-10 No function assigned. Fix to "0". 0
11 P93MD 0: P93 R W
Port P93 operation mode bit 1: TO16
12 P94MD 0: P94 R W
Port P94 operation mode bit 1: TO17
13 P95MD 0: P95 R W
Port P95 operation mode bit 1: TO18
14 P96MD 0: P96 R W
Port P96 operation mode bit 1: TO19
15 P97MD 0: P97 R W
Port P97 operation mode bit 1: TO20
Note: « Ports P90—P92 are nonexistent.
P10 Operation Mode Register (P10MOD) <Address: H'0080 074A>
b0 1 2 3 4 5 6 b7
P100MD | P101MD | P102MD | P103MD | P104MD | P105MD | P106MD | P107MD
0 0 0 0 0 0 0 0
<After reset: H'00>
b Bit Name Function R W
0 P100MD 0: P100 w
Port P100 operation mode bit 1: TO8
1 P101MD 0: P101 R W
Port P101 operation mode bit 1: TO9/TXD3 (Note 1)
2 P102MD 0: P102 R W
Port P102 operation mode bit 1: TO10/CTX1 (Note 1)
3 P103MD 0: P103 R W
Port P103 operation mode bit 1: TO11
4 P104MD 0: P104 R W
Port P104 operation mode bit 1: TO12
5 P105MD 0: P105 R W
Port P105 operation mode bit 1: TO13
6 P106MD 0: P106 R W
Port P106 operation mode bit 1: TO14
7 P107MD 0: P107 R W
Port P107 operation mode bit 1: TO15

Note 1: These functions are selected using the P10 Peripheral Output Select Register.
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P11 Operation Mode Register (P11MOD) <Address: H'0080 074B>

b8 9 10 11 12 13 14 b15

P110MD | P111MD | P112MD | P113MD | P114MD | P115MD | P116MD | P117MD

0 0 0 0 0 0 0 0
<After reset: H'00>
b Bit Name Function R W
8 P110MD 0: P110 R W
Port P110 operation mode bit 1: TOO
9 P111MD 0: P111 R W
Port P111 operation mode bit 1: TO1
10 P112MD 0: P112 R W
Port P112 operation mode bit 1: TO2
11 P113MD 0: P113 R W
Port P113 operation mode bit 1: TO3
12 P114MD 0: P114 R W
Port P114 operation mode bit 1: TO4
13 P115MD 0: P115 R W
Port P115 operation mode bit 1: TO5
14 P116MD 0: P116 R W
Port P116 operation mode bit 1: TO6
15 P117MD 0: P117 R W
Port P117 operation mode bit 1. TO7
P12 Operation Mode Register (P12MOD) <Address: H'0080 074C>
b0 1 2 3 4 5 6 b7
P124MD | P125MD | P126MD | P127MD
0 | 0 | o | o 0 0 0 0
<After reset: H'00>
b Bit Name Function R W
0-3 No function assigned. Fix to "0". 0 O
4 P124MD 0: P124 R W
Port P124 operation mode bit 1: TCLKO
5 P125MD 0: P125 R W
Port P125 operation mode bit 1: TCLK1
6 P126MD 0: P126 R W
Port P126 operation mode bit 1: TCLK2
7 P127MD 0: P127 R W
Port P127 operation mode bit 1: TCLK3

Note:  Ports P120-P123 are nonexistent.
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P13 Operation Mode Register (P13MOD) <Address: H'0080 074D>
b8 9 10 11 12 13 14 b15
P130MD | P131MD | P132MD | P133MD | P134MD | P135MD | P136MD | P137MD
0 0 0 0 0 0 0 0
<After reset: H'00>
b Bit Name Function R W
8 P130MD 0: P130 R W
Port P130 operation mode bit 1: TIN16
9 P131MD 0: P131 R W
Port P131 operation mode bit 1: TIN17
10 P132MD 0: P132 R W
Port P132 operation mode bit 1: TIN18
11 P133MD 0: P133 R W
Port P133 operation mode bit 1: TIN19
12 P134MD 0: P134 R W
Port P134 operation mode bit 1: TIN20
13 P135MD 0: P135 R W
Port P135 operation mode bit 1: TIN21/RXD3 (Note 1)
14 P136MD 0: P136 R W
Port P136 operation mode bit 1: TIN22/CRX1 (Note 1)
15 P137MD 0: P137 R W
Port P137 operation mode bit 1: TIN23
Note 1: Both inputs are enabled.
P14 Operation Mode Register (P14MOD) <Address: H'0080 074E>
b0 1 2 3 4 5 6 b7
P140MD | P141MD | P142MD | P143MD | P144MD | P145MD | P146MD | P147MD
0 0 0 0 0 0 0 0
<After reset: H'00>
b Bit Name Function R W
0-7 Fix to "0". 0O O
Note : « Although no pins are available for P140 to P147, because internal circuits are included, make sure the ports are set for low-

level output when initialized (to prevent current from flowing in through the port).
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P15 Operation Mode Register (P15MOD)

<Address: H'0080 074F>

b8 9 10 11 12 13 14 b15
P150MD | P151MD | P152MD | P153MD | P154MD | P155MD | P156MD | P157MD
0 0 0 0 0 0 0 0
<After reset: H'00>
b Bit Name Function R W
8 P150MD 0: P150 R W
Port P150 operation mode bit 1: TINO
9, 10 Fix to "0". 0
11 P153MD 0: P153 R W
Port P153 operation mode bit 1: TIN3
12-15 Fix to "0". 0 O

Note : « Although no pins are available for P151, P152 and P154-P157, because internal circuits are included, make sure the ports

P16 Operation Mode Register (P16MOD)

are set for low-level output when initialized (to prevent current from flowing in through the port).

<Address: H'0080 0750>

b0 1 2 3 4 5 6 b7
P160MD | P161MD | P162MD | P163MD | P164MD | P165MD | P166MD | P167MD
0 0 0 0 0 0 0 0
<After reset: H'00>
b Bit Name Function R W
0-7 Fix to "0". 0 O

Note : « Although no pins are available for P160 to P167, because internal circuits are included, make sure the ports are set for low-

level output when initialized (to prevent current from flowing in through the port).
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P17 Operation Mode Register (P17MOD)

<Address: H'0080 0751>

b8 9 10 11 12 13 14 b15
P172MD | P173MD | P174MD | P175MD | P176MD | P177MD
0 o] 0 0 0 0 0 0
<After reset: H'00>
b Bit Name Function R W
8,9 No function assigned. Fix to "0". 0O 0
10, 11 Fix to "0". 0 0
12 P174MD 0: P174 R W
Port P174 operation mode bit 1: TXD2
13 P175MD 0: P175 R W
Port P175 operation mode bit 1: RXD2
14, 15 Fix to "0". 0 0

Notes: ¢ Ports P170 and P171 are nonexistent.
« Although no pins are available for P172, P173, P176 and P177, because internal circuits are included, make sure the ports
are set for low-level output when initialized (to prevent current from flowing in through the port).

P18 Operation Mode Register (P18MOD)

<Address: H'0080 0752>

b0 1 2 3 4 5 6 b7
P180MD | P181MD | P182MD | P183MD | P184MD | P185MD | P186MD | P187MD
0 0 0 0 0 0 0 0
<After reset: H'00>
b Bit Name Function R W
0-7 Fix to "0". 0 O

Note : « Although no pins are available for P180 to P187, because internal circuits are included, make sure the ports are set for low-

level output when initialized (to prevent current from flowing in through the port).

8-17

32182 Group User’'s Manual (Rev.1.0)



INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

<Address: H'0080 0753>

P19 Operation Mode Register (P19MOD)

b8 9 10 11 12 13 14 b15

P190MD | P191MD | P192MD | P193MD | P194MD | P195MD | P196MD | P197MD
0 0 0 0 0 0 0 0
<After reset: H'00>
b Bit Name Function R W
0 O

8-15 Fix to "0"
Note : « Although no pins are available for P190 to P197, because internal circuits are included, make sure the ports are set for low-

level output when initialized (to prevent current from flowing in through the port).

P20 Operation Mode Register (P20MOD) <Address: H'0080 0754>

b0 1 2 3 4 5 6 b7
P200MD | P201MD | P202MD | P203MD
0 0 0 0 o | o | o | o
<After reset: H'00>
b Bit Name Function R W
0-3 Fix to "0". 0 O
0 O

4-7 No function assigned. Fix to "0".
Notes : « Although no pins are available for P200 to P203, because internal circuits are included, make sure the ports are set for low

level output when initialized (to prevent current from flowing in through the port).

* Ports P204—-P207 are nonexistent.

P21 Operation Mode Register (P21MOD) <Address: H'0080 0755>

b8 9 10 11 12 13 14 b15
P210MD | P211MD | P212MD | P213MD | P214MD | P215MD | P216MD | P217MD
0 0 0 0 0 0 0 0
<After reset: H'00>
b Bit Name Function R W
8-15 Fix to "0". 0 O
Note : « Although no pins are available for P210 to P217, because internal circuits are included, make sure the ports are set for low-

level output when initialized (to prevent current from flowing in through the port).
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P22 Operation Mode Register (P22MOD) <Address: H'0080 0756>
b0 1 2 3 4 5 6 b7

P220MD P222MD | P223MD | P224MD | P225MD | P226MD | P227MD
0 0 0 0 0 0 0 0

<After reset: H'00>

b Bit Name Function R W

0 P220MD 0: P220 R W
Port P220 operation mode bit 1: CTXO0

1 No function assigned. Fix to "0". 0 O

2,3 Fix to "0". 0 O

4 P224MD 0: P224 R W
Port P224 operation mode bit (Note 1) 1: A11/CS2# (Note 2)

5 P225MD 0: P225 R W
Port P225 operation mode bit (Note 1) 1: A12/CS3# (Note 2)

6,7 Fix to "0". 0 o

Note 1: Port P224, P225 operation mode bits are useful only when the CPU operates in external extension mode.
Note 2: These functions are selected using the P22 Peripheral Output Select Register.
Notes: « P221 is the CAN input-only pin.
« Although no pins are available for P222, P223, P226 and P227, because internal circuits are included, make sure the ports
are set for low-level output when initialized (to prevent current from flowing in through the port). Port 223 is an input-only pin
so that there is no need to set it for output.
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8.3.4 Port Peripheral Output Select Registers

P10 Peripheral Output Select Register (P1L0SMOD)

<Address: H'0080 076A>

b0 1 2 3 4 5 6 b7
P101 P102
SMD SMD
0 0 0 0 0 0 0 0
<After reset: H'00>
b Bit Name Function R W
0 No function assigned. Fix to "0". 0
1 P101SMD 0: TO9 R W
Port P101 peripheral output select mode bit 1: TXD3
2 P102SMD 0: TO10 R W
Port P102 peripheral output select mode bit 1: CTX1
3-7 No function assigned. Fix to "0". 0 O

P22 Peripheral Output Select Register (P22SMOD)

<Address: H'0080 0776>

b0 1 2 3 4 5 6 b7
P224 | P225
SMD SMD
0 0 0 0 0 0 0 0
<After reset: H'00>
b Bit Name Function R W
0-3 No function assigned. Fix to "0". 0
4 P224SMD 0: A1l R W
Port P224 peripheral output select mode bit 1: CS2#
5 P225SMD 0: A12 R W
Port P225 peripheral output select mode bit 1: CS3#
6-7 No function assigned. Fix to "0". 0 O
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8.3.5 Port Input Special Function Control Register

Port Input Special Function Control Register (PICNT) <Address: H'0080 0745>
b8 9 10 11 12 13 14 b15
XSTAT PISEL | PIENO
0 | 0 | o 0 [ ) 0 0
<After reset: H'00>
b Bit Name Function R W
8-10 No function assigned. Fix to "0". 0 O
11 XSTAT 0: XIN oscillating R(Note 1)
XIN oscillation status bit 1: XIN inactive
12-13 No function assigned. Fix to "0". 0 O
14 PISEL 0: Content of port output latch R W
Port input data select bit 1: Port pin level
15 PIENO 0: Disable input R W
Port input enable bit 1: Enable input

Note 1: Only writing "0" is effective. Writing "1" has no effect; the bit retains the value it had before the write.

(1) XSTAT (XIN oscillation status) bit (Bit 11)
1) Conditions under which XSTAT is set to "1"

XSTAT is set to "1" upon detecting that XIN oscillation has stopped. When XIN remains at the same level for
a predetermined time (3 BCLK periods up to 4 BCLK periods), XIN oscillation is assumed to have stopped.
When operating normally, XIN changes state (high or low) once every BCLK period.

2) Conditions under which XSTAT is cleared to "0"

XSTAT is cleared to "0" by a system reset or by writing "0". If XSTAT is cleared at the same time it is set in (1)
above, the former has priority. Writing "1" to XSTAT is ignored.

3) Method for using XSTAT to detect XIN oscillation stoppage

Because the M32R/ECU internally contains a PLL, the internal clock remains active even when XIN oscilla-
tion has stopped.

By reading XSTAT without clearing it never once after reset, it is possible to know whether XIN has ever
stopped since the reset signal was deasserted. Similarly, by reading XSTAT after clearing it by writing "0", it
is possible to know the current oscillating status of XIN. (However, there must be an interval of at least 5
BCLK periods (20 CPU clock periods) between read and write.)
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(1) To know whether XIN oscillation has ever stopped after being reset

Read XSTAT

(2) To know the current status of XIN oscillation

Write XSTAT =0

Wait before inspecting XSTAT

Wait for 20 CPU
clock periods or more

Read XSTAT

Figure 8.3.1 Procedure for Setting XSTAT

(2) PISEL (Port input data select) bit (Bit 14)

When the Port Direction Register is set for output, this bit selects the target data to be read from the Port Data
Register. This bit is unaffected by the Port Operation Mode Register.

Table 8.3.1 PISEL Bit Settings and the Target Data To Be Read from the Port Data Register

Direction Register PISEL Settings Target Data to Be Read
0 (input) 0/1 Port pin level
1 (output) 0 Port output latch

1 Port pin level
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(3) PIENO (Port input enable) bit (Bit 15)

This bit is used to prevent current from flowing into the port input pins.

Because the input/output ports are disabled against input after reset, if any ports need to be used in input
mode they must be enabled for input by setting this bit to "1".

When disabled against input, the input/output ports are in a state equivalent to a situation where the pin has
a low-level input applied. Consequently, if a peripheral input function is selected for any port (uncontrolled
pin) while disabled against input by using the Port Operation Mode Register, the port may operate unexpect-
edly due to the low-level input on it.

The following shows the procedure for selecting a peripheral input function.

(1) Enable the port for input when its pin level is valid (high or low)
(2) Select a function using the port operation mode bit

During boot mode, the pins shared with serial 1/0 functions are enabled for input and can therefore be
protected against current flowing in from the pins other than serial I/O functions during flash programming by
clearing PIENO.

The table below lists the pins that can be controlled by the PIENO bit in each operation mode.

Table 8.3.2 Pins Controllable by PIENO Bit

Mode Name Controllable Pins Uncontrolled Pins

P0O0-PO7, P10-P17, P20-P27 P221, P223,

P30-P37, P41-P47, P61-P63 FP, MODO, MOD1, SBI#, RESET#
Single-chip P65-P67, P70-P77, P82—-P87

P93-P97, P100-P107, P110-P117

P124-P127, P130-P137, P140-P147
P150-P157, P160-P167, P172-P177
P180-P187, P190-P197, P200-P203
P210-P217, P220, P222, P224-P227

External extension
Microprocessor

P61-P63, P65-P67, P70-P77
P82—P87, P93-P97, P100-P107
P110-P117, P124-P127, P130-P137
P140-P147, P150-P157, P160-P167
P172-P177, P180-P187, P190-P197
P200-P203, P210-P217, P220, P222

PO0-PO7, P10-P17

P20-P27, P30-P37

P41-P47, P221, P223-P227

FP, MODO, MOD1, SBI#, RESET#

Boot
(single-chip)

PO0-P07, P10-P17, P20—P27

P30-P37, P41-P47, P61-P63

P67, P70-P77, P93-P97

P100, P102-P107, P110-P117, P124-P127
P130-P134, P137, P140-P147, P150-P157
P160-P167, P172—-P173, P180-P187
P190-P197, P210-P217, P220

P222, P224-P227

P65, P66, P82—P87, P101
P135-P136, P174-P177, P200-P203
P221, P223,

FP, MODO, MOD1, SBI#, RESET#

Note : « No pins are available for P65-P67, P140-P147, P151, P152, P154-P157, P160-P167, P172, P173, P176, P177,
P180-P187, P190-P197, P200-P203, P210-P217, P222, P223, P226 and P227.
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8

8.4 Port Input Level Switching Function

The port input level switching function allows the port threshold to be switched to one of three voltage levels (with
or without Schmitt as selected) in units of the following port group.

Group 0: PO0-P07, P10-P17, P20-P27, P30-P37, P41-P47, P70-P73, P224-P227
Group 1: P65-P67, P82—-P87, P172-P177

Group 2: P160-P167, P210-P217

Group 3: P93-P97, P110-P117

Group 4: P124-P127, P140-P147, P190-P197

Group 5: P61-P63, SBI#

Group 6: P74-P77, P180-P187, P100-P107

Group 7: P136, P220-P223

Group 8: P130-P135, P137, P150-P157, P200-P203
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Figure 8.4.1 Port Input Level Switching Groups
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8.4 Port Input Level Switching Function

Port Group 0,1 Input Level Setting Register (PGO1LEV)

b0 1 2 3 4 5 6 b7
WFOSEL | PTOSEL |VTOSELO|VTOSEL1| WF1SEL| PT1SEL [VT1SELO|VT1SEL1
0 0 0 1 0 0 0 1

Port Group 2,3 Input Level Setting Register (PG23LEV)

b8 9 10 11 12 13 14 b15
WF2SEL | PT2SEL |VT2SELO|VT2SEL1| WF3SEL| PT3SEL [VT3SELO|VT3SEL1
0 0 0 1 0 0 0 1

Port Group 4,5 Input Level Setting Register (PG45LEV)

b0 1 2 3 4 5 6 b7
WF4SEL | PTASEL |VT4SELO|VT4SEL1| WF5SEL| PTSSEL [VT5SELO [ VT5SELL
0 0 0 1 0 0 0 1

Port Group 6,7 Input Level Setting Register (PG67LEV)

b8 9 10 11 12 13 14 b15
WF6SEL | PT6SEL |VT6SELO|VT6SEL1| WF7SEL| PT7SEL [VT7SELO[VT7SEL1
0 0 0 1 0 0 0 1

Port Group 8 Input Level Setting Register (PG8LEV)

b0 1 2 3 4 5 6 b7
WF8SEL | PT8SEL |VT8SELO|VT8SEL1
0 0 0 1 0 0 0 0

<Address: H'0080 0760>

<Address: H'0080 0761>

<Address: H'0080 0762>

<Address: H'0080 0763>

<Address: H'0080 0764>

Note: « The PG8LEYV register bits 4-7 have no functions assigned.

<After reset: B'0001>

b Bit Name Function R W
0(4) WFnSEL 0: Select standard input for each pin R W
8(12) Group n dual-function input select bit 1: Select threshold switching function

1(5) PTnSEL 0: Select CMOS input R W
9(13) Group n port input select bit 1: Select Schmitt input

2-3 VTnSEL <When PTnSEL = "0" (CMOS input selected)> R W
(6-7) Group n input threshold select bit 00: Select 0.35 VCCE

10-11 01: Select 0.5 VCCE

(14-15) 10: Select 0.7 VCCE

11:

Settings inhibited

<When PTnSEL = "1" (Schmitt input selected)>

00:

01:
10:

11:

VT+=0.5 VCCE
VT-=0.35 VCCE
Settings inhibited
VT+=0.7 VCCE
VT-=0.35 VCCE
VT+=0.7 VCCE
VT-=0.5VCCE

Notes: « The following ports operate with the VCC-BUS power supply, and not with the VCCE power supply. Therefore, the
reference voltages for these ports are the VCC-BUS input voltage.
P0O0-PO7, P10-P17, P20-P27, P30-P37, P41-P47, P70-P73, P224-P227
* No pins are available for P65-P67, P140-P147, P151, P152, P154-P157, P160-P167, P172, P173, P176, P177, P180-
P187, P190-P197, P200-P203, P210-P217, P222, P223, P226 and P227.
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8 8.4 Port Input Level Switching Function

0.5VCCE

0.7VCCE VTt
—————— Schmitt

Port input

Input function enable

0.35VCCE |
Threshold

VTnSELL

Peripheral function
input

4{Standard input level for each peripheral function pin

WFNSEL

Figure 8.4.2 Port Level Switching Function
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8.5 Port Peripheral Circuits

Figures 8.5.1 through 8.5.4 show the peripheral circuit diagrams of the input/output ports described in the preced-
ing pages.

P00-P07(DBO-DB7) { Direction register %
P10-P17(DB8-DB15)

P20-P27(A23-A30) iD‘w

P30-P37(A15-A22)

\ :
P46, P47(A13, A14) Databus  —- Portoutputlatch |
P71(WAIT#) — > 5 H
P73(HACK#) % Input data select bit |
P74(RTDTXD) |
P76(RTDACK) F
P224(A11/CS2#) 4;

P225(A12/CS3#)
~J

# Operation mode register }7 (Note 1)

Port level
. S switching function[—
Peripheral function input (Standard:

peripheral TTL)
Input function
enable

/

P44(CS0#)
PA5(CS1#) % Direction register }

P70(BCLK/WR#)

P82(TXDO0) 7D>4
P85(TXD1) Data bus H»{ Port output latch } :

P93-P97(TO16-T020) m
P100(TO8) »{ Input data select bit
P103-P107(TO11-TO15)

P110-P117(TO0-TO7) ﬁ

T

P174(TXD2) ~
P220(CTX0) ;17
<J
# Operation mode register f (Note 1

Port level switching| |
Peripheral function output > functon(No |
peripheral input)

Input function
enable

Note 1: For details about the port level switching function, see Section 8.4, "Port Input Level Switching Function.”
Notes: ¢ During processor mode, P0O0-P07, P10-P17, P20-P27, P30-P37, P45-P47, P224, and P225 are external bus
interface control signal pins, but their functional description in this block diagram is omitted.

 Although P224 and P225 serve triple functions, their functional description in this block diagram is omitted.

« The circle denotes a pin.

* The symbol —<— denotes a parasitic diode. Make sure the voltage applied to each pin does not exceed the

VCCE voltage.
* The input capacitance of each pin is approximately 10 pF.

Figure 8.5.1 Port Peripheral Circuit Diagram (1)
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8

8.5 Port Peripheral Circuits

P101(TO9/TXD3)
P102(TO10/CTX1)
Data bus
Peripheral function output 1
Peripheral function output 2
P72(HREQ#)
P75(RTDRXD)
P77(RTDCLK)
P83(RXDO0) Data bus
P86(RXD1)

P124-P127(TCLKO-TCLK3)
P130-P134(TIN16-TIN20)
P137(TIN23)

P150, P153(TINO, TIN3)
P175(RXD2)

Peripheral function input

P135(TIN21/RXD3)
P136(TIN22/CRX1)

Data bus

Peripheral function input 1
Peripheral function input 2

{ Direction register %

—»{ Port output latch }

Lsy

~J

—

‘ﬁ}?@*?
»{ Input data select bit }é m

~J

Peripheral output
select register

{ Direction register

;

% Operation mode register }7

Input function
enable

(Note 1)

Port level switching
function (No |
peripheral input)

—{ Port output latch

I
et

\
|
»{ Input data select bit }

/

7N

/

(Note 1

Port level switching
function (Standard:

Input function
enable

%

{ Direction register

{ Operation mode register }7&

peripheral Schmitt)

—{ Port output latch

\
|
»{ Input data select bit }

Dw%
et

£

.

(Note 1)

Port level switching
function (Standard:

]

Input function
enable

# Operation mode register }7&

peripheral Schmitt)

Note 1: For details about the port level switching function, see Section 8.4, "Port Input Level Switching Function.”

Notes: ¢ The circle denotes a pin.

» The symbol —<— denotes a parasitic diode. Make sure the voltage applied to each pin does not exceed the VCCE voltage.
 The input capacitance of each pin is approximately 10 pF.

Figure 8.5.2 Port Peripheral Circuit Diagram (2)
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PA1(BLW#/BLE#) ﬁ Direction register P

P42(BHW#/BHE#)
P43(RD#) Fm
P61-P63 Data bus 7{ Port output latch ‘ m

»{ Input data select bit

I 1

(Note 1)

Port level switching
function (No
peripheral input)

L

Input function
enable

{ Direction register }

L ﬁ%
Data bus —{ Port output latch } ’ ,\i
»{ Input data select bit }»
P84(SCLKI0/SCLKOO0) [
P87(SCLKI1/SCLKO1) <

\

% Operation mode register [

| | UART/CSIO function
select bit

|| Internal/external clock

select bit
. (Note 1
SCLKOi output 1L Port level switching
SCLKIi input function (Standard:
peripheral Schmitt)

Input function
enable

Note 1: For details about the port level switching function, see Section 8.4, "Port Input Level Switching Function."
Notes: « During processor and external extension modes, P41-P43 are external bus interface control signal pins, but their
functional description in this block diagram is omitted.
* The circle denotes a pin.
» The symbol —«— denotes a parasitic diode. Make sure the voltage applied to each pin does not exceed the VCCE voltage.
* The input capacitance of each pin is approximately 10 pF.

Figure 8.5.3 Port Peripheral Circuit Diagram (3)
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8.5 Port Peripheral Circuits

Port level switching
function (Standard:
peripheral Schmitt)

SBI# Data bus
P221(CRXO0)
SBI#, CRX0
MODO, MOD1
FP

JTDI, JTCK, JTMS

e
N

Output control

JTDO

V

RESET#, XIN, JTRST

OSC-VCC,

<7b

VCCE, VDDE
VCC-BUS,
EXCVCC, EXCVDD

ADOINO-12,
VREFO,
XOouT

Note 1: For details about the port level switching function, see Section 8.4, "Port Input Level Switching Function."

Notes: ¢ The circle denotes a pin.

» The symbol —t¢— denotes a parasitic diode. Make sure the voltage applied to each pin does not exceed

the VCCE voltage.

O

Figure 8.5.4 Port Peripheral Circuit Diagram (4)
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8.6 Precautions on Input/Output Ports

e When using input/output ports in output mode

Because the value of the Port Data Register is undefined after reset, the Port Data Register must have its initial
value set in it before the Port Direction Register can be set for output. Conversely, if the Port Direction Register
is set for output before setting data in the Port Data Register, the Port Data Register outputs an undefined value
until any data is written into it.

» About the port input disable function

Because the input/output ports are disabled against input after reset, they must be enabled for input by setting
the Port Input Enable (PIENO) bit to "1" before their input functions can be used.

When disabled against input, the input/output ports are in a state equivalent to a situation where the pin has a
low-level input applied. Consequently, if a peripheral input function is selected for any port (uncontrolled pin)
while disabled against input by using the Port Operation Mode Register, the port may operate unexpectedly due
to the low-level input on it.
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DMAC
9 9.1 Outline of the DMAC

9.1 QOutline of the DMAC

The microcomputer internally contains a 10-channel DMAC (Direct Memory Access Controller). It allows data to
be transferred at high speed between internal peripheral 1/0Os, between internal RAM and internal peripheral I/O, or
between internal RAMSs, as initiated by a software trigger or requested from an internal peripheral 1/O.

Table 9.1.1 Outline of the DMAC

ltem Description

Number of channels 10 channels

Transfer request sources ¢ Software trigger
* Request from internal peripheral 1/0s: A-D converter, multijunction timer, serial /0 (reception
completed, transmit buffer empty) or CAN
* DMA channels can be cascaded (Note 1)

Maximum number of 65,536 times
times transferred
Transferable address « 64 Kbytes (address space from H'0080 0000 to H'0080 FFFF)

space « Transfers between internal peripheral 1/0s, between internal RAM and internal peripheral I/O, and
between internal RAMs are supported.
Transfer data size 16 or 8 bits
Transfer method Single transfer DMA (control of the internal bus is relinquished for each transfer performed), dual-
address transfer
Transfer mode Single transfer mode
Direction of transfer One of three modes can be selected for the source and destination:

* Address fixed
» Address incremental
* Ring buffered
Channel priority DMAO > DMA1 > DMA2 > DMA3 > DMA4 > DMA5 > DMA6 > DMA7 > DMA8 > DMA9
(Priority is fixed)

Maximum transfer rate  13.3 Mbytes per second (when internal peripheral clock BCLK = 20 MHz)

Interrupt request Group interrupt request can be generated when each transfer count register underflows.

Transfer area 64 Kbytes from H’0080 0000 to H'0080 FFFF (Note 2)

Note 1: The DMA channels can be cascaded in the manner described below.
« Start DMA transfer on DMAL upon completion of one DMA transfer on DMAO
« Start DMA transfer on DMAS5 upon completion of all DMA transfers on DMAO (upon underflow of the transfer count
register)
« Start DMA transfer on DMA2 upon completion of one DMA transfer on DMA1
« Start DMA transfer on DMAO upon completion of one DMA transfer on DMA2
« Start DMA transfer on DMA3 upon completion of one DMA transfer on DMA2
« Start DMA transfer on DMA4 upon completion of one DMA transfer on DMA3
« Start DMA transfer on DMA6 upon completion of one DMA transfer on DMA5
« Start DMA transfer on DMA7 upon completion of one DMA transfer on DMA6
« Start DMA transfer on DMAS5 upon completion of one DMA transfer on DMA7
« Start DMA transfer on DMA8 upon completion of one DMA transfer on DMA7
« Start DMA transfer on DMA9 upon completion of one DMA transfer on DMAS8
Note 2: Address space from H'0081 0000 to H'0081 3FFF cannot be transferred into the internal RAM area.
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9.1 Qutline of the DMAC

Input event bus

3210

ADO conversion
completed
TIO8_udf
TINOS

Output event bus

0123

ADO conversion

completed
TI08_udf s

CANO_S0/S15

TIN3S

CANO_S1/s14

TINOS

TIN19S
SIO0_TXD

TIN20S

SIO1_RXD

SIO3_TXD

udf
DMAO
start T
Software start S DMAL udf
T L1 end T
TIN18S
Software start S DMA2 udf
L1 end T
SIO0_TXD
SIO1_RXD
Software start S DMA3 udf
L1 end T
SIO0_RXD
Software start S DMA4 udf DMAO-4
L end interrupt

Software start

udf

3210

SI02_RXD
] DMA5S end T
SI01_TXD
S I R
Software start udf
] DMA6 end T
SI02_TXD
S
Software start udf
] DMA7 end
SI03_RXD :‘T
Software start
S udf
ru DMA8 end T
SI03_TXD j j>_>
S
Software start udf
DMA9 DMA5-9
L end interrupt

0123

Figure 9.1.1 Block Diagram of the DMAC
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9.2 DMAC Related Registers

9.2 DMAC Related Registers

The diagram below shows a memory map of the DMAC related registers.

DMAC Related Register Map (1/2)

Address
H'0080 0400
I
H'0080 0408
I
H'0080 0410
H'0080 0412
H'0080 0414
H'0080 0416
H'0080 0418
H'0080 041A
H'0080 041C
H'0080 041E
H'0080 0420
H'0080 0422
H'0080 0424
H'0080 0426
H'0080 0428
H'0080 042A
H'0080 042C
H'0080 042E
H'0080 0430
H'0080 0432
H'0080 0434
H'0080 0436
H'0080 0438
H'0080 043A
H'0080 043C

H'0080 043E

+0 address +1 address See pageg
b0 b7 | b8 b15
DMAO0—-4 Interrupt Request Status Register DMAO0—4 Interrupt Request Mask Register 9-24
(DMO4ITST) (DMO4ITMK) 9-25
(Use inhibited area)
DMAS5-9 Interrupt Request Status Register DMAS5-9 Interrupt Request Mask Register 9-24
(DM59ITST) (DM59ITMK) 9-25
(Use inhibited area)
DMAO Channel Control Register 0 DMAO Channel Control Register 1 9-6
(DMOCNTO) (DMOCNT1)
DMAO Source Address Register 9-19
(DMOSA)
DMAO Destination Address Register 9-20
(DMODA)
DMAO Transfer Count Register 9-21
(DMOTCT)
DMAS5 Channel Control Register O DMAS5 Channel Control Register 1 9-11
(DM5CNTO) (DM5CNT1)
DMAGS Source Address Register 9-19
(DM5SA)
DMAGS Destination Address Register 9-20
(DM5DA)
DMAGS Transfer Count Register 9-21
(DM5TCT)
DMA1 Channel Control Register 0 DMA1 Channel Control Register 1 9-7
(DM1CNTO0) (DM1CNT1)
DMA1 Source Address Register 9-19
(DM1SA)
DMAZ1 Destination Address Register 9-20
(DM1DA)
DMAL Transfer Count Register 9-21
(DM1TCT)
DMAG6 Channel Control Register 0 DMAG Channel Control Register 1 9-12
(DM6CNTO) (DM6CNT1)
DMAG Source Address Register 9-19
(DM6SA)
DMAG Destination Address Register 9-20
(DM6DA)
DMAG6 Transfer Count Register 9-21
(DM6TCT)
DMAZ2 Channel Control Register 0 DMA2 Channel Control Register 1 9-8
(DM2CNTO0) (DM2CNT1)
DMA2 Source Address Register 9-19
(DM2SA)
DMAZ2 Destination Address Register 9-20
(DM2DA)
DMAZ2 Transfer Count Register 9-21
(DM2TCT)
DMA7 Channel Control Register 0 DMA7 Channel Control Register 1 9-13
(DM7CNTO0) (DM7CNT1)
DMA7 Source Address Register 9-19
(DM7SA)
DMA7 Destination Address Register 9-20
(DM7DA)
DMA7 Transfer Count Register 9-21
(DM7TCT)
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DMAC Related Register Map (2/2)

Address +0 address +1 address See pages
b0 b7| b8 b15
H'0080 0440 DMA3 Channel Control Register 0 DMA3 Channel Control Register 1 9-9
(DM3CNTO0) (DM3CNT1)
H'0080 0442 DMA3 Source Address Register 9-19
(DM3SA)
H'0080 0444 DMA3 Destination Address Register 9-20
(DM3DA)
H'0080 0446 DMA3 Transfer Count Register 9-21
(DM3TCT)
H'0080 0448 DMAS8 Channel Control Register 0 DMAS8 Channel Control Register 1 9-14
(DM8CNTO0) (DM8CNT1)
H'0080 044A DMAS8 Source Address Register 9-19
(DM8SA)
H'0080 044C DMAB8 Destination Address Register 9-20
(DM8DA)
H'0080 044E DMAS8 Transfer Count Register 9-21
(DM8TCT)
H'0080 0450 DMA4 Channel Control Register 0 DMA4 Channel Control Register 1 9-10
(DM4CNTO) (DM4CNT1)
H'0080 0452 DMA4 Source Address Register 9-19
(DM4SA)
H'0080 0454 DMAA4 Destination Address Register 9-20
(DM4DA)
H'0080 0456 DMAA4 Transfer Count Register 9-21
(DMATCT)
H'0080 0458 DMA9 Channel Control Register 0 DMA9 Channel Control Register 1 9-15
(DM9CNTO0) (DM9CNT1)
H'0080 045A DMA9 Source Address Register 9-19
(DM9SA)
H'0080 045C DMAG9 Destination Address Register 9-20
(DM9DA)
H'0080 045E DMAG9 Transfer Count Register 9-21
(DM9ITCT)
H'0080 0460 DMAO Software Request Generation Register 9-18
(DMOSRI)
H'0080 0462 DMA1 Software Request Generation Register 9-18
(DM1SRI)
H'0080 0464 DMAZ2 Software Request Generation Register 9-18
(DM2SRI)
H'0080 0466 DMAS3 Software Request Generation Register 9-18
(DM3SRI)
H'0080 0468 DMAA4 Software Request Generation Register 9-18
(DM4SRI)
| (Use inhibited area)
H'0080 0470 DMAS Software Request Generation Register 9-18
(DM5SRI)
H'0080 0472 DMAG6 Software Request Generation Register 9-18
(DMBSRI)
H'0080 0474 DMAY Software Request Generation Register 9-18
(DM7SRI)
H'0080 0476 DMAS8 Software Request Generation Register 9-18
(DM8SRI)
H'0080 0478 DMA9 Software Request Generation Register 9-18
(DMISRI)
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9.2.1 DMA Channel Control Registers

DMAO Channel Control Register 0 (DMOCNTO)

<Address: H'0080 0410>

b0 1 2 3 4 5 6 b7
MDSELO | TREQFO REQSLO TENLO | TSZSLO | SADSLO | DADSLO
0 0 o | o 0 0 0 0
<After reset: H'00>

b Bit Name Function R W

0 MDSELO 0: Normal mode R W
DMAQO transfer mode select bit 1: Ring buffer mode

1 TREQFO 0: Transfer not requested R(Note 1)
DMAQO transfer request flag bit 1: Transfer requested

2,3 REQSLO 00: Software start or one DMAZ2 transfer completed R W
DMAQO transfer request source select bit 01: A-DO conversion completed

10: MJT (TIO8_udf)
11: Extended DMAO transfer request source select
(DMAO Channel Control Register 1)

4 TENLO 0: Disable transfer R W
DMAQO transfer enable bit 1: Enable transfer

5 TSZSLO 0: 16 bits R W
DMAQO transfer size select bit 1: 8 bits

6 SADSLO 0: Fixed R W
DMAO source address direction select bit 1: Increment

7 DADSLO 0: Fixed R W
DMAO destination address direction select bit 1: Increment

Note 1: Only writing "0" is effective. Writing "1" has no effect; the bit retains the value it had before the write.

DMAO Channel Control Register 1 (DMOCNT1)

b8 9 10 11 12 13 14 b15
REQESELO
0 0 | 0 | o 0o | 0 | 0o | o

<Address: H'0080 0411>

<After reset: H'00>

Bit Name

Function

8-11

No function assigned. Fix to "0".

12-15

REQESELO
Extended DMAO transfer request source select bit

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:

1111

MJT (input event bus 2)

Settings inhibited

CAN (CANO_S0/S15)

Common 1) MJT (input event bus 1)
Common 2) MJT (input event bus 3)
Common 3