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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.




To all our customers

Regarding the change of names mentioned in the document, such as Mitsubishi
Electric and Mitsubishi XX, to Renesas Technology Corp.

The semiconductor operations of Hitachi and Mitsubishi Electric were transferred to Renesas
Technology Corporation on April 1st 2003. These operations include microcomputer, logic, analog
and discrete devices, and memory chips other than DRAMs (flash memory, SRAMs etc.)
Accordingly, although Mitsubishi Electric, Mitsubishi Electric Corporation, Mitsubishi
Semiconductors, and other Mitsubishi brand names are mentioned in the document, these names
have in fact all been changed to Renesas Technology Corp. Thank you for your understanding.
Except for our corporate trademark, logo and corporate statement, no changes whatsoever have been
made to the contents of the document, and these changes do not constitute any alteration to the

contents of the document itself.

Note : Mitsubishi Electric will continue the business operations of high frequency & optical devices

and power devices.

Renesas Technology Corp.
Customer Support Dept.
April 1, 2003
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Renesas Electronics Corp. through various means, including the Renesas Electronics Corp.
website (http:/www.renesas.com).
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Keep safety first in your circuit designs!

Mitsubishi Electric 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
Mitsubishi semiconductor 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
Mitsubishi Electric Corporation or a third party.

Mitsubishi Electric Corporation assumes no responsibility for any damage, or infringement
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 Mitsubishi Electric Corporation without notice due
to product improvements or other reasons. It is therefore recommended that customers
contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product
distributor for the latest product information before purchasing a product listed herein.
The information described here may contain technical inaccuracies or typographical errors.
Mitsubishi Electric 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 Mitsubishi Electric Corporation by
various means, including the Mitsubishi Semiconductor home page (http://
www.mitsubishichips.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. Mitsubishi Electric Corporation assumes no responsibility for any damage,
liability or other loss resulting from the information contained herein.

Mitsubishi Electric Corporation semiconductors are not designed or manufactured for use
in a device or system that is used under circumstances in which human life is potentially at
stake. Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semicon-
ductor product distributor when considering the use of a product contained 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 Mitsubishi Electric Corporation is necessary to reprint or repro-
duce 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 Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor
product distributor for further details on these materials or the products contained therein.
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How to read internal 1/O register tables

O Bit Numbers: Each register is connected with an internal bus of 16-bit
wide, so the bit numbers of the registers located at even
addresses are D0-D7, and those at odd addresses are
D8-D15.

O State of Register at Reset: Represents the initial state of each register
immediately after reset with hexadecimal numbers
(undefined bits after reset are indicated each in column [O.)

O At read: O ... read enabled
? ... read disabled (read value invalid)
0 ... Read always as 0
1 ... Read always as 1

O At write: O : Write enabled
A : Write enable conditionally
(include some conditions at write)
- Write disabled (Written value invalid)

<Example of representation> Registers represented with thick rectangles
are accessible only with halfwords or words

Not implemented (not accessible with bytes).

in the shaded portion.

(1) — DO 1 2 3 4 v
/ Abit Bbit Chit
@—» <at reset: H'04>

D Bit name Function R w
0 Not assigned. 0 -
1 Abit 0: ----- e} 0

[ R ) 1
2 Bbit [o e e} e)

[ TR ) -
3 Cbit [o

@40
@10
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1.1 Overview

1.1 Overview

1.1.1 M32R Family CPU Core

(1) Uses the RISC architecture

* The 32172/32173 are 32-bit, RISC single-chip microcomputers built around the M32R family
CPU core (hereafter referred to as the "M32R") and incorporating flash memory, RAM, and
various other peripheral functions... all integrated into a single chip.

« The M32R uses the RISC architecture. Memory accesses are performed using Load and Store
instructions, and various arithmetic operations are executed using register-to-register
operating instructions. The M32R internally has sixteen 32-bit general-purpose registers and a
total of 83 discrete instructions.

« In addition to Load and Store instructions, the M32R supports compound instructions such as
Load & Address Update and Store & Address Update. These instructions are useful for
speeding up data transfers.

(2) 5-stage pipelined processing

« The M32R uses 5-stage pipelined instruction processing consisting of Instruction Fetch,
Decode, Execute, Memory Access, and Write Back. Not just load and store instructions or
register-to-register operation instructions, compound instructions such as Load & Address
Update and Store & Address Update also are executed in one cycle.

« Instructions are entered into the execution stage in the order they are fetched, but this does not
always mean that the first instruction entered is executed first. If the execution of a load or store
instruction entered earlier is delayed by one or more wait cycles inserted in memory access, a
register-to-register operation instruction entered later may be executed before said load or
store instruction. By using "out-of-order-completion” like this, the M32R controls instruction
execution without wasting clock cycles.

(3) Compact instruction code

« Instructions of the M32R come in either a 16-bit instruction or a 32-bit instruction format. Use of
the 16-bit instruction format especially helps to reduce the code size of a program.

* Some 32-bit instructions can branch directly to a location 32 Mbytes forward or backward from
the currently executed instruction address. The availability of such instructions makes
programming easier than for architectures with segmented address spaces.
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1.1.2 Built-in Multiply-Accumulate Operation Function

(1) Built in high-speed multiplier

* The M32R incorporates a 32-bit x 16-bit high-speed multiplier/accumulator which allows the
processor to execute a 32-bit x 32-bit integer multiplication instruction in three cycles (one
cycle is 25 ns when CPU memory clock = 40 MHz).

(2) Supports Multiply-Accumulate operation instructions comparable to DSP

» The M32R supports the following four modes of Multiply-Accumulate operation instructions (or
multiplication instructions) based on a 56-bit accumulator:

(@ 16 high-order register bits x 16 high-order register bits
@ 16 low-order register bits x 16 low-order register bits
(® All 32 register bits x 16 high-order register bits

@ All 32 register bits x 16 low-order register bits

* The M32R has instructions to round off the value stored in the accumulator to 16 or 32 bits, as
well as instructions to shift the accumulator value to adjust digits and store the digit-adjusted
value in a register. These instructions also can be executed in one cycle, so that when
combined with high-speed data transfer instructions such as Load & Address Update and
Store & Address Update, they enable the M32R to exhibit high data processing capability
comparable to that of DSP.

1.1.3 Built-in Flash Memory and RAM

» The 32172/32173 contains flash memory and RAM that can be accessed with no wait states,
making it possible to build a high-speed embedded system.

* The internal flash memory allows for on-board programming (you can write to it while being
mounted on the printed circuit board). Use of flash memory means the chip engineered at the
development phase can be used directly in mass-production, so that you can smoothly migrate
from prototype to mass-production without changing the printed circuit board.

» The internal flash memory can be rewritten 100 times.

* The internal flash memory has a virtual-flash emulation function, allowing the internal RAM
tobe artificially mapped into part of the internal flash memory. This function, when combined
with the internal Real-Time Debugger (RTD), facilitates data tuning on ROM tables.

* The internal RAM can be accessed for read or rewrite from an external device independently of
the M32R by using RTD (real-time debugger). It is communicated with external devices by
RTD's exclusive clock-synchronized serial 1/0.
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1.1.4 Built-in Clock Multiplier Circuit

» The 32172/32173 internally multiplies the frequency of the input clock signal by 4 (or by 2 for
the internal peripheral clock). When the input clock frequency is 10.0 MHz, the CPU clock
frequency is 40 MHz and that of the internal peripheral clock is 20 MHz.

1.1.5 Built-in Powerful Peripheral Functions

(1) Built-in input/output timers

» The timers used in the 32172/32173 consist of the following 26 channels of timers. (When not
using the PDC module as a sensor interface circuit, eight more channels of input timers are
available.)

( 16-bit output related timers x 16 channels
@ 16-bit input related timers x 6 channels
(3 32-bit input related timers x 4 channels

Each timer has multiple modes to choose from, depending on the purpose of use.

(2) Built-in 10-channel DMA

» The microcomputer contains 10 channels of DMA, allowing for data transfer between internal
peripheral I/Os and between internal RAM and internal peripheral 1/0. DMA transfer requests
can be issued from the user-created software, as well as can be triggered by a signal
generated by the internal peripheral I/O (A-D converter, input/output timer, or serial 1/0).

« The microcomputer also supports cascaded operation between DMA channels (starting DMA
transfer on a channel at the end of transfer on another channel). This makes advanced transfer
processing possible without causing any additional CPU load.

(3) Built-in two blocks of A-D converters

» The microcomputer contains an 8-channel A-D converter and a 4-channel A-D converter, both
capable of 10-bit resolution.

« In addition to ordinary A-D conversion, the converters support comparator mode in which a set
value and the A-D converted value are compared to determine which is larger or smaller than
the other.

« When A-D conversion is finished, the converters can generate a DMA transfer request, as well
as an interrupt.

(4) High-speed serial 1/10

* The microcomputer contains eight channels of serial 1/0s which can be set for clock-
synchronized serial /0 or UART.

» The transfer rate in clock-synchronized serial I/O mode is a high 2 Mbits per second, allowing
for fast data transfer.

« The serial I/O has the function to generate a DMA transfer request when data reception is
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completed or the transmit register becomes empty.

(5) Built-in Real-time Debugger (RTD)

» The Real-time Debugger (RTD) provides a function for accessing directly from the outside to
the M32R/E's internal RAM. It uses a dedicated clock-synchronized serial I/O to communicate
with external devices.

» Use of the RTD allows the contents of the internal RAM to be read out or its data to be rewritten
from the outside, independently of the M32R.

< An RTD interrupt can be generated to indicate that RTD-based data transmission or reception
is completed.
(6) 8-level interrupt controller

« The Interrupt Controller controls interrupt requests from internal peripheral I/Os by using eight
priority levels (including interrupt-disabled state) which are assigned to each interrupt source. It
also handles external interrupt requests generated upon detection of power outage or
generated by the watchdog timer as System Break Interrupt (SBI).

(7) Three operation modes

» The M32R/E supports three operation modes: single-chip, external extended, and processor
modes. The M32R/E's address space and external pin functions are switched over according
to each mode. Modes are selected using the MODO and MODL1 pins.

(8) Wait controller

» The Wait Controller supports access to external devices. In other than single-chip mode, up to
4 Mbytes of space is available for an external extended area.

1.1.6 Built-in Full-CAN Function

* The microcomputer contains two CAN modules compliant with CAN Specification V2.0B
active, each of which has 16-channel message slots.

1.1.7 Two Built-in D-A Converters

» The microcomputer contains two blocks of 8-bit resolution D-A converters.
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« In addition to ordinary D-A conversion, these converters support the function to successively
output any data. Also, the converters have a 256-byte output buffer (available for only the D-
AO converter).

1.1.8 Built-in Timer/Arithmetic Circuits for PD (Phase Digital) Sensors

« The microcomputer contains two blocks of timer/arithmetic circuits that operate along with PD
(Phase Digital) sensors.

« With various arithmetic circuits needed for position predictive operations incorporated, and the
timers interlocked with the D-A converters, fast data processing is possible.

« When not using the PD circuit, the PD sensor-handling timers can be used as ordinary input
measurement timers or input event counters.

1.1.9 Built-in Debug Function

» The 32172/32173 supports the JTAG interface. Using this JTAG interface, the microcomputer
can perform boundary scan test.
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1.2 Block Diagram

Figure 1.2.1 shows a block diagram of the 32172/32173. The features of each block are outlined in

Tables 1.2.1t0 1.2.3.

32172
32173
—\ Internal Bus
M32R CPU Core | Interface
(max 40MHz) L
Multiplier- — DMAC
accumulator (10 channels)
(32 x 16+56)
Input/output Timer
(26 channels)
3
M
S A-D Converter x 2
Internal Flash Memory | & )l (A-DO: 10-bit A-D, 8 channels)
(256KB) K g ‘(A-Dlz 10-bit A-D, 4 channels)
]
= :
L Serial I/0
é — (8 channels)
E
9 N Interrupt Controller
Internal RAM 5 —|(interrupt sources in 8 levels)
(M32172F2 : 16KB) [ =
(M32173£§ : 32KB) = j/ Wait Controller
_ N Full CAN
Real-time Debugger — (2 channels)
(RTD) ‘
L D-A Converter x 2 ]
i (8 bits)
PLL Clock Generating
Circuit |
j/ PD Controller

External Bus
Interface

Data iE LLAddress

Input/output Ports (JTAG), 99 lines

Figure 1.2.1  Block Diagram
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Table 1.2.1 Features of the M32R Family CPU Core

Functional Block Features
M32R family * Bus specifications
CPU core Basic bus cycle: 25 ns (when CPU clock = 40 MHz)

Logical address space: 4 Gbytes linear
External extended area: Maximum 4 Mbytes
External data bus: 16 bits

« Implementation: Five-stage pipelined processing

* CPU core internally configured in 32 bits

* Register configuration
General-purpose register: 32 bits x 16
Control register: 32 bits x 5

* Instruction set
16-bit/32-bit instruction formats
83 discrete instructions/6 addressing modes

* Built-in multiplier-accumulator (32 x 16 + 56)

Table 1.2.2 Features of the Internal Memory

Functional Block Features

RAM » Capacity
M32172F2: 16 Kbytes
M32173F2: 32 Kbytes

* No-wait access

By using the RTD (Real-time Debugger), the internal RAM can be accessed for

data read or rewrite from the outside, independently of the M32R.

Flash memory » Capacity: 256 Kbytes
» No-wait access

« Durability: Can be rewritten 100 times

1-8
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Table 1.2.3 Features of Internal Peripheral I/Os

Functional Block

Features

DMA » 10-channel DMA
» Supports data transfer between internal peripheral I/Os, between internal RAMs,
and between internal peripheral /O and internal RAM
 Capable of fast DMA transfer when used in combination with internal peripheral 1/0O
» Capable of cascaded operation between DMA channels (starting DMA transfer on
a channel at the end of transfer on another)
Timer  26-channel multifunction timers

* 16 channels of 16-bit output related timers, 6 channels of 16-bit input related
timers, and 4 channels of 32-bit input related timers
* Flexible timer configuration is possible by interconnecting each timer channel

A-D converter

* One 8-channel A-D converter and one 4-channel A-D converter, both capable of
10-bit resolution

» Supports comparator mode

» Can generate an interrupt or start DMA transfer at completion of A-D conversion

« Can monitor pin levels on a total of 20 channels (with reduced accuracy, however)

Serial /0

» 8-channel serial 1/0

» Can be set for clock-synchronized serial I/O or UART

» Capable of fast data transfer at 2 Mbits/second during clock-synchronized mode or
156 Kbits/second during UART mode

Real-time debugger

« Can rewrite/monitor the internal RAM by command input from the outside,
independently of the CPU
» Comes with dedicated clock-synchronized serial port

Interrupt controller

« Controls interrupt requests from internal peripheral I/Os
« Eight priority levels including interrupt-disabled state

Wait controller

« Controls wait state when accessing external extended area
« Inserts 1 to 4 wait cycles by software setting + extends wait period by external
WAIT signal input

Clock PLL

* Multiply-by-4 clock generating circuit

* CPU clock of maximum 40 MHz (CPU, internal ROM, and internal RAM access)
« Internal peripheral clock of maximum 20 MHz (peripheral module access)

* Maximum external input clock frequency of 10.0 MHz

D-A converter

» Two channels of 8-bit resolution D-A converters
D-AO converter: D-A output, successive data output function, 256-byte output
buffer available
D-Al converter: D-A output only

PD Controller

» Two blocks of PD sensor-accommodating timers and various arithmetic circuits for
position predictive operation

« 16-bit input measurement timer: 4 channels; 16-bit input related timer: 4 channels

* When not using the PD circuit, the above timers can be used as input
measurement timers or input event counters

CAN

» Two blocks of CAN modules, each with 16-channel message slots

JTAG

* Boundary scan function, Mitsubishi original SDI debug function included
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Figure 1.3.1 shows a pin function diagram of the 32172/32173. Table 1.3.1 provides a description
of pin functions.

XIN "2 le——» P82/ TXDO ]
XouT -~z le——» P83/ RXDO
Clock VCNT — s [«——» P84 / SCLKI 0/ SCLKO 0 Serial IO
oscvee — . l——» P85/ TXD1 port8
le——» P86 / RXD1
oscvss - [ P87/SCLKI 1/SCLKO1 _|
Reset E RESET I l«—— P93/ RXD3 (/ ADOINS)
— MODO [+——» P94/ TXD6 Serial 110
Mode > [«—» P95/ RXD6 Port9
MOD1 > le——» P96 / CTX1 cAN
FP — [ P97 / CRX1
[ P00 — PO7/DBO — DB7 4 — — Inputioutput
Data bus [ Porto L s le—"» P100 — P103 / TO8 — TO11 i iendant
Portl [ P10 —P17/DB8 — DB15%—~ | [+——» P104/TO12/ SCLKI4 Port 10
s le——» P105/TO13 / SCLKO4 ort Inputioutput
[ Port2 [ P20 —P27/A23 —A304—~» [«——» P106/TO14 / TXD4 timer serial /O
= le——» P107/TO15/ RXD4
Port 3 P30 — P37 /AL5 — A22 % 4 -
— . Input/output
[ pa1BOW /BIE -] e~ » P110 — P113/ TOO — TO3 :ltlnser P
[+——» P114/ TO4/ SCLKI5 =
Address bus P42 / BHW / BHE - [«— P115/TO5/ SCLKO5 Port 11 Input/output
P43/RD PR o [ P116/TO6 / TXD5 timer serial /0
Bus control Port 4 ; L>L [ P117/TO7 / RXD5 _ -
P44 /CS0 -l = =
- w o8| | [«——P124/TINOA (/ADOINY)
pasrcst £ LmL 101« P125/TINOB (/ADLIN9) | port 12 PD module
P46/ A13/ CS3 -l N le P126 / TINIA (/ ADOIN10) (A-D converter)
L Pa7/A14 -0 a P127 /TIN1B (/ AD1IN10)
- 3 ™ - -
P61 — P63 REany = l«——— P130/ TIN16 / PWMOFFO
Interrupt E Port 6 o a (/ADOIN11)
controller L_ P64/SBI — [T l«——— P131/TIN17 / PWMOFF1
_ _ 5 (/AD1IN11)
Clock C P70/BCLK/WR -~ L | [« P132/TINIB(ADOINIZ) | POTIS | inputioutput
= P71/ WAIT -~ '(:1 [+ P133/ TIN19 (/ ADLIN12) (A'D converter)
Bus control P72 /FREQ N ke P134/ TIN20 (/ ADOIN13)
serial I/0 - N l&——— P135/ TIN21 (/ AD1IN13)
L pon7 P73/HACK/TXD3 =% g le——— P136/ TIN22 (/ ADOIN14)
— P74/ RTDTXD le——— P137/ TIN23 (/ AD1IN14)
Realtime P75/ RTDRXD .- " 2/150%11\71";? /TXD7 Inputfoutput
debugger P76 / RTDACK - Port 15 timer serial I/0
l——» P153/ TIN9 / RXD7 (A-D converter)
B | P77/RTDCLK - (/AD1IN15) _ —
le——— P172/TIN10 (/AD1IN6) |
Input/output
» P173/TIN11 (/ AD1IN7) timer serial /0
8 le—» P174/ TXD2 Port17- | (A-D converter)
ADOINO —ADOIN7 ~ ———»]
4 le——» P175/ RXD2 _
AD AD1INO —AD1IN3 ~ —~—| -
converter AVCCO — le¢——» P220/ CTXO AN
AVSSO — le—— P221/CRX0 Port 22
> — B trol
L VREFO > P225/A12/ CS2 B edaroeebus
D-A DAO (/ AD1IN4) -~ le ITMS -
converter DA1 (/ AD1IN5) B e JTCK
le—— JTRST JTAG
4 | JTDO
VCCE - le——— JTDI _
g VDD
> o™
veel j o [«—— Fvce
bE
vss
Note : The [3.3V] blocks operate with a 3.3 V power supply.
: The [5V] blocks operate with a 5 V or 3.3 V power supply.

Figure 1.3.1  Pin Function Diagram of 144LQFP Package
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XIN "2 ke P82/ TXDO B
Xout - Z [«——» P83 /RXDO
Clock VCNT — s l«——» P84 / SCLKI 0/ SCLKO 0 .
= Port 8 Serial I/0
osc-vee — s la——» P85 / TXD1
l«—» P86 / RXD1
= 0SC-vss ! |«—» P87 /SCLKI 1/SCLKO 1 _|
Reset E RESET —> l&—» P93 /RXD3 (/ADOINS) |
— MODO [« P94 / TXD6 Serial /0
Mod ™ [«—» P95/ RXD6 Port9
ode MOD1 — le—» P96/ CTX1 AN
L FP 5 - [«——— P97 / CRX1 |
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Data bus [ Port0 p— 8 [+ P100 — P103/ TO8 — TO11 ;‘ Input/output timer
Portl [ P10 —P17/DB8 — DB15%—» [«——» P104/TO12/ SCLKI4 Port 10 _
8 l«—» P105 / TO13 / SCLKO4 °! Input/output timer
™ Port2 P20 — P27 / A23 — A304—~b [«—» P106 / TO14 / TXD4 serial /0
- 8 [«—» P107 / TO15 / RXD4 _
Port3 [ P30 —P37/A15 —A224—» 4 . _
— —_— [« P110 — P113 / TOO — TO3 ] Input/output timer
-~
P41/BLW/BLE le—» P114/TO4/ SCLKIS 3
Address bus P42 / BHW / BHE - o [ » P115/TO5 / SCLKO5 Port 11 Input/output timer
P43/RD - = la—» P116 / TO6 / TXD5 serial /0
Bus control Port 4 i [+ P117/TO7/ RXD5 _ _
Pa4lCso 7| ] P124 / TINOA (/ ADOING) | 7
cs1 «—»|32 w | »l
pasicst £| ® ||« P125/TINOB (/ AD1IN9) Port 12 PD module
P46 /A13/CS3 | N l«——— P126 / TIN1A (/ ADOIN10) (A-D converter)
| pa7/A14 « | l«——— P127/ TIN1B (/ AD1IN10)
— 3 ® . _
P61 — P63 hEene = l«——— P130 / TIN16 / PWMOFFO
Interrupt E Port& J— o‘ (/ADOIN11)
controller P64 /5SBI > ; l«——— P131/TIN17 / PWMOFF1
™ P70/ BCLK /W < (IAD1IN11) port13 | Inputioutput timer
Clock C -~ N l«—— P132/ TIN18 (/ ADOIN12) (A-D converter)
[ 7/ AT DI R R et =R
Bus control > N~
serial 10 P72/ HREQ - I l«—— P135/TIN21 (/ AD1IN13)
L port7 P73/ HACK /TXD3 -] ] l«—— P136 / TIN22 (/ ADOIN14)
P74 RTDTXD s | P137/TIN23 (/ AD1IN14) | B
Realtime P75/ RTDRXD -] [ l(:;l:g O/Igar\;a / TXD7 | Inputioutput timer
debugger - Port 15 serial 110
P76/RTDACK [+~ P153/ TING / RXD7 (A-D converter)
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8 _ _
— ADOINO — ADOIN? ~ —~—» l«——— P172/ TIN10 (/ AD1IN6) )
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AD [ ™ P174/TXD2 (A-D converter)
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DEBUG Dol SN JTeK
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VCCE ] L]
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Note : The [3.3V] blocks operate with a 3.3 V power supply.
: The [5V] blocks operate with a 5 V power supply.
Figure 1.3.2  Pin Function Diagram of 175FBGA Package
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Table 1.3.1 Description of Pin Functions (1/6)

Classification Pin Name Description Type

Function

Power supply VCCE Power supply

Supplies power to external 1/0O ports (5 V).

VCCI Power supply — Supplies power to the internal logic (3.3 V).
VDD RAM power supply — Power supply pin for internal RAM backup (3.3 V).
FVCC Flash power supply — Power supply pin for the internal flash memory (3.3 V).
VSS Ground — Connect all VSS to ground (GND).
Clock XIN, Clock Input Clock input/output pin. With a PLL-based
XOUT Output  frequency multiplier circuit included, enter a clock with
1/4 the operating frequency (XIN input = 10.0 MHz for
the CPU clock of 40 MHz).
Use this clock for external synchronized design.
BCLK/WR  System Output  When this signal is System Clock (BCLK), it outputs a
clock clock whose is twice that of extemal inpout clock.
(BCLK output = 20 MHz when CPU clock operates at
40 MHz).
When this signal is Write (WR), during extemal write
access it indicates the valid data on the data bus to
transfer.
input clock (BCLK output = 20 MHz when the external
input clock is 10 MHz).
OSC-VCC  Power supply — Power supply for the PLL circuit. Connect OSC-VCC to
the power supply (3.3 V).
OSC-VSS  Ground — Connect OSC-VSS to ground.
VCNT PLL control Input PLL circuit control pin. Connect a resistor and capacitor
to this pin. (For details about an external circuit, refer to
Section 20.1.1, "Example of an Oscillator Circuit.”
Reset RESET Reset Input Resets the internal circuits.
Mode MODO Mode Input Sets operation mode.
MOD1 FP |MODO | MOD1| Mode
X 0 0 Single-chip mode
X 0 1 External extended mode
0 1 0 Processor mode
1 1 0 Boot mode
X 1 1 (Reserved)
Address A12-A30 Address Output To allow four blocks of up to 1 MB memory space to
bus bus be connected external to the chip, 19 address lines

(A12-A30) are provided. A31 is not output to the
outside.

Note: For details about boot mode, refer to Chapter 6, "Internal Memory."
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Table 1.3.1 Description of Pin Functions (2/6)

Classification Pin Name Description Type Function

Data bus DBO0-DB15 Data bus Input/Output  16-bit data bus for connecting external devices. In write
cycle, the CPU outputs BHW/BHE and BLW/BLE
indicating the valid byte position to write on the 16-bit
data bus. In read cycle, the CPU always reads data
from the full 16-bit data bus. However, data at only the
valid byte position is transferred to the internal circuit
of the M32R.

Bus control CSO, CS1 Chip select  Output Chip select signal for external devices. For details about

S2,CS3 areas for which the chip select signal is output, refer to

Chapter 3, "Address Space."

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

BHW/BHE Byte high Output Indicates the byte position to which valid data will be

write/enable transferred when writing to an external device. BHW/

BLW/BLE Byte low Output BHE is output for the upper address side (DO-D7 is

write/enable valid), while BLW/BLE is output for the lower address
side (D8-D15 is valid).

WAIT Wait Input If input on WAIT is low when the M32R accesses an
external device, the wait cycle is extended.

HREQ Hold request Input This input pin is provided for external devices to request
control of the external bus. If input on the HREQ pin is
pulled low, the M32R goes to a hold state.

HACK Hold Qutput This signal is used to indicate that the M32R has entered

acknowledge a hold state and relinquished control of the external bus.
Input/ TIN8-TIN11, Timerinput Input Input/output timer input pin.
output timer  TIN16-TIN23

TOO0-TO15 Timer output Output Input/output timer output pin.

Interrupt SBI System breakInput System Break Interrupt (SBI) input pin for the interrupt
controller interrupt controller.
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Table 1.3.1 Description of Pin Functions (3/6)

Classification Pin Name Description Type Function
PD controller TINOA, TINOB Timer input Input  PDO sensor interface and timer input pin.
TIN1A, TIN1B Timer input Input PD1 sensor interface and timer input pin.
A-D converter AVCCO Analog power — AVCCO is the power supply for the A-D and D-A
supply converters. Connect AVCCO to the power supply (5 V).
AVSSO Analog ground — AVSSO is the analog ground for the A-D and D-A
converters. Connect AVSSO0 to ground.
VREFO Reference voltage Input  VREFO is the reference voltage input pin for the A-D
input and D-A converters (5 V).
ADOINO Analog input Input  8-channel analog input pins for the A-DO converter.
— ADOIN7
AD1INO Analog input Input  4-channel analog input pins for the A-D1 converter.
— AD1IN3
(/ADOINS) Analog input Input  20-channel analog input pins used to monitor the pin levels.
— (ADOIN15,)
(/AD1IN4)
— (/AD1IN15)
D-A DAO Analog output Output Analog output pin for the D-AO converter.
converter DAl Analog output Output Analog output pin for the D-A1 converter.
Serial I/0 SCLKIO/ UART transmit/ Input/  For UART mode: These pins output a clock derived
SCLKOO, receive clock Output from BRG by dividing it by 2.
SCLKI1/ output or CSIO For CSIO mode: These pins accept as input the
SCLKO1 transmit/receive transmit/receive clock when an external clock is selected
clock input/output or output the transmit/receive clock when an internal
clock is selected
1-14 Rev.1.0
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Table 1.3.1 Description of Pin Functions (4/6)

Classification Pin Name Description Type Function
Serial 110 SCLKI4, Clock output Input For UART mode: Use inhibited (in input state)
SCLKI5 For CSIO mode: Transmit/receive clock input when
external clock is selected
SCLKO4, Clock output Output For UART mode: Clock output derived from BRG by
SCLKO5 dividing it by 2
For CSIO mode: Transmit/receive clock output
TXDO-TXD7  Transmit data Output  Serial I/O transmit data output pins.
RXDO0O-RXD7 Received data Input Serial I/0 received data input pins.
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Table 1.3.1 Description of Pin Functions (5/6)

Classification Pin Name Description Type Function
Real-time RTDTXD Transmit data Output Serial data output pin for the real-time debugger.
debugger RTDRXD Received data Input Serial data input pin for the real-time debugger.

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

RTDACK Acknowledge Output Outputs a low-level pulse synchronously with the
first clock cycle of 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.

Flashonly  FP Flash Protect Input This is a mode pin which has the function to
protect the flash memory against E/W in hardware.
CAN CTX0,CTX1 Data output Output These pins output the data from the CAN module.
CRX0,CRX1 Data input Input These pins take in the data for the CAN module.
JTAG JTMS Test mode Input Test mode select input to control the state
transition of the test circuit.

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

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

JTDI Serial input Input This pin takes in the test instruction code or
test data serially.

JTDO Serial output Output This pin outputs the test instruction code or
test data serially.

Input/output  P00-PO7  Input/output port 0 Input/Output  Programmable input/output port.
port P10-P17 Input/output port 1 Input/Output  Programmable input/output port.
(Note) P20-P27 Input/output port 2 Input/Output  Programmable input/output port.

P30-P37 Input/output port 3 Input/Output  Programmable input/output port.
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Table 1.3.1 Description of Pin Functions (6/6)

Classification Pin Name Description Type Function
Input/output  P41-P47 Input/output port4  Input/Output  Programmable input/output port.
port P61-P64 Inputioutput port 6 Input/Output  Programmable input/output port.
(Note 1) (However, P64 is an input-only port.)
P70-P77 Input/output port 7 Input/Output  Programmable input/output port.
P82-P87 Input/output port 8  Input/Output  Programmable input/output port.
P93-P97 Input/output port9  Input/Output  Programmable input/output port.
(However, P93 and P97 are input-only ports.)
P100-P107 Input/output port 10 Input/Output  Programmable input/output port.
P110-P117 Input/output port 11  Input/Output ~ Programmable input/output port.
P124-P127 Input/output port 12 Input/Output  Input-only port.
P130-P137 Input/output port 13  Input/Qutput  Input-only port.
P150, P153 Input/output port 15 Input/Output  Programmable input/output port.
P172-P175 Input/output port 17  Input/Output ~ Programmable input/output port.
(However, P172 and P173 are input-only pins.)
P220,P221 Input/output port 22 Input/Output  Programmable input/output port.

P225 (Note 2)

(However, P22 is a CAN input-only pin.)

Note 1: Input/output port 5 is reserved for future use. Input/output ports 14, 16, 18, 19, 20, and 21 are

nonexistent.

Note 2: Use of P225 requires caution because it has a debug event function.
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1.4 Pin Layout

Figure 1.4.1 shows a pin layout diagram of the 32172/32173.

the 32172/32173.

Table 1.4.1 lists a pin arrangement of
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Figure 1.4.1 Pin Layout Diagram of the M32172F2VFP/M32173F2VFP (Top View)
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Table 1.4.1 Pin Arrangement of the 144LQFP Package (1/2)

No. Pin Name No. Pin Name No. Pin Name

1 P221/CRX0 31 PO5/DB5 61 VCCI

2 P225/A12/CS2 32 P06/DB6 62 VSS

3 OSC-VSS 33 PO7/DB7 63 P174/TXD2

4 XIN 34 P10/DB8 64 P175/RXD2

5 XOuT 35 P11/DB9 65 VCCE

6 0OSscC-vCccC 36 P12/DB10 66 P82/TXD0O

7 VCNT 37 P13/DB11 67 P83/RXDO

8 P30/A15 38 P14/0B12 68  P84/SCLKIO/SCLKOO
9 P31/A16 39 P15/DB13 69 P85/TXD1

10 P32/A17 40 P16/DB14 70 P86/RXD1

11  P33/A18 41 P17/DB15 71  P87/SCLKI1/SCLKO1
12 P34/A19 42  VREFO 72 VSS

13 P35/A20 43 AVCCO 73 FVCC

14  P36/A21 44 ADOINO 74 P61

15  P37/A22 45  ADOIN1 75 P62

16  P20/A23 46  ADOIN2 76 P63

17  P21/A24 47  ADOIN3 77  P64/SBI

18  P22/A25 48  ADOIN4 78 P70/BCLK/WR

19 P23/A26 49  ADOIN5 79 P71/WAIT

20 VCCE 50 ADOIN6 80 P72/HREQ

21 VSS 51 ADOIN7 81 P73/HACK/TXD3

22 P24/A27 52  AD1INO 82 P74/RTDTXD

23  P25/A28 53 AD1IN1 83 P75/RTDRXD

24 P26/A29 54  AD1IN2 84 P76/RTDACK

25  P27/A30 55 AD1IN3 85 P77/RTDCLK

26  P00/DBO 56 DAO (/AD1IN4) 86 P93/RXD3 (/ADOINS)
27  P01/DB1 57 DAL (/AD1IN5) 87  P94/TXD6

28  P02/DB2 58 P172/TIN10 (/AD1ING) 88 P95/RXD6 (/AD1IN8)
29  P03/DB3 59  P173/TIN11 (/AD1IN7) 89 P96/CTX1

30 P04/DB4 60 AVSSO 90 P97/CRX1
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Table 1.4.2 Pin Arrangement of the 144LQFP Package (2/2)

No. Pin Name No. Pin Name No. Pin Name

91 RESET 111 JTRST 131 P137/TIN23 (/AD1IN14)
92 MODO 112 JTDO 132 VCCE

93 MOD1 113 JTDI 133 P150/TIN8/TXD7 (/ADOIN15)
94 FP 114 P103/TO11 134 P153/TIN9/RXD7 (/AD1IN15)
95 VCCE 115 P104/TO12/SCLKI4 135 P41/BLW/BLE

96 VSS 116 P105/TO13/SCLKO4 136 P42/BHW/BHE

97  P110/TOO 117 P106/TO14/TXD4 137 VCCI

98 P111/TO1 118 P107/TO15/RXD4 138 VSS

99  P112/TO2 119 P124/TINOA (/ADIN9) 139 P43/RD

100 P113/TO3 120 P125/TINOB (/AD1IN9) 140 P44/CSO

101 P114/TO4/SCLKI5 121 P126/TIN1A (/ADOIN10) 141 P45/CS1

102 P115/TO5/SCLKO5 122 P127/TIN1B (/AD1IN10) 142 P46/A13/CS3

103 P116/TO6/TXD5 123 VCCI 143 P47/A14

104 P117/TO7/RXD5 124 P130/TIN1I6/PWMOFFO (/ADOIN11) 144 P220/CTX0

105 P100/TO8 125 P131UTIN17/PWMOFF1 (/ADOIN11)

106 P101/TO9 126 P132/TIN18 (/ADOIN12)

107 P102/TO10 127 P133/TIN19 (/AD1IN12)

108 VDD 128 P134/TIN20 (/ADOIN13)

109 JTMS 129 P135/TIN21 (/AD1IN13)

110 JTCK 130 P136/TIN22 (/ADOIN14)
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P117 P114 P93
15 | JTRST | JTCK [P102/TOO[ /TO7 /T4 |P110/TO0[ MOD1 |TRDATAG| TRDATAS | /RXD3 P74 |p71/WAIT| P63 Fvce N.C.
IRXD5 | ISCLKIS /ADOINS)| /RTDTXD
P95 —
14 | stDO JTMS vDD |P100/TO8|P115/TOS|p111/TO1|  FP RESET | /RXD6 P77 |P73/HACK|P70/BCLK|  pg2 P61 vss
/SCLKO5 (/AD1IN8)|/RTDCLK| /TXD3 IWR
- . P87
13 N.C. N.C. N.C. |P101/TO9|P116/TO6lp112/T02| VCCE | MoDo |P9a/TxD6| P76 |pP72/HREQ| P64/SB1|/sCLKIL| N.C. |P86/RXD1
/TXD5 /RTDACK| ISCLKO1
P84
12 P103/TO11 JTDI N.C. N.C. P113/TO3 VSSs TRDATA7 |P97/CRX1P96/CTX1| TRDATA4 |P75/RTDRXD| N.C. P85/TXD1| /SCLKIO |pg3/RXDO
/SCLKOO

P105 P104 P107
P106/TO14

11 /TO13 | /TO12 [ /TO15 P174/TXD2| P82/TXDO| VCCE |P175/RXD2

/TXD4 | /SCLKO4| /SCLKI4[ /RXD4

P125 P124 P126
10 DBI ITINOB | /TINOA | /TIN1A TRDATAO | TRDATA3 | TRDATA2 | TRDATAL
(/AD1IN9)|(/ADOIN9) |(/ADOIN10;
P127 P173
9 | EVENTL | /miNnaB |EVENTO| vcal /TINLL [ yss vcel | AVSso
oy M32172F2VWG =
P131/TINLT|  P132 P133  |P130/TIN16 pi72 DAO DA1
8 |/PWMOFF1| /TIN18 | /TIN19 |/PWMOFFO) /TIN10 | AD1IN3 IADLINI4)| (AD1IN1S)
(/AD1IN11)| tADOIN12)|/AD1INI2)|1ADOIN1L) M 3 2 1 7 3 F 2VWG (/AD1ING), ( )
P135 P136 p137 | P134
7 | mn21 | miNzz | miNzs | omiNzo AD1IN2 | ADOIN7 | AD1INO | AD1INL
(/AD1IN13)| (JADOIN14)|(/AD1IN14)| (JADOIN13)|
P150/TIN8|P153/TIN9| BLW
6 /TXD7 JRXD7 P?%BELW VCCE ADOIN6 | ADOIN3 | ADOIN4 | ADOINS
(/ADOIN15)|(/AD1IN15)|
5 VCCI VSS P43/RD P‘t/ZB/%EiW ADOIN2 | AVCCO | ADOINO | ADOIN1
4 N.C. N.C. N.C. N.C. |P30/a15|P34/A19|P37/A22|P23/A26] VCCE |P25/A28|P01/DB1| N.C. N.C. |P17/DB15| VREFO
— [p225/A12
3 N.C. N.C. P44/CSO /Cs2 XOUT |P31/A16| P35/A20|P20/A23|P24/A27 |PO0/DBO| P04/DB4|P07/DB7|P16/DB14 N.C. N.C.

2 |Pasicsi|Pa7/A14|P220/CTX0|OSC-VSS|OSC-VCC|P32/A17| TRCLK |P21/A24| TRSYNC |P27/A30(P03/DB3|P06/DB6|P11/DB9[P12/DB10|P15/DB13

P46/A13
1 iS5 |PR2ueRxol  XxIN VCNT |P33/A18| P36/A21|P22/A25| VSS |P26/A29|P02/DB2|P05/DB5|P10/DB8|P13/DB11[P14/DB12]
A B C D E F G H J K L M N P R

Figure 1.4.2 Pin Layout Diagram (Top View)
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Table 1.4.3 Pin Arrangement of the 175FBGA Package (1/2)

No. Pin Name No. Pin Name No. Pin Name
Al — D1 XIN Gl P36/A21
A2  P45/CS1 D2 OSC-VSS G2 TRCLK
A3 N.C. D3 P225/A12/CS2 G3 P35/A20
A4 N.C. D4 N.C. G4 P37/A22
A5  VCCI D5 P42/BHW/BHE G5 —

A6  P150/TINS/TXD7(/ADOIN15) D6 VCCE G6 —

A7  P135/TIN21(/AD1IN13) D7 P134/TIN20(/ADOIN13) G7 —

A8  P13UTIN17/PMWOFF1(/AD1INL1) D8  P130/TINI6/PWMOFFO(ADOINIL) G8 —

A9  EVENT1 D9 VCCI G9 —

A10 DBI D10 P126/TIN1IA(/ADOIN10) G10 —

All P106/TO14/TXD4 D11 P107/TO15/RXD4 Gl11 —

Al2 P103/TO11 D12 N.C. G12 TRDATA7
Al13 N.C. D13 P101/TO9 G13 VCCE
Al4 JTDO D14 P100/TO8 G14 FP

Al5 JTRST D15 P117/TO7/RXD5 G15 MOD1
Bl P46/A13/CS3 E1 VCNT H1 P22/A25
B2 P47/Al4 E2 0SC-vCC H2 P21/A24
B3 N.C. E3 XOUT H3 P20/A23
B4 N.C. E4 P30/A15 H4  P23/A26
B5 VSS E5S — H5 —

B6  P153/TIN9/RXD7(/AD1IN15) E6 — H6 —

B7  P136/TIN22(/ADOIN14) E7 — H? —

B8  P132/TIN18(/ADO1N12) E8 — H8 —

B9  P127/TIN1B(/AD1IN10) E9 — HO —

B10 P125/TINOB(/AD1IN9) E10 — H10 —

B11 P105/TO13/SCLKO4 E1l1 — H11 —

B12 JTDI E12 P113/TO3 H12 P97/CRX1
B13 N.C. E13 P116/TO6/TXD5 H13 MODO
B14 JTMS El4 P115/TO5/SCLKO5 H14 RESET
B15 JTCK E15 P114/TO4/SCLKI5 H15 TRDATA6
Cl P221/CRX0 F1 P33/A18 Jl VSS

C2 P210/CTX0 F2 P32/A17 J2  TRSYNC
C3  P44/CSO F3 P31/A16 J3  P24/A27
C4 N.C. F4  P34/A19 J4  VCCE
C5 P43/RD F5 — N[

C6 P41/BLW/BLE F6 — J6 —

C7 P137/TIN23(/AD1IN14) F7 — 37—

C8 P133/TIN19(/AD1IN12) F8 — N[ J—

C9 EVENTO 9 — J9  —

C10 P124/TINOA(/ADOINO) F10 — J10 —

Cl1l P104/TO12/SCLK14 F11 — Ji1 —

C12 N.C. F12 VSS J12 P96/CTX1
C13 N.C. F13 P112/TO2 J13  P94/TXD6
Cl14 VDD Fl4 P111/TO1 J14 P95/RXD6(/AD1INS)
C15 P102/TO10 F15 P110/TOO J15 TRDATAS5
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Table 1.4.4 Pin Arrangement of the 175FBGA Package (2/2)

No. Pin Name No. Pin Name No. Pin Name
K1 P26/A29 M1 PO05/DB5 P1 P13/DB11
K2  P27/A30 M2 P06/DB6 P2 P12/DB10
K3  P0O0/DBO M3  P07/DB7 P3 N.C.

K4  P25/A28 M4  N.C. P4 P17/DB15
Kt — M5  ADOIN2 P5  ADOINO
K6 — M6  ADOING P6 ADOIN4
K7 — M7  AD1IN2 P7  AD1INO
K8 — M8 P172/TIN10(/AD1ING) P8 DAO(/AD1IN14)
K9 — M9  P173/TIN11(/AD1IN7) P9 VCCI

K10 — M10 TRDATAO P10 TRDATA2
K1l — M11 P174/TXD2 P11 VCCE
K12 TRDATA4 M12 N.C. P12 P84/SCLKIO/SCLKOO
K13 P76/RTDACK M13 P64/SB1 P13 N.C.

K14 P77/RTDCLK M14 P70/BCLK/WR P14 P61

K15 P93/RXD3(/ADOIN8) M15 P71/ WAIT P15 FVCC

L1  P02/DB2 N1 P10/DB8 R1 P14/DB12
L2  PO3/DB3 N2 P11/DB9 R2 P15/DB13
L3  P04/DB4 N3 P16/DB14 R3 N.C.

L4 PO1/DB1 N4 N.C. R4 VREFO

L5 — N5 AVCCO R5 ADOIN1
L6 — N6 ADOIN3 R6  ADOIN5
L7 — N7  ADOIN7 R7 AD1IN1
L8 — N8 AD1IN3 R8 DA1(/AD1IN15)
L9 — N9 VSS R9 AVSSO
L10 — N10 TRDATA3 R10 TRDATAl
L11 — N11 P82/TXDO R11 P175/RXD2
L12 P75/RTDRXD N12 P85/TXD1 R12 P83/RXDO0O
L13 P72/HREQ N13 P87/SCLKI1/SCLKO1 R13 P86/RXD1
L14 P73/HACK/TXD3 N14 P62 R14 VSS

L15 P74/RTDTXD N15 P63 R15 N.C.

1-23

Rev.1.0



Overview
1.4 Pin Layout

*** This is a blank page ***

1-24 Rev.1.0



CHAPTER 2
CPU

2.1 CPU Registers

2.2 General-purpose Registers
2.3 Control Registers

2.4 Accumulator

2.5 Program Counter

2.6 Data Formats




2 CPU
2.1 CPU Registers

2.1 CPU Reqisters

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

2.2 General-purpose Reqisters

General-purpose registers are 32 bits in width and there are sixteen of them (RO to R15), which are
used to hold data and base addresses. Especially, R14 is used as a link register, and R15 is used
as a stack pointer. The link register is used to store the return address when executing a subroutine
call instruction. The stack pointer is switched between an interrupt stack pointer (SPI) and a user
stack pointer (SPU) depending on the value of the Processor Status Word register (PSW)'s stack
mode (SM) bit.

0 31 0 31
RO R8
R1 R9
R2 R10
R3 R11
R4 R12
R5 R13
R6 R14 (Link register)
R7 R15 (Stack pointer)  (Note)

Note: The stack pointer is switched between an interrupt stack pointer (SPI) and a user stack pointer
(SPU) depending on the value of the PSW's SM bit.

Figure 2.2.1 General-purpose Registers

2-2 Rev.1.0



2

CPU

2.3 Control Registers

2.3 Control Reqgisters

There are five control registers-Processor Status Word Register (PSW), Condition Bit Register

(CBR), Interrupt Stack Pointer (SPI), User Stack Pointer (SPU), and Backup PC (BPC).

Dedicated "MVTC" and "MVFC" instructions are used to set and read these control registers.

CRn

CRO
CR1
CR2
CR3

CR6

0

Control Registers

31

PSW

CBR

SPI

SPU

BPC

Processor status Word Register
Condition Bit Register

Interrupt Stack Pointer

User Stack Pointer

Backup PC

Notes 1: CRn (n = 0-3, 6) denotes control register numbers.

2: Dedicated "MVTC" and "MVFC" instructions are used to set and read the control registers.

Figure 2.3.1 Control Registers
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2.3 Control Registers

2.3.1 Processor Status Word Register: PSW (CRO0)

The Processor Status Word Register (PSW) is used to indicate the status of the M32R. It consists
of a regularly used PSW field and a special BPSW field which is used to save the PSW field when
an EIT occurs.

The PSW field consists of several bits labeled Stack Mode (SM), Interrupt Enable (IE), and
Condition bit (C). The BPSW field consists of backup bits of the foregoing, i.e., Backup SM bit
(BSM), Backup IE bit (BIE), and Backup C bit (BC).

BPSW field PSW field
0(MSB) 7 8 15‘ 16 17 23U24 25 31(LS‘B)
PSW [0 0 00 000000000000 | [0o0000|f | 00000
— | = |
BSM BIE BC SM IE C
(Note 1)
D Bit Name Function Initial R W
16 BSM (Backup SM) Holds the value of SM bit when EIT Indeterminate O O
is accepted.
17 BIE (Backup IE) Holds the value of IE bit when EIT Indeterminate O O
is accepted.
23 BC (Backup C) Holds the value of C bit when EIT Indeterminate O O
is accepted.
24 SM (Stack Mode) 0: Interrupt stack pointer is used. 0 O O
1: User stack pointer is used.
25 |E (Interrupt Enable)  0: No interrupt is accepted. 0 o O
1: Interrupt is accepted.
31 C (Condition bit) Depending on instruction execution, it indicates 0 O O

whether operation resulted in a carry, borrow, or overflow.

Note 1: "Initial" shows the state immediately after reset, R = O means the register is readable,
W = O means the register is writable.
Note 2: For changes of the state of each bit when an EIT event occurs, refer to Chapter 4, "EIT.”
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2.3.2 Condition Bit Register: CBR (CR1)

The Condition Bit Register (CBR) is created as a separate register from the PSW by extracting the
Condition bit (C) from it. The value written to the PSW C bit is reflected in this register. This register
is a read-only register (writes to this register by "MVTC" instruction are ignored).

0(MSB) 31(LSB)
CBROIOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO|C|
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 111 1 1 1 1 1

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

The Interrupt Stack Pointer (SPI) and User Stack Pointer (SPU) hold the current address of the
stack pointer. These registers can be accessed as general-purpose register R15. In this case,
whether R15 is used as SPI or as SPU depends on the PSW's Stack Mode (SM) bit.

0(MSB) 31(LSB)
SPI |

0(MSB) 31(LSB)
SPU |

2.3.4 Backup PC: BPC (CR6)

The Backup PC (BPC) is a register 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 value held in the PC immediately before the EIT occurred or the value of
the next instruction is set in this register. When the "RTE" instruction is executed, the saved value
is returned from the BPC to the PC. However, the two low-order bits of the PC when thus returned
are always fixed to "00" (control always returns to word boundaries.)

0(MSB) 31(LSB)
BPC BPC | 0 |
1 1 1 1 1 1 1 1 1 1 1 1 1 1
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2.4 Accumulator

The accumulator (ACC) is a 56-bit register used by DSP function instructions. When read out or
written to, it is handled as a 64-bit register. When reading, the value of bit 8 is sign-extended. When
writing, bits 0-7 are ignored. Also, the accumulator is used by the multiplication instruction "MUL."
Note that when executing this instruction, the value of the accumulator is destroyed.

The "MVTACHI" and "MVTACLQ" instructions are used to write to the accumulator. The
"MVTACHI" instruction writes data to the 32 high-order bits (bits 0-31), and the "MVTACLO"
instruction writes data to the 32 low-order bits (bits 32-63).

The "MVFACHI," "MVFACLO," and "MVFACMI" instructions are used to read data from the
accumulator. The "MVFACHI" instruction reads data from the 32 high-order bits (bits 0-31), the
"MVFACLO" instruction reads data from the 32 low-order bits (bits 32-63), and the "MVFACHI"
instruction reads data from the 32 middle bits (bits 16-47).

(Note) Range of bi_ts read_by MVFACMI
[ B instruction

0(MSB) 78 15' 16 31 32 4748 63(LSB)
acc| ] | | |

L Range of bits read/written to by J L Range of bits read/written to by J

MVFACHI/MVTACHI instructions MVFACLO/MVTACLO instructions

Note: Bits 0-7 always show the sign-extended value of bit 8. Writes to this bit field are ignored.

2.5 Program Counter

The Program Counter (PC) is a 32-bit counter used to hold the address of the currently executed
instruction. Because M32R instructions each start from an even address, the LSB (bit 31) is always 0.

0(MSB) 31(LSB)
PC PC | 0 |
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2.6 Data Formats

2.6.1 Data Types

There are several data types that can be handled by the M32R's instruction set. These include
signed and unsigned 8, 16, and 32-bit integers. Values of signed integers are represented by
2's complements.

0(MSB) 7(LSB)
Signed byte (8-bit) S
integer

0(MSB) 7(LSB)
Unsigned byte (8-bit)
integer

0(MSB) 15(LSB)
Signed halfword (16-bit) S
integer

0(MSB) 15(LSB)
Unsigned halfword
(16-bit) integer

0(MSB) 31(LSB)
Signed word (32-bit) S
integer

0(MSB) 31(LSB)
Unsigned word (32-bit)
integer \

S : Sign bit

Figure 2.6.1 Data Types

2-7 Rev.1.0



2

CPU
2.6 Data Formats

2.6.2 Data Formats

(1) Data formats in register

Data sizes in M32R 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) into word (32-bit)
data before being stored in the register. When storing data from M32R register into memory, the
register data is stored in memory in different sizes depending on the instructions used. The ST
instruction stores the entire 32-bit data of the register, the STH instruction stores the least
significant 16-bit data, and the STB instruction stores the least significant 8-bit data.

; From memory (LDB,
<When loading> Sign-extended (LDB instruction) or ~ LDUB instructions)
0(MSB) zero-extended (LDUB instruction) 2 v 31(LSB)
Rn |« | l Byte
Sign-extended (LDH instruction) or . .
zero-extended (LDUH instruction) From memory (LDH, LDUH instructions)
0(MSB) 16 $ 31(LSB)
Rn [« | Hallfword
From memory (LD instructions)
O(MSB) v 31(LSB)
Rn V\llord
<When storing>
0(MSB) 24 31(LSB)
Rn Byte
To memory (STB instruction)
0(MSB) 16 31(LSB)
Rn HaITword
To memory (STH instruction)
0(MSB) 31(LSB)
Rn | Wlord |
To memory (ST instruction)

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

Data sizes in memory are either byte (8 bits), halfword (16 bits), or word (32 bits). Byte data can
be located at any address. However, halfword data must be located at halfword boundaries
(where the LSB address bit = "0"), and word data must be located at word boundaries (where two
LSB address bits = "00"). If an attempt is made to access memory data across these halfword or
word boundaries, an address exception is generated.

Address
+ 0 address + 1 address + 2 address + 3 address
v v
0 7 8 15 16 23 24 31
Y | | |
| | _Byte | | |
Byte

| | | Bye | |
| | | | Byte |

~ (MsB) 15(LSB)
Halfword | Halfword | ’ |
B | | Half\:/vord |
0(MSB) 31(LSB)
Word [ | : quer : |

Figure 2.6.3 Data Formats in Memory
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(3) Endian

The following shows the generally used endian methods and the M32R family endian.

Bit endian Byte endian
(H'01) (H'01234567)
MSB LSB MSB LSB
Big endian B'0000001 | Ho1 [ w2s | Has | e |
DO D7 HH HL LH LL
MSB LSB MSB LSB
Little endian B'0000001 | H'67 | H'45 | H23 | HO1 |
D7 DO LL LH HL HH
Note: Even for bit big endian, H'01 is not B'10000000.

Figure 2.6.4 Endian Methods

7700 family . M32R family
MPU name b Competition —_—
M16C family P M16 family
Endian . . . . N
(Bit/Byte) Little/Little Little/Big Big/Big
Address +0 +1 +2 +3 +0 +1 +2 +3 +0 +1 +2 +3
MSB LsB MSB LSB MSB LSB
Data
LL LH HL HH HH HL LH LL HH HL LH LL
arrangement l ] ! 1 1 1 1 1 1
Bit number 31-24 23-16 158 7-0 3124 2316 158 70 0-7 815 16-23 24-31
Ex:0x01234567 .byte 67,45,23,01 .byte 01,23,45,67 .byte 01,23,45,67
Note: The M32R's endian method is big endian for both bit and byte.

Figure 2.6.5 M32R Family Endian
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(4) Transfer instructions

« Constant transfer LD24 Rdest, #imm24
LD24 Rdest, #imm24 ) 23
LDI Rdest, #imm16
) Rdest | 00 I | | |
LDI Rdest, #imm8
0 8 31

SETH Rdest, #imm16
SETH Rdest, #imm16

—

0 15

Rdest | | | 00 | 00
0 15 31

 Register to register transfer
MV Rdest, Rsrc

Rsrc | | | |
0 31
| |

MV Rdest, Rsrc

Rdest | |
0 31
« Control register transfer
MVTC Rsrc, CRdest
MVFC Rdest, CRsrc
Rsrc l | | |
MVTC Rsrc, CRdest
0 31
CRdest l l | |
0 31

Note: For the MVTC instruction, the condition bit C does not change unless CRdest is CRO (PSW).

Figure 2.6.6 Transfer instructions
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(5) Memory (signed) to register transfer

Memory Register
« Signed 32 bits l
LD24 Rsrc, #label label | Rdest
LD Rdest, @Rsrc I I | | I |
+2 +3 0 31
« Signed 16 bits l
label
Rdest
LD24  Rsrc, #label || les | |
LDH Rdest, @Rsrc = = 00 , 00 I
Check the MSB//'
O=positve — [ FF | FF] | |
1 = negative 5 o
« Signed 8 bits l
label
abe Rdest
LD24 Rsrc, #label | |
LDB  Rdest, @Rsrc e [ 00, 00, 00 ] |
MSB
//’ /e e [
1 = negative 0 31
Figure 2.6.7 Memory (signed) to register transfer
(6) Memory (unsigned) to register transfer
« Unsigned 32 bits Register
s |
LD24 Rsrc, #label label s
LD Rdest, @Rsrc | | | I
+2 +3 0 31
« Unsigned 16 bits
label Rdest l
LD24 Rsrc, #label es
LDUH Rdest, @Rsrc | 00 ; 00 | | |
+2 +3 0 31
« Unsigned 8 bits
label Rdest l
LD24 Rsrc, #label
LDUB Rdest, @Rsrc | 00 , 00, 00 | |
+2 +3 0 31

Figure 2.6.8 Memory (unsigned) to register transfer

2-12
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(7) Things to be noted for data transfer

Note that in data transfer, data arrangements in registers and those in memory are different.

Data in register Data in memory
(RO-R15) +0 +1 +2 +3
Word data (32 bits) | HH | HL | LH | LL | HH | HL | LH | LL
DO D31 DO D31
MSB LSB MSB LSB
(RO-R15) +0 +1 +2 +3
Half-word data (16 bits) — ", v | HooL |
Do D31 Do D15
(RO-R15) +0 +1 +2 +3
Byte data (8 bits) — | |
DO D31 DO D7
MSB LSB MSB LSB
Figure 2.6.9 Difference in Data Arrangements
2-13 Rev.1.0
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3 ADDRESS SPACE
3.1 Outline of the Address Space

3.1 Outline of the Address Space

The logical addresses of the M32R are always handled in 32-bit width, providing a 4-Gbyte linear
address space. The address space of the M32R consists of the following:

(1) User space

* Internal ROM area

* External extended area

* Internal RAM area

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

(1) User space

A 2 Gbytes of space in addresses from H'0000 0000 to H'7FFF FFFF is the user space. Located
in this space are the internal ROM, external extended, and internal RAM areas and the SFR
(Special Function Register) area (i.e., internal peripheral I/O registers). Of these, the internal
ROM and external extended areas are allocated to different addresses depending on mode
settings which are described later.

(2) Boot program space

A 1 Gbytes of space in addresses from H'8000 0000 to H'BFFF FFFF is the boot program space.
This space stores a program (boot program) which enables on-board programming when the
internal flash area is blank.

(3) System space

A 1 Gbytes of space in addresses from H'C000 0000 to H'FFFF FFFF is the system space. This
space is reserved for use by development tools such as an in-circuit emulator or debug monitor,
and cannot be used by the user.
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<LOgicaI Space of the M32172F2> External Extended EIT Vector Entry
Area (8 Mbytes)
Logical Address \‘
{
. N —¥7

H OOO(}AOOOO N T RO Ao H'0000 0000
(16 Mbytes) (Note 1) H"0003 FFFF
Reserved Area | H'0004 0000
(768 Kbytes) | 1000F FFFF
CS0 Area H’0010 0000

(1 Mbytes)
(Note 1) H'001F FFFF
CS1 Area H'0020 0000

2 Gbytes User Space (2 Mbytes)

Ghost Areas, (Note 1) ,

16 Mbytes H'003F FFFF
— Each Cs2Area | H'0040 0000

(2 Mbytes)
(Note 1) H'005F FFFF
CS3 Area H'0060 0000

(2 Mbytes)

v MNoteD) | Hoo7F FFFF
H'7FFF FFFF . H’0080 0000
H’8000 0000 Boot ROM H’8000 0000 (fgiﬁyﬁz)

A @ Qgities) H'0080 3FFF

H’8000 1FFF )
H'8000 2000 Internal RAM H’'0080 4000
Reserved Area (16 Kbytes)
8 Kb ’
®KoYeS) | 18000 3FEE o
H'8000 4000 Reserved Area
(96 Kbytes)
H'0081 FFFF
1 Gbytes Boot Program H’0082 0000
Space
(Note 2) Ghost Areas,
% 16 Kbytes
Each
& Ghost Areas,
128 Kbytes Each

v
H'BFFF FFFF H'BFFF FFFF H'00FF FFFF
H'C000 0000

1 Ghytes

l System Space

H'FFFF FFFF
Note 1: Locations vary with chip mode settings.
Note 2: The boot program space can be read out only when FP = 1, MODO = 1, and MOD1 = 0.

Figure 3.1.1 Address Space of the M32172F2
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3.1 Outline of the Address Space

Logical Address

<Logical Space of the M32173F2>

External Extended

Area (8 Mbytes)

EIT Vector Entry

H’C000 0000

T

1 Gbytes

i

H'FFFF FFFF

System Space

Note 1: Locations vary with chip mode settings.
Note 2: The boot program space can be read out only when FP = 1, MODO = 1, and MOD1 = 0.

) [ —¥7 1
H OOOCA)AOOOO R ———— H'0000 0000
(16 Mbytes) (Note 1) H”OOO3 FFFF
Reserved Area | H0004 0000
(768 Kbytes) | \y000F FFFF
CS0 Area H’0010 0000
(1 Mbytes)
(Note 1) H'001F FFFF
CS1 Area H'0020 0000
2 Gbytes User Space (2 Mbytes)
Ghost Areas, (Note 1) ,
16 Mbytes H'003F FFFF
— -,  Eah CS2Area | H'0040 0000
(2 Mbytes)
(Note 1) H'005F FFFF
CS3 Area H’0060 0000
(2 Mbytes)

v MNotel) | proo7F FFFF
H'7FFF FFFF - H'0080 0000
H'8000 0000 Boot ROM H'8000 0000 SIAR A

Area (16 Kbytes) .
4 (8 Kbytes) H'0080 3FFF
H’8000 1FFF
H’8000 2000 Internal RAM H'0080 4000
Reserved Area (32 Kbytes)
8 Kbytes, '
CX | oo s
H'8000 4000 Reserved Area
(80 Kbytes)
H'0081 FFFF
1 Ghytes Boot Program H'0082 0000
Space
(Note 2) Ghost Areas,
% 16 Kbytes
Each
Ghost Areas,
128 Kbytes Each

v

H'BFFF FFFF H'BFFF FFFF

H'00FF FFFF

Figure 3.1.2 Address Space of the M32173F2
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3 ADDRESS SPACE
3.2 Operation Modes

3.2 Operation Modes

The 32172/32173 is placed in one of the following modes by settings of chip operation mode
(setting the MODO and MOD1 pins) . For details about internal flash memory rewrite mode, refer to
Section 6.5, "Programming the Internal Flash Memory."

Table 3.2.1 Setting Operation Modes

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

VSS VCC External extended mode
VCC VSS Processor mode (FP = VSS)
VCC VCC Reserved (use inhibited)

Note 1: VCC and VSS are connected to +5 V and GND, respectively.
Note 2: For internal flash memory rewrite mode (when FP=VCC) not listed in the above table, refer to
Section 6.5, "Programming the Internal Flash Memory."

The locations of the internal ROM and external extended areas in the address space of the 32172/
32173 vary depending on its operation mode. (All other areas in address space located the same
way.) Also, during external extended mode, the available size of the external extended area varies
with pin functions of CS0, CS1, CS2, and CS3. Figure 3.2.1 shows an address map of internal
ROM and external extended areas in each mode. Figure 3.2.2 shows an address map of internal
ROM and external extended areas varying with pin functions of CS0, CS1, CS2, and CS3 during
external extended mode. (For details about internal flash memory rewrite mode, refer to Section

6.5, "Programming the Internal Flash Memory.")
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Non-CSO0 Area

H'0000 0000 Internal ROM Area Internal ROM Area
H'0003 FFFF (256 Kbytes) (256 Kbytes)
H'0004 0000 Reserved Area
HOOOFFFFE | | | (7eBKbytes) | CS0 Area
H'0010 0000 4 < (2 Mbytes)
(9]
CSO0 Area <
(1 Mbytes) 2
2
H'001F FFFF o
H'0020 0000 i
©
c
g
X
1]
CS1 Area CS1 Area
< (2 Mbytes) (2 Mbytes)
[J)
<
e]
(9]
2
HOO3FFFFF | | el v
H'0040 0000 i
©
c
g
X
i
CS2 Area CS2 Reserved Area
(2 Mbytes) (2 Mbytes)
H'005F FFFF
H'0060 0000
CS3 Area CS3 Reserved Area
(2 Mbytes) (2 Mbytes)
H'007F FFFF Y

<Single-chip mode>

<External extended mode>

<Processor mode>

M32172F2/M32173F2

Figure 3.2.1 Internal ROM and External Extended Areas in Each Operation Mode of the

3-6
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Pin functions
(Note) [a12]/CS2
A13/ [cs3]
H'0000 0000 Internal ROM Area Internal ROM Area Internal ROM Area Internal ROM Area
H'0003 FFFF (256 Kbytes) (256 Kbytes) (256 Kbytes) (256 Kbytes)
H'0004 0000
Reserved Area Reserved Area Reserved Area Reserved Area
(768 Kbytes) (768 Kbytes) (768 Kbytes) (768 Kbytes)
H'000F FFFF
H'0010 0000 50 Area CS0 Area CS0 Area
256 Kbytes)
(512 Kbytes) ( ytes) (256 Kbytes)
Ghost of
CSO0 Area CS0 Area
(1 Mbytes) Ghost of
S0 Area. CSO0 Area
Ghost of (256 Kbytes)
CS0 Area Ghost of
H'001F FFFF CS0 Area
H'0020 0000 CS1 Area CS1 Area
CS1 Area (256 Kbytes) (256 Kbytes)
(512 Kbytes)
Ghost of
CS1 Area CS1 Area
(1 Mbytes)
CS1 Area
(256 Kbytes)
Ghost of Ghost of Ghost of
CS1 Area CS1 Area CS1 Area
Ghost of
CS1 Area
H'003F FFFF
H'0040 0000 CS2 Area
CS2 Area (256 Kbytes)
(512 Kbytes)
Ghost of Ghost of
CS2 Area CS2 Area
H'005F FFFF
H'0060 0000 CS3 Area CS3 Area
(256 Kbytes) (256 Kbytes)
Ghost of
CS3 Area
CS3 Area
(256 Kbytes)
Ghost of
CS3 Area Ghost of
CS3 Area
H'007F FFFF
Note: The pin functions enclosed in [__] are effective.

Figure 3.2.2 Internal ROM and External Extended Areas Varying with Pin Functions of the
M32172F2/M32173F2
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3.3 Internal ROM and External Extended Areas

3.3 Internal ROM and External Extended Areas

The 8-Mbyte area in user space addresses from H'0000 0000 to H'007F FFFF is used for the
internal ROM and external extended areas.

For details on how the locations of the internal ROM and external extended areas vary depending
on 32172/32173 operation mode settings, refer to Section 3.2, "Operation Modes."

3.3.1 Internal ROM Area

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

Table 3.3.1 Internal ROM Area

Type Name Size Location Address

M32172F2 , M32173F2 256 Kbytes H'0000 0000-H'0003 FFFF

3.3.2 External Extended Area

The external extended area is available only when external extended or processor mode is
selected for the chip operation mode. For access to the external extended area, the 32172/32173
outputs the control signals that are required for accessing an external device.

The 32172/32173's CS0, CS1, CS2, and CS3 signals are output according to the address into
which the external extended area is mapped. Namely, the CSO signal is output for the CSO0 area,
the CS1 signal is output for the CS1 area, the CS2 sognal is output for the CS2 area, and the CS3
signal is output for the CS3 area.

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

32172/32173
Operation Mode Address Mapping of External Extended Area
Single-chip mode None
External extended mode Addresses H'0010 0000 to H'001F FFFF (CSO area: 1 Mbytes)

Addresses H'0020 0000 to H'003F FFFF (CS1 area: 2 Mbytes)
Addresses H'0040 0000 to H'005F FFFF (CS2 area: 2 Mbytes)
Addresses H'0060 0000 to H'007F FFFF (CS3 area: 2 Mbytes)

Processor mode Addresses H'0000 0000 to H'001F FFFF (CSO area: 2 Mbytes)
Addresses H'0020 0000 to H'003F FFFF (CS1 area: 2 Mbytes)
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3.4 Internal RAM and SFR Areas

The 8-Mbyte area in user space addresses from H'0080 0000 to H'OOFF FFFF is used for the
internal RAM area and the SFR (Special Function Register) area. Of these, the space that the user
can actually use is a 128-Kbyte area from H'0080 0000 to H'0081 FFFF, and the other addresses
comprise ghost areas in units of 128 Kbytes. (When programming, do not use the ghost area
unless absolutely necessary.)

3.4.1 Internal RAM Area

For the M32172F2, the internal RAM is allocated to addresses H'0080 4000 through H'0080 7FFF
(16 Kbytes). For the M32173F2, the internal RAM is allocated to addresses H'0080 4000 through
H'0080 BFFF (32 Kbytes).

3.4.2 SFR (Special Function Register) Area

Addresses H'0080 0000 to H'0080 3FFF are the SFR (Special Function Register) area. Located in
this area are the internal peripheral I/O registers.

H'0080 0000
SFR area
(16 Kbytes)
H'0080 3FFF
H'0080 4000
Virtual-flash emulation area
Internal RAM separated in units of 8 Kbytes
(16 Kbytes) can be mapped into this area.
For details, see Section 6.7.
H'0080 7FFF v

Figure 3.4.1 Internal RAM Area and SFR (Special Function Register) Area of the M32172F2
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H'0080 0000
SFR area
(16 Kbytes)
H'0080 3FFF
H'0080 4000
Virtual-flash emulation area
Internal RAM separated in units of 8 or 4
(32 Kbytes) Kbytes can be mapped into this
area. For details, see Section 6.7.
H'0080 BFFF ¢

Figure 3.4.2 Internal RAM Area and SFR (Special Function Register) Area of the M32173F2
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0 7 8 15 0 7 8 15
+0 address | +1 address ‘ +0 address | +1 address ‘
H’0080 0000 H’0080 0A00
S Serial 1/04-7
! Interrupt Controller )
(Icu) H'0080 0A46 | 1
H'0080 007E , A A
H'0080 0080 H'0080 0A80
S A-DO Converter S A-D1 Converter
H'0080 OOEE H'0080 OAEE
~ -~ ~ ~
H'0080 0100 H'0080 0C8C -
( Serial 1/00-3 S Imers
) (TOMO_0—7, TIDO)
H'0080 0146 H0080 OCDE
-~ AN ~ ~
H'0080 0180 Wait Controller H0080 0D8C Timers
L g § (TOM1_0—7, TID1)
N A H’0080 ODDE
H'OOBOSO4OO H'0080 1000
DMAC
H0080 0478 § CANO
~ ~ H'0080 11FE
H0080 0700 [ o ~ N
nput/output Ports H'0080 1400
H’0080 0744
A A S CAN1
/\\/ /\\/
40080 07EO H0080 15FE
S Flash Control ~ A
H’0080 07F2 I~ I~
L A H'0080 1800
S PD Controller
H’0080 0800 Timers (PDO, PD1)
S (TML, T™S) H'0080 18BA
H’0080 08F8 A A
H’0080 09FF H'0080 1C78
S D-AO0, 1 Converters
H’0080 1DFE
H’0080 3FFIJv T
Note: The Realtime Debugger (RTD) is an independent module operated on from the outside, and is
designed not to be transparent to the CPU.

Figure 3.4.3 Outline of the SFR Area Mapping
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Address +0 address +1 address
DO D7‘ D8 D15
H'0080 0000 Interrupt Vector Register (IVECT)
H'0080 0002
H'0080 0004 Interrupt Mask Register (IMASK)
H'0080 0006 SBI Control Register (SBICR)
H'0080 0060 | CAN1 Transmit/Receive & Error Interrupt Control Register (ICANICR) | CANO Transmit/Receive & Error Interrupt Control Register (ICANOCR)
H'0080 0062 | PDC Compare Match & Error Interrupt Control Register (PDCOPCR) RTD Interrupt Control Register (IRTDCR)
H'0080 0064 | SI06,7 Transmit/Receive Interrupt Control Register (ISIO67CR) SIO5 Transmit Interrupt Control Register (ISIO5TXCR)
H'0080 0066 | SIO5 Receive Interrupt Control Register (ISIOSRXCR) | SIO4 Transmit Interrupt Control Register (ISIO4TXCR)
H'0080 0068 | SIO4 Receive Interrupt Control Register (ISIO4RXCR) S102,3 Transmit/Receive Interrupt Control Register (ISIO23CR)
H'0080 006A | DMAS-9 Interrupt Control Register (IDMA59CR) A-D1 Conversion Interrupt Control Register (IAD1CCR)
H'0080 006C| SIO1 Transmit Interrupt Control Register (ISIOLTXCR) SIO1 Receive Interrupt Control Register (ISIOLRXCR)
H'0080 006E | SIO0 Transmit Interrupt Control Register (ISIO0TXCR) SIO0 Receive Interrupt Control Register (ISIOORXCR)
H'0080 0070 | A-DO Conversion Interrupt Control Register (IADOCCR) | DMAO-4 Interrupt Control Register (IDMAO4CR)
H'0080 0072 | TID1 Output Interrupt Control Register (ITID1CR) TIDO Output Interrupt Control Register (ITIDOCR)
H'0080 0074 | TMSO Output Interrupt Control Register ITMSOCR) TOML1 Output Interrupt Control Register (ITOM1CR)
H'0080 0076 | TOMO Output Interrupt Control Register (ITOMOCR) Timer Input Interrupt Control Register 0 (IMJTOCRO)
H'0080 0078 | Timer Input Interrupt Control Register 1 (IMJTOCRI1) | Timer Input Interrupt Control Register 2 (IMJTOCR2)
H'0080 007A| Timer Input Interrupt Control Register 3 (IMJTICR3) Timer Input Interrupt Control Register 4 (IMJTICR4)
H'0080 007C| Timer Input Interrupt Control Register 5 (IMJTICR5) PWM Off Input Interrupt Control Register (IPWMOFFCR)
H'0080 007E| PDC Input & Error Interrupt Control Register (IPDCCR)
H'0080 0080 A-DO Single Mode Register 0 (ADOSIMO) A-DO Single Mode Register 1 (AD0OSIM1)
H'0080 0082
H'0080 0084 A-DO Scan Mode Register 0 (ADOSCMO) A-DO Scan Mode Register 1 (ADOSCM1)
H'0080 0086 A-DO Conversion Rate Control Register (ADOCVSCR)
H'0080 0088 A-DO Successive Approximation Register (ADOSAR)
H'0080 008A
H'0080 008C A-DO Comparate Data Register (ADOCMP)
H'0080 008E A-DO Digital Input Control Register (ADOCHCON)
H'0080 0090 10-bit A-DO Data Register O (ADODTO)
H'0080 0092 10-bit A-DO Data Register 1 (ADODT1)
H'0080 0094 10-bit A-DO Data Register 2 (ADODT2)
H'0080 0096 10-bit A-DO Data Register 3 (ADODT3)
H'0080 0098 10-bit A-DO Data Register 4 (ADODT4)
H'0080 009A 10-bit A-DO Data Register 5 (ADODT5)
H'0080 009C 10-bit A-DO Data Register 6 (ADODT6)
H'0080 009E 10-bit A-DO Data Register 7 (ADODT7)
H'0080 00A0 10-bit A-DO Data Register 8 (ADODT8)
H'0080 00A2 10-bit A-DO Data Register 9 (ADODT9)
H'0080 00A4 10-bit A-DO Data Register 10 (ADODT10)
H'0080 00A6 10-bit A-DO Data Register 11 (ADODT11)
H'0080 00A8 10-bit A-DO Data Register 12 (ADODT12)
H'0080 00AA| 10-bit A-DO Data Register 13 (ADODT13)
H'0080 00AQ 10-bit A-DO Data Register 14 (ADODT14)
H'0080 00AE] 10-bit A-DO Data Register 15 (ADODT15)
¥ ¥
H'0080 00DO 8-bit A-DO Data Register 0 (ADO8SDTO0) I
Blank areas are reserved for future use.
Figure 3.4.4 Register Mapping of the SFR Area (1)
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Address +0 address +1 address
DO D7, D8 D15

H'0080 00D2 8-bit A-DO Data Register 1 (AD08DT1)
H'0080 00D4 8-bit A-DO Data Register 2 (AD08DT2)
H'0080 00D6 8-bit A-DO Data Register 3 (AD08DT3)
H'0080 00D8 8-bit A-DO Data Register 4 (AD08DT4)
H'0080 00DA 8-bit A-DO Data Register 5 (ADO8DTS5)
H'0080 00DC 8-bit A-DO Data Register 6 (ADO8DT6)
H'0080 00DE 8-bit A-DO Data Register 7 (AD08DT7)
H'0080 00EQ 8-bit A-DO Data Register 8 (ADO8DT8)
H'0080 00E2 8-bit A-DO Data Register 9 (ADO8DT9)
H'0080 00E4 8-bit A-DO Data Register 10 (AD08DT10)
H'0080 00E6 8-bit A-DO Data Register 11 (AD08DT11)
H'0080 00E8 8-bit A-DO Data Register 12 (AD08DT12)
H'0080 00EA 8-bit A-DO Data Register 13 (AD08DT13)
H'0080 00EC 8-bit A-DO Data Register 14 (AD08DT14)
H'0080 00EE 8-bit A-DO Data Register 15 (ADO8DT15)
H'0080 0100 | SIO23 Interrupt Status Register (SI23STAT) SI003 Interrupt Mask Register (SI03MASK)

H'0080 0102 | SIO03 Receive Interrupt Cause Select Register (SIO3SEL)

H'0080 0110 SIO0 Transmit Control Register (SOTCNT) SIO0 Transmit/Receive Mode Register (SOMOD)
H'0080 0112 SIOO0 Transmit Buffer Register (SOTXB)
H'0080 0114 SI00 Receive Buffer Register (SORXB)
H'0080 0116 SIOO0 Receive Control Register (SORCNT) SIO0 Baud Rate Register (SOBAUR)
H'0080 0120 |  SIO1 Transmit Control Register (SITCNT) SI01 Transmit/Receive Mode Register (SIMOD)
H'0080 0122 SI01 Transmit Buffer Register (S1TXB)
H'0080 0124 SI01 Receive Buffer Register (SIRXB)
H'0080 0126 [ SIO1 Receive Control Register (SIRCNT) SIO1 Baud Rate Register (S1BAUR)
H'0080 0130 [ SIO2 Transmit Control Register (S2TCNT) SIO2 Transmit/Receive Mode Register (S2MOD)
H'0080 0132 SI102 Transmit Buffer Register (S2TXB)
H'0080 0134 SI02 Receive Buffer Register (S2RXB)
H'0080 0136 SI02 Receive Control Register (S2RCNT) | SIO2 Baud Rate Register (S2BAUR)
H'0080 0140 SI03 Transmit Control Register (S3TCNT) | SI03 Transmit/Receive Mode Register (S3MOD)
H'0080 0142 SI03 Transmit Buffer Register (S3TXB)
H'0080 0144 SI03 Receive Buffer Register (S3RXB)
H'0080 0146 SIO3 Receive Control Register (S3RCNT) | SIO3 Baud Rate Register (S3BAUR)
¥ ¥
H'0080 0180 Wait Cycles Control Register (WTCCR) |

Blank areas are reserved for future use.

Figure 3.4.5 Register Mapping of the SFR Area (2)
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Address

H'0080 0400

H'0080 0408

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

+0 address

DO D7

+1 address

D8 D15

DMAO-4 Interrupt Request Status Register (DM04ITST)

DMAO-4 Interrupt Mask Register (DM04ITMK)

DMAB5-9 Interrupt Request Status Register (DM59ITST)

DMAS5-9 Interrupt Mask Register (DM59ITMK)

I
X

Q&

DMAO Channel Control Register (DMOCNT)

DMAO Transfer Count Register (DMOTCT)

DMAO Source Address Register (DMOSA)

DMAO Destination Addr:

ess Register (DMODA)

DMAO Request Cause Extension Register (OMOREQ)

DMADS5 Channel Control Register (DM5CNT)

DMAGS Transfer Count Register (DM5TCT)

DMAS Source Addres

s Register (DM5SA)

DMADS Destination Addr

ess Register (DM5DA)

DMAS Request Cause Extension Register (DM5REQ)

DMAL Channel Control Register (DM1CNT)

DMAL Transfer Count Register (DM1TCT)

DMAL Source Addres:

s Register (DM1SA)

DMAL1 Destination Address Register (DM1DA)

DMA1 Request Cause Extension Register (OM1REQ)

DMAG Channel Control Register (DM6CNT)

DMAG Transfer Count Register (DM6TCT)

DMAG Source Addres

s Register (DM6SA)

DMAG6 Destination Address Register (DM6DA)

DMAG6 Request Cause Extension Register (OM6REQ)

Blank areas are reserved for future use.

Figure 3.4.6 Register Mapping of the SFR Area (3)
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ADDRESS SPACE
3.4 Internal RAM and SFR Areas

Address +0 address

D7 D8 +1 address

DO D15

H'0080 0430 | DMA2 Channel Control Register (DM2CNT) DMAZ2 Transfer Count Register (DM2TCT)
H’0080 0432 DMA2 Source Address Register (DM2SA)
H'0080 0434 DMAZ2 Destination Address Register (DM2DA)
H'0080 0436 | DMA2 Request Cause Extension Register (DM2REQ)
H'0080 0438 | DMA7 Channel Control Register (DM7CNT) DMAT7 Transfer Count Register (DM7TCT)
H'0080 043A DMAY Source Address Register (DM7SA)
H’0080 043C DMAT7 Destination Address Register (DM7DA)
H'0080 043E | DMA7 Request Cause Extension Register (DM7REQ)
H’0080 0440 | DMA3 Channel Control Register (DM3CNT) DMAZ3 Transfer Count Register (DM3TCT)
H'0080 0442 DMAS3 Source Address Register (DM3SA)
H’0080 0444 DMAZ3 Destination Address Register (DM3DA)
H'0080 0446 | DMA3 Request Cause Extension Register (OM3REQ)
H'0080 0448 | DMAS8 Channel Control Register (DM8CNT) DMAS Transfer Count Register (DM8TCT)
H'0080 044A DMAB8 Source Address Register (DM8SA)
H’0080 044C DMAS8 Destination Address Register (DM8DA)
H'0080 044E| DMAS Request Cause Extension Register (DOM8REQ)
H'0080 0450 | DMA4 Channel Control Register (DM4CNT) DMAA4 Transfer Count Register (DM4TCT)
H’0080 0452 DMA4 Source Address Register (DM4SA)
H’0080 0454 DMA4 Destination Address Register (DM4DA)
H'0080 0456 | DMA4 Request Cause Extension Register (DM4REQ)
H0080 0458 | DMA9 Channel Control Register (DMICNT) DMAQ9 Transfer Count Register (DM9TCT)
H’0080 045A DMAS9 Source Address Register (DM9SA)
H’0080 045C DMAQ9 Destination Address Register (DM9DA)
H'0080 045E | DMA9 Request Cause Extension Register (DMIREQ)
H'0080 0460 DMAO Software Request Generation Register (DMOSRI)
H’0080 0462 DMAL1 Software Request Generation Register (DM1SRI)
H’'0080 0464 DMAZ2 Software Request Generation Register (DM2SRI)
H’0080 0466 DMAS3 Software Request Generation Register (DM3SRI)
H'0080 0468 DMA4 Software Request Generation Register (DM4SRI)

BN A
H'0080 0470 DMAS Software Request Generation Register (DM5SRI)
H’0080 0472 DMAG Software Request Generation Register (DM6SRI)
H’'0080 0474 DMAY Software Request Generation Register (DM7SRI)
H'0080 0476 DMAS8 Software Request Generation Register (DM8SRI)
H’0080 0478 DMAJ9 Software Request Generation Register (DM9SRI)

& A
H'0080 0700 PO Data Register (PODATA) P1 Data Register (P1DATA)
H’'0080 0702 P2 Data Register (P2DATA) P3 Data Register (P3DATA)
H’0080 0704 P4 Data Register (P4DATA)
H'0080 0706 P6 Data Register (P6DATA) P7 Data Register (P7DATA)
H'0080 0708 P8 Data Register (P8DATA ) P9 Data Register (P9DATA)
H'0080 070A P10 Data Register (P10DATA) P11 Data Register (P11DATA)
H’0080 070C P12 Data Register (P12DATA) P13 Data Register (P13DATA)
H’0080 070E P15 Data Register (P15DATA)
H’0080 0710 P17 Data Register (P17DATA)
H0080 0712
H’'0080 0714

Blank areas are reserved for future use.

Figure 3.4.7 Register Mapping of the SFR Area (4)
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ADDRESS SPACE
3.4 Internal RAM and SFR Areas

Address DO +0 address D7.D8 +1 address D15
H'0080 0716 P22 Data Register (P22DATA)
~
H’0080 0720 PO Direction Register (PODIR) P1 Direction Register (P1DIR)
H'0080 0722 P2 Direction Register (P2DIR) P3 Direction Register (P3DIR)
H’0080 0724 P4 Direction Register (P4DIR)
H'0080 0726 P6 Direction Register (P6DIR) P7 Direction Register (P7DIR)
H’0080 0728 P8 Direction Register (P8DIR) P9 Direction Register (P9DIR)
H'0080 072A| P10 Direction Register (P10DIR) P11 Direction Register (P11DIR)
H'0080 072C|
H’0080 072E P15 Direction Register (P15DIR)
H’0080 0730 P17 Direction Register (P17DIR)
H'0080 0736 P22 Direction Register (P22DIR)
1
H'0080 0740 PO Operation Mode Register (POMOD) P1 Operation Mode Register (P1MOD)
H'0080 0742 P2 Operation Mode Register (P2MOD) P3 Operation Mode Register (P3MOD)
H'0080 0744 P4 Operation Mode Register (P4MOD) Port Input Function Enable Register (PIEN)
H’0080 0746 P7 Operation Mode Register (P7MOD)
H'0080 0748 P8 Operation Mode Register (PBMOD) P9 Operation Mode Register (P9MOD)
H0080 074A P10 Operation Mode Register (P1LOMOD) P11 Operation Mode Register (P11MOD)
H’0080 074C| P12 Operation Mode Register (P12MOD) P13 Operation Mode Register (P13MOD)
H'0080 074E P15 Operation Mode Register (P15MOD)
H’0080 0750 P17 Operation Mode Register (P17MOD)
H'0080 0752
H'0080 0754
H'0080 0756 P22 Operation Mode Register (P22MOD)
P
H'0080 0764 P4 Peripheral Output Select Register (P4SMOD)
H’0080 0766 P7 Peripheral Output Select Register (P7SMOD)
H'0080 0768
H'0080 076A| P10-P11 Peripheral Output Select Register (P1011SMOD)
H'0080 076C|
H’0080 076E P15 Peripheral Output Select Register (P15SMOD)
~
H'0080 0776 | P22 Peripheral Output Select Register (P22SMOD)
]|
H’0080 077E | Bus Mode Control Register (BUSMODC) !
~
H’'0080 07A0 PWM Output Disable Register 1 (PWMOFF1) PWM Output Disable Register 0 (PWMOFFO)
H’0080 07A2
H'0080 07A4| PWM Output Disable Control Register 1 (PLVCNT1) PWM Output Disable Control Register 0 (PLVCNTO0)
H’0080 07E0 Flash Mode Register (FMOD) Flash Status Register 1 (FSTAT1)
H'0080 07E2 Flash Control Register 1 (FCNT1) Flash Control Register 2 (FCNT2)
H’0080 07E4 Flash Control Register 3 (FCNT3) Flash Control Register 4 (FCNT4)
H'0080 07E6
H'0080 07E8 Virtual-flash L Bank Register 0 (FELBANKO)
H'0080 07EA Virtual-flash L Bank Register 1 (FELBANK1)
H'0080 07EC Virtual-flash L Bank Register 2 (FELBANK?2)
H0080 07EE
H’0080 07F0 Virtual-flash S Bank Register 0 (FESBANKO)
H'0080 07F2 Virtual-flash S Bank Register 1 (FESBANK1)
Blank areas are reserved for future use.

Figure 3.4.8 Register Mapping of the SFR Area (5)
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ADDRESS SPACE
3.4 Internal RAM and SFR Areas

Address

H'0080 0800
H'0080 0802
H'0080 0804

H’0080 0840
H'0080 0842
H'0080 0844
H'0080 0846
H'0080 0848
H’0080 084A

H’0080 0850

H'0080 0880
H'0080 0882

H'0080 088A

H'0080 0890
H’0080 0892
H'0080 0894
H'0080 0896
H’0080 0898
H'0080 089A
H'0080 089C
H’0080 089E

H'0080 08A0
H'0080 08A2
H'0080 08A4
H'0080 08A6
H’0080 00A8
H'0080 08AA
H'0080 08AC
H'0080 08AE

H'0080 08E0
H'0080 08E2
H'0080 08E4
H’0080 08E6
H'0080 08E8
H'0080 08EA

H'0080 08F2
H’0080 08F4
H'0080 08F6
H'0080 08F8

DO +0 address D7 D8

+1 address

Input Processing Control Register 0 (TINCRO)

Input Processing Control Register 1 (TINCR1)

Input Processing Control Register 2 (TINCR2)

Input Processing Control Register 3 (TINCR3)

Input Processing Control Register 4 (TINCR4)

Input Processing Control Register 5 (TINCR5)

TIN Interrupt Status Register 0 (TINISTO)

TIN Interrupt Mask Register 0 (TINIMAO)

TIN Interrupt Status Register 1 (TINIST1)

TIN Interrupt Mask Register 1 (TINIMAL)

TIN Interrupt Status Register 2 (TINIST2)

TIN Interrupt Mask Register 2 (TINIMA2)

TIN Interrupt Status Register 3 (TINIST3)

TIN Interrupt Mask Register 3 (TINIMA3)

TIN Interrupt Status Register 4 (TINIST4)

TIN Interrupt Mask Register 4 (TINIMA4)

TIN Interrupt Status Register 5 (TINIST5)

TIN Interrupt Mask Register 5 (TINIMAS)

TIN Interrupt Status Register 8 (TINIST8)

TIN Interrupt Mask Register 8 (TINIMA8)

TMLO Counter H (TMLOCTH)

TMLO Counter L (TMLOCTL)

TMLO Control Register 0 (TMLOCR)

Prescaler 1 (PRS1)

TMLO Measurement 3 Register H (TMLOMR3H)

TMLO Measurement 3 Register L (TMLOMR3L)

TMLO Measurement 2 Register H (TMLOMR2H)

TMLO Measurement 2 Register L (TMLOMR2L)

TMLO Measurement 1 Register H (TMLOMR1H)

TMLO Measurement 1 Register L (TMLOMR1L)

TMLO Measurement 0 Register H (TMLOMROH)

TMLO Measurement O Register L (TMLOMROL)

TMLO Old Measurement 3 Register H (TMLOOLDMR3H)

TMLO Old Measurement 3 Register L (TMLOOLDMR3L)

TMLO Old Measurement 2 Register H (TMLOOLDMR2H)

TMLO Old Measurement 2 Register L (TMLOOLDMR2L)

TMLO Old Measurement 1 Register H (TMLOOLDMR1H)

TMLO Old Measurement 1 Register L (TMLOOLDMRI1L)

TMLO Old Measurement O Register H (TMLOOLDMROH)

TMLO Old Measurement 0 Register L (TMLOOLDMROL)

TMSO Counter (TMSOCT)

TMSO0 Measurement 3 Register (TMSOMR3)

TMSO0 Measurement 2 Register (TMSOMR2)

TMSO Measurement 1 Register (TMSOMRL1)

TMSO0 Measurement 0 Register (TMSOMRO)

TMSO Control Register (TMSOCR)

Prescaler (PRS0)

TMSO0 Old Measurement 3 Register (TMSOOLDMR3)

TMSO Old Measurement 2 Register (TMSOOLDMR2)

TMSO Old Measurement 1 Register (TMSOOLDMR1)

TMSO0 Old Measurement 0 Register (TMSOOLDMRO)

Blank areas are reserved for future use.

Figure 3.4.9 Register Mapping of the SFR Area (6)
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ADDRESS SPACE

3.4 Internal RAM and SFR Areas

Address

H'0080 0AQ0
H'0080 0A02

H'0080 0A10
H'0080 0A12
H'0080 0A14

H'0080 0A16

H'0080 0A20

H'0080 0A22
H'0080 0A24
H'0080 0A26

H'0080 0A30
H'0080 0A32
H'0080 0A34
H'0080 0A36

H'0080 0A40
H'0080 0A42
H'0080 0A44
H'0080 0A46

H'0080 0A80
H'0080 0A82
H'0080 0A84
H'0080 0A86
H'0080 0A88
H'0080 0ABA
H'0080 0ABC
H'0080 OASE
H'0080 0A0
H'0080 0A92
H'0080 0A94
H'0080 0A96
H'0080 0A98
H'0080 0A9A
H'0080 0A9C
H'0080 OA9E
H'0080 0AAO
H'0080 0AA2
H'0080 0AA4
H'0080 0AA6
H'0080 0AA8
H'0080 OAAA
H'0080 0AAC
H'0080 OAAE

+0 address +1 address

DO

D7 D8

D15

SIO67 Interrupt Status Register (SI67STAT)

SI047 Interrupt Mask Register (SI47MASK)

SI047 Receive Interrupt Cause Select Register (SI47SEL)

S104 Transmit Control Register (S4TCNT)

SI04 Transmit/Receive Mode Register (S4MOD)

SI04 Transmit Buffer Register (S4TXB)

SI04 Receive Buffer Register (S4RXB)

S104 Receive Control Register (S4RCNT) ‘

SI04 Baud Rate Register (S4BAUR)

SIO5 Transmit Control Register (SSTCNT)

‘ SIO5 Transmit/Receive Mode Register (SSMOD)

SIO5 Transmit Buffer Register (S5TXB)

SIO5 Receive Buffer Register (S5RXB)

SIO5 Receive Control Register (SSRCNT) ‘

SIO5 Baud Rate Register (SSBAUR)

SI06 Transmit Control Register (S6TCNT)

‘ SI06 Transmit/Receive Mode Register (S6MOD)

SI06 Transmit Buffer Register (S6TXB)

SI06 Receive Buffer Register (SBRXB)

S106 Receive Control Register (SBRCNT) ‘

SI06 Baud Rate Register (S6BAUR)

SIO7 Transmit Control Register (S7TTCNT) ‘

SIO7 Transmit/Receive Mode Register (STMOD)

SIO7 Transmit Buffer Register (S7TXB)

SIO7 Receive Buffer Register (S7TRXB)

SIO7 Receive Control Register (STRCNT) ‘

SI107 Baud Rate Register (S7TBAUR)

A-D1 Single Mode Register 0 (AD1SIMO)

A-D1 Single Mode Register 1 (AD1SIM1)

A-D1 Scan Mode Register 0 (AD1SCMO0)

A-D1 Scan Mode Register 1(AD1SCM1)

A-D1 Conversion Rate Control Register (AD1CVCR)

A-D1 Successive Approximation Register (AD1SAR)

A-D1 Comparate Data Register (AD1CMP)

A-D1 Digital Input Control Register (ADICHCON)

10-bit A-D1 Data Register 0 (AD1DTO)

10-bit A-D1 Data Register 1 (AD1DT1)

10-bit A-D1 Data Register 2 (AD1DT2)

10-bit A-D1 Data Register 3 (AD1DT3)

10-bit A-D1 Data Register 4 (AD1DT4)

10-bit A-D1 Data Register 5 (AD1DT5)

10-bit A-D1 Data Register 6 (AD1DT6)

10-bit A-D1 Data Register 7 (AD1DT7)

10-bit A-D1 Data Register 8 (AD1DT8)

10-bit A-D1 Data Register 9 (AD1DT9)

10-bit A-D1 Data Register 10 (AD1DT10)

10-bit A-D1 Data Register 11 (AD1DT11)

10-bit A-D1 Data Register 12 (AD1DT12)

10-bit A-D1 Data Register 13 (AD1DT13)

10-bit A-D1 Data Register 14 (AD1DT14)

10-bit A-D1 Data Register 15 (AD1DT15)

Blank areas are reserved for future use.

Figure 3.4.10 Register Mapping of the SFR Area (7)
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ADDRESS SPACE
3.4 Internal RAM and SFR Areas

Address

H'0080 OADO
H'0080 0OAD2

H'0080 0AD4

H'0080 OAD6
H'0080 0AD8

H'0080 OADA
H'0080 OADC
H'0080 OADE
H'0080 OAEOQ
H'0080 OAE2
H'0080 OAE4
H'0080 OAE6
H'0080 OAE8
H'0080 OAEA
H'0080 OAEC

H'0080 OAEE

DO +0 address

D7

D8

+1 address

D15

8-bit A-D1 Data Register 0 (AD18DTO0)

8-bit A-D1 Data Register 1 (AD18DT1)

8-bit A-D1 Data Register 2 (AD18DT2)

8-bit A-D1 Data Register 3 (AD18DT3)

8-bit A-D1 Data Register 4 (AD18DT4)

8-bit A-D1 Data Register 5 (AD18DT5)

8-bit A-D1 Data Register 6 (AD18DT6)

8-bit A-D1 Data Register 7 (AD18DT7)

8-bit A-D1 Data Register 8 (AD18DT8)

8-bit A-D1 Data Register 9 (AD18DT9)

8-bit A-D1 Data Register 10 (AD18DT10)

8-bit A-D1 Data Register 11 (AD18DT11)

8-bit A-D1 Data Register 12 (AD18DT12)

8-bit A-D1 Data Register 13 (AD18DT13)

8-bit A-D1 Data Register 14 (AD18DT14)

8-bit A-D1 Data Register 15 (AD18DT15)

Blank areas are reserved for future use.

Figure 3.4.11 Register Mapping of the SFR Area (8)
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ADDRESS SPACE

3.4 Internal RAM and SFR Areas

Address

H’0080 0C8C
H’0080 0C8E
H’0080 0C90
H’0080 0C92
H’0080 0C94
H'0080 0C96
H'0080 0C98

H’'0080 0C9A
H'0080 0C9C
H'0080 OC9E
H'0080 OCAO
H'0080 0CA2
H'0080 0CA4
H’'0080 OCA6
H'0080 OCA8
H'0080 0CAA
H'0080 0OCAC
H'0080 OCAE
H'0080 0CBO
H’0080 0CB2

H'0080 0CB4
H'0080 0CB6
H'0080 0CB8
H'0080 OCBA
H'0080 0OCBC
H'0080 OCBE
H’0080 0CCO
H0080 0CC2
H'0080 0CC4
H'0080 0CC6
H'0080 0CC8
H'0080 0OCCA
H0080 0OCCC
H'0080 OCCE
H’0080 0CDO
H0080 0CD2
H’'0080 0CD4
H0080 0CD6

H'0080 0CD8

H'0080 OCDA
H’0080 0OCDC

H'0080 OCDE

+0 address
DO

D7I D8

+1 address

D15

TIDO Counter (TIDOCT)

TIDO Reload Register (TIDORL)

TOMO_O Reload Register (TOMOOCT)

TOMO_O Reload 1 Register (TOMOORL1)

TOMO_0 Reload 0 Register (TOMOORLO)

TOMO_1 Counter (TOMO1CT)

TOMO_1 Reload 1 Register (TOMO1RL1)

TOMO_1 Reload 0 Register (TOMO1RLO)

TOMO_2 Counter (TOM02CT)

TOMO_2 Reload 1 Register (TOM0O2RL1)

TOMO_2 Reload 0 Register (TOM02RLO)

TOMO_3 Counter (TOMO3CT)

TOMO_3 Reload 1 Register (TOMO3RL1)

TOMO_3 Reload 0 Register (TOMO3RLO)

TOMO_4 Counter (TOMO4CT)

TOMO_4 Reload 1 Register (TOM0O4RL1)

TOMO_4 Reload 0 Register (TOM04RLO)

TOMO_5 Counter (TOMO5CT)

TOMO_5 Reload 1 Register (TOMO5RL1)

TOMO_5 Reload 0 Register (TOMO5RLO)

TOMO_6 Counter (TOMO6CT)

TOMO_6 Reload 1 Register (TOMO6RL1)

TOMO_6 Reload 0 Register (TOMO6RLO)

TOMO_7 Counter (TOMO7CT)

TOMO_7 Reload 1 Register (TOMO7RL1)

TOMO_7 Reload 0 Register (TOMO7RLO)

Prescaler Register 2 (PRS2)

TIDO Control & Prescaler 2 Enable Register (TIDOPRS2EN)

TOMO Interrupt Mask Register (TOMOIMA)

TOMO Interrupt Status Register (TOMOIST)

F/F Protect Register 0 (FFPO)

F/F Protect Register 0 (FFDO)

TOMO Control Register (TOMOCR)

TOMO Enable Protect Register (TOMOPRO)

TOMO Count Enable Register (TOMOCEN)

Blank areas are reserved for future use.

Figure 3.4.12 Register Mapping of the SFR Area (9)
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ADDRESS SPACE

3.4 Internal RAM and SFR Areas

Address

H'0080 0D8C
H'0080 OD8E
H'0080 0D90
H'0080 0D92
H'0080 0D94
H'0080 0D96
H'0080 0D98
H'0080 OD9A
H'0080 0D9C
H'0080 OD9E
H'0080 ODAO
H'0080 ODA2
H'0080 ODA4
H'0080 ODA6
H'0080 ODA8
H'0080 ODAA
H'0080 0CAC
H'0080 ODAE
H'0080 0DBO
H'0080 0DB2
H'0080 0DB4
H'0080 0DB6
H'0080 0DB8
H'0080 ODBA
H'0080 ODBC
H'0080 ODBE
H'0080 ODCO
H'0080 0DC2
H'0080 0DC4
H'0080 0DC6
H'0080 0DC8
H'0080 ODCA
H'0080 ODCC
H'0080 ODCE
H'0080 0DDO
H'0080 0DD2
H'0080 0DD4
H'0080 0DD6

H'0080 0DD8
H'0080 ODDA

H'0080 ODDC
H'0080 ODDE

DO

+0 address

D7I D8

+1 address

D15

TID1 Counter (TID1CT)

TID1 Reload Register (TID1RL)

TOM1_0 Counter Register (TOM10CT)

TOM1_0 Reload 1 Register (TOM10RL1)

TOMZ1_0 Reload 0 Register (TOM10RLO)

TOM1_1 Counter (TOM11CT)

TOM1_1 Reload 1 Register (TOM11RL1)

TOM1_1 Reload 0 Register (TOM11RLO0)

TOM1_2 Counter (TOM12CT)

TOM1_2 Reload 1 Register (TOM12RL1)

TOM1_2 Reload 0 Register (TOM12RL0)

TOMZ1_3 Counter (TOM13CT)

TOM1_3 Reload 1 Register (TOM13RL1)

TOM1_3 Reload 0 Register (TOM13RLO)

TOM1_4 Counter (TOM14CT)

TOM1_4 Reload 1 Register (TOM14RL1)

TOM1_4 Reload 0 Register (TOM14RL0)

TOM1_5 Counter (TOM15CT)

TOM1_5 Reload 1 Register (TOM15RL1)

TOM1_5 Reload 0 Register (TOM15RL0)

TOM1_6 Counter (TOM16CT)

TOM1_6 Reload 1 Register (TOM16RL1)

TOM1_6 Reload 0 Register (TOM16RLO0)

TOM1_7 Counter (TOM17CT)

TOM1_7 Reload 1 Register (TOM17RL1)

TOM1_7 Reload 0 Register (TOM17RL0)

Prescaler 3 Register (PRS3)

TID1 Control & Prescaler 3 Enable Register (TIDIPRS3EN)

TOML1 Interrupt Mask Register (TOM1IMA)

TOML1 Interrupt Status Register (TOM1IST)

F/F Protect Register 1 (FFP1)

F/F Data Register 1 (FFD1)

TOM1 Control Register (TOM1CR)

TOM1 Enable Protect Register (TOM1PRO)

TOM1 Count Enable Register (TOM1CEN)

Blank areas are reserved for future use.

Figure 3.4.13 Register Mapping of the SFR Area (10)
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ADDRESS SPACE
3.4 Internal RAM and SFR Areas

Address +0 address +1 address
D7I D8 D15

H'0080 1000 CANO Control Register (CANOCNT)
H'0080 1002 CANO Status Register (CANOSTAT)
H'0080 1004 CANO Extended ID Register (CANOEXTID)
H'0080 1006 CANO Configuration Register (CANOCONF)
H'0080 1008 CANO Timestamp Count Register (CANOTSTMP)
H’0080 100A CANO Receive Error Count Register (CANOREC) | CANO Transmit Error Count Register (CANOTEC)
H’0080 100C CANO Slot Interrupt Status Register (CANOSLIST)
H'0080 100E |
H’0080 1010 CANO Slot Interrupt Mask Register (CANOSLIMK)
H'0080 1012
H’0080 1014 | CANO Error Interrupt Status Register (CANOERIST) CANO Error Interrupt Mask Register (CANOERIMK)
H’0080 1016 CANO Baud Rate Prescaler (CANOBRP)

X 53
H'0080 1028 CANO Global Mask Register Standard ID0 (COGMSKSO0) CANO Global Mask Register Standard ID1 (COGMSKS1)
H’0080 102A| CANO Global Mask Register Extended IDO (COGMSKEO) CANO Global Mask Register Extended ID1 (COGMSKE1)
H’0080 102C| CANO Global Mask Register Extended 1D2 (COGMSKE?2)
H'0080 102E
H'0080 1030 | CANO Local Mask Register A Standard IDO (COLMSKASO) CANO Local Mask Register A Standard ID1 (COLMSKAS1)
H'0080 1032 CANO Local Mask Register A Extended IDO (COLMSKAEOQ) CANO Local Mask Register A Extended ID1 (COLMSKAE1)
H’0080 1034 CANO Local Mask Register A Extended ID2 (COLMSKAE2)
H'0080 1036
H’0080 1038 CANO Local Mask Register B Standard IDO (COLMSKBSO) CANO Local Mask Register B Standard ID1 (COLMSKBS1)
H’0080 103A CANO Local Mask Register B Extended 1D0 (COLMSKBEOQ) CANO Local Mask Register B Extended ID1 (COLMSKBE1)
H'0080 103C| CANO Local Mask Register B Extended ID2 (COLMSKBE2)

B3 53
H'0080 1050 CANO Message Slot 0 Control Register (COMSLOCNT) CANO Message Slot 1 Control Register (COMSL1CNT)
H’'0080 1052 CANO Message Slot 2 Control Register (COMSL2CNT) CANO Message Slot 3 Control Register (COMSL3CNT)
H’0080 1054 CANO Message Slot 4 Control Register (COMSL4CNT) CANO Message Slot 5 Control Register (COMSL5CNT)
H’0080 1056 CANO Message Slot 6 Control Register (COMSL6CNT) CANO Message Slot 7 Control Register (COMSL7CNT)
H’0080 1058 CANO Message Slot 8 Control Register (COMSL8CNT) CANO Message Slot 9 Control Register (COMSLOCNT)
H'0080 105A CANO Message Slot 10 Control Register (COMSL10CNT) CANO Message Slot 11 Control Register (COMSL11CNT)
H'0080 105C CANO Message Slot 12 Control Register (COMSL12CNT) CANO Message Slot 13 Control Register (COMSL13CNT)
H’0080 105E CANO Message Slot 14 Control Register (COMSL14CNT) CANO Message Slot 15 Control Register (COMSL15CNT)

T T

Blank areas are reserved for future use.

Figure 3.4.14 Register Mapping of the SFR Area (11)
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ADDRESS SPACE
3.4 Internal RAM and SFR Areas

Address

H'0080 1100
H'0080 1102
H'0080 1104
H'0080 1106
H'0080 1108
H'0080 110A
H'0080 110C
H'0080 110E
H'0080 1110
H'0080 1112
H'0080 1114
H'0080 1116
H'0080 1118
H'0080 111A
H'0080 111C
H'0080 111E
H'0080 1120
H'0080 1122
H'0080 1124
H'0080 1126
H'0080 1128
H'0080 112A
H'0080 112C
H'0080 112E
H'0080 1130
H'0080 1132
H'0080 1134
H'0080 1136
H'0080 1138
H'0080 113A
H'0080 113C
H'0080 113E
H'0080 1140
H'0080 1142
H'0080 1144
H'0080 1146
H'0080 1148
H'0080 114A
H'0080 114C
H'0080 114E
H'0080 1150
H'0080 1152

+0 address

DO D7

+1 address
D8

D15

CANO Message Slot 0 Standard IDO (COMSLOSIDO)

CANO Message Slot 0 Standard ID1(COMSLOSID1)

CANO Message Slot 0 Extended IDO (COMSLOEIDO)

CANO Message Slot 0 Extended ID1(COMSLOEID1)

CANO Message Slot 0 Extended ID2(COMSLOEID2)

CANO Message Slot 0 Data Length Register (COMSLODLC)

CANO Message Slot 0 Data 0 (COMSLODTO)

CANO Message Slot 0 Data 1(COMSLODT1)

CANO Message Slot 0 Data 2(COMSLODT2)

CANO Message Slot 0 Data 3(COMSLODT3)

CANO Message Slot 0 Data 4(COMSLODT4)

CANO Message Slot 0 Data 5(COMSLODT5)

CANO Message Slot 0 Data 6(COMSLODT6)

CANO Message Slot 0 Data 7(COMSLODT7)

CANO Message Slot 0 Timestamp (COMSLOTSP)

CANO Message Slot 1 Standard IDO(COMSL1SIDO)

CANO Message Slot 1 Standard ID1(COMSL1SID1)

CANO Message Slot 1 Extended IDO(COMSL1EIDO)

CANO Message Slot 1 Extended ID1(COMSL1EID1)

CANO Message Slot 1 Extended ID2(COMSL1EID2)

CANO Message Slot 1 Data Length Register(COMSL1DLC)

CANO Message Slot 1 Data 0(COMSL1DTO)

CANO Message Slot 1 Data 1(COMSL1DT1)

CANO Message Slot 1 Data 2(COMSL1DT2)

CANO Message Slot 1 Data 3(COMSL1DT3)

CANO Message Slot 1 Data 4(COMSL1DT4)

CANO Message Slot 1 Data 5(COMSL1DT5)

CANO Message Slot 1 Data 6(COMSL1DT6)

CANO Message Slot 1 Data 7(COMSL1DT7)

CANO Message Slot 1 Timestamp(COMSL1TSP)

CANO Message Slot 2 Standard IDO(COMSL2SIDO)

CANO Message Slot 2 Standard ID1(COMSL2SID1)

CANO Message Slot 2 Extended IDO(COMSL2EIDO)

CANO Message Slot 2 Extended ID1(COMSL2EID1)

CANO Message Slot 2 Extended ID2(COMSL2EID2)

CANO Message Slot 2 Data Length Register(COMSL2DLC)

CANO Message Slot 2 Data 0(COMSL2DTO)

CANO Message Slot 2 Data 1(COMSL2DT1)

CANO Message Slot 2 Data 2(COMSL2DT2)

CANO Message Slot 2 Data 3(COMSL2DT3)

CANO Message Slot 2 Data 4(COMSL2DT4)

CANO Message Slot 2 Data 5(COMSL2DT5)

CANO Message Slot 2 Data 6(COMSL2DT6)

CANO Message Slot 2 Data 7(COMSL2DT7)

CANO Message Slot 2 Timestamp(COMSL2TSP)

CANO Message Slot 3 Standard IDO(COMSL3SIDO)

CANO Message Slot 3 Standard ID1(COMSL3SID1)

CANO Message Slot 3 Extended IDO(COMSL3EIDO)

CANO Message Slot 3 Extended ID1(COMSL3EID1)

CANO Message Slot 3 Extended ID2(COMSL3EID2)

CANO Message Slot 3 Data Length Register(COMSL3DLC)

CANO Message Slot 3 Data 0(COMSL3DTO)

CANO Message Slot 3 Data 1(COMSL3DT1)

CANO Message Slot 3 Data 2(COMSL3DT2)

CANO Message Slot 3 Data 3(COMSL3DT3)

CANO Message Slot 3 Data 4(COMSL3DT4)

CANO Message Slot 3 Data 5(COMSL3DT5)

CANO Message Slot 3 Data 6(COMSL3DT6)

CANO Message Slot 3 Data 7(COMSL3DT7)

CANO Message Slot 3 Timestamp(COMSL3TSP)

CANO Message Slot 4 Standard IDO(COMSL4SIDO)

CANO Message Slot 4 Standard ID1(COMSL4SID1)

CANO Message Slot 4 Extended IDO(COMSLA4EIDO)

CANO Message Slot 4 Extended ID1(COMSL4EID1)

CANO Message Slot 4 Extended ID2(COMSL4EID2)

CANO Message Slot 4 Data Length Register(COMSL4DLC)

CANO Message Slot 4 Data 0(COMSL4DTO0)

CANO Message Slot 4 Data 1(COMSL4DT1)

CANO Message Slot 4 Data 2(COMSL4DT2)

CANO Message Slot 4 Data 3(COMSL4DT3)

CANO Message Slot 4 Data 4(COMSL4DT4)

CANO Message Slot 4 Data 5(COMSL4DT5)

CANO Message Slot 4 Data 6(COMSL4DT6)

CANO Message Slot 4 Data 7(COMSL4DT7)

CANO Message Slot 4 Timestamp(COMSL4TSP)

CANO Message Slot 5 Standard IDO(COMSL5SIDO)

CANO Message Slot 5 Standard ID1(COMSL5SID1)

CANO Message Slot 5 Extended IDO(COMSL5EIDO)

CANO Message Slot 5 Extended ID1(COMSL5EID1)

Blank areas are reserved for future use.

Figure 3.4.15 Register Mapping of the SFR Area (12)
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ADDRESS SPACE
3.4 Internal RAM and SFR Areas

Address

H'0080 1154
H'0080 1156
H'0080 1158
H'0080 115A
H'0080 115C
H'0080 115E
H'0080 1160
H'0080 1162
H'0080 1164
H'0080 1166
H'0080 1168
H'0080 116A
H'0080 116C
H'0080 116E
H'0080 1170
H'0080 1172
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

DO +0 address

D7

+1 address

D8 D15

CANO Message Slot 5 Extended ID2 (COMSL5EID2)

CANO Message Slot 5 Data Length Register (COMSL5DLC)

CANO Message Slot 5 Data 0 (COMSL5DTO)

CANO Message Slot 5 Data 1(COMSL5DT1)

CANO Message Slot 5 Data 2(COMSL5DT2)

CANO Message Slot 5 Data 3(COMSL5DT3)

CANO Message Slot 5 Data 4(COMSL5DT4)

CANO Message Slot 5 Data 5(COMSL5DT5)

CANO Message Slot 5 Data 6(COMSL5DT6)

CANO Message Slot 5 Data 7(COMSL5DT7)

CANO Message Slot 5 Timestamp (COMSL5TSP)

CANO Message Slot 6 Standard IDO (COMSL6SIDO)

CANO Message Slot 6 Standard ID1(COMSL6SID1)

CANO Message Slot 6 Extended IDO (COMSL6EIDO)

CANO Message Slot 6 Extended ID1(COMSL6EID1)

CANO Message Slot 6 Extended ID2(COMSLGEID2)

CANO Message Slot 6 Data Length Register (COMSL6DLC)

CANO Message Slot 6 Data 0(COMSL6DTO)

CANO Message Slot 6 Data 1(COMSL6DT1)

CANO Message Slot 6 Data 2(COMSL6DT2)

CANO Message Slot 6 Data 3(COMSL6DT3)

CANO Message Slot 6 Data 4(COMSL6DT4)

CANO Message Slot 6 Data 5(COMSL6DT5)

CANO Message Slot 6 Data 6(COMSL6DT6)

CANO Message Slot 6 Data 7(COMSL6DT7)

CANO Message Slot 6 Timestamp (COMSL6TSP)

CANO Message Slot 7 Standard IDO(COMSL7SIDO0)

CANO Message Slot 7 Standard ID1(COMSL7SID1)

CANO Message Slot 7 Extended IDO(COMSL7EIDO)

CANO Message Slot 7 Extended ID1(COMSL7EID1)

CANO Message Slot 7 Extended ID2(COMSL7EID2)

CANO Message Slot 7 Data Length Register (COMSL7DLC)

CANO Message Slot 7 Data 0(COMSL7DTO)

CANO Message Slot 7 Data 1(COMSL7DT1)

CANO Message Slot 7 Data 2(COMSL7DT2)

CANO Message Slot 7 Data 3(COMSL7DT3)

CANO Message Slot 7 Data 4(COMSL7DT4)

CANO Message Slot 7 Data 5(COMSL7DT5)

CANO Message Slot 7 Data 6(COMSL7DT6)

CANO Message Slot 7 Data 7(COMSL7DT7)

CANO Message Slot 7 Timestamp (COMSL7TSP)

CANO Message Slot 8 Standard IDO(COMSL8SIDO0)

CANO Message Slot 8 Standard ID1(COMSL8SID1)

CANO Message Slot 8 Extended IDO(COMSL8EIDO)

CANO Message Slot 8 Extended ID1(COMSLS8EID1)

CANO Message Slot 8 Extended ID2(COMSL8EID2)

CANO Message Slot 8 Data Length Register (COMSL8DLC)

CANO Message Slot 8 Data 0(COMSL8DTO)

CANO Message Slot 8 Data 1(COMSL8DT1)

CANO Message Slot 8 Data 2(COMSL8DT2)

CANO Message Slot 8 Data 3(COMSL8DT3)

CANO Message Slot 8 Data 4(COMSL8DT4)

CANO Message Slot 8 Data 5(COMSL8DT5)

CANO Message Slot 8 Data 6(COMSL8DT6)

CANO Message Slot 8 Data 7(COMSL8DT7)

CANO Message Slot 8 Timestamp (COMSL8TSP)

CANO Message Slot 9 Standard IDO(COMSL9SIDO0)

CANO Message Slot 9 Standard ID1(COMSL9SID1)

CANO Message Slot 9 Extended IDO(COMSL9EIDO)

CANO Message Slot 9 Extended ID1(COMSL9EID1)

CANO Message Slot 9 Extended ID2(COMSL9EID2)

CANO Message Slot 9 Data Length Register (COMSL9DLC)

CANO Message Slot 9 Data 0(COMSL9DTO)

CANO Message Slot 9 Data 1(COMSL9DT1)

CANO Message Slot 9 Data 2(COMSL9DT2)

CANO Message Slot 9 Data 3(COMSL9DT3)

CANO Message Slot 9 Data 4(COMSL9DT4)

CANO Message Slot 9 Data 5(COMSL9DT5)

CANO Message Slot 9 Data 6(COMSL9DT6)

CANO Message Slot 9 Data 7(COMSL9DT7)

CANO Message Slot 9 Times!

tamp (COMSLOTSP)

CANO Message Slot 10 Standard IDO(COMSL10SIDO)

CANO Message Slot 10 Standard ID1(COMSL10SID1)

CANO Message Slot 10 Extended IDO(COMSL10EIDO)

CANO Message Slot 10 Extended ID1(COMSL10EID1)

CANO Message Slot 10 Extended ID2(COMSL10EID2)

CANO Message Slot 10 Data Length Register (COMSL10DLC)

CANO Message Slot 10 Data 0(COMSL10DT0)

CANO Message Slot 10 Data 1(COMSL10DT1)

Blank areas are reserved for future use.

Figure 3.4.16 Register Mapping of the SFR Area (13)
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ADDRESS SPACE
3.4 Internal RAM and SFR Areas

Address

+0 address

DO D7

+1 address

D8 D15

H'0080 11A8

CANO Message Slot 10 Data 2(COMSL10DT2)

CANO Message Slot 10 Data 3(COMSL10DT3)

H'0080 11AA

CANO Message Slot 10 Data 4(COMSL10DT4)

CANO Message Slot 10 Data 5(COMSL10DT5)

H'0080 11AC

CANO Message Slot 10 Data 6(COMSL10DT6)

CANO Message Slot 10 Data 7(COMSL10DT7)

H'0080 11AE

CANO Message Slot 10 Ti

mestamp (COMSL10TSP)

H'0080 11B0

CANO Message Slot 11 Standard IDO(COMSL11SIDO)

CANO Message Slot 11 Standard ID1(COMSL11SID1)

H'0080 11B2

CANO Message Slot 11 Extended IDO(COMSL11EIDO)

CANO Message Slot 11 Extended ID1(COMSL11EID1)

H'0080 11B4

CANO Message Slot 11 Extended ID2(COMSL11EID2)

CANO Message Slot 11 Data Length Register(COMSL11DLC)

H'0080 11B6

CANO Message Slot 11 Data 0(COMSL11DTO0)

CANO Message Slot 11 Data 1(COMSL11DT1)

H'0080 11B8

CANO Message Slot 11 Data 2(COMSL11DT2)

CANO Message Slot 11 Data 3(COMSL11DT3)

H'0080 11BA

CANO Message Slot 11 Data 4(COMSL11DT4)

CANO Message Slot 11 Data 5(COMSL11DT5)

H'0080 11BC

CANO Message Slot 11 Data 6(COMSL11DT6)

CANO Message Slot 11 Data 7(COMSL11DT7)

H0080 11BE

CANO Message Slot 11 Ti

mestamp (COMSL11TSP)

H'0080 11CO

CANO Message Slot 12 Standard IDO(COMSL12SID0)

CANO Message Slot 12 Standard ID1(COMSL12SID1)

H’0080 11C2

CANO Message Slot 12 Extended IDO(COMSL12EIDO)

CANO Message Slot 12 Extended ID1(COMSL12EID1)

H'0080 11C4

CANO Message Slot 12 Extended ID2(COMSL12EID2)

CANO Message Slot 12 Data Length Register(COMSL12DLC)

H'0080 11C6

CANO Message Slot 12 Data 0(COMSL12DTO0)

CANO Message Slot 12 Data 1(COMSL12DT1)

H'0080 11C8

CANO Message Slot 12 Data 2(COMSL12DT2)

CANO Message Slot 12 Data 3(COMSL12DT3)

H'0080 11CA

CANO Message Slot 12 Data 4(COMSL12DT4)

CANO Message Slot 12 Data 5(COMSL12DT5)

H'0080 11CC

CANO Message Slot 12 Data 6(COMSL12DT6)

CANO Message Slot 12 Data 7(COMSL12DT7)

H'0080 11CE

CANO Message Slot 12 Ti

mestamp (COMSL12TSP)

H'0080 11D0

CANO Message Slot 13 Standard IDO(COMSL13SIDO0)

CANO Message Slot 13 Standard ID1(COMSL13SID1)

H'0080 11D2

CANO Message Slot 13 Extended IDO(COMSL13EIDO)

CANO Message Slot 13 Extended ID1(COMSL13EID1)

H'0080 11D4

CANO Message Slot 13 Extended ID2(COMSL13EID2)

CANO Message Slot 13 Data Length Register(COMSL13DLC)

H'0080 11D6

CANO Message Slot 13 Data 0(COMSL13DTO0)

CANO Message Slot 13 Data 1(COMSL13DT1)

H'0080 11D8

CANO Message Slot 13 Data 2(COMSL13DT2)

CANO Message Slot 13 Data 3(COMSL13DT3)

H'0080 11DA

CANO Message Slot 13 Data 4(COMSL13DT4)

CANO Message Slot 13 Data 5(COMSL13DT5)

H'0080 11DC

CANO Message Slot 13 Data 6(COMSL13DT6)

CANO Message Slot 13 Data 7(COMSL13DT7)

H'0080 11DE

CANO Message Slot 13 Ti

mestamp (COMSL13TSP)

H'0080 11E0

CANO Message Slot 14 Standard IDO(COMSL14SID0)

CANO Message Slot 14 Standard ID1(COMSL14SID1)

H'0080 11E2

CANO Message Slot 14 Extended IDO(COMSL14EIDO)

CANO Message Slot 14 Extended ID1(COMSL14EID1)

H'0080 11E4

CANO Message Slot 14 Extended ID2(COMSL14EID2)

CANO Message Slot 14 Data Length Register(COMSL14DLC)

H'0080 11E6

CANO Message Slot 14 Data 0(COMSL14DTO0)

CANO Message Slot 14 Data 1(COMSL14DT1)

H'0080 11E8

CANO Message Slot 14 Data 2(COMSL14DT2)

CANO Message Slot 14 Data 3(COMSL14DT3)

H'0080 11EA

CANO Message Slot 14 Data 4(COMSL14DT4)

CANO Message Slot 14 Data 5(COMSL14DT5)

H'0080 11EC

CANO Message Slot 14 Data 6(COMSL14DT6)

CANO Message Slot 14 Data 7(COMSL14DT7)

H0080 11EE

CANO Message Slot 14 Ti

mestamp (COMSL14TSP)

H'0080 11FO0

CANO Message Slot 15 Standard IDO(COMSL15SIDO)

CANO Message Slot 15 Standard ID1(COMSL15SID1)

H0080 11F2

CANO Message Slot 15 Extended IDO(COMSL15EIDO)

CANO Message Slot 15 Extended ID1(COMSL15EID1)

H'0080 11F4

CANO Message Slot 15 Extended ID2(COMSL15EID2)

CANO Message Slot 15 Data Length Register(COMSL15DLC)

H0080 11F6

CANO Message Slot 15 Data 0(COMSL15DTO0)

CANO Message Slot 15 Data 1(COMSL15DT1)

H0080 11F8

CANO Message Slot 15 Data 2(COMSL15DT2)

CANO Message Slot 15 Data 3(COMSL15DT3)

H'0080 11FA

CANO Message Slot 15 Data 4(COMSL15DT4)

CANO Message Slot 15 Data 5(COMSL15DT5)

H0080 11FC

CANO Message Slot 15 Data 6(COMSL15DT6)

CANO Message Slot 15 Data 7(COMSL15DT7)

H'0080 11FE

CANO Message Slot 15 Ti

mestamp (COMSL15TSP)

&

Bl

ank areas are reserved for future use.

Figure 3.4.17 Register Mapping of the SFR Area (14)
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ADDRESS SPACE

3.4 Internal RAM and SFR Areas

Address DO +0 address D7| D8 +1 address D15
H'0080 1400 CANL1 Control Register (CAN1CNT)
H'0080 1402 CAN1 Status Register (CAN1STAT)
H'0080 1404 CAN1 Extended ID Register (CAN1EXTID)
H'0080 1406 CANL1 Configuration Register (CAN1CONF)
H'0080 1408 CAN1 Timestamp Count Register (CAN1TSTMP)
H'0080 140A CANL1 Receive Error Count Register (CAN1REC) | CAN1 Transmit Error Count Register (CAN1TEC)
H'0080 140C CANL1 Slot Interrupt Status Register (CAN1SLIST)
H'0080 140E |
H'0080 1410 CANL1 Slot Interrupt Mask Register (CAN1SLIMK)
H'0080 1412
H'0080 1414 | CANL1 Error Interrupt Status Register (CAN1ERIST) CANL1 Error Interrupt Mask Register (CAN1ERIMK)
H’0080 1416 CAN1 Baud Rate Prescaler (CAN1BRP)
H'0080 1428 | CANL1 Global Mask Register Standard ID0 (CLGMSKS0) CANL1 Global Mask Register Standard ID1 (CLGMSKS1)
H'0080 142A| CAN1 Global Mask Register Extended ID0 (CLGMSKEOQ) CAN1 Global Mask Register Extended ID1 (CIGMSKE1)
H'0080 142C| CANL1 Global Mask Register Extended ID2 (CLGMSKE?2)
H'0080 142E
H'0080 1430 CAN1 Local Mask Register A Standard ID0 (CLLMSKASO) [ CAN1 Local Mask Register A Standard ID1 (CLLMSKAS1)
H'0080 1432 CAN1 Local Mask Register A Extended ID0 (C1ILMSKAEO) | CAN1 Local Mask Register A Extended ID1 (C1LMSKAE1)
H'0080 1434 | CAN1 Local Mask Register A Extended ID2 (CILMSKAE2)
H'0080 1436
H'0080 1438 CANL1 Local Mask Register B Standard IDO (C1LMSKBSO0) CAN1 Local Mask Register B Standard ID1 (C1LMSKBS1)
H'0080 143A CANL1 Local Mask Register B Extended IDO (C1LMSKBEO) CANL1 Local Mask Register B Extended ID1 (C1LMSKBEL)
H'0080 143C| CANL1 Local Mask Register B Extended ID2 (C1LMSKBE2)
H'0080 1450 | CAN1 Message Slot 0 Control Register (CLMSLOCNT) CAN1 Message Slot 1 Control Register (CLIMSL1CNT)
H'0080 1452 | CAN1 Message Slot 2 Control Register (CIMSL2CNT) CAN1 Message Slot 3 Control Register (CLMSL3CNT)
H'0080 1454 CAN1 Message Slot 4 Control Register (CIMSL4CNT) CAN1 Message Slot 5 Control Register (CLMSL5CNT)
H’0080 1456 CAN1 Message Slot 6 Control Register (CIMSL6CNT) CANL1 Message Slot 7 Control Register (CIMSL7CNT)
H'0080 1458 | CAN1 Message Slot 8 Control Register (CLMSL8CNT) CAN1 Message Slot 9 Control Register (CIMSLICNT)
H'0080 145A| can1 Message Slot 10 Control Register (CLMSL10CNT) CAN1 Message Slot 11 Control Register (CIMSL11CNT)
H'0080 145C| CAN1 Message Slot 12 Control Register (CLIMSL12CNT) CAN1 Message Slot 13 Control Register (CLMSL13CNT)
H’0080 145E | CAN1 Message Slot 14 Control Register (CIMSL14CNT) CAN1 Message Slot 15 Control Register (CLIMSL15CNT)
! Blank areas are reserved for future use. |
Figure 3.4.18 Register Mapping of the SFR Area (15)
3-26 Rev.1.0




ADDRESS SPACE
3.4 Internal RAM and SFR Areas

Address

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
H'0080 1536
H'0080 1538
H'0080 153A
H'0080 153C
H'0080 153E
H'0080 1540
H'0080 1542
H'0080 1544
H'0080 1546
H'0080 1548
H'0080 154A
H'0080 154C
H'0080 154E
H'0080 1550
H'0080 1552

+0 address

DO D7

D8 +1 address

D15

CAN1 Message Slot 0 Standard IDO(C1MSLOSIDO)

CAN1 Message Slot 0 Standard ID1(C1MSLO0SID1)

CAN1 Message Slot 0 Extended IDO(C1MSLOEIDO)

CAN1 Message Slot 0 Extended ID1(C1MSLOEID1)

CAN1 Message Slot 0 Extended ID2(C1MSLOEID?2)

CANL1 Message Slot 0 Data Length Register (CIMSLODLC)

CAN1 Message Slot 0 Data 0(C1MSLODTO0)

CAN1 Message Slot 0 Data 1(C1IMSLODT1)

CAN1 Message Slot 0 Data 2(C1MSLODT2)

CAN1 Message Slot 0 Data 3(CIMSLODT3)

CAN1 Message Slot 0 Data 4(C1MSLODT4)

CAN1 Message Slot 0 Data 5(C1IMSLODT5)

CAN1 Message Slot 0 Data 6(C1MSLODT6)

CAN1 Message Slot 0 Data 7(C1MSLODT7)

CAN1 Message Slot 0 Timestamp (CIMSLOTSP)

CAN1 Message Slot 1 Standard IDO(C1MSL1SIDO)

CAN1 Message Slot 1 Standard ID1(C1MSL1SID1)

CAN1 Message Slot 1 Extended IDO(C1MSL1EIDO)

CAN1 Message Slot 1 Extended ID1(C1MSL1EID1)

CAN1 Message Slot 1 Extended ID2(C1MSL1EID2)

CAN1 Message Slot 1 Data Length Register (CIMSL1DLC)

CANL1 Message Slot 1 Data 0(C1IMSL1DTO)

CAN1 Message Slot 1 Data 1(C1IMSL1DT1)

CANL1 Message Slot 1 Data 2(C1IMSL1DT2)

CAN1 Message Slot 1 Data 3(C1IMSL1DT3)

CAN1 Message Slot 1 Data 4(C1MSL1DT4)

CAN1 Message Slot 1 Data 5(C1IMSL1DT5)

CAN1 Message Slot 1 Data 6(C1IMSL1DT6)

CANL1 Message Slot 1 Data 7(C1MSL1DT7)

CAN1 Message Slot 1 Timestamp (CIMSL1TSP)

CAN1 Message Slot 2 Standard IDO(C1MSL2SIDO)

CAN1 Message Slot 2 Standard ID1(C1MSL2SID1)

CAN1 Message Slot 2 Extended IDO(C1IMSL2EIDO)

CAN1 Message Slot 2 Extended ID1(C1MSL2EID1)

CAN1 Message Slot 2 Extended ID2(C1MSL2EID2)

CAN1 Message Slot 2 Data Length Register(CIMSL2DLC)

CANL1 Message Slot 2 Data 0(C1MSL2DTO0)

CAN1 Message Slot 2 Data 1(C1MSL2DT1)

CAN1 Message Slot 2 Data 2(C1IMSL2DT2)

CAN1 Message Slot 2 Data 3(C1MSL2DT3)

CAN1 Message Slot 2 Data 4(C1MSL2DT4)

CANL1 Message Slot 2 Data 5(C1MSL2DT5)

CAN1 Message Slot 2 Data 6(C1MSL2DT6)

CANL1 Message Slot 2 Data 7(C1MSL2DT7)

CAN1 Message Slot 2 Til

mestamp (CIMSL2TSP)

CAN1 Message Slot 3 Standard IDO(C1MSL3SIDO)

CAN1 Message Slot 3 Standard ID1(C1MSL3SID1)

CAN1 Message Slot 3 Extended IDO(C1MSL3EIDO)

CAN1 Message Slot 3 Extended ID1(C1MSL3EID1)

CANL1 Message Slot 3 Extended ID2(C1IMSL3EID2)

CANL1 Message Slot 3 Data Length Register(CIMSL3DLC)

CAN1 Message Slot 3 Data 0(C1IMSL3DTO0)

CAN1 Message Slot 3 Data 1(C1MSL3DT1)

CAN1 Message Slot 3 Data 2(C1MSL3DT2)

CAN1 Message Slot 3 Data 3(CIMSL3DT3)

CAN1 Message Slot 3 Data 4(C1MSL3DT4)

CAN1 Message Slot 3 Data 5(C1MSL3DT5)

CAN1 Message Slot 3 Data 6(C1MSL3DT6)

CAN1 Message Slot 3 Data 7(C1MSL3DT7)

CAN1 Message Slot 3 Ti

mestamp (C1MSL3TSP)

CAN1 Message Slot 4 Standard IDO(C1MSL4SIDO)

CAN1 Message Slot 4 Standard ID1(C1MSL4SID1)

CAN1 Message Slot 4 Extended IDO(C1MSL4EIDO)

CAN1 Message Slot 4 Extended ID1(C1MSL4EID1)

CAN1 Message Slot 4 Extended ID2(C1MSL4EID2)

CAN1 Message Slot 4 Data Length Register(CIMSL4DLC)

CAN1 Message Slot 4 Data 0(C1MSL4DTO0)

CAN1 Message Slot 4 Data 1(C1MSL4DT1)

CAN1 Message Slot 4 Data 2(C1MSL4DT2)

CAN1 Message Slot 4 Data 3(C1MSL4DT3)

CAN1 Message Slot 4 Data 4(C1MSL4DT4)

CAN1 Message Slot 4 Data 5(C1MSL4DT5)

CAN1 Message Slot 4 Data 6(C1MSL4DT6)

CANL1 Message Slot 4 Data 7(C1IMSL4DT7)

CAN1 Message Slot 4 Ti

imestamp (C1MSL4TSP)

CAN1 Message Slot 5 Standard IDO(C1MSL5SIDO)

CAN1 Message Slot 5 Standard ID1(C1MSL5SID1)

CAN1 Message Slot 5 Extended IDO(C1MSL5EIDO)

CAN1 Message Slot 5 Extended ID1(C1MSL5EID1)

Blank areas are reserved for future use.

Figure 3.4.19 Register Mapping of the SFR Area (16)
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ADDRESS SPACE
3.4 Internal RAM and SFR Areas

Address

H'0080 1554
H'0080 1556
H'0080 1558
H'0080 155A
H'0080 155C
H'0080 155E
H'0080 1560
H'0080 1562
H'0080 1564
H'0080 1566
H'0080 1568
H'0080 156A
H'0080 156C
H'0080 156E
H'0080 1570
H'0080 1572
H'0080 1574
H'0080 1576
H’0080 1578
H'0080 157A
H'0080 157C
H'0080 157E
H’0080 1580
H'0080 1582
H'0080 1584
H'0080 1586
H0080 1588
H'0080 158A
H'0080 158C
H'0080 158E
H0080 1590
H’0080 1592
H’0080 1594
H’0080 1596
H’0080 1598
H'0080 159A
H'0080 159C
H'0080 159E
H'0080 15A0
H'0080 15A2
H'0080 15A4
H'0080 15A6

+0 address
DO

D7

+1 address

D8 D15

CAN1 Message Slot 5 Extended ID2(C1MSL5EID2)

CAN1 Message Slot 5 Data Length Register (CIMSL5DLC)

CAN1 Message Slot 5 Data 0(C1MSL5DTO0)

CAN1 Message Slot 5 Data 1(C1IMSL5DT1)

CAN1 Message Slot 5 Data 2(C1MSL5DT2)

CAN1 Message Slot 5 Data 3(C1MSL5DT3)

CAN1 Message Slot 5 Data 4(C1MSL5DT4)

CAN1 Message Slot 5 Data 5(C1MSL5DT5)

CAN1 Message Slot 5 Data 6(C1MSL5DT6)

CAN1 Message Slot 5 Data 7(CIMSL5DT7)

CAN1 Message Slot 5 Timestamp (CIMSL5TSP)

CAN1 Message Slot 6 Standard IDO(C1MSL6SIDO)

CAN1 Message Slot 6 Standard ID1(C1MSL6SID1)

CAN1 Message Slot 6 Extended IDO(C1MSL6EIDO)

CAN1 Message Slot 6 Extended ID1(C1MSL6EID1)

CAN1 Message Slot 6 Extended ID2(C1MSL6EID2)

CANL1 Message Slot 6 Data Length Register (CIMSLEDLC)

CAN1 Message Slot 6 Data 0(C1MSL6DTO)

CAN1 Message Slot 6 Data 1(C1IMSL6DT1)

CAN1 Message Slot 6 Data 2(C1MSL6DT2)

CAN1 Message Slot 6 Data 3(CLMSL6DT3)

CAN1 Message Slot 6 Data 4(C1MSL6DT4)

CAN1 Message Slot 6 Data 5(C1MSL6DT5)

CAN1 Message Slot 6 Data 6(C1MSL6DT6)

CAN1 Message Slot 6 Data 7(C1MSL6DT7)

CAN1 Message Slot 6 Timestamp (CLMSL6TSP)

CAN1 Message Slot 7 Standard IDO(C1IMSL7SIDO)

CAN1 Message Slot 7 Standard ID1(C1MSL7SID1)

CANL1 Message Slot 7 Extended IDO(C1MSL7EIDO)

CAN1 Message Slot 7 Extended ID1(C1MSL7EID1)

CANL1 Message Slot 7 Extended ID2(C1MSL7EID2)

CAN1 Message Slot 7 Data Length Register (CLMSL7DLC)

CAN1 Message Slot 7 Data 0(C1IMSL7DTO0)

CAN1 Message Slot 7 Data 1(C1IMSL7DT1)

CAN1 Message Slot 7 Data 2(CIMSL7DT2)

CAN1 Message Slot 7 Data 3(CLMSL7DT3)

CAN1 Message Slot 7 Data 4(CLMSL7DT4)

CAN1 Message Slot 7 Data 5(CIMSL7DT5)

CAN1 Message Slot 7 Data 6(CLMSL7DT6)

CAN1 Message Slot 7 Data 7(CLMSL7DT7)

CANL1 Message Slot 7 Timestamp (CIMSL7TSP)

CAN1 Message Slot 8 Standard IDO(C1MSL8SIDO)

CAN1 Message Slot 8 Standard ID1(C1MSL8SID1)

CAN1 Message Slot 8 Extended IDO(C1MSLS8EIDO)

CAN1 Message Slot 8 Extended ID1(C1MSL8EID1)

CANL1 Message Slot 8 Extended ID2(C1MSLS8EID2)

CAN1 Message Slot 8 Data Length Register (CIMSL8DLC)

CAN1 Message Slot 8 Data 0(C1MSL8DTO0)

CAN1 Message Slot 8 Data 1(C1MSL8DT1)

CAN1 Message Slot 8 Data 2(C1MSL8DT2)

CAN1 Message Slot 8 Data 3(C1MSL8DT3)

CAN1 Message Slot 8 Data 4(C1MSL8DT4)

CAN1 Message Slot 8 Data 5(C1MSL8DT5)

CAN1 Message Slot 8 Data 6(C1MSL8DT6)

CAN1 Message Slot 8 Data 7(C1MSL8DT7)

CAN1 Message Slot 8 Timestamp (CIMSL8TSP)

CAN1 Message Slot 9 Standard IDO(C1MSL9SIDO)

CAN1 Message Slot 9 Standard ID1(C1MSL9SID1)

CAN1 Message Slot 9 Extended IDO(C1MSL9EIDO)

CAN1 Message Slot 9 Extended ID1(C1MSL9EID1)

CAN1 Message Slot 9 Extended ID2(C1MSL9EID2)

CANL1 Message Slot 9 Data Length Register (CIMSL9DLC)

CAN1 Message Slot 9 Data 0(C1IMSL9DTO)

CAN1 Message Slot 9 Data 1(C1MSL9DT1)

CAN1 Message Slot 9 Data 2(C1MSL9DT2)

CAN1 Message Slot 9 Data 3(C1MSL9DT3)

CAN1 Message Slot 9 Data 4(C1MSL9DT4)

CAN1 Message Slot 9 Data 5(C1MSL9DT5)

CANL1 Message Slot 9 Data 6(C1MSL9DT6)

CAN1 Message Slot 9 Data 7(C1IMSL9DT7)

CANL1 Message Slot 9 Timestamp (CIMSL9TSP)

CAN1 Message Slot 10 Standard IDO(C1MSL10SIDO0)

CAN1 Message Slot 10 Standard ID1(C1MSL10SID1)

CAN1 Message Slot 10 Extended IDO(C1MSL10EIDO)

CAN1 Message Slot 10 Extended ID1(C1MSL10EID1)

CAN1 Message Slot 10 Extended ID2(C1MSL10EID2)

CANL1 Message Slot 10 Data Length Register (C1IMSL10DLC)

CAN1 Message Slot 10 Data 0(C1MSL10DTO)

CANL1 Message Slot 10 Data 1(C1MSL10DT1)

Blank areas are reserved for future use.

Figure 3.4.20 Register Mapping of the SFR Area (17)
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ADDRESS SPACE
3.4 Internal RAM and SFR Areas

Address +0 address +1 address

D7 D8 D15
H'0080 15A8 CANL1 Message Slot 10 Data 2(C1MSL10DT2) CAN1 Message Slot 10 Data 3(C1MSL10DT3)
H'0080 15AA CAN1 Message Slot 10 Data 4(C1IMSL10DT4) CAN1 Message Slot 10 Data 5(C1MSL10DT5)
H’0080 15AC CAN1 Message Slot 10 Data 6(C1MSL10DT6) CAN1 Message Slot 10 Data 7(C1MSL10DT7)
H’0080 15AE CAN1 Message Slot 10 Timestamp (C1IMSL10TSP)
H'0080 15B0 | CAN1 Message Slot 11 Standard IDO(C1MSL11SID0) | CAN1 Message Slot 11 Standard ID1(C1MSL11SID1)
H'0080 15B2 | CAN1 Message Slot 11 Extended IDO(C1IMSL11EIDO) CAN1 Message Slot 11 Extended ID1(C1MSL11EID1)
H'0080 15B4 | CAN1 Message Slot 11 Extended ID2(C1MSL11EID2) | CAN1 Message Slot 11 Data Length Register (CIMSL11DLC)
H'0080 15B6 | CAN1 Message Slot 11 Data 0(C1MSL11DTO0) CAN1 Message Slot 11 Data 1(C1IMSL11DT1)
H'0080 15B8 | CAN1 Message Slot 11 Data 2(C1IMSL11DT2) CAN1 Message Slot 11 Data 3(C1IMSL11DT3)
H'0080 15BA | CAN1 Message Slot 11 Data 4(C1MSL11DT4) CAN1 Message Slot 11 Data 5(C1MSL11DT5)
H'0080 15BC| CAN1 Message Slot 11 Data 6(CIMSL11DT6) CAN1 Message Slot 11 Data 7(C1MSL11DT7)
H'0080 15BE CANL1 Message Slot 11 Timestamp (C1IMSL11TSP)
H’0080 15C0 | CAN1 Message Slot 12 Standard IDO(C1MSL12SID0) | CAN1 Message Slot 12 Standard ID1(C1MSL12SID1)
H'0080 15C2 | CAN1 Message Slot 12 Extended IDO(CIMSL12EIDO) | CAN1 Message Slot 12 Extended ID1(C1MSL12EID1)
H'0080 15C4 | CAN1 Message Slot 12 Extended ID2(C1MSL12EID2) | CAN1 Message Slot 12 Data Length Register (CIMSL12DLC)
H'0080 15C6 | CAN1 Message Slot 12 Data 0(C1MSL12DTO0) CAN1 Message Slot 12 Data 1(C1IMSL12DT1)
H'0080 15C8 | CAN1 Message Slot 12 Data 2(C1MSL12DT2) CAN1 Message Slot 12 Data 3(CLMSL12DT3)
H'0080 15CA | CAN1 Message Slot 12 Data 4(C1MSL12DT4) CAN1 Message Slot 12 Data 5(C1MSL12DT5)
H'0080 15CC| CAN1 Message Slot 12 Data 6(C1MSL12DT6) CAN1 Message Slot 12 Data 7(C1MSL12DT7)
H'0080 15CE CAN1 Message Slot 12 Timestamp (C1IMSL12TSP)
H’0080 15D0 | CAN1 Message Slot 13 Standard IDO(C1MSL13SID0) | CAN1 Message Slot 13 Standard ID1(C1MSL13SID1)
H'0080 15D2 | CAN1 Message Slot 13 Extended IDO(CIMSL13EIDO) | CAN1 Message Slot 13 Extended ID1(C1MSL13EID1)
H'0080 15D4 | CAN1 Message Slot 13 Extended ID2(C1MSL13EID2) | CAN1 Message Slot 13 Data Length Register (CIMSL13DLC)
H’0080 15D6 | CAN1 Message Slot 13 Data 0(C1MSL13DTO) CAN1 Message Slot 13 Data 1(C1IMSL13DT1)
H'0080 15D8 CANL1 Message Slot 13 Data 2(C1MSL13DT2) CAN1 Message Slot 13 Data 3(C1MSL13DT3)
H'0080 15DA | cAN1 Message Slot 13 Data 4(CIMSL13DT4) CAN1 Message Slot 13 Data 5(CIMSL13DT5)
H0080 15DC | cAN1 Message Slot 13 Data 6(C1MSL13DT6) CAN1 Message Slot 13 Data 7(CIMSL13DT?)
H'0080 15DE CAN1 Message Slot 13 Timestamp (CLMSL13TSP)
H'0080 15E0 | cAN1 Message Slot 14 Standard IDO(CIMSL14SID0) | CAN1 Message Slot 14 Standard ID1(CIMSL14SID1)
H0080 15B2 | cAN1 Message Slot 14 Extended IDO(CIMSL14EIDO) | CANI Message Slot 14 Extended ID1(CIMSL14EID1)
H'0080 15E4 | CAN1 Message Slot 14 Extended ID2(CIMSL14EID2) |CAN1 Message Slot 14 Data Length Register (CLMSL14DLC)
H'0080 15E6 | CAN1 Message Slot 14 Data 0(C1MSL14DTO) CANL1 Message Slot 14 Data 1(CIMSL14DT1)
H'0080 15E8 | CAN1 Message Slot 14 Data 2(C1MSL14DT2) CAN1 Message Slot 14 Data 3(C1MSL14DT3)
H'0080 15EA | CAN1 Message Slot 14 Data 4(C1IMSL14DT4) CAN1 Message Slot 14 Data 5(C1MSL14DT5)
H'0080 15EC | CAN1 Message Slot 14 Data 6(C1MSL14DT6) CAN1 Message Slot 14 Data 7(C1MSL14DT7)
H’0080 15EE CAN1 Message Slot 14 Timestamp (C1IMSL14TSP)
H'0080 15F0 | CAN1 Message Slot 15 Standard IDO(C1MSL15SID0) | CAN1 Message Slot 15 Standard ID1(C1MSL15SID1)
H'0080 15F2 [ CAN1 Message Slot 15 Extended IDO(C1IMSL15EIDO) | CAN1 Message Slot 15 Extended ID1(C1MSL15EID1)
H'0080 15F4 | CAN1 Message Slot 15 Extended ID2(C1MSL15EID2) | CAN1 Message Slot 15 Data Length Register (CIMSL15DLC)
H'0080 15F6 [ CAN1 Message Slot 15 Data 0(C1IMSL15DTO0) CAN1 Message Slot 15 Data 1(C1MSL15DT1)
H'0080 15F8 | CAN1 Message Slot 15 Data 2(C1IMSL15DT2) CAN1 Message Slot 15 Data 3(CIMSL15DT3)
H'0080 15FA | CAN1 Message Slot 15 Data 4(CIMSL15DT4) CAN1 Message Slot 15 Data 5(C1IMSL15DT5)
H'0080 15FC | CAN1 Message Slot 15 Data 6(C1MSL15DT6) CANL1 Message Slot 15 Data 7(C1MSL15DT7)
H'0080 15FE CANL1 Message Slot 15 Timestamp (C1IMSL15TSP)

T

o

Blank areas are reserved for future use.

Figure 3.4.21 Register Mapping of the SFR Area (18)
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ADDRESS SPACE
3.4 Internal RAM and SFR Areas

Address DO +0 address D7 D8 +1 address D15
H'0080 1800 Prescaler Register A (PRSA) Prescaler Register B (PRSB)
H0080 1802 DACNT Reload Register A (DACNTRL) TIN Input Processing Control Register (TINPDCR)
H'0080 1804 TIN Interrupt Control Register (TINPDICR) TIN Interrupt Status Register (TINPDIST)
H'0080 1806 DACNT Control Register A (DACNTCR) TPD Control Register (TPDCR)
H’'0080 1808 DACNT Counter (DACNT)
x
H0080 180E TPD Counter (TPDCT)
H'0080 1810 TPD Measurement Register 0 (TPDMRO)
H'0080 1812 TPD Measurement Register 1 (TPDMR1)
H’0080 1814 TPD Measurement Register 2 (TPDMR2)
H’0080 1816 TPD Measurement Register 3 (TPDMR3)
H'0080 1818 TPD Measurement Register 4 (TPDMR4)
H’0080 181A TPD Measurement Register 5 (TPDMR5)
H'0080 181C TPD Measurement Register 6 (TPDMR6)
H'0080 181E TPD Measurement Register 7 (TPDMR?7)
A
H'0080 1830| pp Calculation Interrupt Control Register (PDICR) | PD Calculation Interrupt Status Register (PDIST)
H'0080 1832 [ position Detection Accuracy Select Register (PDASR) | DMA Transfer Request Cause Select Register (DOMAREQSL)
a
H'0080 1840 Prescaler Register 0C(PRS0C) SMSB Control Register 0 (SMSBCRO)
H0080 1842 TEPOP Control Register (TEPOPCR) TEPOM Control Register (TEPOMCR)
H'0080 1844 TEPOP Counter (TEPOPCT)
H’0080 1846 TEPOM Counter (TEPOMCT)
H'0080 1848 | PDO Data Update Disable Event Select Register (PDNSELOR) | PDO Data Update Control Register (PDNCNTOR)
H'0080184A ABO Mask Register (ABDOMK) S Error 0 Detection Range Select Register (SNEWOMK)
H'0080 184C ABDO Compare Register (ABDOCM)
H'0080 184E PICHO Compare Register (PITCHOCMR)
H'0080 1860 PNEWLTO Register (PNEWLTO)
H'0080 1862 POLDLTO Register (POLDLTO)
H'0080 1864 MNEWLTO Register (MNEWLTO)
H'0080 1866 MOLDLTO Register (MOLDLTO)
H’0080 1868 PSUBLTO Register (PSUBLTO)
H'0080 186A MSUBLTO Register (MSUBLTO)
H’0080 186C] SNEWLTO Register (SNEWLTO)
H'0080 186E PRLTO Register (PRLTO)
H0080 1870 MRLTO Register (MRLTO)
H'0080 1872 FDLTO Register (FDLTO)
H0080 1874 PITCHLTO Register (PITCHLTO)
H’0080 1876 ABDLTO Register (ABDLTO)
H'0080 1878 RSUMLTO Register (RSUMLTO)
H’0080 187A SSLTO Register (SSLTO)
T o
Blank areas are reserved for future use.
Note: Enclosed in [ ] are the intermediate registers used for arithmetic operations.
Do not access these registers for read/write.
Figure 3.4.22 Register Mapping of the SFR Area (19)
3-30 Rev.1.0



ADDRESS SPACE
3.4 Internal RAM and SFR Areas

Address DO +0 address D7 D8 +1 address D15
H'0080 1880 Prescaler Register 1C (PRS1C) SMSB Control Register 1 (SMSBCR1)
H'0080 1882 TEP1P Control Register (TEP1PCR) TEP1M Control Register (TEP1MCR)

H'0080 1884 TEP1P Counter (TEP1PCT)

H'0080 1886 TEP1M Counter (TEP1IMCT)

H'0080 1888 | pp1 Data Update Disable Event Select Register (PDNSELIR) | PD1 Data Update Control Register (PDNCNT1R)

H'0080 188A ABD1 Mask Register (ABD1MK) S Error 1 Detection Range Select Register (SNEW1MK)

H'0080 188C ABD1 Compare Register (ABD1CM)

H’0080 188E PITCH1 Compare Register (PITCH1CMR)
X

H'0080 18A0 PNEWLT1 Register (PNEWLT1)

H'0080 18A2 POLDT1 Register (POLDLT1)

H'0080 18A4 MNEWLT1 Register (MNEWLT1)

H’0080 18A6 MOLDLT1 Register (MOLDLT1)

H’0080 18A8 PSUBLT1 Register (PSUBLT1)

H'0080 18AA MSUBLT1 Register (MSUBLT1)

H'0080 18AC SNEWLT1 Register (SNEWLT1)

H’0080 18AH PRLT1 Register (PRLT1)

H’0080 18B0 MRLT1 Register (MRTL1)

H’0080 18B2 FDLT1 Register (FDLT1)

H'0080 1884 PITCHL1 Register (PITCHLT1)

H'0080 18B6 ABDLT1 Register (ABDLT1)

H'0080 18B8 RSUMLT1 Register (RSUMLT1)

H’0080 18BA SSLT1 Register (SSLT1)

Blank areas are reserved for future use.

Note: Enclosed in [ ] are the intermediate registers used for arithmetic operations.
Do not access these registers for read/write.

Figure 3.4.23 Register Mapping of the SFR Area (20)
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ADDRESS SPACE
3.4 Internal RAM and SFR Areas

Address

DO +0 address

D7 D8

+1 address

D15

H'0080 1C78

D-AO0 Conversion Register (DAOCNV)

H'0080 1C7A

D-A1 Conversion Register (DA1CNV)

H'0080 1C7C

D-A Conversion Register (DACR)

H’0080 1D00

D-AO Data Register 0 (DAODTO)

D-AO Data Register 1 (DAODT1)

H'0080 1D02

D-AO Data Register 2 (DAODT2)

D-AO Data Register 3 (DAODT3)

H'0080 1D04

D-AO Data Register 4 (DAODT4)

D-AO Data Register 5 (DAODT5)

H'0080 1D06

D-AO Data Register 6 (DAODT6)

D-AO Data Register 7 (DAODT7)

H'0080 1D08

D-AO Data Register 8 (DAODT8)

D-AQ Data Register 9 (DAODT9)

H'0080 1DOA

D-AO Data Register 10 (DAODT10)

D-AQ Data Register 11 (DAODT11)

H'0080 1D0OC

D-AQ Data Register 12 (DAODT12)

D-AQ Data Register 13 (DAODT13)

H'0080 1DOE

D-AO Data Register 14 (DAODT14)

D-AO Data Register 15 (DAODT15)

H'0080 1D10

D-AO Data Register 16 (DAODT16)

D-AO Data Register 17 (DAODT17)

H'0080 1D12

D-AO Data Register 18 (DAODT18)

D-AO Data Register 19 (DAODT19)

H'0080 1D14

D-AQ Data Register 20 (DAODT20)

D-AO Data Register 21 (DAODT21)

H'0080 1D16

D-AO Data Register 22 (DAODT22)

D-AO0 Data Register 23 (DAODT23)

H'0080 1D18

D-AQ Data Register 24 (DAODT24)

D-A0 Data Register 25 (DAODT25)

H'0080 1D1A

D-AO Data Register 26 (DAODT26)

D-AQ Data Register 27 (DAODT27)

H'0080 1D1C

D-AO Data Register 28 (DAODT28)

D-AO Data Register 29 (DAODT29)

H'0080 1D1E

D-A0 Data Register 30 (DAODT30)

D-AQ Data Register 31 (DAODT31)

H'0080 1D20

D-A0 Data Register 32 (DAODT32)

D-AO0 Data Register 33 (DAODT33)

H'0080 1D22

D-AQ Data Register 34 (DAODT34)

D-AO Data Register 35 (DAODT35)

H'0080 1D24

D-AO Data Register 36 (DAODT36)

D-A0 Data Register 37 (DAODT37)

H'0080 1D26

D-AOQ Data Register 38 (DAODT38)

D-AQ Data Register 39 (DAODT39)

H'0080 1D28

D-AOQ Data Register 40 (DAODT40)

D-AO Data Register 41 (DAODT41)

H0080 1D2A

D-AOQ Data Register 42 (DAODT42)

D-A0 Data Register 43 (DAODT43)

H'0080 1D2C

D-AO Data Register 44 (DAODT44)

D-AO Data Register 45 (DAODT45)

H'0080 1D2E

D-AQ Data Register 46 (DAODT46)

D-AQ Data Register 47 (DAODT47)

H'0080 1D30

D-AO Data Register 48 (DAODT48)

D-AO Data Register 49 (DAODT49)

H'0080 1D32

D-AOQ Data Register 50 (DAODT50)

D-AO Data Register 51 (DAODT51)

H'0080 1D34

D-AO Data Register 52 (DAODT52)

D-AO0 Data Register 53 (DAODT53)

H'0080 1D36

D-AOQ Data Register 54 (DAODT54)

D-AO0 Data Register 55 (DAODT55)

H'0080 1D38

D-AO Data Register 56 (DAODT56)

D-AO Data Register 57 (DAODT57)

H'0080 1D3A

D-AQ Data Register 58 (DAODT58)

D-AO0 Data Register 59 (DAODT59)

H'0080 1D3C

D-AQ Data Register 60 (DAODT60)

D-AO Data Register 61 (DAODT61)

H0080 1D3E

D-AOQ Data Register 62 (DAODT62)

D-AQ Data Register 63 (DAODT63)

H'0080 1D40

D-AQ Data Register 64 (DAODT64)

D-AO Data Register 65 (DAODT65)

H'0080 1D42

D-AO Data Register 66 (DAODT66)

D-AQ Data Register 67 (DAODT67)

H'0080 1D44

D-AO Data Register 68 (DAODT68)

D-AO0 Data Register 69 (DAODT69)

H'0080 1D46

D-AO Data Register 70 (DAODT70)

D-AO Data Register 71 (DAODT71)

H'0080 1D48

D-AO Data Register 72 (DAODT72)

D-AQ Data Register 73 (DAODT73)

H'0080 1D4A

D-AQ Data Register 74 (DAODT74)

D-AO0 Data Register 75 (DAODT75)

H'0080 1D4C

D-AOQ Data Register 76 (DAODT76)

D-AQ Data Register 77 (DAODT77)

H'0080 1D4E

D-AO Data Register 78 (DAODT78)

D-AO Data Register 79 (DAODT79)

Blank areas are reserved for future use.

Figure 3.4.24 Register Mapping of the SFR Area (21)
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ADDRESS SPACE
3.4 Internal RAM and SFR Areas

Address +0 address +1 address
D7 D8 D15

H'0080 1D50 D-A0 Data Register 80 (DAODT80) D-AO Data Register 81 (DAODT81)

H'0080 1D52 D-AO Data Register 82 (DAODT82) D-AO Data Register 83 (DAODT83)

H'0080 1D54 D-A0 Data Register 84 (DAODT84) D-AO Data Register 85 (DAODT85)

H'0080 1D56 D-AOQ Data Register 86 (DAODT86) D-AO Data Register 87 (DAODT87)

H'0080 1D58 D-AO Data Register 88 (DAODT88) D-AO Data Register 89 (DAODT89)

H'0080 1D5A D-AO Data Register 90 (DAODT90) D-AO Data Register 91 (DAODT91)

H'0080 1D5C D-AOQ Data Register 92 (DAODT92) D-A0 Data Register 93 (DAODT93)

H'0080 1D5E D-AO Data Register 94 (DAODT94) D-A0Q Data Register 95 (DAODT95)

H'0080 1D60 D-AO Data Register 96 (DAODT96) D-AO Data Register 97 (DAODT97)

H'0080 1D62 D-AO Data Register 98 (DAODT98) D-AO Data Register 99 (DAODT99)

H'0080 1D64 D-A0 Data Register 100 (DAODT100) D-AO Data Register 101 (DAODT101)
H'0080 1D66 D-A0 Data Register 102 (DAODT102) D-AOQ Data Register 103 (DAODT103)
H'0080 1D68 D-A0 Data Register 104 (DAODT104) D-A0 Data Register 105 (DAODT105)
H'0080 1D6A D-AQ Data Register 106 (DAODT106) D-AO Data Register 107 (DAODT107)
H'0080 1D6C D-A0 Data Register 108 (DAODT108) D-AO Data Register 109 (DAODT109)
H'0080 1D6E D-A0 Data Register 110 (DAODT110) D-AO Data Register 111 (DAODT111)
H'0080 1D70 D-A0 Data Register 112 (DAODT112) D-AO Data Register 113 (DAODT113)
H'0080 1D72 D-AO Data Register 114 (DAODT114) D-AO Data Register 115 (DAODT115)
H'0080 1D74 D-AO Data Register 116 (DAODT116) D-A0 Data Register 117 (DAODT117)
H'0080 1D76 D-A0 Data Register 118 (DAODT118) D-AO Data Register 119 (DAODT119)
H'0080 1D78 D-A0 Data Register 120 (DAODT120) D-A0 Data Register 121 (DAODT121)
H0080 1D7A D-AQ Data Register 122 (DAODT122) D-A0 Data Register 123 (DAODT123)
H'0080 1D7C D-AO Data Register 124 (DAODT124) D-AO Data Register 125 (DAODT125)
H'0080 1D7E D-AO Data Register 126 (DAODT126) D-AO Data Register 127 (DAODT127)
H0080 1D80 D-AO Data Register 128 (DAODT128) D-AO Data Register 129 (DAODT129)
H0080 1D82 D-AO Data Register 130 (DAODT130) D-AO Data Register 131 (DAODT131)
H0080 1D84 D-A0 Data Register 132 (DAODT132) D-A0 Data Register 133 (DAODT133)
H'0080 1D86 D-AO Data Register 134 (DAODT134) D-AO Data Register 135 (DAODT135)
H'0080 1D88 D-AO Data Register 136 (DAODT136) D-AO Data Register 137 (DAODT137)
H0080 1D8A D-AO Data Register 138 (DAODT138) D-AO Data Register 139 (DAODT139)
H0080 1D8C D-AO Data Register 140 (DAODT140) D-AO Data Register 141 (DAODT141)
H'0080 1D8E D-AO Data Register 142 (DAODT142) D-AO Data Register 143 (DAODT143)
H'0080 1D90 D-AO Data Register 144 (DAODT144) D-AO Data Register 145 (DAODT145)
H'0080 1D92 D-A0 Data Register 146 (DAODT146) D-AO Data Register 147 (DAODT147)
H'0080 1D94 D-AO Data Register 148 (DAODT148) D-AO Data Register 149 (DAODT149)
H'0080 1D96 D-AO Data Register 150 (DAODT150) D-AO Data Register 151 (DAODT151)
H'0080 1D98 D-AQ Data Register 152 (DAODT152) D-AOQ Data Register 153 (DAODT153)
H'0080 1D9A D-AO Data Register 154 (DAODT154) D-AO Data Register 155 (DAODT155)
H'0080 1D9C D-A0 Data Register 156 (DAODT156) D-AO Data Register 157 (DAODT157)
H'0080 1D9E D-AQ Data Register 158 (DAODT158) D-AO Data Register 159 (DAODT159)
H'0080 1DA0O D-AO Data Register 160 (DAODT160) D-AO Data Register 161 (DAODT161)
H'0080 1DA2 D-A0 Data Register 162 (DAODT162) D-A0 Data Register 163 (DAODT163)
H'0080 1DA4 D-AO Data Register 164 (DAODT164) D-AOQ Data Register 165 (DAODT165)
H'0080 1DA6 D-A0 Data Register 166 (DAODT166) D-A0 Data Register 167 (DAODT167)
H'0080 1DA8 D-A0 Data Register 168 (DAODT168) D-AO Data Register 169 (DAODT169)

Blank areas are reserved for future use.
Figure 3.4.25 Register Mapping of the SFR Area (22)
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3.4 Internal RAM and SFR Areas

Address Do +0 address D7 D8 +1 address D15
|
H'0080 1DAA D-A0 Data Register 170 (DAODT170) D-AO Data Register 171 (DAODT171)
H'0080 1DAC D-AO Data Register 172 (DAODT172) D-AO Data Register 173 (DAODT173)
H'0080 1DAE D-AOQ Data Register 174 (DAODT174) D-A0 Data Register 175 (DAODT175)
H'0080 1DBO D-AOQ Data Register 176 (DAODT176) D-AO Data Register 177 (DAODT177)
H'0080 1DB2 D-AO Data Register 178 (DAODT178) D-AO Data Register 179 (DAODT179)
H'0080 1DB4 D-A0 Data Register 180 (DAODT180) D-AO Data Register 181 (DAODT181)
H'0080 1DB6 D-AO Data Register 182 (DAODT182) D-AO Data Register 183 (DAODT183)
H'0080 1DB8 D-AO Data Register 184 (DAODT184) D-AO Data Register 185 (DAODT185)
H'0080 1DBA D-AO Data Register 186 (DAODT186) D-A0 Data Register 187 (DAODT187)
H'0080 1DBC D-AO Data Register 188 (DAODT188) D-A0 Data Register 189 (DAODT189)
H'0080 1DBE D-AO Data Register 190 (DAODT190) D-AO Data Register 191 (DAODT191)
H'0080 1DCO D-A0 Data Register 192 (DAODT192) D-AQ Data Register 193 (DAODT193)
H'0080 1DC2 D-AO Data Register 194 (DAODT194) D-AO Data Register 195 (DAODT195)
H'0080 1DC4 D-AO Data Register 196 (DAODT196) D-A0 Data Register 197 (DAODT197)
H'0080 1DC6 D-A0 Data Register 198 (DAODT198) D-A0 Data Register 199 (DAODT199)
H'0080 1DC8 D-AO Data Register 200 (DAODT200) D-AO Data Register 201 (DAODT201)
H'0080 1DCA D-A0 Data Register 202 (DAODT202) D-AO Data Register 203 (DAODT203)
H'0080 1DCC D-AO Data Register 204 (DAODT204) D-A0 Data Register 205 (DAODT205)
H'0080 1DCE D-A0 Data Register 206 (DAODT206) D-AO Data Register 207 (DAODT207)
H'0080 1DDO D-A0 Data Register 208 (DAODT208) D-A0 Data Register 209 (DAODT209)
H'0080 1DD2 D-A0 Data Register 210 (DAODT210) D-AQ Data Register 211 (DAODT211)
H'0080 1DD4 D-AO Data Register 212 (DAODT212) D-A0 Data Register 213 (DAODT213)
H'0080 1DD6 D-A0 Data Register 214 (DAODT214) D-AQ Data Register 215 (DAODT215)
H'0080 1DD8 D-AO Data Register 216 (DAODT216) D-AO Data Register 217 (DAODT217)
H0080 1DDA D-AO Data Register 218 (DAODT218) D-AO Data Register 219 (DAODT219)
H0080 1DDC D-A0 Data Register 220 (DAODT220) D-A0 Data Register 221 (DAODT221)
H0080 1DDE D-A0 Data Register 222 (DAODT222) D-A0 Data Register 223 (DAODT223)
H0080 1DEO D-AO Data Register 224 (DAODT224) D-AO Data Regjister 225 (DAODT225)
H'0080 1DE2 D-A0 Data Register 226 (DAODT226) D-AO Data Register 227 (DAODT227)
H0080 1DE4 D-AO Data Register 228 (DAODT228) D-AO Data Regjister 229 (DAODT229)
H'0080 1DE6 D-AO Data Register 230 (DAODT230) D-AO Data Register 231 (DAODT231)
H'0080 1DE8 D-AO Data Register 232 (DAODT232) D-AO Data Register 233 (DAODT233)
H0080 1DEA D-AO Data Register 234 (DAODT234) D-AO Data Register 235 (DAODT235)
H'0080 1DEC D-A0 Data Register 236 (DAODT236) D-AO Data Register 237 (DAODT237)
H'0080 1DEE D-AO Data Register 238 (DAODT238) D-AO Data Register 239 (DAODT239)
H'0080 1DFO D-AO Data Register 240 (DAODT240) D-AO Data Register 241 (DAODT241)
H'0080 1DF2 D-A0 Data Register 242 (DAODT242) D-A0Q Data Register 243 (DAODT243)
H'0080 1DF4 D-AO Data Register 244 (DAODT244) D-AO Data Register 245 (DAODT245)
H'0080 1DF6 D-A0 Data Register 246 (DAODT246) D-AO Data Register 247 (DAODT247)
H'0080 1DF8 D-AOQ Data Register 248 (DAODT248) D-AQ Data Register 249 (DAODT249)
H'0080 1DFA D-AO Data Register 250 (DAODT250) D-A0 Data Register 251 (DAODT251)
H'0080 1DFC D-AO Data Register 252 (DAODT252) D-AO Data Register 253 (DAODT253)
H'0080 1DFE D-AO Data Register 254 (DAODT254) D-AO Data Register 255 (DAODT255)
Blank areas are reserved for future use.
Figure 3.4.26 Register Mapping of the SFR Area (23)
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3.5 EIT Vector Entry

The EIT vector entry is located at the beginning of the internal ROM/extended external areas.
Instructions for branching to the start addresses of respective EIT event handlers are written here.
Note that it is branch instructions and not the jump addresses that are written here. For details, refer
to Chapter 4, "EIT."

0 31
H'0000 0000
H0000 0004 — RI (Reset Interrupt) —
H'0000 0008
H'0000 000C
H'0000 0010
H'0000 0014
[ SBI (System Break Interrupt) ]
H'0000 0018
H'0000 001C
H'0000 0020
H10000 0024 — RIE (Reserved Instruction Exception)—|
H'0000 0028
H'0000 002C
H'0000 0030
H10000 0034 — AE (Address Exception) —
H'0000 0038
H'0000 003C
H'0000 0040 TRAPO
H'0000 0044 TRAP1
H'0000 0048 TRAP2
H'0000 004C TRAP3
H'0000 0050 TRAP4
H'0000 0054 TRAP5
H'0000 0058 TRAP6
H'0000 005C TRAP7
H'0000 0060 TRAP8
H'0000 0064 TRAP9
H'0000 0068 TRAP10
H'0000 006C TRAP11
H'0000 0070 TRAP12
H'0000 0074 TRAP13
H'0000 0078 TRAP14
H'0000 007C TRAP15
H'0000 0080 El (External Interrupt) (Note)
Note: When the flash entry bit = 1 (flash enable mode), the El vector entry is located at H'0080 4000.

Figure 3.5.1 EIT Vector Entry
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3.6 ICU Vector Table

The ICU vector table is used by the internal Interrupt Controller. The start addresses of interrupt
handlers for interrupt requests from internal peripheral 1/0s are set at the corresponding addresses
of this table, as shown below. For details, refer to Chapter 5, "Interrupt Controller."

Figures 3.6.1 and 3.6.2 show a configuration of the ICU vector table.

Address

H'0000 0094
H'0000 0096
H'0000 0098
H'0000 009A
H'0000 009C
H'0000 009E
H'0000 00A0
H'0000 00A2
H'0000 00A4
H'0000 00A6
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

+0 address +1 address
D7 D8 D15

PDC Input Interrupt Handler Start Address (A0-A15)

PDC Input Interrupt Handler Start Address (A16-A31)

PWM Off Input Interrupt Handler Start Address (A0-A15)

PWM Off Input Interrupt Handler Start Address (A16-A31)

MJT Input Interrupt 5 Handler Start Address (A0-A15)

MJT Input Interrupt 5 Handler Start Address (A16-A31)

MJT Input Interrupt 4 Handler Start Address (A0-A15)

MJT Input Interrupt 4 Handler Start Address (A16-A31)

MJT Input Interrupt 3 Handler Start Address (A0-A15)

MJT Input Interrupt 3 Handler Start Address (A16-A31)

MJT Input Interrupt 2 Handler Start Address (A0-A15)

MJT Input Interrupt 2 Handler Start Address (A16-A31)

MJT Input Interrupt 1 Handler Start Address (A0-A15)

MJT Input Interrupt 1 Handler Start Address (A16-A31)

MJT Input Interrupt O Handler Start Address (A0-A15)

MJT Input Interrupt 0 Handler Start Address (A16-A31)

TOMO Output Interrupt Handler Start Address (A0-A15)

TOMO Output Interrupt Handler Start Address (A16-A31)

TOM1 Output Interrupt Handler Start Address (A0-A15)

TOM1 Output Interrupt Handler Start Address (A16-A31)

TMSO0 Output Interrupt Handler Start Address (A0-A15)

TMSO0 Output Interrupt Handler Start Address (A16-A31)

TIDO Output Interrupt Handler Start Address (A0-A15)

TIDO Output Interrupt Handler Start Address (A16-A31)

TID1 Output Interrupt Handler Start Address (A0-A15)

TID1 Output Interrupt Handler Start Address (A16-A31)

Blank areas are reserved for future use.

Figure 3.6.1 Configuration of the ICU Vector Table (1/2)
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Address

H'0000 00C8
H'0000 00CA
H'0000 00CC
H'0000 00CE
H'0000 00DO
H'0000 00D2
H'0000 00D4
H'0000 00D6
H'0000 00D8
H'0000 00DA
H'0000 00DC
H'0000 00DE
H'0000 00EO
H'0000 00E2
H'0000 OOE4
H'0000 00E6
H'0000 OOE8
H'0000 O0EA
H'0000 00EC
H'0000 OOEE
H'0000 00FO0
H'0000 00F2
H'0000 O0F4
H'0000 00F6
H'0000 00F8
H'0000 OOFA
H'0000 00FC
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

Do +0 address D7 D8 +1 address D15
\

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

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

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

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

SIOO0 Receive Interrupt Handler Start Address (A16-A31)

SI100 Transmit Interrupt Handler Start Address (A0-A15)

SIOO0 Transmit Interrupt Handler Start Address (A16-A31)

SIO1 Receive Interrupt Handler Start Address (A0-A15)

SI01 Transmit Interrupt Handler Start Address (A16-A31)

A-D1 Conversion Interrupt Handler Start Address (A0-A15)

A-D1 Conversion Interrupt Handler Start Address (A16-A31)

DMAS5-9 Interrupt Handler Start Address (A0-A15)

DMADS5-9 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)

SI104 Transmit/Receive Interrupt Handler Start Address (A0-A15)

SI104 Transmit/Receive Interrupt Handler Start Address (A16-A31)

SI104 Transmit Interrupt Handler Start Address (A0-A15)

SI104 Transmit Interrupt Handler Start Address (A16-A31)

SIO5 Receive Interrupt Handler Start Address (A16-A31)

SIO5 Transmit Interrupt Handler Start Address (A0-A15)

S106,7 Transmit/Receive Interrupt Handler Start Address (A0-A15)

S106,7 Transmit/Receive Interrupt Handler Start Address (A16-A31)

RTD Interrupt Handler Start Address (A0-A15)

RTD Interrupt Handler Start Address (A16-A31)

PDC Compare Match & Error Interrupt Handler Start Address (A0-A15)

PDC Compare Match & Error Interrupt Handler Start Address (A16-A31)

CANO Transmit/Receive & Error Interrupt Handler Start Address (A0-A15)

CANO Transmit/Receive & Error Interrupt Handler Start Address (A16-A31)

CANL1 Transmit/Receive & Error Interrupt Handler Start Address (A0-A15)

CAN1 Transmit/Receive & Error Interrupt Handler Start Address (A16-A31)
I
Blank areas are reserved for future use.

Figure 3.6.2 Configuration of the ICU Vector Table (2/2)
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3.7 Precautions on Address Space

* Virtual-flash emulation function

The 32172 has a function for mapping up to two 8-Kbyte blocks of the internal RAM beginning with
the first address into the internal flash memory areas divided in units of 8 Kbytes (L banks).
Similarly, the 32173 has a function for mapping up to three 8-Kbyte blocks of the internal RAM
beginning with the first address into the internal flash memory areas divided in units of 8 Kbytes (L
banks), as well as mapping up to two 4-Kbyte blocks of the internal RAM beginning with the H'0080
A000 area into the internal flash memory areas divided in units of 4 Kbytes (S banks) (the latter
available for only the 32173). This is referred to as the virtual-flash emulation function. For details
about this function, refer to Section 6.7, "Virtual-flash Emulation Function."
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4 EIT
4.1 Outline of EIT

4.1 Qutline of EIT

If an event occurs while the CPU is executing an ordinary program, the CPU may have to suspend
execution of the program and execute another program. Such an event is referred to by the generic
name "EIT (Exception, Interrupt, Trap)."

(1) Exception

This event relates to the context being executed, and is generated by an error or a violation of
rules in instruction execution. In the M32R/E, Address Exception (AE) and Reserved Instruction
Exception (RIE) fall under the category of this type of event.

(2) Interrupt

This event occurs independently of the context being executed. It is generated by a signal sent by
means of hardware from the outside. In the M32R/E, External Interrupt (El), System Break
Interrupt (SBI), and Reset Interrupt (RI) fall under the category of this type of event.

(3) Trap

This refers to a software interrupt, which is issued by executing the TRAP instruction. As in the
case of system calls of the OS, this type of event is generated intentionally in a program by the
programmer.

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

Address Exception (AE)

—— Interrupt Reset Interrupt (RI)
System Break Interrupt (SBI)

External Interrupt (EI)

—— Trap TRAP

Figure 4.1.1 Classification of EIT
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4.2 EIT Events

4.2 EIT Events

4.2.1 Exceptions

(1) Reserved Instruction Exception (RIE)

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

(2) Address Exception (AE)

An Address Exception (AE) occurs when access to an unaligned address is attempted in a Load
or Store instruction.

4.2.2 Interrupts

(1) Reset Interrupt (RI)

A Reset Interrupt (RI) is accepted by asserting a RESET signal to the CPU. The Reset Interrupt
has the highest priority.

(2) System Break Interrupt (SBI)

The System Break Interrupt (SBI) is an emergency interrupt which is issued when power outage
is detected or a fault condition is notified from an external watchdog timer. This interrupt can be
used only when after interrupt processing, the CPU does not as a rule return to the program it
was executing when the interrupt occurred.

(3) External Interrupt (El)

The External Interrupt (El) is an interrupt request from one of the internal peripheral 1/0s
managed by the Interrupt Controller. The M32R's internal Interrupt Controller controls these
interrupts by means of eight interrupt priority levels (including an interrupt-disabled state).

4.2.3 Trap

The Trap (TRAP) is a software interrupt, which is generated by executing the TRAP instruction.
Sixteen vector addresses are provided, corresponding to operands 0-15 of the TRAP instruction.
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4.3 EIT Processing Procedure

4.3 EIT Processing Procedure

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

™~ e
EIT request

generated Program execution restarts
Suspend program
Instruction | Instruction| Instruction execution Instruction | Instruction
A B C C D ot
Accept EIT - '
request Instruction Instruction processing
processing complete type
cancel type (El, TRAP)
(RIE, AE)
4
PC—BPC Hardware Hardware (B)PSW—PSW
PSW—(B)PSW | preprocessing postprocessing BPC—PC
A
User-created processing program
EIT vector
entry EIT handlers except for SBI
""""""""""""" i (Restore general-
Save BPC, (B)PSW, ; . N ‘
i Processing :
» and general-purpose ¥ 9i_, purpose registers RTE

registers to the stack

iby handler :

(B)PSW, and BPC

instruction ‘
from the stack

SBI

(System Break
Interrupt)
processing

(SBI)

N

Terminate the program or

reset the system

Note: (B)PSW denotes the PSW Register's BPSW field.

Figure 4.3.1 Outline of EIT Processing Procedure
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4.3 EIT Processing Procedure

When an EIT is accepted, the M32R/E saves the PC and PSW to the stack (described later) and
branches to the EIT vector. The EIT vector has entry addresses assigned for each EIT. This is
where the BRA (branch) instruction (note that these are not branch addresses) for the EIT handler

is written.

In hardware preprocessing by the M32R/E, the contents of the PC and PSW Register are
transferred to the backup registers (BPC Register and the PSW Register BPSW field). This is the
only operation performed here.

Therefore, it is necessary to save to the stack in a user-created EIT handler the BPC Register, the
PSW Register (including the BPSW field), and the general-purpose registers to be used in the EIT
handler. (Remember that these registers must be saved to the stack in a program by the user.)

When processing by the EIT handler is completed, restore the registers from the stack to which
they have been saved and then execute the RTE instruction to return from EIT processing to the
original program (except for System Break Interrupt).

In hardware postprocessing by the M32R/E, the contents of the backup registers (BPC Register
and the PSW Register BPSW field) are restored into the PC and PSW Registers.

4-5 Rev.1.0



4

EIT

4.4 EIT Processing Mechanism

4.4 EIT Processing Mechanism

The EIT processing mechanism of the M32R/E consists of the M32R CPU Core unit and the
internal peripheral I/O Interrupt Controller. It also has backup registers for the PC and PSW (BPC
Register and the BPSW fild of the PSW register). The M32R/E's internal EIT processing

mechanism is shown below.

M32R/E
M32R CPU Core
S RI RI | High
RESET [} > >
AE, RIE, TRAP
e
Priority
SBI [ SBI SBI |
> Interrupt
. Controller El El
Internal . (Icv) > v
Peripheral « Low
1/0 3
—>
SN IE Flag
(PSW)
| BPC Register |
| ‘ BPSW‘ PSW | | PC Register
PSW Register

Figure 4.4.1 EIT Processing Mechanism of the M32R/E
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4.5 Accepting EIT Events

When an EIT event occurs, the M32R/E suspends execution of the program being executed and
branches to EIT handler processing. The table below shows occurrence conditions of each EIT
event and the timing at which they are accepted.

Table 4.5.1 Accepting EIT Events

EIT Event

Processing Type

Acceptance Timing

Values Set in BPC Register

Reserved Instruction

Exception (RIE)

Instruction processing

cancel type

During instruction

execution

PC value of the instruction that

generated RIE

Address Exception
(AE)

Instruction processing

cancel type

During instruction

execution

PC value of the instruction that

generated AE

Reset Interrupt (RI)

Instruction processing

abandon type

Each machine cycle

Indeterminate value

System Break
Interrupt (SBI)

Instruction processing

complete type

Break in instructions

(Word boundary only)

PC value of the next instruction

External Interrupt (El)

Instruction processing

complete type

Break in instructions

(Word boundary only)

PC value of the next instruction

Trap (TRAP)

Instruction processing

complete type

Break in instructions

PC value of TRAP instruction + 4
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4.6 Saving and Restoring PC and PSW

4.6 _Saving and Restoring PC and PSW

The following describes the operations performed by the M32R when accepting an EIT and when
executing the RTE instruction.

(1) Hardware preprocessing when accepting an EIT

(a) Save the PSW Register SM, IE, and C bits

BSM ~ SM
BIE ~ IE
BC -~ C

(b) Update the PSW Register SM, IE, and C bits

SM ~ Unchanged (RIE, AE, TRAP) or set to 0 (SBI, El, RI)
IE ~ SettoO
C ~ SettoO

(c) Save the PC Register
BPC ~ PC

(d) Set the vector address in the PC Register

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

(2) Hardware postprocessing when executing the RTE instruction

(e) Restore the PSW Register BSM, BIE, and BC bits

SM ~ BSM
IE ~ BIE
C - BC

(f) Restore the BPC Register value to the PC Register
PC ~ BPC

Note: After executing the RTE instruction, the values of the BPC Register and the PSW
Register BSM, BIE, and BC bits are indeterminate.

4-8 Rev.1.0



EIT

4.6 Saving and Restoring PC and PSW

(a) Save the SM, IE, and C bits

BSM <« SM
BIE ~ IE
BC -~ C

(b) Update the SM, IE, and C bits

SM < Unchanged/0
IE <~ 0
Cc - 0

(e) Restore the BSM, BIE, and BC bits

SM — BSM
IE < BIE
C <~ BC

After executing the RTE instruction,
the values of the BSM, BIE, and
BC bits are indeterminate.

(c) Save the PC
BPC <« PC

(d) Set the vector address in the PC
PC <« Vector address

(f) Restore the BPC value into the PC

After executing the RTE
instruction, the value of the BPC
is indeterminate.

PSW BPC PC
|| |
When a‘ccepting (@ ©
an EIT
(b) (d)
|| |
|
e .
| || |
BPSW field PSW field
0(MSB) 7 8 15‘ 16 17 23H24 25 31(LSB")
PSW [0 0 00000 0 o‘o‘o‘o‘o‘o‘o‘o‘ | ‘ | ‘o‘o‘olo‘o‘ | ‘ | ‘ “o‘olo‘o‘o‘ “
— |
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 placed in the user space beginning with address H'0000 0000. The EIT
vector entry is listed below.

Table 4.7.1 EIT Vector Entry

Name Abbreviation  Vector Address SM IE BPC
Reset Interrupt RI H'0000 0000 0 0 Indeterminate
(Note 1)

System Break SBI H'0000 0010 0 0 PC of the next instruction

Interrupt

Reserved Instruction RIE H'0000 0020 Unchanged 0 PC of the instruction that generated EIT

Exception

Address Exception ~ AE H'0000 0030 Unchanged 0 PC of the instruction that generated EIT

Trap TRAPO H'0000 0040 Unchanged 0 PC of the TRAP instruction + 4
TRAP1 H'0000 0044 Unchanged 0 PC of the TRAP instruction + 4
TRAP2 H'0000 0048 Unchanged 0 PC of the TRAP instruction + 4
TRAP3 H'0000 004C Unchanged 0 PC of the TRAP instruction + 4
TRAP4 H'0000 0050 Unchanged 0 PC of the TRAP instruction + 4
TRAPS H'0000 0054 Unchanged 0 PC of the TRAP instruction + 4
TRAP6 H'0000 0058 Unchanged 0 PC of the TRAP instruction + 4
TRAPY H'0000 005C Unchanged 0 PC of the TRAP instruction + 4
TRAP8 H'0000 0060 Unchanged 0 PC of the TRAP instruction + 4
TRAP9 H'0000 0064 Unchanged 0 PC of the TRAP instruction + 4
TRAP10 H'0000 0068 Unchanged 0 PC of the TRAP instruction + 4
TRAP11 H'0000 006C Unchanged 0 PC of the TRAP instruction + 4
TRAP12 H'0000 0070 Unchanged 0 PC of the TRAP instruction + 4
TRAP13 H'0000 0074 Unchanged 0 PC of the TRAP instruction + 4
TRAP14 H'0000 0078 Unchanged 0 PC of the TRAP instruction + 4
TRAP15 H'0000 007C Unchanged 0 PC of the TRAP instruction + 4

External Interrupt  El H'0000 0080 0 0 PC of the next instruction

(Note 2)

Note 1: During boot mode, control jumps to the beginning of the boot ROM (address H'8000 0000).
For details, refer to Section 6.5 "Programming the Internal Flash Memory."

Note 2: During flash E/W enable mode, control jumps to the beginning of the internal RAM (address
H'0080 4000). For details, refer to Section 6.5, "Programming the Internal Flash Memory."
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4.8 Exception Handling

4.8.1 Reserved Instruction Exception (RIE)

[Occurrence condition]

A Reserved Instruction Exception (RIE) occurs when execution of a reserved instruction (an
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 caused the exception is not

executed. Even if an external interrupt is requested when a Reserved Instruction Exception is
detected, the Reserved Instruction Exception is accepted.

[EIT processing]

(1) Saving the SM, IE, and C bits
The PSW Register SM, IE, and C bits are saved to the backup bits-BSM, BIE, and BC.

BSM ~ SM
BIE ~ IE
BC -~ C

(2) Updating the SM, IE, and C bits

The PSW Registmer SM, |IE, and C bits are updated in the manner shown below.
SM ~ Unchanged
IE ~ 0
C ~ 0

(3) Saving the PC

The PC value of the instruction that caused the Reserved Instruction Exception is set in
the BPC Register. For example, if the instruction that caused the Reserved Instruction
Exception is at address 4, then the value 4 is set in the BPC Register; if at address 6, then
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 caused the Reserved Instruction Exception exists
on the word boundary (BPC[30] = 0), or not (BPC[30] = 1).

However, in either case of the above, the location to which the RTE instruction returns
after the end of the EIT handler is always address 4. (This is because the two low-order
bits are cleared to '00" when returning to the PC.)
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4.8 Exception Handling

| #0 | +#1 | +2 | +3 |

Address )~

~

H'00

Retrn | 1oy RIEoccurred‘

dd
address H08

H'0C

spc |« Ho4

~

Address
H'00

Return
address

—» H'04

H'08
H'0C

~o

+O|+1‘+2‘+3‘

~

‘ RIE occurred

<+ H06

Figure 4.8.1 Example of a Return Address for Reserved Instruction Exception (RIE)

(4) Branching to the EIT vector entry

Control branches to a user space address H'0000 0020. This is the last operation in
hardware preprocessing performed by the M32R/E.

(5) Branching from the EIT vector entry to the user-created handler

The M32R/E executes the BRA instruction written at the EIT vector entry address H'0000
0020 by the user, thereby branching to the start address of the user-created handler. At
the beginning of the user-created EIT handler, the BPC and PSW Registers and the
necessary general-purpose registers must first be saved to the stack.

(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. Then hardware
postprocessing will be performed automatically. In this case, operation restarts from a
word-boundary instruction including one that caused the RIE exception (see Figure

4.8.1).
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4.8.2 Address Exception (AE)

[Occurrence condition]

An Address Exception (AE) occurs when access to an unaligned address is attempted in a Load
or Store instruction. The following shows combinatorial instruction and address conditions under
which an Address Exception is invoked.

* LDH, LDUH, or STH instruction and the two low-order address bits are '01' or '11'
* LD, ST, LOCK, or UNLOCK instruction and the two low-order address bits are '01,' '10,' or '11'

When an Address Exception occurs, memory access by the instruction that caused the exception
is not performed. Even if an external interrupt is requested when an Address Exception is
detected, the Address Exception is accepted.

[EIT processing]

(1) Saving the SM, IE, and C bits
The PSW Register SM, IE, and C bits are saved to the backup bits-BSM, BIE, and BC.

BSM ~ SM
BIE ~ IE
BC -~ C

(2) Updating the SM, IE, and C bits
The PSW Register SM, IE, and C bits are updated in the manner shown below.

SM ~ Unchanged
IE -~ 0
C ~ 0

(3) Saving the PC

The PC value of the instruction that caused the Address Exception is set in the BPC
Register. For example, if the instruction that caused the Address Exception is at address
4, then the value 4 is set in the BPC Register; if at address 6, then 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 caused the Address Exception exists on the word boundary (BPC[30] =
0), or not (BPC[30] = 1).

However, in either case of the above, the location to which the RTE instruction returns
after the end of the EIT handler is always address 4. (This is because the two low-order
bits are cleared to '00' when returning to the PC.)
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| +0 | +1 | +2 | +3 | | #0 | +#1 | +2 | +3 |
Address )Y I~ Address )Y I
H'00 H'00
gcitjlrjégs» HO4 | AE occurred‘ gg(tjlrjégs» H'04 ‘AE occurred
H'08 H'08
H'0C H'0oC

<+ Ho4 <+ H06

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

(4) Branching to the EIT vector entry

Control branches to a user space address H'0000 0030. This is the last operation in
hardware preprocessing performed by the M32R/E.

(5) Branching from the EIT vector entry to the user-created handler

The M32R/E executes the BRA instruction written at the EIT vector entry address H'0000
0030 by the user, thereby branching to the start address of the user-created handler. At
the beginning of the user-created EIT handler, the BPC and PSW Registers and the
necessary general-purpose registers must first be saved to the stack.

(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. Then hardware
postprocessing will be performed automatically. In this case, operation restarts from a
word-boundary instruction including one that caused the AE exception (see Figure 4.8.2).
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4.9 Interrupt Handling

4.9.1 Reset Interrupt (RI)

[Occurrence condition]

When input on RESET pin is pulled low, a Reset Interrupt (RI) is accepted unconditionally in each
machine cycle. The Reset Interrupt has the highest priority of all EIT.

[EIT processing]

(1) Initializing the SM, IE, and C bits
The PSW Register SM, IE, and C bits are initialized in the manner shown below.

SM  « 0
IE ~ 0
C ~ 0

For Reset Interrupt, the values of the BSM, BIE, and BC bits become indeterminate.

(2) Branching to the EIT vector entry

Control branches to a user space address H'0000 0000. During boot mode, however,
control goes to the beginning of the boot ROM (address H'8000 0000). (For details, refer
to Section 6.5, "Programming the Internal Flash Memory.")

(3) Branching from the EIT vector entry to the user program

The M32R/E executes the instruction written at the EIT vector entry address H'0000 0000
by the user. In the reset vector entry, initialize the PSW and SPI Registers and then
branch to the start address of the user program.
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4.9.2 System Break Interrupt (SBI)

The System Break Interrupt (SBI) is an emergency interrupt which is issued when power outage is
detected or a fault condition is notified from an external watchdog timer. The System Break

Interrupt cannot be masked with the PSW Register IE bit.

Therefore, the System Break Interrupt can only be used when some fatal event has already
occurred in the system when the interrupt is detected. Also, this interrupt must be used on condition

that after processing with the SBI handler, the control will not return to the program it was executing

when the system break interrupt occurred.

[Occurrence condition]

A System Break Interrupt is accepted by a falling edge at the input of the SBI pin. (The System

Break Interrupt cannot be masked with the PSW Register IE bit.)

In no case will a System Break Interrupt be activated immediately after executing any 16-bit
instruction that begins from the word boundary. (However, this does not apply to 16-bit branch

instructions, in which case the interrupt is accepted immediately after branching.)

———> Order in which instructions are executed

Address Address Address Address
1000 1002 1004 1008
‘lﬁ-bit instruction‘lﬁ-bit instruction‘ 32-bit instruction ‘

O X O O
Interrupt Interrupt Interrupt Interrupt
can be cannot be can be can be
accepted accepted accepted accepted

Figure 4.9.1 Timing at Which System Break Interrupt (SBI) is Accepted
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[EIT processing]

(1) Saving the SM, IE, and C bits
The PSW Register SM, IE, and C bits are saved to the backup bits-BSM, BIE, and BC.

BSM ~ SM
BIE ~ IE
BC -~ C

(2) Updating the SM, IE, and C bits
The PSW Register SM, IE, and C bits are updated in the manner shown below.

SM ~ 0
IE ~ 0
C ~ 0

(3) Saving the PC

The contents of the PC Register (always on word boundary) are saved to the BPC
Register.

(4) Branching to the EIT vector entry

Control branches to a user space address H'0000 0010. This is the last operation in
hardware preprocessing performed by the M32R/E.

(5) Branching from the EIT vector entry to the user-created handler

The M32R/E executes the BRA instruction written at the EIT vector entry address H'0000
0010 by the user, thereby branching to the start address of the user-created handler.

The System Break Interrupt can only be used when some fatal event has already
occurred in the system when the interrupt is detected. Also, this interrupt must be used on
condition that after processing with the SBI handler, the control will not return to the

program it was executing when the system break interrupt occurred.
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4.9.3 External Interrupt (El)

An External Interrupt (El) is generated based on interrupt requests output by the internal Interrupt
Controller. The Interrupt Controller manages interrupt requests by means of 7-level interrupt
priority. For details about the Interrupt Controller, refer to Chapter 5, "Interrupt Controller." For
details about the causes of interrupts, refer to each relevant chapter where the internal peripheral I/
O ininterest is described.

[Occurrence condition]

External Interrupts are managed by the Interrupt Controller based on interrupt requests from
each internal peripheral 1/0, and are notified to the M32R CPU by the Interrupt Controller. The
M32R/E checks for this request at instruction breaks on word boundaries. When an interrupt
request from the Interrupt Controller is detected and the PSW Register IE flag = 1, an External
Interrupt is accepted.

In no case will an External Interrupt be activated immediately after executing any 16-bit
instruction that begins from the word boundary. (However, this does not apply to 16-bit branch
instructions, in which case the interrupt is accepted immediately after branching.)

———> Order in which instructions are executed

Address Address Address Address
1000 1002 1004 1008
‘lﬁ-bit instruction‘16-bit instruction‘ 32-bit instruction ‘

O X O O
Interrupt Interrupt Interrupt Interrupt
can be cannot be can be can be
accepted accepted accepted accepted

Figure 4.9.2 Timing at Which External Interrupt (El) is Accepted
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[EIT Processing]

(1) Saving the SM, IE, and C bits
The PSW Register SM, IE, and C bits are saved to the backup bits-BSM, BIE, and BC.

BSM ~ SM
BIE ~ IE
BC -~ C

(2) Updating the SM, IE, and C bits
The PSW Register SM, IE, and C bits are updated in the manner shown below.

SM ~ 0
IE ~ 0
C ~ 0

(3) Saving the PC

The contents of the PC Register (always on word boundary) are saved to the BPC
Register.

(4) Branching to the EIT vector entry

Control branches to a user space address H'0000 0080. However, when in flash E/W
enable mode, control jumps to the beginning of the internal RAM (address H'0080 4000).
(For details, refer to Section 6.5, "Programming the Internal Flash Memory.") This is the
last operation in hardware preprocessing performed by the M32R/E.

(5) Branching from the EIT vector entry to the user-created handler

The M32R/E executes the BRA instruction written at the EIT vector entry address H'0000
0080 by the user, thereby branching to the start address of the user-created handler. At
the beginning of the user-created EIT handler, the BPC and PSW Registers and the
necessary general-purpose registers must first be saved to the stack.

(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. Then hardware
postprocessing will be performed automatically.

4-19 Rev.1.0



4 EIT

4.10 Trap Handling

4.10 Trap Handling

4.10.1 Trap (TRAP)

[Occurrence condition]

The Trap (TRAP) is a software interrupt, which is generated by executing the TRAP instruction.
Sixteen types of Traps are generated corresponding to operands 0-15 of the TRAP instruction.
Accordingly, there are sixteen vector entry addresses, one for each type of Trap.

[EIT processing]

(1) Saving the SM, IE, and C bits
The PSW Register SM, IE, and C bits are saved to the backup bits-BSM, BIE, and BC.

BSM ~ SM
BIE ~ IE
BC -~ C

(2) Updating the SM, IE, and C bits
The PSW Register SM, IE, and C bits are updated in the manner shown below.
SM ~ Unchanged

IE -~ 0
C -~ 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, then the
value H'08 is set in the BPC Register; if located at address 6, the value H'OA is set in the
BPC Register. The value of the BPC Register bit 30 indicates whether the TRAP
instruction exists on the word boundary (BPC[30] = 0), or not (BPC[30] = 1).

However, in either case of the above, the location to which the RTE instruction returns
after the end of the EIT handler is always address 8. (This is because the two low-order
bits are cleared to '00" when returning to the PC.)
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Address
H'00
H'04

e > s
H'0C

| 40 | 41|

~o

+2 |

+3‘

~No

TRAP instruction |

<« HO8

Address
H'00
H'04

Return
address

> HO8

H'0C

+O‘+1‘+2‘+3‘

~o

| TRAP instruction

+ HOA

Figure 4.10.1 Example of a Return Address for Trap (TRAP)

(4) Branching to the EIT vector entry

Control branches to user space addresses H'0000 0040 through H'0000 007C. This is the
last operation in hardware preprocessing performed by the M32R/E.

(5) Branching from the EIT vector entry to the user-created handler

The M32R/E executes the BRA instruction written at the EIT vector entry addresses
H'0000 0040 through H'0000 007C by the user, thereby branching to the start address of
the user-created handler. At the beginning of the user-created EIT handler, the BPC and
PSW Registers and the necessary general-purpose registers must first be saved to the

stack.

(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. After execution of the
RTE instruction, hardware postprocessing is performed automatically.
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4.11 EIT Priority

The priority of EIT events is shown below. If two or more EIT events occur at the same time, the EIT

with the highest priority of all is accepted first.

Table 4.11.1 Priority of EIT Events and Manner of Return

Priority EIT Event Processing Type

Values Set in BPC Register

1 (highest priority)  Reset Interrupt (RI) Instruction processing
abandon type

Indeterminate

Address Exception (AE)  Instruction processing

PC of the instruction that generated EIT

cancel type
2 Reserved Instruction Instruction processing PC of the instruction that generated EIT
Exception (RIE) cancel type
Trap (TRAP) Instruction processing TRAP instruction + 4

complete type

3 System Break Instruction processing PC of the next instruction
Interrupt (SBI) complete type
4 External Interrupt (EI) Instruction processing PC of the next instruction

complete type

For External Interrupt (El), the priority of each interrupt request from peripheral I/O is set by the
M32R's internal Interrupt Controller. For details, refer to Chapter 5, "Interrupt Controller.”
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4.12 Example of EIT Processing

(1) When an RIE, AE, SBI, EIl, or TRAP occurs singly

IE=1
v BPC Register = return address A
IE=0

Occurrence of a single
RIE, AE, SBI, El, or = | If IE = 0 (remains unchanged),
TRAP event Ret v nothing but reset and SBI are

eturn accepted

address A: IE=1 .
RTE instruction
Y

: EIT handler

Figure 4.12.1 Processing of a Single Event of RIE, AE, SBI, El, or TRAP

(2) When an RIE, AE, or TRAP occurs simultaneously with El

RIE, AE, or TRAP is accepted first
BPC Register = return address A

IE=1

IE=0
' RTE instruction

Occurrence of an RIE, AE, or i |
TRAP simultaneously with El

Return El is accepted next
address A: E-1 BPC Register = return address A

Y
RTE instruction

- EIT handler

Figure 4.12.2 Processing of RIE, AE, or TRAP and El when They Occurred Simultaneously
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EIT vector entry

~ o

BRA instruction @

~ . T {(Other than SBI) (SBI)
EIT handler
Hardware PC—BPC Save BPC to stack
preprocessing | PSW—(B)PSW I
Save PSW to stack
¢ Processing of
System Break Interrupt
X Save general-purpose
Program being registers to stack
executed l
\ : 1
__ElTevent _
/occurred \ Terminate the program or
reset the system
- Processing by
. EIT handler e
Restore general-purpose
registers
v
Hardware (B)PSW—PSW Restore PSW
postprocessing BPC—PC !
Restore BPC

Figure 4.12.3 Example of EIT Processing

4-24 Rev.1.0



4 EIT

4.13 Precautions on EIT

4.13 Precautions on EIT

The Address Exception (AE) requires caution because when an Address Exception occurs
pursuant to execution of an instruction (one of the following three) that uses the "register indirect +
register update" addressing mode, the value of the automatically updated register (Rsrc or Rsrc2)

becomes indeterminate.
Except that the values of Rsrc and Rsrc2 are indeterminate, the behavior is the same as when
using other addressing modes.

* Applicable instructions

LD Rdest, @Rsrc+
ST Rsrcl, @-Rsrc2
ST Rsrcl, @+Rsrc2

If the above applies, take into account the fact that the register value becomes indeterminate when
programming the system processing to be performed after occurrence of the exception. (If an
Address Exception occurs, it means that some fatal fault already occurred in the system at that
point in time. Therefore, use the Address Exception on condition that after processing by the
Address Exception handler, the CPU will not return to the program it was executing when the
exception occurred.)
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5.1 Qutline of the Interrupt Controller (ICU)

The Interrupt Controller (ICU) controls maskable interrupts from internal peripheral I/0Os and
System Break Interrupt (SBI). The maskable interrupts from internal peripheral 1/Os are notified to
the M32R CPU as External Interrupts (El).

There is a total of 31 sources for the maskable interrupts from internal peripheral 1/0s, which are
controlled by assigning them one of eight priority levels including an interrupt-disabled state. If
multiple interrupt requests with the same priority level occur simultaneously, they are prioritized
according to the fixed hardware priority. Which sources of internal peripheral 1/Os generated the
interrupt requests are identified by reading the Interrupt Status Register of the internal peripheral I/O.

On the other hand, the System Break Interrupt (SBI) is an interrupt generated by a falling edge of
the SBI input signal. This interrupt is always accepted regardless of the status of the PSW Register
IE bit, and is used as an emergency interrupt which is issued when power failure is detected or a
fault condition is notified from an external watchdog timer. After processing for the SBI is finished,
terminate or reset the system without returning to the program that was executing when the
interrupt occurred.

The Interrupt Controller is outlined below.

Table 5.1.1 Outline of the Interrupt Controller (ICU)

Item Specification
Interrupt source Maskable interrupts from internal peripheral I/Os : 31 sources

System Break Interrupt : 1 source (entered from the SBI pin)
Priority level 8 levels including interrupt-disabled state

(However, interrupts with the same priority level are prioritized by the fixed hardware priority.)
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Interrupt Controller

System Break Interrupt
request generated
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(SBICR) ‘
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— = S
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Interrupt request ge @_> = requests generated
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Interrupt request 9 @_>
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Auoud aremprey paxiy Aq panjosay

Interrupt Level
control circuit b e
IREQ
Interrupt Level
control circuit b
Interrupt Level
control circuit

|1ana] Auoud ydnuisiul 03 Buipiodde panjosay

Interrupt Vector Register
(IMASK)

q
k.

)

Interrupt Control Register

Figure 5.1.1 Block Diagram of the Interrupt Controller
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5.2 Interrupt Sources of Internal Peripheral 1/0Os

The Interrupt Controller accepts as its input the interrupt requests from the timers, DMA, serial /O,
A-D converter, RTD, CAN, and PD controller. For details about these interrupts, refer to each
relevant chapter where the internal peripheral I/O in interest is described.

Table 5.2.1 Interrupt Sources of Internal Peripheral 1/0s (1/2)

Interrupt Source

Content

PDC input & error
detection interrupt
PWM-off input interrupt
A-DO converter interrupt

A-D1 converter interrupt

SIO0 transmit interrupt
SIOO0 receive interrupt
SIO1 transmit interrupt
SIO1 receive interrupt
S102,3 transmit/receive
interrupt

S104 transmit interrupt
S104 receive interrupt
SIO5 transmit interrupt
SIO5 receive interrupt
SI06,7 transmit/receive
interrupt

RTD interrupt

DMA transfer interrupt 0
DMA transfer interrupt 1
PDC compare match &
error interrupt

CANO transmit/receive &
error interrupt

CANL transmit/receive &
error interrupt

PDC input 0-3 (TINAO, TINA1, TINBO, or TINB1) detected,
PDC input 0-3 error detected

PWM off input 0,1 interrupt

A-DO converter scan mode single shot, single mode,
or comparator mode finished

A-D1 converter scan mode single shot, single mode,
or comparator mode finished

SI00 transmit buffer empty interrupt

SIOO0 reception finished or receive error interrupt
SIO1 transmit buffer empty interrupt

SIO1 reception finished or receive error interrupt
S102,3 reception finished or receive error interrupt,
transmit buffer empty interrupt

S104 transmit buffer empty interrupt

S104 reception finished or receive error interrupt
SIO5 transmit buffer empty interrupt

SIO5 reception finished or receive error interrupt
SIO6,7 reception finished or receive error interrupt,
transmit buffer empty interrupt

RTD interrupt generating command

DMAO-4 transfer finished

DMADB5-9 transfer finished

PDC compare match, S error interrupt

CANO transmission finished, CANO reception finished,

CANO error passive, CANO error bus off, CANO bus error

CANL1 transmission finished, CAN1 reception finished,

No. of Type of
Input Sources Input Source (Note)

8 Level
2 Level
1 Edge
1 Edge
1 Edge
1 Edge
1 Edge
1 Edge
2 Level
1 Edge
1 Edge
1 Edge
1 Edge
2 Level
1 Edge
5 Level
5 Level
8 Level

19 Level

19 Level

CANL1 error passive, CAN1 error bus off, CAN1 bus error

Note: Type of input source

« Edge: An interrupt request is generated by a falling edge on the interrupt signal fed into the ICU.

« Level: An interrupt request is generated while the interrupt signal fed into the ICU is held low. Level-
type interrupt requests cannot be set or cleared by writing to the ICU's Interrupt Control Register
IRQ bit in software.
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Table 5.2.2 Interrupt Sources of Internal Peripheral I/Os (2/2)

Interrupt Source Content No. of Type of

Input Sources  Input Source (Note)

TOMO output interrupt TOMO_O to TOMO_7 output 8 Level
TOM1 output interrupt TOM1_0 to TOM1_7 output 8 Level
TMSO output interrupt TMSO output 1 Edge
TIDO output interrupt TIDO output 1 Edge
TID1 output interrupt TID1 output 1 Edge
Timer input interrupt 5 Timer input interrupt group 5 (TIN8, TIN9 input) 2 Level
Timer input interrupt 4 Timer input interrupt group 4 (TIN10, TIN11 input) 2 Level
Timer input interrupt 3 Timer input interrupt group 3 (TIN20, TIN21 input) 3 Level
Timer input interrupt 2 Timer input interrupt group 2 (TIN22, TIN23 input) 3 Level
Timer input interrupt 1 Timer input interrupt group 1 (TIN16, TIN17 input) 3 Level
Timer input interrupt O Timer input interrupt group 0 (TIN18, TIN19 input) 3 Level

Note: Type of input source

* Edge: An interrupt request is generated by a falling edge on the interrupt signal fed into the ICU.
* Level: An interrupt request is generated while the interrupt signal fed into the ICU is held low. Level-type

interrupt requests cannot be set or cleared by writing to the ICU's Interrupt Control Register IRQ
bit in software.
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5

5.3 ICU Related Reqisters

A register map associated with the Interrupt Controller (ICU) is shown below.

Address +0 address +1 address
D7 D8 D15
\

H'0080 0000 Interrupt Vector Register (IVECT)
H'0080 0002
H'0080 0004 Interrupt Mask Register (IMASK)
H'0080 0006 SBI Control Register (SBICR)
H'0080 0060 CAN1 Transmithgceive & Error CANO Transmithepeive & Error

Interrupt Control Register ICAN1CR) | Interrupt Control Register (ICANOCR)
H'0080 0062 PD(é ;?rmOIpFe:.;Z isNLZIrC(T l;&DIE:WC()):)I(n:t;r)rupt RTD InterrL(JI;;tTCDogg;)l Register
HO0300064 | SOET TRt M | o man i
HOOBOO00SS |, SOSTee e e
HOOBDO00GS | Solfeeve e | SR e
H'0080 00BA DMAS5-9 Intzg:ﬂp; ;ogg;)l Register A-D1 ng;zr;l:)z:gircrucpé)Ccmtrol
HODS0006C | oo mimnoiticn | mesoarumermiii ™
HOOBOOOBE | g Sicomamsminiennt | SI00 Receve iieruptconto
HOB 0070 | ety | ey o
HODB000T2 | o e e
HOOB0 0074 | OB oo e ety
HOOBOOOT6 | foMBoumteel | Tt el onio
HOoB0 007 | TEMMIemmCowol | Tt e Col
HOOBOO007A | T e T T onons.
HO0B0007C | e oty
0030 007E | POC LB ErrPrecin b

Blank areas are reserved for future use.

Figure 5.3.1 Interrupt Controller (ICU) Related Register Map
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5.3.1 Interrupt Vector Register

m Interrupt Vector Register (IVECT) <Address: H'0080 0000>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

<When reset: Indeterminate>

D Bit Name Function R W
0-15 IVECT (ICU vector When an interrupt is accepted, @) -
table address, this register stores the 16 low-order
16 low-order bits) bits of ICU vector table address for the

accepted interrupt source.

Note: This register must always be accessed in halfwords.

The Interrupt Vector Register (IVECT) is a register which when an interrupt is accepted, stores the
16 low-order bits of ICU vector table address for the accepted interrupt source.

The ICU vector table (addresses H'0000 0094 to H'0000 010F) contains the start address of the
interrupt handler for each internal peripheral I/O which have been set in advance. When an
interrupt is accepted, the 16 low-order bits of ICU vector table address for the accepted interrupt
source are set in the IVECT Register. The EIT handler reads the content of the IVECT Register
using the LDH instruction to get the ICU vector table address needed.

When the IVECT Register is read out, operations (1) through (4) below are automatically performed
in hardware.

(1) Set the accepted new IMASK value (NEW_IMASK) in the IMASK Register

(2) Clear the accepted interrupt request (not cleared for level interrupt sources)

(3) Interrupt request (El) to the CPU core is cleared.

(4) Activate the ICU's internal sequencer to start internal processing (interrupt priority
resolution)

CAUTION

Do not read the Interrupt Vector Register (IVECT) in other than the EIT handler (unless
the PSW Register IE bit is disabled). In the EIT handler, be sure to read the Interrupt
Mask Register (IMASK) before reading the IVECT Register.
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5.3.2 Interrupt Mask Register

m Interrupt Mask Register (IMASK)

<Address: H'0080 0004>

DO 1 2 3 4 5 6 D7
| | IMASK |
<When reset: H'07>
D Bit Name Function R W
0-4 No functions assigned 0 -
5-7 IMASK (interrupt mask) ~ 000: Disables maskable interrupt o O

001:
010:
011:
100:
101:
110:
111:

Enables level O interrupt to be accepted

Enables level 0-1 interrupts to be accepted
Enables level 0-2 interrupts to be accepted
Enables level 0-3 interrupts to be accepted
Enables level 0-4 interrupts to be accepted
Enables level 0-5 interrupts to be accepted

Enables level 0-6 interrupts to be accepted

The Interrupt Mask Register (IMASK) is used to set an interrupt mask to be compared with the
priority level that has been set for each interrupt source (i.e., the Interrupt Control Register ILEVEL
bit) to determine whether or not to accept the interrupt request.

When the Interrupt Vector Register (IVECT) described above is read out, a new mask value
(NEW_IMASK) is set in this IMASK Register.

Upon writing to the IMASK Register, operations (1) to (2) below are automatically performed in

hardware.

(1) Negate the interrupt request (EI) sent to the CPU core
(2) Activate the ICU's internal sequencer to start internal processing (interrupt priority

resolution)

Do not write to the Interrupt Mask Register (IMASK) in other than the EIT handler
(unless the PSW Register IE bit is disabled).

CAUTION
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5.3.3 SBI (System Break Interrupt) Control Register

m SBI (System Break Interrupt) Control Register (SBICR) <Address: H'0080 0006>

DO 1 2 3 4 5 6 D7
| SBIREQ
<When reset: H'00>
D Bit Name Function R w
0-6 No functions assigned 0 -
7 SBIREQ (SBI request) 0: SBI not requested o A

1: SBI requested

W = A : Writable for only clearing (see the explanation below)

The SBI (System Break Interrupt) is an interrupt generated by a falling edge of the SBI input signal.

When an SBI interrupt occurs, the SBI Control Register SBIREQ (SBI request) bit is set to 1. The
SBIREQ bit cannot be set in software. To clear the SBIREQ bit after being set, follow the procedure
described below. (However, do not perform this clearing operation unless an SBI request has been

generated.)

* Write a 1 and then a 0 to SBIREQ.
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5.3.4 Interrupt Control Registers

CANL1 Transmit/Receive & Error Interrupt Control Register ICAN1ICR)  <Address: H'0080 0060>
m CANO Transmit/Receive & Error Interrupt Control Register ICANOCR)  <Address: H'0080 0061>
PDC Compare Match & Error Interrupt Control Register IPDCOPCR) <Address: H'0080 0062>

m RTD Interrupt Control Register (IRTDCR) <Address: H'0080 0063>
m S|06,7 Transmit/Receive Interrupt Control Register (ISIO67CR) <Address: H'0080 0064>
m SIO5 Transmit Interrupt Control Register (ISIO5TXCR) <Address: H'0080 0065>
m S|O5 Receive Interrupt Control Register (ISIO5RXCR) <Address: H'0080 0066>
m SI04 Transmit/Receive Interrupt Control Register (ISIO4TXCR) <Address: H'0080 0067>
m S|O4 Receive Interrupt Control Register (ISIO4RXCR) <Address: H'0080 0068>
m S|02,3 Transmit/Receive Interrupt Control Register (ISIO23CR) <Address: H'0080 0069>
m DMADS5-9 Interrupt Control Register (IDMA59CR) <Address: H'0080 006A>
m A-D1 Conversion Interrupt Control Register (IAD1CCR) <Address: H'0080 006B>
m SIO1 Transmit Interrupt Control Register (ISIO1TXCR) <Address: H'0080 006C>
m S|O1 Receive Interrupt Control Register (ISIO1RXCR) <Address: H'0080 006D>
m SIO0 Transmit Interrupt Control Register (ISIO0TXCR) <Address: H'0080 006E>
m SIO0 Receive Interrupt Control Register (ISIOORXCR) <Address: H'0080 006F>
m A-DO Conversion Interrupt Control Register (IADOCCR) <Address: H'0080 0070>
m DMAO-4 Interrupt Control Register (IDMAO4CR) <Address: H'0080 0071>
m TID1 Output Interrupt Control Register (ITID1CR) <Address: H'0080 0072>
m TIDO Output Interrupt Control Register (ITIDOCR) <Address: H'0080 0073>
m TMSO Output Interrupt Control Register (ITMSOCR) <Address: H'0080 0074>
m TOM1 Output Interrupt Control Register (ITOM1CR) <Address: H'0080 0075>
m TOMO Output Interrupt Control Register (ITOMOCR) <Address: H'0080 0076>
m Timer Input Interrupt Control Register 0 (IMJTICRO) <Address: H'0080 0077>
m Timer Input Interrupt Control Register 1 (IMJTICR1) <Address: H'0080 0078>
m Timer Input Interrupt Control Register 2 (IMJTICR2) <Address: H'0080 0079>
m Timer Input Interrupt Control Register 3 (IMJTICR3) <Address: H'0080 007A>
m Timer Input Interrupt Control Register 4 (IMJTICR4) <Address: H'0080 007B>
m Timer Input Interrupt Control Register 5 (IMJTICR5) <Address: H'0080 007C>
m PWM Off Input Interrupt Control Register (IPWMOFFCR) <Address: H'0080 007D>

m PDC Input & Error Detection Interrupt Control Register 4 (IPDCCR) <Address: H'0080 007E>
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DO 1 2 3 4 5 6 D7
(D8 9 10 11 12 13 14 D15)
| IREQ ILEVEL
| |

<When reset: H'07>

D Bit Name Function R W
0-2 No functions assigned 0 -
(8-10)
3 IREQ (interrupt request) 0 : Interrupt not requested o A
(11) 1 : Interrupt requested
4 No functions assigned 0 -
12)
5-7 ILEVEL 000: Interrupt priority level O o O

(13-15) (interrupt priority level) 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 state)

W = A : Can only be set/cleared when the "type of input source" is the edge type (and one input source).

(1) IREQ (interrupt request) bit (D3 or D11)

When an interrupt request from internal peripheral /O occurs, the IREQ (interrupt request) bit is
set to 1.

This bit can be set and cleared in software for only the edge input type of interrupt sources (and
cannot for the level type). The IREQ bit when set for an interrupt request generated by an edge
input type of interrupt source is automatically cleared to O upon reading the Interrupt Vector
Register (IVECT). (However, this bit is not automatically cleared for the level type of interrupt
source.)

If this bit is cleared in software at the same time it is set by an interrupt request generated, the
former has priority (i.e., the bit is cleared). Also, if this bit is cleared by reading the IVECT Register
at the same time it is set by an interrupt request generated, the former has priority (i.e., the bit is
cleared).
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Interrupt request from
each peripheral function

IREQ, set
Data bus ———— . D3,11
ata bus set/clear o=

Interrupt
enabled

D5-7,13-15 3 ILEVEL v Interrupt priority
[0-7 levels] L > resolving circuit

Figure 5.3.2 Configuration of the Interrupt Control Register (Edge Type)

Interrupt request from each : )
peripheral equipment group — . Group interrupt
RD Read-only circuit
Data bUS - D3,11 IREQL /
< <] ®
Interrupt
enabled
D5-7,13-15 3 ILEVEL R . Interrupt priority
[0-7 levels] - resolving circuit

Figure 5.3.3 Configuration of the Interrupt Control Register (Level Type)
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(2) ILEVEL (interrupt priority level) (D5-D7 or D13-D15)

These bits set the priority level of an interrupt request from each internal peripheral I/O. Set the
priority level to 7 to disable the interrupt from internal peripheral 1/0O or 0-6 to use the interrupt.
When an interrupt occurs, the interrupt controller resolves priority between this interrupt and
other interrupt sources based on ILEVEL settings and finally compares its priority with the IMASK
value to determine whether to forward an El request to the CPU or keep it pending.

The relationship between ILEVEL values and the IMASK values at which interrupts are accepted
is shown below.

Table 5.3.1 ILEVEL Settings and the Accepted IMASK Values

LEVEL set value IMASK values at which interrupts are accepted
0 (ILEVEL = "000") Accepted when IMASK is 1-7

1 (ILEVEL ="001") Accepted when IMASK is 2-7

2 (ILEVEL ="010") Accepted when IMASK is 3-7

3 (ILEVEL ="011") Accepted when IMASK is 4-7

4 (ILEVEL ="100") Accepted when IMASK is 5-7

5 (ILEVEL = "101") Accepted when IMASK is 6-7

6 (ILEVEL = "110") Accepted when IMASK is 7

7 (ILEVEL ="111") Not accepted (interrupt disabled)
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5.4 ICU Vector Table

5.4 ICU Vector Table

The ICU vector table is used to set the start address of the interrupt handler for each internal
peripheral I1/0. The 31 interrupt sources are assigned the following vector table addresses.

Table 5.4.1 ICU Vector Table Addresses

Interrupt Source

ICU Vector Table Address

PDC input & error detection interrupt
PWM off input interrupt

Timer input interrupt 5

Timer input interrupt 4

Timer input interrupt 3

Timer input interrupt 2

Timer input interrupt 1

Timer input interrupt O

TOMO output interrupt

TOML1 output interrupt

TMSO output interrupt

TIDO output interrupt

TID1 output interrupt

DMAO-4 interrupt

A-DO converter interrupt

SIOO0 receive interrupt

SIO0 transmit interrupt

SIO1 receive interrupt

SIO1 transmit interrupt

A-D1 converter interrupt

DMADS-9 interrupt

S102,3 transmit/receive interrupt
S104 receive interrupt

S104 transmit interrupt

SIO5 receive interrupt

SIO5 transmit interrupt

SI106,7 transmit/receive interrupt
RTD interrupt

PDC compare match & error interrupt
CANO transmit/receive & error interrupt

CANL1 transmit/receive & error interrupt

H'0000 009

H'0000 0098
H'0000 009C
H'0000 00AO
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 00EO
H'0000 OOE4
H'0000 OOE8
H'0000 OOEC
H'0000 00FO
H'0000 00F4
H'0000 00F8
H'0000 0OFC
H'0000 0100
H'0000 0104
H'0000 0108
H'0000 010C

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 00E3
H'0000 00E7
H'0000 OOEB
H'0000 OOEF
H'0000 00F3
H'0000 00F7
H'0000 OOFB
H'0000 OOFE
H'0000 0103
H'0000 0107
H'0000 010B
H'0000 010F
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Address

H'0000 0094

H'0000 0096

H'0000 0098

H'0000 009A

H'0000 009C

H'0000 009E

H'0000 00AO

H'0000 00A2

H'0000 00A4

H'0000 00A6

H'0000 00A8

H'0000 00AA

H'0000 00AC

H'0000 O0AE

H'0000 00BO

H'0000 00B2

H'0000 00B4

H'0000 00B6

H'0000 00B8

H'0000 O0BA

H'0000 00BC

H'0000 O0BE

H'0000 00CO

H'0000 00C2

H'0000 00C4

H'0000 00C6

+0 address +1 address
D7 D8 D15

PDC Input & Error Detection Interrupt Handler Start Address (A0-A15)

PDC Input & Error Detection Interrupt Handler Start Address(A16-A31)

PWM Off Input Interrupt Handler Start Address (A0-A15)

PWM Off Input Interrupt Handler Start Address (A16-A31)

Timer Input Interrupt 5 Handler Start Address (A0-A15)

Timer Input Interrupt 5 Handler Start Address (A16-A31)

Timer Input Interrupt 4 Handler Start Address (A0-A15)

Timer Input Interrupt 4 Handler Start Address (A16-A31)

Timer Input Interrupt 3 Handler Start Address (A0-A15)

Timer Input Interrupt 3 Handler Start Address (A16-A31)

Timer Input Interrupt 2 Handler Start Address (A0-A15)

Timer Input Interrupt 2 Handler Start Address (A16-A31)

Timer Input Interrupt 1 Handler Start Address (A0-A15)

Timer Input Interrupt 1 Handler Start Address (A16-A31)

Timer Input Interrupt 0 Handler Start Address (A0-A15)

Timer Input Interrupt 0 Handler Start Address (A16-A31)

TOMO Output Interrupt Handler Start Address (A0-A15)

TOMO Output Interrupt Handler Start Address (A16-A31)

TOM1 Output Interrupt Handler Start Address (A0-A15)

TOML1 Output Interrupt Handler Start Address (A16-A31)

TMSO Output Interrupt Handler Start Address (A0-A15)

TMSO0 Output Interrupt Handler Start Address (A16-A31)

TIDO Output Interrupt Handler Start Address (A0-A15)

TIDO Output Interrupt Handler Start Address (A16-A31)

TID1 Output Interrupt Handler Start Address (A0-A15)

TID1 Output Interrupt Handler Start Address (A16-A31)

—~

Blank areas are reserved for future use.

Figure 5.4.1 Memory Map of ICU Vector Table (1/2)
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5.4 ICU Vector Table

Address

H'0000 00C8
H'0000 00CA
H'0000 00CC
H'0000 00CE
H'0000 00DO
H'0000 00D2
H'0000 00D4
H'0000 00D6
H'0000 00D8
H'0000 00DA
H'0000 00DC
H'0000 00DE
H'0000 00EO
H'0000 00E2
H'0000 00E4
H'0000 00E6
H'0000 00E8
H'0000 00EA
H'0000 00EC
H'0000 00EE
H'0000 00FO
H'0000 00F2
H'0000 00F4
H'0000 00F6
H'0000 00F8
H'0000 00FA
H'0000 00FC
H'0000 0OFE
H'0000 0100
H'0000 0102
H'0000 0104
H'0000 0106
H'0000 0108
H'0000 010A
H'0000 010C

H'0000 010E

+0 address +1 address
DO D7 D8 D15

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

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

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

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

SIO0 Receive Interrupt Handler Start Address (A0-A15)

SIO0 Receive Interrupt Handler Start Address(A16-A31)

SIO0 Transmit Interrupt Handler Start Address (A0-A15)

SIOO0 Transmit Interrupt Handler Start Address(A16-A31)

SI01 Receive Interrupt Handler Start Address (A0-A15)

SI01 Receive Interrupt Handler Start Address (A16-A31)

SI01 Transmit Interrupt Handler Start Address (A0-A15)

SIO1 Transmit Interrupt Handler Start Address (A16-A31)

A-D1 Conversion Interrupt Handler Start Address (A0-A15)

A-D1 Conversion Interrupt Handler Start Address (A16-A31)

DMAS5-9 Interrupt Handler Start Address (A0-A15)

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

SI02,3 Transmit/Receive Interrupt Handler Start Address (A0-A15)

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

SI04 Transmit/Receive Interrupt Handler Start Address (A0-A15)

SI04 Transmit/Receive Interrupt Handler Start Address (A16-A31)

S104 Transmit Interrupt Handler Start Address (A0-A15)

S104 Transmit Interrupt Handler Start Address (A16-A31)

SIO5 Receive Interrupt Handler Start Address (A0-A15)

SIO5 Receive Interrupt Handler Start Address (A16-A31)

SIO5 Transmit Interrupt Handler Start Address (A0-A15)

SIO5 Transmit Interrupt Handler Start Address (A16-A31)

S106,7 Transmit/Receive Interrupt Handler Start Address (A0-A15)

S106,7 Transmit/Receive Interrupt Handler Start Address (A16-A31)

RTD Interrupt Handler Start Address (A0-A15)

RTD Interrupt Handler Start Address (A16-A31)

PDC Compare Match & Error Interrupt Handler Start Address (A0-A15)

PDC Compare Match & Error Interrupt Handler Start Address (A16-A31)

CANO Transmit/Receive & Error Interrupt Handler Start Address (A0-A15)

CANO Transmit/Receive & Error Interrupt Handler Start Address (A16-A31)

CANL1 Transmit/Receive & Error Interrupt Handler Start Address (A0-A15)

CAN1 Transmit/Receive & Error Interrupt Handler Start Address (A16-A31)

Blank areas are reserved for future use.

Figure 5.4.2 Memory Map of ICU Vector Table (2/2)
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5

5.5 Description of Interrupt Operation

5.5.1 Accepting Interrupts from Internal Peripheral I1/O

An interrupt from any internal peripheral I/O is accepted when its priority level is found to be higher
than the IMASK value by comparing its ILEVEL set value in the Interrupt Control Register and the
Interrupt Mask Register's IMASK value. However, if multiple interrupt requests occur at the same
time, their priority is resolved following the procedure described below to determine which interrupt
request to accept.

[] Compare the ILEVEL values set with the Interrupt Control Registers for the respective
internal peripheral I/Os

[] If the ILEVEL values are the same, use the predetermined hardware priority to arbitrate

[] Compare the ILEVEL and the IMASK values

When multiple interrupt requests occur at the same time, their priority levels set with ILEVEL of the
respective Interrupt Control Registers are compared to select the interrupt request with the highest
priority. If the selected interrupt requests have the same ILEVEL value, they are arbitrated
according to the fixed hardware priority. The ILEVEL of the finally selected interrupt request is
compared with the IMASK value, and if its priority is higher than the IMASK value, an El request for
it is sent to the CPU.

Interrupt requests may be masked setting the Interrupt Mask Register and the Interrupt Control
Register ILEVEL bits (level 7 disables interrupt) provided for each internal peripheral I/O, as well as
setting the PSW Register |E bit.

interrupt

Pr!orlty resolqthn Priority resolution Comparison with Interrupt acpepted if
Interrupt request —> by interrupt priority —> by hardware > —> PSW Register IE
- IMASK value )
level (ILEVEL) priority bit=1

(ILEVEL setting) '

Level 3

Can be accepted
\ when IMASK = 4-7

MJT output Level 3 * Requested : o
interrupt 4 : . . g
MJT output Level 4 | Requested ‘
interrupt 3 : gl ' | Fixed hardware
MJT output Level 5 | Requested o i | priority is high
interrupt 2 3 g :
MJT output Level 3 ' Requested ! Level 3 %
interrupt 1 : =
DMAO-4 Level 1 : :
. . Not requested :
interrupt ; : :
A-DO converter Level3 ' Requested ! Level 3 L
T -

Figure 5.5.1 Example of Priority Resolution when Accepting an Interrupt Request
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Table 5.5.1 Fixed Hardware Priority

Priority  Interrupt Source ICU Vector Table Address Type of Input Source

High PDC input & error detection interrupt H'0000 0094 — H'0000 0097 Level
PWM off input interrupt H'0000 0098 — H'0000 009B Level
Timer input interrupt 5 (IRQ28) H'0000 009C — H'0000 009F Level
Timer input interrupt 4 (IRQ27) H'0000 0O0AQ — H'0000 00A3 Level
Timer input interrupt 3 (IRQ25) H'0000 00A4 — H'0000 00A7 Level
Timer input interrupt 2 (IRQ24) H'0000 00A8 — H'0000 00AB Level
Timer input interrupt 1 (IRQ23) H'0000 O0AC — H'0000 00AF Level
Timer input interrupt 0 (IRQ22) H'0000 00BO — H'0000 00B3 Level
TOMO output interrupt (IRQ21) H'0000 00B4 — H'0000 00B7 Level
TOM1 output interrupt (IRQ20) H'0000 00B8 — H'0000 00BB Level
TMSO output interrupt (IRQ19) H'0000 00BC — H'0000 00BF Level
TIDO output interrupt (IRQ18) H'0000 00CO — H'0000 00C3 Level
TID1 output interrupt (IRQ17) H'0000 00C4 — H'0000 00C7 Level
DMAO-4 interrupt H'0000 00C8 — H'0000 00CB Level
A-DO converter interrupt H'0000 00CC — H'0000 00CF Edge
SIOO0 receive interrupt H'0000 00DO — H'0000 00D3 Edge
SIO0 transmit interrupt H'0000 00D4 — H'0000 00D7 Edge
SIO1 receive interrupt H'0000 00D8 — H'0000 00DB Edge
SIO1 transmit interrupt H'0000 00DC — H'0000 00DF Edge
A-D1 converter interrupt H'0000 OOEO — H'0000 O0E3 Edge
DMAS5-9 interrupt H'0000 00E4 — H'0000 00E7 Level
S102,3 transmit/receive interrupt H'0000 OOE8 — H'0000 O0OEB Level
SI104 receive interrupt H'0000 OOEC — H'0000 OOEF Edge
S104 transmit interrupt H'0000 O0OFO — H'0000 00F3 Edge
SIO5 receive interrupt H'0000 00F4 — H'0000 00F7 Edge
SIO5 transmit interrupt H'0000 O0OF8 — H'0000 OOFB Edge
SI106,7 transmit/receive interrupt H'0000 O0OFC — H'0000 00FF Level
RTD interrupt H'0000 0100 — H'0000 0103 Edge
PDC compare match & error interrupt H'0000 0100 — H'0000 0103 Level
CANO transmit/receive & error interrupt H'0000 0108 — H'0000 010B Level

Low CANL transmit/receive & error interrupt H'0000 010C — H'0000 010F Level
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Table 5.5.2 ILEVEL Settings and the Accepted IMASK Values

ILEVEL set value IMASK values at which interrupts are accepted
0 (ILEVEL ="000") Accepted when IMASK is 1-7

1 (ILEVEL ="001") Accepted when IMASK is 2-7

2 (ILEVEL ="010") Accepted when IMASK is 3-7

3 (ILEVEL ="011") Accepted when IMASK is 4-7

4  (ILEVEL ="100") Accepted when IMASK is 5-7

5 (ILEVEL ="101") Accepted when IMASK is 6-7

6 (ILEVEL ="110") Accepted when IMASK is 7

7 (ILEVEL ="111") Not accepted (interrupt disabled)
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5.5.2 Processing of Internal Peripheral I/O Interrupts by Handler

(1) Branching to the interrupt handler

When the CPU accepts an interrupt, it branches to the EIT vector entry after performing hardware
preprocessing as described in Section 4.3, "EIT Processing Procedure.” The EIT vector entry
assigned to the External Interrupt (El) resides at address H'0000 0080, at which the instruction
for branching to the beginning of the interrupt handler routine for the External Interrupt is written
by the user. Note that this is the branch instruction, and not the jump address.

(2) Processing in the interrupt handler

In the External Interrupt (El) handler, first save the BPC Register, PSW Register, and general-
purpose registers to the stack.

Next, read the Interrupt Mask Register (IMASK) and save it to the stack. Then read the Interrupt
Vector Register (IVECT). Always be sure to read the IMASK before reading the IVECT. Reading
the IMASK and the IVECT each activates operations necessary to clear the interrupt request to
the CPU and accept the next interrupt. On top of that, reading the IVECT causes NEW_IMASK to
be set in the IMASK Register and the accepted interrupt request to be cleared (not cleared in the
case of level-recognized interrupt sources, however).

The IVECT Register has set in it the 16 low-order bits of the ICU vector table address for the
accepted interrupt source. Read the IVECT Register using a signed halfword load instruction
(LDH instruction) to get the vector table address and then the content of the ICU interrupt vector
table at that address. The ICU vector table contains the start address of the interrupt handler for
each internal peripheral 1/0, so branch to the address thus read out and execute the interrupt
handler.

When returning from the interrupt handler, clear the PSW Register IE bit to 0 to disable interrupts
before restoring the IMASK value.

(3) Identifying the interrupt source

If any internal peripheral I/O has multiple interrupt sources, inspect the Interrupt Status Register
for that internal peripheral I/O to identify the interrupt source.

(4) Enabling multiple interrupts

To enable another interrupt within an interrupt handler, set the PSW Register IE (Interrupt
Enable) bit to 1 in that interrupt handler to enable the interrupt to be accepted. However, be sure
to save each register (BPC, PSW, general-purpose registers, and IMASK) to the stack before
setting the IE bit.
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El (External Interrupt)
vector entry

~ ~

H'0000 0080

~_ ~

A

(Note)
Program |
being
executed

Interrupt
| generated

BRA instruction @ -

El (External Interrupt) handler

Save BPC to stack

Save PSW to stack

Save general-purpose
registers to stack

l

Read Interrupt Mask .
@ Register (IMASK) and ~ [< [ IMASK | H'0080 0004
save to stack
v
Read Interrupt Vector | | _ '
® Register (VECT)  |© IVECT H'0080 0000
v
ICU vector
@ Read ICU vector table  <--- o table o
T .l "® Address | H0000 0094
@ | PswrRegister IEbit=1 :
1 H'0000 010F
@ Branch to interrupt handler “ -
for the internal peripheral 1/0
I 3
Interrupt Interrupt
handler handler @
[ v 3
@ PSW Register |E bit=0
v
@ Restore Interrupt Mask
Register (IMASK)
Restore general-
purpose registers
D)9 : rocessing by
interrupt handler for El
Restore BPC .
_ @ © :When enabling another
77777777777777777 interrupt in an interrupt

Note: For operations performed when accepting EIT and returning from processing,
refer to Section 4.3, "EIT Processing Procedure."

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

5.6.1 Accepting SBI Interrupt

The System Break Interrupt (SBI) is an emergency interrupt issued when power outage is detected
or a fault condition is notified from an external watchdog timer. The SBI interrupt is always accepted
by a falling edge of the SBI signal regardless of how the PSW Register IE bit is set, and cannot be
masked.

5.6.2 SBI Processing by Handler

After processing for the SBI is finished, always be sure to terminate or reset the system without
returning to the program the CPU was executing when the interrupt occurred.

SBI (System Break Interrupt)
vector entry

~ ~

N

H'0000 0010  |BRA instruction @ ----------------mememmmemeees :

SBI (System Break

~ ~ : Interrupt) handler
4 5
A2
Program being
executed
System terminate
/\/ processing

<——— SBI generated

Terminate or reset
the system

/\/

Note: Do not return to the program the CPU was executing
when the interrupt occurred.

Figure 5.6.1 Example of Operation for SBI Interrupt
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6.1 Outline of the Internal Memory

6.1 Qutline of the Internal Memory

The M32172F2/M32173F2 contains the following types of memory:

* 16-Kbyte RAM for the M32172F2 or 32-Kbyte RAM for the M32173F2
» 256-Kbyte flash memory

6.2 Internal RAM

Specifications of the internal RAM are shown below.

Table 6.2.1 Specifications of the Internal RAM

Iltem

Specification

Capacity

M32172F2: 16 Kbytes; M32173F2: 32 Kbytes

Location address

M32172F2: H'0080 4000-H'0080 7FFF
M32173F2: H'0080 4000-H'0080 BFFF

Wait insertion

Operates with no wait cycles (when CPU clock = 40 MHz)

Internal bus connection

Connects to 32-bit bus

Dual port

By using the RTD (Real-time Debugger), data can be read out (monitored) or

written to any area of the internal RAM via serial communication from the outside

independently of the CPU. (For details, refer to Chapter 14, "Real-time Debugger.")

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

Capacity

M32172F2, M32173F2: 256 Kbytes

Location address

M32172F2, M32173F2: H'0000 0000-H'0003 FFFF

Wait insertion

Operates with no wait cycles (when CPU clock = 40 MHz)

Durability

Can be rewritten 100 times

Internal bus connection

Connects to 32-bit bus

Other

Virtual-flash emulation function is included. (For details, refer to Section 6.7,

"Virtual-flash Emulation Function." )
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6.4 Internal Flash Memory Related Reqisters

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

Address +0 address +1 address
DO D7 D8 D15
| Flash Mode Register Flash Status Register 1
H'0080 07E0 (FMOD) (FSTAT1)
| Flash Control Register 1 Flash Control Register 2
H'0080 07E2 (FCNT1) (FCNT2)
| Flash Control Register 3 Flash Control Register 4
H'0080 07E4 (FCNT3) (FCNT4)
H'0080 07E6
H'0080 07ES Virtual-flash L Bank Register 0
(FELBANKO)
H'0080 O7EA Virtual-flash L Bank Register 1
(FELBANK1)
. Virtual-flash L Bank Register 2
H'0080 07EC (FELBANK2)(Note)
H'0080 O7EE
H'0080 07F0 Virtual-flash S Bank Register 0
(FESBANKO)(Note)
H 7F2 Virtual-flash S Bank Register 1
00800 (FESBANK1)(Note)
\
Blank areas are reserved for future use.
Note: The FELBANK2, FESBANKO, and FESBANK1 Registers are nonexistent for the M32172F2.

Figure 6.4.1 Internal Flash Memory Related Register Map
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6.4.1 Flash Mode Register

m Flash Mode Register (FMOD) <Address: H'0080 07EO>

DO 1 2 3 4 5 6 D7

FPMOD

<When reset: H'0?>

D Bit Name Function R w

0-6 No functions assigned 0 -

7 FPMOD 0: FP pin = low o -
(External FP pin status) 1: FP pin = high

The Flash Mode Register (FMOD) is a read-only status register, with FPMOD showing the status of

the FP (Flash Protect) pin.
The flash memory is enabled for write only when FPMOD = 1. Write to the flash memory executed

when FPMOD = 0 has no effect.
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6.4.2 Flash Status Registers

The 32172/32173 has two registers to show the flash memory status, one of which is Flash Status
Register 1 (FSTAT1) located in the SFR area (address H'0080 07E1), and the other is Flash Status
Register 2 (FSTAT2) included in the flash memory itself. Use these two status registers (FSTATL,
FSTATZ2) to control operations when programming or erasing the flash memory.

m Flash Status Register 1 (FSTAT1) <Address: H'0080 07E1>

D8 9 10 11 12 13 14 D15

FSTAT

<When reset: H'01>

D Bit Name Function R w

8-14 No functions assigned 0 -

15 FSTAT 0: Busy o -
(Ready/Busy status) 1: Ready

The Flash Status Register 1 (FSTAT1) is a read-only status register used to know the status of
whether the flash memory is being programmed or erased. When the FSTAT bit = 0, the flash
memory is being programmed or erased, during which time the flash memory is disabled against

access for programming.
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m Flash Status Register 2 (FSTAT2)

D8 9 10 11 12 13 14 D15

FBUSY ERASE |WRERR1|WRERR2

<When reset: H'80>

D Bit Name Function R w

8 FBUSY 0: Being programmed or erased o -
(Flash busy) 1: Ready state

9 No functions assigned 0 -

10 ERASE 0: Erase normally operating or finished O -
(Auto erase operating status) 1: Erase error occurred

11 WRERR1 0: Programming normally operating or finished O -
(Program operating status 1) 1: Programming error occurred

12 WRERR2 0: Programming normally operating or finished O -
(Program operating status 2) 1: Over-programming occurred

13-15 No functions assigned 0 -

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

(1) FBUSY (flash busy) bit (D8)

The FBUSY bit is used to determine whether the operation is under way or finished when
programming or erasing the flash memory.
The programming/erase operation is under way when FBUSY = 0 or finished when FBUSY = 1.

(2) ERASE (auto erase operating status) bit (D10)

The ERASE bit is used to determine whether an error occurred after the CPU has finished
erasing the flash memory.

The erase operation terminated normally when ERASE = 0 or terminated in an error when
ERASE = 1.

(3) WRERR1 (program operating status 1) bit (D11)

The WRERR1 bit is used to determine whether an error occurred after the CPU has finished
programming the flash memory. The programming operation terminated normally when
WRERRZ1 = 0 or terminated in an error when WRERR1 = 1.

The condition under which WRERRL is set to 1 is when any bit other than those that must be 0 is
found to be a 0 by comparison between the write data and the data in the flash memory.
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(4) WRERRZ2 (program operating status 2) bit (D12)

The WRERR?2 bit is used to determine whether an error occurred after the CPU has finished
programming the flash memory. The programming operation terminated normally when
WRERRZ2 = 0 or terminated in an error when WRERR2 = 1.

The condition for which this bit is set to 1 is that even when the write operation was executed a
specified number of times repeatedly, the flash memory could not be programmed.

Note: This status register is provided within the flash memory, so that by writing a read status
command (H'7070) to any address of the internal flash memory, this register is enabled
for readout. For details, refer to Section 6.5, "Programming the Internal Flash Memory."
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6.4.3 Flash Control Registers

m Flash Control Register 1 (FCNT1) <Address:H'0080 07E2>
DO 1 2 3 4 5 6 D7
| | FENTRY | | FEMMOD

<When reset: H'00>

D Bit Name Function R w
0-2 No functions assigned 0 -
3 FENTRY 0: Normal read o O
(Flash mode entry) 1: Erase/program possible
4-6 No functions assigned 0 -
7 FEMMOD 0: Normal mode o O
(Virtual-flash emulation mode) 1: Virtual-flash emulation mode

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

(1) FENTRY (flash mode entry) bit (D3)

The FENTRY bit controls state transition to flash E/W enable mode. Flash E/W enable mode can
be entered only when FENTRY = 1.

To set the FENTRY bit to 1, write 0 and then 1 to this bit successively while the FP pin = high.
The FENTRY bit is cleared under the following conditions:
» When the microcomputer is reset

* When a 0 is written to the FENTRY bit
» When the FP pin status is changed from high to low
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When using a program in the flash memory while the FENTRY bit = 0, the El vector entry is at the
flash memory address H'0000 0080. To run the flash rewrite program in RAM while the FENTRY
bit = 1, the EI vector entry is at the RAM address H'0080 4000, in which case flash rewrite
operation can be controlled using an interrupt.

Table 6.4.1 El Vector Entry Transition by FENTRY

FENTRY El Vector Entry Address
0 Flash area H'0000 0080
1 Internal RAM area H'0080 4000

(2) FEMMOD (virtual-flash emulation mode) bit (D7)

The FEMMOD bit controls state transition to virtual-flash emulation mode. The CPU is placed in
virtual-flash emulation mode by setting the FEMMOD bit to 1 while the FENTRY bit = 0.

(For details, refer to Section 6.7, "Virtual-flash Emulation Function.")
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m Flash Control Register 2 (FCNT2) <Address: H'0080 07E3>
D8 9 10 11 12 13 14 D15
| | | | | | FPROT

<When reset: H'00>

D Bit Name Function R W

8-14 No functions assigned 0 -

15 FPROT 0: Enables protection by lock bits O O
(Unlock) 1: Disables protection by lock bits

The Flash Control Register 2 (FCNT2) controls flash memory protection by lock bits (disables the
internal flash memory against erase/programming). Protection is disabled by setting the FPROT bit
to 1, so that blocks of the flash memory protected by lock bits can be erased/programmed.

To set the FPROT bit to 1, write 0 and then 1 to this bit successively while the FENTRY bit = 1.

The FPROT bit is cleared to O immediately after chip reset or by writing 0 to this bit, pulling input on
the FP pin low, or resetting the FENTRY bit to O.

NO
FENTRY=1
YES
FENTRY=1
o
'ﬂ
2
o v
* FPROT=0
If write to any other area occurs
---- during this interval, FPROT is
L notsetto 1
’ FPROT=1 ‘

—
'ﬂ
o
x
o
(TR

Figure 6.4.2 Protection Unlocking Flow
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m Flash Control Register 3 (FCNT3) <Address: H'0080 07E4>

DO 1 2 3 4 5 6 D7
FELEVEL
| | | | | |
<When reset: H'00>
D Bit Name Function R W
0-6 No functions assigned 0 -
7 FELEVEL 0: Normal level o O

(Erase margin up) 1: Increases erase margin

The Flash Control Register 3 (FCNT3) controls the depth of erase levels when erasing the internal
flash memory with an erase command. By setting the FELEVEL bit is set to 1, the flash memory

erase level can be deepened, which will result in an increased reliability margin.
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m Flash Control Register 4 (FCNT4) <Address: H'0080 07E5>
D8 9 10 11 12 13 14 D15
| | | ! | | FRESET

<When reset: H'00>

D Bit Name Function R w

8-14 No functions assigned 0 -

15 FRESET 0: No operation o O
(Reset flash) 1: Resets the flash memory

The Flash Control Register 4 (FCNT4) controls canceling the erase or program operation in the
middle or initializing each status bit of Flash Status Register 2 (FSTAT2).

Setting the FRESET bit to 1 cancels the erase or program operation in the middle and initializes
each status bit of the FSTAT2 Register (to H'80).

The FRESET bit is effective only when the FENTRY bit = 1. Information of the FRESET bit is
ignored unless the FENTRY bit = 1.

When programming or erasing the flash memory, make sure the FRESET bit = 0.
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| FENTRY=0 |

| FENTRY=1 |

Program/erase
flash memory

NO

Error detected

A

YES )
Program/erase operation

terminated normally

| FRESET=1 |

| FRESET=0 |

A

Program/erase
flash memory

Figure 6.4.3 Example for Using the FCNT4 Register
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6.4.4 Virtual-flash L Bank Registers

m Virtual-flash L Bank Register 0 (FELBANKO) <Address: H'0080 07E8>
m Virtual-flash L Bank Register 1 (FELBANK1) <Address: H'0080 07EA>
m Virtual-flash L Bank Register 2 (FELBANK?2) <Address: H'0080 07EC>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

MOD LBANKAD
ENL | | |

<When reset: H'0000>

D Bit Name Function R w
0 MODENL 0: Disables virtual-flash function o O
(Virtual-flash emulation enable) 1: Enables virtual-flash function
1-7 No functions assigned 0 -
8-14 LBANKAD Start address A12-A18 of the desired o O
(L bank address) L bank
15 No functions assigned 0 -

Note: This register must always be accessed in halfwords.

(1) MODENL (virtual-flash emulation enable) bit (DO)

After entering virtual-flash emulation mode (by setting the FEMMOD bit to 1 while the FENTRY
bit = 0), set the MODENL bit to 1 and the virtual-flash emulation function is enabled for the L bank
area selected with LBANKAD bits.

(2) LBANKAD (L bank address) bits (D8-D14)

The LBANKAD bits select one of the L banks divided in units of 8 KB. Use these seven LBANKAD
bits to set the start address A12-A18 (of the 32-bit address) of the desired L bank.

(For details, refer to Section 6.7, "Virtual-flash Emulation Function.")

Note: The M32172F2 does not have Virtual-flash L Bank Register 2 (FELBANK2).
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6.4.5 Virtual-flash S Bank Registers

m Virtual-flash S Bank Register 0 (FESBANKO) <Address: H'0080 07F0>
m Virtual-flash S Bank Register 1 (FESBANK1) <Address: H'0080 07F2>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

MOD SBANKAD
ENS | | |

<When reset: H'0000>

Bit Name Function R w

0 MODENS 0: Disables virtual-flash function O O

(Virtual-flash emulation enable) 1: Enables virtual-flash function

1-7 No functions assigned 0 -
8-15 SBANKAD Start address A12-A19 of the relevant O O
(S bank address) S bank

(1) MODENS (virtual-flash emulation enable) bit (DO)

After entering virtual-flash emulation mode (by setting the FEMMOD bit to 1 while the FENTRY
bit = 0), set the MODENS bit to 1 and the virtual-flash emulation function is enabled for the S bank
area selected with SBANKAD bits.

(2) SBANKAD (S bank address) bits (D8-D15)

The SBANKAD bits select one of the S banks divided in units of 4 KB. Use these eight SBANKAD
bits to set the start address A12-A19 (of the 32-bit address) of the desired S bank.

(For details, refer to Section 6.7, "Virtual-flash Emulation Function.")

Note: The M32172F2 does not have the Virtual-flash S Bank Registers (FESBANKO and
FESBANK1).
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6.5 Programming the Internal Flash Memory

6.5.1 Outline of Flash Memory Programming

There are following two methods for writing to the internal flash memory.

(1) When no write programs exist in the internal flash memory

Set the FP pin = high, MODO = high, and MOD1 = low to enter boot mode. In this case, the reset
vector entry is at the beginning of the boot program area (H'8000 0000). (Normally the reset
vector entry is at the start address of the internal flash memory.)

Use the boot program to transfer the "flash write program" from the boot area into the internal
RAM. Then jump to the RAM and by using the program in the RAM, set the Flash Control
Register 1 FENTRY bit to 1 to enable the flash memory for write (flash E/W enable mode).

After that, use the "flash write program" that has been transferred into the RAM to write to the
internal flash memory.

(2) When a write program already exists in the internal flash memory

Set the FP pin = high, MODO = low, and MOD1 = low to enter single-chip mode. Transfer the
"“flash write program"” from the internal flash memory in which it was prepared beforehand into the
internal RAM. Then jump to the RAM and by using the program in the RAM, set the Flash Control
Register 1 (FCNT1) FENTRY bit to 1 to enable the flash memory for write (flash E/W enable
mode).

After that, use the "flash write program" that has been transferred into the RAM to write to the
internal flash memory.

Or you can set the FP pin = high, MODO = low, and MOD1 = high to enter flash E/W enable mode
in external extended mode.

During flash E/W enable mode (EP pin = 1. FENTRY = 1). the EIT vector entry for External

Interrupt (El) moves to the start address of the internal RAM (H'0080 4000). During hormal mode,
it is at the flash area address (H'0000 0080).
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Flash E/W enable mode Normal mode

(FENTRY=1) (FENTRY=0)

H'0000 0000 H'0000 0000 —le Elvectorentry
( H'0000 0080 )
Internal ROM area Internal ROM area

H'0080 3FFF El vector entry H'0080 3FFF
H'0080 4000 " ( H'0080 4000 ) H'0080 4000

Internal RAM Internal RAM
HOOFF FFFF | i H'OOFF FFFF

Figure 6.5.1 El Vector Entry when in Flash E/W Enable Mode
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(1) When the write programs do not exist in the internal flash memory

Use the program in the boot ROM located on the 32172/32173 memory map to write to the flash
memory. To transfer the write data, use serial I/O1 in clock-synchronized serial mode.
This method is used for writing to the flash memory using a flash programmer.

<Step 1>
« Initial state (no write programs exist in the flash memory)
FP=LorH MOD1=L MODO=L RESET=L

7 T 77

RAM s CPU

Boot ROM

Flash .
memory Sio1 Write data

External device

M32R/E
<Step 2>
_ _ - _ « Set the FP pin = high, MODO pin = high, and MOD1 pin = low to
FP=H MOD1=L  MODO=H RESET=H place the microcomputer in boot mode.
? ? ? ? « Negate reset, then start up from the boot program.
« Transfer the flash write program from the boot ROM into the RAM.
« Jump to the flash write program now in the RAM.
Flash write
RAM program CPU
Boot ROM

Flash Write data
memory sio1

External device

M32R/E
<Step 3>
— - _ _ « Using the flash write program in the RAM, set the Flash Control
FP=H MOD1=L MODO=H RESET=H . .
Register 1 (FCNT1) FENTRY bit to 1 to enter flash E/W enable
? ? ? ? mode.
« Write data to the internal flash memory using the flash write
. program.
Flash write « When the CPU finished writing data, return MODO low and jump to
RAM ¢-P CPU ;
program the flash memory or go to normal mode by resetting the
microcomputer.
Elash Boot ROM
memory
Flash write
data Siol |« Write data
External device

M32R/E

Figure 6.5.2 Procedure for Writing to the Internal Flash Memory (when no write programs
exist in the flash memory)
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Negate reset Negate reset
(start the boot program)

POWER ON  Select mode Select mode

=

, Write to the flash memory |

' using the boot program
'

|

h

RESET ‘ V A ' T\ : !
MODO / \
MOD1 ‘ N ‘ V . i

FP : 3 3 \ .

3 3 3 Set up using the boot 3 E i

' i ' program ! ' !

FENTRY

Figure 6.5.3 Timing at Which Writing to the Internal Flash Memory
(when no write programs exist in the flash memory)

6-19 Rev.1.0



INTERNAL MEMORY
6.5 Programming the Internal Flash Memory

(2) When a write program already exists in the internal flash memory

Use the write program available in the internal flash memory to write to the flash memory.

For this write operation, use the internal peripheral circuits as needed for the system to which you
are writing. (The data bus, serial I/O, and ports can be used.)

The following shows an example where the flash memory is written to in single-chip mode using
serial 1/00.

<Step 1>
« Initial state (write program exists in the flash memory)
FP=LorH  MOD1=L  MODO=L « Ordinary program in the flash memory is being executed
RAM CPU
Boot ROM

Flash write SI0o0 Write data
program

External device

M32R/E

<Step 2>

EP=H MOD1= L MODO=L + Setthe FP pin = high, MODO pin = low, and MOD1 pin = low to
place the microcomputer in single-chip mode.
? ? ? « After inspecting the FP and MODL1 pin levels, transfer the flash
write program from the flash memory area into the RAM.
« Jump to the flash write program now in the RAM.

Flash write

RAM program CPU

Boot ROM

Flash S100
memory

External device

M32R/E
<Step 3>
_ _ .  Using the flash write program in the RAM, set the Flash Control
FP=H MOD1=L MODO=L Register 1 (FCNT1) FENTRY bit to 1 to enter flash E/W enable
? F F mode.
« Write data to the internal flash memory using the flash write
program in the RAM.
RAM Flash write |, | * When the CPU finished writing data, jump to the program in the
program 7 CPU flash memory or go to normal mode by resetting the
microcomputer.
Flash Boot ROM
memory
Flash write
ki SI00 = Write data I
External device

M32R/E

Figure 6.5.4 Procedure for Writing to the Internal Flash Memory
(when write program exists in the flash memory)
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Flash rewrite starts g'aSh mode Flash mode

OFF

v
RESET “Hor'L" / \

MODO

L |

MODL yrgp” (Single-chip or external extended mode)

| X

Ep "H'or"L"
Set up using the flash writé program
FENTRY \7

Write to the flash memory using :
the flash write program !
| !

-t P
] i !
Transfer the flash rewrite program'to the RAM

Figure 6.5.5 Timing at Which Writing to the Internal Flash Memory
(when write program exists in the flash memory)
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6.5.2 Controlling Operation Modes during Flash Programming

Chip operation modes are set using MODO, MOD1, and Flash Control Register 1 (FCNT1)
FENTRY bit. Operation modes during flash programming are listed below.

Table 6.5.1 Setting Operation Modes during Flash Programming

FP MODO MOD1 FENTRY (Note) Operation Mode Reset Vector Entry  El Vector Entry
0 0 0 - Single-chip mode Flash memory Flash area
1 0 0 0 start address (H'0000 0080)
(H'0000 0000)
0 1 0 - Processor mode External area External area
start address (H'0000 0080)
(H'0000 0000)
0 0 1 - External extended  Flash memory Flash area
1 0 1 0 mode start address (H'0000 0080)
(H'0000 0000)
1 0 0 1 Single-chip Flash memory Internal RAM
mode + start address start address
flash E/W (H'0000 0000) (H'0080 4000)
enable
1 1 0 0 Boot mode Boot program area  Flash area
start address (H'0000 0080)
(H'8000 0000)
1 1 0 1 Boot mode + Boot program area  Internal RAM
flash E/W start address start address
enable (H'8000 0000) (H'0080 4000)
1 0 1 1 External extended  Flash memory Internal RAM
mode + flash start address start address
E/W enable (H'0000 0000) (H'0080 4000)
- 1 1 - reserved - -

Note: Shows the status of the Flash Control Register 1 (FCNT1) FENTRY bit. (- denotes "Don't care”)

(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, you need to transfer the necessary program into the internal RAM before entering
flash E/W enable mode, so the program can be run from the RAM.
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(2) Entering flash E/W enable mode

The microcomputer can enter flash E/W enable mode only when it is operating in single-chip or
external extended mode. The microcomputer enters flash E/W enable mode only when the FP
pin is at the high level and the Flash Control Register 1 (FCNT1) FENTRY bit = 1, and cannot
enter flash E/W enable mode when operating in processor mode or the FP pin is low.

(3) Detecting the MODO and MOD1 pin levels

Whether the MODO and MODL1 pin levels (high or low) can be detected by inspecting the P8 Port
Data Register (H'0080 0708) MODODT and MOD1DT bits.

m P8 Port Data Register (P8DATA) <Address: H'0080 0708>

DO 1 2 3 4 5 6 D7

MODODT | MOD1DT | P82DT P83DT P84DT P85DT P86DT P87DT

<When reset: Indeterminate>

D Bit Name Function R W

0 MODODT 0: MODO pin = low o -
(MODO data) 1: MODO pin = high

1 MOD1DT 0: MOD1 pin = low o -
(MOD1 data) 1: MOD1 pin = high

2 P82DT « When the direction bit is set to 0 o O
(Port P82 data) (input mode) by Port Direction Register

3 P83DT 0: Port input pin = low O O
(Port P83 data) 1: Port input pin = high

4 P84DT « When the direction bit is set to 1 o O
(Port P84 data) (output mode) by Port Direction Register

5 P85DT 0: Port output latch = low o O
(Port P85 data) 1: Port output latch = high

6 P86DT O O

(Port P86 data)

7 P87DT o O
(Port P87 data)
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( START )

Go to one of the following modes

« Single-chip mode + flash E/W enable mode

« Boot mode + flash E/W enable mode

« External extended mode + flash E/W enable
mode

FMOD(H’0080 07E0)
FPMOD

P8DATA(H'0080 0708)
MODODT
MOD1DT

NO

Check
MODO,1 and FP
pin levels

OK
END

Transfer E/W program to internal RAM in
each mode

Set Flash Control Register
in SFR area (FCNT1, H'0080 07E2)
flash entry (FENTRY) bit to O

Change to the flash E/W
program

Set Flash Control Register
in SFR area (FCNT1, H'0080 07E2)
flash entry (FENTRY) bit to 1

Wait for 1 s
(as counted by hardware or software timer)

Execute flash E/W command and various
read commands (Note)

Jump to flash memory or reset

the microcomputer Change to normal mode

Note: For details about each command, refer to Section 6.5.3, "Procedure for Programming
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 the Internal Flash Memory

To program the internal flash memory, use the flash write program which has been transferred from
the flash memory into the internal RAM after entering flash E/W enable mode.

In flash E/W enable mode, unlike in normal mode, data cannot be read from the internal flash
memory and, hence, no programs in the flash memory can be executed. Therefore, the flash write
program must be prepared in the internal RAM before entering flash E/W enable mode. (Once flash

E/W enable mode is entered into, accessing the flash memory is inhibited unless accessed with
flash commands.)

To access the internal flash memory in flash E/W enable mode, issue a command for the internal
flash memory address to be accessed. The commands that can be issued in flash E/W enable
mode are listed below.

Note: During flash E/W enable mode, the flash memory cannot be accessed for read/write
wordwise.

Table 6.5.2 Commands in Flash E/W Enable Mode

Command Name Command Data Issued
Read Array command H'FFFF
Page Program command H'4141
Lock Bit Program command H'7777
Block Erase command H'2020
Erase All Unlock 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) H'DODO

Note: Use this command you performed Lock Bit Program, Block Erase, or Erase All Unlock Blocks
operation.

(1) Read Array command

The internal flash memory is placed in read mode by writing command data H'FFFF to any flash
memory address. Read the desired address, and the memory content at that address is read out.

To exit flash E/W enable mode, be sure to run the Read Array command before exiting flash E/W
enable mode.
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(2) Page Program command

The flash memory is programmed in units of pages, each page consisting of 256 bytes (lower
address H'00-H'FF).

To write data to the flash memory (i.e., to program the flash memory), write the program
command H'4141 to any address of the internal flash memory and then write the program data to
the desired flash memory address.

Protected blocks of the flash memory cannot be accessed for write with the Page Program
command.

Page Program is automatically performed by an internal control circuit, and the conpletion of
programming can be verified by checking the Flash Status Register 1 (FSTAT1) FSTATL1 bit.
(Refer to Section 6.4.2, "Flash Status Registers.") While the FSTAT1 bit = 0, the next
programming can not be performed.

(3) Lock Bit Program command

The flash memory can be protected (against write and erase) in units of blocks. The Lock Bit
Program command is used to protect any memory block.

Write the lock bit command data H'7777 to any address of the internal flash memory. Next, write
the Verify command data H'DODO to the last even address of the memory block to be protected,
and this memory block is protected (against write and erase). To remove protection, disable lock
bit-effectuated protection using the Flash Control Register 2(FCNT2) FPROT bit (see Section
6.4.3, "Flash Control Registers") and erase the block whose protection you want to remove. (The
content of this memory block is also erased.

Table 6.5.3 M32172F2/M32173F2 Target Blocks and the Addresses to Specify

Target Block Address to Specify
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
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Internal flash memory area (256 KB)
H’0000 0000 +
16KB Block 0
H’0000 3FFF
H’0000 4000 4
H'0000 5FFF 8KB Block 1 Uneven blocks
H’0000 6000 8KB * Block 2
H’0000 7FEF r
H’0000 8000 1
32KB Block 3
H'0000 FFFF ¥ y
H’0001 0000 1 1
64KB Block 4
H’0001 FFFF ¥
H'0002 0000 t Even blocks
64KB Block 5
H’0002 FFFF v
H’0003 0000 t
64KB Block 6
H’0003 FFFF 3 ¥
H’0004 0000

Figure 6.5.7 M32172F2/M32173F2 Flash Memory Block Configuration
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(4) Block Erase command

The Block Erase command erases the contents of the internal flash memory one block at a time.
For Block Erase, write the command data H'2020 to any address of the internal flash memory.
Next, write the confirm command data H'DODO to the last even address of the memory block to
be erased. (See Table 6.5.3, "Target Blocks and the Addresses to Specify.”) The content of the
memory block is erased.

Protected blocks of the flash memory cannot be accessed for erase with the Block Erase
command.

Block Erase is automatically performed by the internal control circuit, and the completion of Block
Erase can be verified by checking the Flash Status Register 1 (FSTAT1) FSTAT1 bit. (Refer to
Section 6.4.2, "Flash Status Registers.") While the FSTAT1 bit = 0, you cannot erase the next
block.

(5) Erase All Unlock Blocks command

The Erase All Unlock Blocks command erases all unprotected memory blocks. To erase all
unprotected memory blocks, write the command data H'A7A7 to any address of the internal flash
memory. Next, write the command data H'DODO to any address of the internal flash memory, and
all of the unprotected memory blocks are erased.

(6) Read Status Register command

The Read Status Register command reads the content of Flash Status Register 2 (FSTAT2) that
indicates whether programming or erase operation on flash memory has terminated normally or
in an error. To read Flash Status Register 2, write the command data 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) is read out.

(7) Clear Status Register command

The Clear Status Register command clears the Flash Status Register 2 (FSTAT2) ERASE (auto
erase operating status), WRERRL1 (program operating status 1), and WRERR2 (program
operating status 2) bits to 0. Write the command data H'5050 to any address of the internal flash
memory, and Flash Status Register 2 is cleared to O.

If an error occurs when programming or erasing the flash memory and the Flash Status Register
2 (ESTAT2) ERASE (auto erase operating status), WRERR1 (program operating status 1). or

WRERRZ2 (program operating status 2) bit is set to 1. you cannot perform the next program or
erase operation unless WRERR1 (Program operating condition 1) or WRERR2 (Program
operating condition 2) is cleared to 0.
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(8) Read Lock Bit Status command

The Read Lock Bit Status command is used to verify whether memory blocks are protected
(against write/erase) or not protected. Write the command data H'7171 to any address of the
internal flash memory. Next, read the last even address of the desired block (See Table 6.5.3,
"Target Blocks and the Addresses to Specify."), and you know whether the block you read is
protected or not.

If the FLBSTO (lock bit 0) and FLBST1 (lock bit 1) bits of the data you read are 0, it means that the
memory block is protected. If the FLBSTO (lock bit 0) and FLBST1 (lock bit 1) bits of the data you
read are 1, it means that the memory block is not protected.

m Lock Bit Status Register (FLBST)

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

FLBSTO| FLBST1
<When reset: Indeterminate>
D Bit Name Function R w
0 No functions assigned ? -
1 FLBSTO 0: Protected o -
(Lock bit 0) 1: Not protected
2-8 No functions assigned ? -
9 FLBST1 0: Protected o -
(Lock bit 1) 1: Not protected

(Same content as FLBSTO is output)

10-15 No functions assigned ? -

The Lock Bit Status Register is a read-only register which contains lock bits independently for
each block.
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Follow the procedure below to write to the lock bits.

a) Setting the lock bits to 0 (protect a memory block)
Issue the lock bit program command (H'7777) to the memory block to be protected.

b) Setting the lock bits to 1 (unprotect a memory block)

Set the Flash Control Register 2 FPROT bit to 1 to disable protection by lock bits, then
use the Block Erase command (H'2020) or Erase All Unlock Blocks command (H'A7A7)
to erase the memory block you want to unprotect.

This is the only way to remove protection from a memory block. The lock bits cannot
alone be set to 1.

c) Lock bit status when reset

The lock bits are nonvolatile bits, so that they are unaffected by resetting or powering off
the microcomputer.

(9) Command execution flow

The diagrams below show command execution flow for each command used.

¢ START )

Write Read Array command (H'FFFF) to
any internal flash memory address

Read the desired internal
flash memory address

A 4

( END )

Figure 6.5.8 Read Array Command
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( START )

N

v

Write Page Program command (H'4141)
to any internal flash memory address

l

Write data to the desired internal flash
memory address (Note 1)

Increment the previous write address by
2 and write the next data to the new address

Data is written to the internal flash
memory by page program (Note 2)

l

Wait for 1 ps
(as counted by hardware or
software timer)

NO
FSTAT bit=1

Read any internal flash memory address

Go to the next page to check for program error (Note 3) - -
Forcibly terminated

b 4

Last address?

YES

Note 1: Start writing from the beginning of the 256-byte boundary (lower address H'00).

Note 2: After programming operation starts, the flash memory is automatically in the same condition as
when the Read Status Register command is entered. (There is no need to issue the Read
Status Register command until entering any other command.)

Note 3: Inspect the Flash Status Register 2 (FSTAT2) ERASE (auto erase operating status), WRERR1
(program operating status 1), and WRERR2 (program operating status 2) bits to check for
program errors.

Figure 6.5.9 Page Program Command
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Note 2:

( START )

Write Lock Bit Program command (H'7777)
to any internal flash memory address

A

Write Verify command (H’'DODO) to the
last even address of the memory block
to be protected

A 4

Data is written to the lock bits by
program (Note 1)

l

Wait for 1 ps
(as counted by hardware or
software timer)

<

b
\ NO
FSTAT bit=1

YES

Read any internal flash memory address
to check for program error (Note 2)

YES

A

Forcibly terminated

Note 1: After programming operation starts, the flash memory is automatically in the same condition as
when the Read Status Register command is entered. (There is no need to issue the Read
Status Register command until entering any other command.)

Inspect the Flash Status Register 2 (FSTAT2) ERASE (auto erase operating status), WRERR1

(program operating status 1), and WRERR2 (program operating status 2) bits to check for
program errors.

Figure 6.5.10 Lock Bit Program Command
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Note 2:

( START )

Write Block Erase command (H'2020) to
any internal flash memory address

A
Write Verify command (H’'DODO) to the
last even address of the memory block
to be erased

v

Flash memory contents are erased
by erase program (Note 1)

l

Wait for 1 ps
(as counted by hardware or
software timer)

<

) 4

NO

FSTAT bit=1

YES

Read any internal flash memory address
to check for program error (Note 2)

Forcibly terminated

A

Note 1: After erase operation starts, the flash memory is automatically in the same condition as when
the Read Status Register command is entered. (There is no need to issue the Read Status
Register command until entering any other command.)

Inspect the Flash Status Register 2 (FSTAT2) ERASE (auto erase operating status), WRERR1

(program operating status 1), and WRERR2 (program operating status 2) bits to check for
program errors.

Figure 6.5.11 Block Erase Command
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( START >

A
Write Erase All Unlock Blocks command

(H’A7A7) to any internal flash memory
address

A

Write Verify command (H’DODO) to any
address of the memory blocks to be erased

A 4

Flash memory contents are erased
by erase program (Note 1)

|

Wait for 1 pus
(as counted by hardware or
software timer)

»

b 4
NO
FSTAT bit=1
YES
NO
Read any internal flash memory address YES

to check for program error (Note 2)

Forcibly terminated

A

Note 1: After erase operation starts, the flash memory is automatically in the same condition as when the
Read Status Register command is entered. (There is no need to issue the Read Status
Register command until entering any other command.)

Note 2: Inspect the Flash Status Register 2 (FSTAT2) ERASE (auto erase operating status), WRERR1
(program operating status 1), and WRERR2 (program operating status 2) bits to check for
program errors.

Figure 6.5.12 Erase All Unlock Blocks Command
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C START )

v
Write Read Status Register command
(H'7070) to any internal flash memory address

Read any internal flash memory address

A 4

( END )

Figure 6.5.13 Read Status Register Command

C START )

A

Write Clear Status Register command
(H'5050) to any internal flash memory address

END

Figure 6.5.14 Clear Status Register Command

C START )

Write Read Lock Bit Status Register
command (H'7171) to any internal
flash memory address

A 4

Read the last even address of
the desired block

A 4

END

Figure 6.5.15 Read Lock Bit Status Register Command
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6.5.4 Flash Programming Time (Reference Data)

The time required for programming the internal flash memory is described below for your reference.

(1)M32172F2 and M32173F2

[1 SIO transfer time (when transfer data size = 256 KB)
1/57600bpsx 1 (frame) x 11 (number of transfer bits) x 256 KB = 50.1 [s]

(] Flash programming time
256 KB/ 256-byte blocks x 8 ms = 8.2 [s]

[] Erase time (entire area)

50 ms x number of blocks = 350 [ms]

[] Total flash programming time (entire 256 KB area)

* When communicating in UART mode at a rate of 57,600 bps, the flash programming
time is extremely short as compared with the serial communication time and can,
therefore, be ignored. In this case, the flash programming time can be calculated using
the equation below

0+ [ =50.5(s]
» When writing data at high speed by increasing the serial communication rate or by other

means, the fastest flash programming time possible is calculated using the equation
below

O+ [ =8.6]s]
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6.6 Boot ROM

Specifications of the boot ROM are shown below.

Table 6.6.1 Specifications of the boot ROM

Item

Specification

Capacity

8 Kbytes

Location address

H'8000 0000 - H'8000 1FFF

Wait insertion

Operates with no wait cycles
(when internal CPU memory clock = 40 MHz)

Internal bus connection

Connects to a 32-bit bus

Readout Can only be read out when FP =1, MODO =1, and
MODL1 = 0. If read out in any other mode, the read value is
indeterminate. Cannot be accessed for write.

Other Because the boot ROM area is a reserved area that can only be

used during boot mode, the program in it cannot be modified.
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6.7 Virtual-flash Emulation Function

The microcomputer can map 8-Kbyte blocks of internal RAM (up to two for the M32172F2 or up to
three for the M32173F2) beginning with the start address into the internal flash memory area
divided in units of 8-kbytes (L banks), and can map 4-Kbyte blocks of internal RAM (up to two for
the M32173F2) beginning with address H'0080 A00O into the internal flash memory area divided in
units of 4-kbyts (S banks). (The M32172F2 does not have the function for mapping into S banks of
the internal flash memory.) This capability is referred to as the "virtual-flash emulation" function.
This function allows the data located in 8-Kbyte or 4-Kbyte blocks of the internal RAM to be used by
switching to the L or S banks of flash memory specified by the Virtual-Flash Bank Register.
Therefore, applications that require changes of data during program operation can have data
dynamically changed using 8 or 4 Kbytes of RAM area. The RAM used for virtual-flash emulation
can be accessed for read and write from both the internal RAM and the internal flash memory
areas.

When this function is used in combination with the internal Realtime Debugger (RTD), the data
tables created in the internal flash memory can be referenced or rewritten from the outside,
allowing for each data table tuning from the outside.

Before writing to the internal flash memory, always be sure to terminate this virtual-flash emulation
mode.

H’0080 4000
RAM bank L block 0
(FELBANKO)
8 Kbytes
H’0080 6000
RAM bank L block 1
(FELBANK1)
8 Kbytes
H'0080 7FFF

Note: The M32172F2 does not have RAM bank S (4-Kbyte) blocks.

Figure 6.7.1 Configuration of the M32172F2's Internal RAM Banks

6-38 Rev.1.0



INTERNAL MEMORY
6.7 Virtual-flash Emulation Function

H'0080 4000

H’0080 6000

H'0080 8000

H’0080 A00O

H'0080 BOOO

H'0080 BFFF!

RAM bank L block 0
(FELBANKO)
8 Kbytes

RAM bank L block 1
(FELBANK1)
8 Kbytes

RAM bank L block 2
(FELBANK?2)
8 Kbytes

RAM bank S block 0
(FESBANKO)
4 Kbytes

RAM bank S block 1
(FESBANK1)
4 Kbytes

Figure 6.7.2 Configuration of the M32173F2's Internal RAM Banks
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6.7.1 Virtual-Flash Emulation Areas

The following shows the areas effective for the virtual-flash emulation function.

Using the Virtual-Flash L Bank Registers, select 8-Kbyte blocks L banks of flash memory, one for
each register (by setting the seven bits A12-A18 of start address of the desired L bank in the Virtual-
Flash L Bank Register LBANKAD bits). Then set the Virtual-Flash L Bank Register MODENL bit to
1. The selected L bank areas can be replaced with 8-Kbyte blocks of the internal RAM beginning
with its start address (up to two blocks for the M32172F2 or up to three blocks for the M32173F2).
Furthermore, the M32173F2 has Virtual-Flash S Bank Registers (FESBANKO, FESBANK1). Using
these registers, select 4-Kbyte blocks S banks of flash memory, one for each register (by setting
the eight bits A12-A19 of start address of each desired S bank in the Virtual-Flash S Bank Register
SBANKAD bits). Then set the Virtual-Flash S Bank Register MODENSO and MODENSL bits to 1.
The selected S bank areas can be replaced with up to two 4-Kbyte blocks of the internal RAM
beginning with the address H'0080 A000.

In this way, the M32172F2 can have two 8-Kbyte L banks selected. For the M32173F2, three 8-
Kbyte L banks and two 4-Kbyte S banks for a total of up to five banks can be selected.

Notel: If the Virtual-Flash Emulation Enable bit is enabled while the same bank area is set in
two or more Virtual-Flash Bank Registers, the internal RAM area (8 or 4 Kbyte) to be
replaced with is selected by priority as follows:

* M32172F2
FELBANKO > FELBANK1
* M32173F2
FELBANKO > FELBANK1 > FELBANK2 > FESBANKO > FESBANK1

Note 2: During virtual-flash emulation mode, the RAM can be accessed for read and write from
the internal RAM area and the area that has been set as a virtual-flash area.

Note 3: When performing virtual-flash read after setting Flash Control Register 1's Virtual-
Flash Emulation Mode bit to 1, be sure to wait for three CPU clock periods or more
before performing virtual-flash read after setting the said bit to 1.

Note 4: When performing virtual-flash read after setting the Virtual-Flash Bank Register
(LBank or S Bank Register)’s Virtual-Flash Emulation Enable bit and bank address bits,
be sure to wait for three CPU clock periods or more before performing virtual-flash read
after setting the Virtual-Flash Bank Register.
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<Internal flash>
H'0000 0000 L bank 0
(8 Kbytes)
H'0000 2000 L bank 1
(8 Kbytes)
H'0000 4000 L bank 2
(8 Kbytes)

<Internal RAM>

8 Kbytes H'0080 4000

8 Kbytes H'0080 6000

H'0003 C000 [ L bank 30
(8 Kbytes)
H'0003 E000 | L bank 31
(8 Khytes)

Note 1: If the Virtual-Flash Emulation Enable bit is enabled while the same bank area is set in two or
more Virtual-Flash Bank Registers, the internal RAM area to be replaced with is selected by
priority: FELBANKO > FELBANK1.

Note 2: When access is made to the 8-Kbyte area (L bank) selected by Virtual-Flash L Bank Register 0
or 1, what is actually accessed is the internal RAM area. During virtual-flash emulation mode,
the RAM can be read and written to from both the internal RAM and the selected virtual-flash
memory areas.

Figure 6.7.3 Virtual-Flash Emulation Areas of the M32172F2 Divided in Units of 8 Kbytes

<Internal flash>

H'0000 0000 L bank 0
(8 Kbytes) <Internal RAM>
H'0000 2000 L bank 1
(8 Kbytes) 8 Kbytes H'0080 4000
H'0000 4000 L bank 2
; (8 Kbytes)
8 Kbytes H'0080 6000
/\/
/\/
8 Kbytes H'0080 8000
4 Kbytes
/\/
/\/ 4 Kbytes
H'0003 C000 L ba.nk 30
(8 Kbytes)
H'0003 EO00 L bank 31
(8 Khytes)

Note 1: If the Virtual-Flash Emulation Enable bit is enabled while the same bank area is set in two or
more Virtual-Flash Bank Registers, the internal RAM area to be replaced with is selected by
priority: FELBANKO > FELBANK1 > FELBANK2 > FESBANKO > FESBANK1.

Note 2: When access is made to the 8-Kbyte area (L bank) selected by Virtual-Flash L Bank Registers 0-
2, what is actually accessed is the internal RAM area. During virtual-flash emulation mode, the
RAM can be read and written to from both the internal RAM and the selected virtual-flash
memory areas.

Figure 6.7.4 Virtual-Flash Emulation Areas of the M32172F2 Divided in Units of 8 Kbytes

6-41 Rev.1.0



INTERNAL MEMORY
6.7 Virtual-flash Emulation Function

<Internal flash>

H'0000 0000 [~ § bank0
(4 Kbytes)
H'0000 1000 | ~ Sbank1
(4 Kbytes)
H’0000 2000 S bank 2 <Internal RAM>
(4 Kbytes) H0080 4000
8 Kbytes
%
E 8 Kbytes
% 8 Kbytes
H'0080 A00D
H'0003 E000 | Sbank62 | 4 _ Y KOS o080 BO0O
(4 Kbytes) v v 4 Kbytes
H'0003 FOO0 | S bank 63
(4 Kbytes)

Note 1: If the Virtual-Flash Emulation Enable bit is enabled while the same bank area is set in two or
more Virtual-Flash Bank Registers, the internal RAM area to be replaced with is selected by
priority: FELBANKO > FELBANK1 > FELBANK2 > FESBANKO > FESBANK1.

Note 2: When access is made to the 4-Kbyte area (S bank) selected by Virtual-Flash S Bank Register
0 or 1, what is actually accessed is the internal RAM area. During virtual-flash emulation mode,
the RAM can be read and written to from both the internal RAM and the selected virtual-flash
memory areas.

Figure 6.7.5 Virtual-Flash Emulation Areas of the M32173F2 Divided in Units of 4 Kbytes
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L bank Start address of flash Values set with L bank
memory bank address (LBANKAD) bits
L bank 0 H’0000 0000 H'00
(Note)
L bank 1 H’0000 2000 H'02
L bank 2 H’0000 4000 H'04
L bank 30 H’0003 C000 H'3C
L bank 31 H’0003 E000 H'3E
Note: Set seven bits A12-A18 of the start address (32-bit) of each L bank of flash memory divided every
8-kbyte in the Virtual-Flash L Bank Register L bank address (LBANKAD) bits.

Figure 6.7.6 Values Set in the M32172F2's Virtuar-Flash Bank Register when Divided in Units of 8-kbyte

L bank Start address of flash Values set with L bank
memory bank address (LBAKNKAD) bits
L bank 0 H’0000 0000 H'00
(Note)
L bank 1 H’0000 2000 H'02
L bank 2 H’0000 4000 H'04
L bank 30 H’0003 C000 H'3C
L bank 31 H’0003 E000 H'3E
Note: Set eight bits A12-A19 of the start address (32-bit) of each S bank of flash memory divided every
4-kbyte in the Virtual-Flash S Bank Register S bank address (SBANKAD) bits.

Figure 6.7.7 Values Set in the M32173F2's Virtual-Flash Bank Register when Divided in Units of 8-kbyte
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S bank Start address of flash Values set with L bank
memory bank address (SBAKNKAD) bits
S bank 0 H’0000 0000 H'00
(Note)
S bank 1 H’0000 1000 H01
S bank 2 H’0000 2000 H'02
S bank 62 H’0003 E000 H'3E
S bank 63 H’0003 FO00 H'3F
Note: Set eight bits A12-A19 of the start address (32-bit) of each S bank of flash memory divided every
4-Kbyte in the Virtual-Flash S Bank Register S bank address (SBANKAD) bits.

Figure 6.7.8 Values Set in the M32173F2's Virtual-Flash Bank Register when Divided in Units of 4-Kbyte
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6.7.2 Transition to Virtual-Flash Emulation Mode

To enter virtual-flash emulation mode, set the Flash Control Register 1 (FCNT1) FEMMOD bit to 1.
After entering virtual-flash emulation mode, set the Virtual-Flash Bank Register MODEN bit to 1 to
enable the virtual-flash emulation function.

Even during virtual-flash emulation mode, the internal RAM area (H'0080 4000 through H'0080
7FFF for the M32172F2 or H'0080 4000 through H'0080 BFFF for the M32173F2) can be accessed
as internal RAM.

( Setup start )

Write flash data to RAM

Go to virtual-flash
emulation mode
FEMMOD «1

Set RAM location address in
virtual-flash bank register
LBANKAD «address A12-A18
SBANKAD+ address A12-A19

Enable virtual-flash
emulation
MODENL+1
MODENS+1

( End of setting )

Figure 6.7.9 Setup Sequence for Virtual-Flash Emulation Mode
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6.7.3 Application Example for Virtual-Flash Emulation Mode

By locating two RAM areas in the same virtual-flash area using the Virtual-Flash Emulation
Function, you can rewrite data in the flash memory successively.

Bank xx

(2) Program op

Bank xx

(3) Changing p

Bank xx

(1) Operation when reset

Flash
Initial value '4— Replacement area
RAM block 0 [4— Data write to RAMO
RAM block 1

eration with RAM block 0

rogram operation from RAM block 0 to RAM block 1

Flash
Replace
Initial value 4—| RAM block O |
Specify bank xx
RAM block 0
RAM block 1 [4— Data write to RAM1

Flash
Replace
Initial value 4—| RAM block 0 | | RAM block 1 |
Specify bank xx Specify bank xx
RAM block 0 (settings have no effect)
RAM block 1

Figure 6.7.10 Usage Example for Virtual-Flash Emulation (1/2)
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(4) Program operation with RAM block 1

Flash
Replace
Bank xx Initial value I RAM block 1 |
Specify bank xx
RAM block 0 '4— Data write to RAMO
RAM block 1

(5) Changing program operation from RAM block 1 to RAM block O

Bank xx

(6) Go to item (2)

Flash
Replace
Initial value 4—| RAM block 0 | | RAM block 1 |
Specify bank xx Specify bank xx
RAM block 0 (settings have no effect)
RAM block 1 ‘
Note: [ | shows the effective area.

Figure 6.7.11 Usage Example for Virtual-Flash Emulation (2/2)
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6.8 Connecting a Serial Programmer

To rewrite the internal flash memory using a general-purpose serial programmer in boot mode +
flash E/W enable mode, pins on the microcomputer listed below need to be processed to be
suitable for use with the serial programmer.

Table 6.8.1 Processing Pins when Using a Serial Programmer

Pin Name Pin No. Function Remark
SCLKI1 71 Transfer clock input Pullup required
RXD1 70 Serial data input Pullup required
(received data)
TXD1 69 Serial data output
(transmit data)
P84 68 Transmit/receive enable output Pullup required
FP 94 Flash memory protect
MODO 92 Operation mode 0
MOD1 93 Operation mode 1 Connect to ground
RESET 91 Reset
XIN 4 Clock input
XOUT 5 Clock output
VCNT 7 PLL circuit control input
OSC-VCC 6 PLL circuit power supply Connect to 3.3 V power supply
OSC-VSS 3 PLL circuit ground Connect to ground
VREFO 42 A-D converter reference voltage input Connect to 5 V power supply
AVCCO 43 Analog power supply Connect to 5 V power supply
AVSSO 60 Analog ground Connect to ground
FvVCC 73 Flash memory power supply Connect to 3.3 V power supply
VDD 108 RAM backup power supply Connect to 3.3 V power supply
VCCE 20,65,95,132 5V power supply
VCCI 61,123,137 3.3 V power supply
VSS 21,62,72,96,138 Ground

Note: Any other pins do not need to be processed.
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The diagram below shows a typical user system configuration with a serial programmer connected.
After the user system is powered on, the serial programmer is used in clock-synchronized serial
mode to write data to the flash memory. In this configuration, no oscillation frequency-dependent
problems with communication may occur.

If the pins connecting to the serial programmer are used by the system, measures must be taken to
prevent any adverse effect on operation of the serial programmer. Note that addresses H'0000
0084 through H'0000 0093 are used as a flash memory protect ID check area by the serial
programmer.

User system board
Connects to the 5V
power supply
AVCCO
VCCE
VREFO
Connects to the 3.3V
power supply
=g
Connects to the 5V FVCC
power supply veal
< Oosc-vce
VDD
. Connector
Flash programmer signals ——
5V (input)
RxD (input) P85/TXD1
TxD (output) P86/RXD1
SCLKO (output) P87/SCLKI1/SCLKO1
BUSY (input) O P84/SCLKI0/SCLKOO0
MODO (output) O MODO
FP (output) FP
RESET (output) O RESET
GND (output) O VSS
AVSSO0
OSC-VSSs
To the system circuit ———— | MOD1
| MAV—] JTRST
. about 2KQ
Sets microcomputer — P
operating conditions
{F——- XIN
] =
—| re XOUT
GRS S
—— M32172F2
777 M32173F2

Note 1: Turn on the power to the user system before writing to the flash memory.

Note 2: When using P84-P87 in the system circuit, consideration must be taken for connection to the
serial programmer.

Note 3: Measures must be taken for P64/SBI not to generate interrupts by fixing it high or low.

Note 4: Select the appropriate pullup resistance values for P84, P86, and P87 according to the
system design conditions.

Note 5: The typical pullup resistance values for P84, P86, and P87 are 4.7 to 10 kQ.

Note 6: The status of the ports not shown above do not affect writing to the flash memory.

Figure 6.8.1 Pin Connection Diagram for the 32172
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6 INTERNAL MEMORY
6.9 Precautions on Rewriting Flash Memory

6.9 Precautions on Rewriting Flash Memory

The following describes precautions to be observed when rewriting the internal flash memory using
a serial programmer in boot mode + flash E/W enable mode.

» When you use the pins with the system that are used by a serial programmer, take measures not
to affect the system when connecting a serial programmer.

« If the flash memory needs to be protected, set any ID in the flash memory protect ID check area
(H'0000 0084-H'0000 0093).

« If the flash memory does not need to be protected, fill the flash memory protect ID check area
(H'0000 0084-H'0000 0093) with data H'FF.
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7 RESET
7.1 Outline of Reset

7.1 Qutline 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 program starts executing
from the reset vector entry.

7.2 Reset Operation

7.2.1 Power-on Reset

When powering on the microcomputer, hold the input signal on the RESET pin low until the internal
multiply-by-4 clock generator becomes oscillating stably.

7.2.2 Reset during Operation

To reset the microcomputer during operation, hold the RESET input low for more than four clock
periods of XIN signal.

7.2.3 Reset Vector Movement during Flash Rewrite

When placed in boot mode, the microcomputer's reset vector entry address changes to the start
address of the boot program space (address H'8000 0000). For details, refer to Section 6.5,
"Programming the Internal Flash Memory."
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7.3 Internal State Immediately after Reset

7.3 Internal State Immediately after Reset

The table below shows the internal state of the microcomputer immediately after reset. For details
about the initial state of internal peripheral I/O registers, refer to the relevant section of this manual
where each internal peripheral I/O in interest is described.

Table 7.3.1 Internal State Immediately after Reset

Register State after reset

PSW (CRO) B'0000 0000 0000 0000 ??00 000? 0000 0000 (BSM, BIE, BC bits = indeterminate)
CBR (CR1) H'0000 0000 (C bit = 0)

SPI (CR2) Indeterminate

SPU (CR3) Indeterminate

BPC (CR6) Indeterminate

PC H'0000 0000 (Executed beginning with address H'0000 0000) (Note)

ACC (Accumulator)

Indeterminate

Note: During boot mode, this is located at the start address of the boot program space (address H'8000 0000).
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RESET

7.3 Internal State Immediately after Reset

Table 7.3.2 Pin Status When Reset

Pin name Single chip mode External extended mode Microprocessor mode Boot
RESET, MODO, Input Input Input Input
MOD1, and FP
Port PO, P1 Input Input Input Input
P2, P3 Input Input Hi-Z Input
P41 Input Input Hi-Z Input
P42
P43
P45
P46
P47 Input Input Hi-Z Input
P6, P7 Input Input Input Input
P8, P12 Input Input Input Input
P9, P13
P10, P15
P11, P17
P220, P221
pP225 Input Input Hi-Z Input
DAO, DAl Input Input Input Input
ADOINO-7 Input Input Input Input
AD1INO-3
JTAG JTMS Input Input Input Input
JTCK Input Input Input Input
JTRST Input Input Input Input
JTDO Indeterminate Indeterminate Indeterminate Indeterminate
JTDI Input Input Input Input

Note: The state of JTAG pins cannot be initialized by a reset.When the low-level signal is applied to JTRST

pin, the state of JTAG pins is initialized.
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7 RESET
7.4 Precautions to Be Taken Immediately after Reset

7.4 Precautions to Be Taken Immediately after Reset

* Input/output ports

After reset release, its input/output ports are disabled against input in order to prevent electric
current from flowing through the pins. To use any ports in input mode, enable them for input using
the Port Input Function Enable Register (PIEN)'s PIENO bit. For details, refer to Section 8.3, "Input/
Output Port Related Registers."
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8 INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.1 Outline of Input/Output Ports

8.1 Outline of Input/Output Ports

The 32172/32173 has a total of 99 input/output ports connecting to external pins, comprised of PO-
P13, P15, P17, and P22 (with P5 reserved for future use). These input/output ports can be used as
input ports or output ports by setting up the direction registers.

The input/output ports each are shared with other internal peripheral I/O or external extended bus
signal lines, thus comprising dual-function or triple-function pins. The pin functions are selected
depending on selected chip operation mode or by using the input/output port operation mode
registers. (If any internal peripheral 1/0 has still another function, the register for that internal
peripheral I/O needs to be set to select the desired pin function.)

Each input port contains a port input function enable bit that may be used to prevent electric current
from flowing into the input port. This helps to simplify hardware and software processing to be
performed immediately after reset or when rewriting the flash memory.

For any port to be used in input mode, a port input function enable bit for that port needs to be set.

The input/output ports are outlined in the next page.
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INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.1 Outline of Input/Output Ports

Table 8.1.1 Outline of the Input/Output Ports

Item Specification
Number of ports Total 99 bits
(Note 1) PO P00-PO7 (8 bits)
P1 P10-P17 (8 bits)
P2 P20-P27 (8 bits)
P3 P30-P37 (8 bits)
P4 P41-P47 (7 bits)
P6 P61-P64 (4 bits)
P7 P70-P77 (8 bits)
P8 P82-P87 (6 hits)
P9 P93-P97 (5 bits)
P10 P100-P107 (8 bits)
P11 P110-P117 (8 bits)
P12 P124-P127 (4 hits)
P13 P130-P137 (8 bits)
P15 P150, P153 (2 bits)
P17 P172-P175 (4 hits)
P22 P220, P221, P225, (3 bits)
Port function Each port can be set for input or output mode by using the input/output port

direction control register. (However, P64 is a SBI input-only port; P97 is a CAN1
input-only port; P93, P124-P127, P130-P137, P172, and P173 are input-only
ports; P221 is a CANO input-only port.)

Pin function Dual functions with peripheral I/O or external extended signals (or multiple functions

with two or more peripheral 1/0 functions)

Pin function PO-P4(Note2), P225 : Depends on CPU operation mode (determined by setting

selection

MODO and MOD1 pins)

P6(Note3)-P22 : Selected by setting input/output port operation mode

registers. (However, peripheral /O pin functions are
selected using peripheral I/O registers.)

Note 1: P14, P16, and P18-P21 are nonexistent.
Note 2: Only when the CPU is operating in external extended mode, P0-P4 (except P46) have their pin

functions switched by setting operation mode registers. (When the CPU is operating in single-chip

or processor mode, the pin functions of these ports are switched depending on CPU operation

mode.)

Note 3: P16-P63 are always input/output ports (single function pins).

8-3 Rev.1.0



8 INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.2 Selecting Pin Functions

8.2 Selecting Pin Functions

Each input/output port serves dual functions sharing the pin with other internal peripheral 1/0 or
extended external bus signal lines (or triple functions sharing the pin with two or more functions of
peripheral 1/0). Pin functions are selected depending on the operation modes set or by using the
input/output port operation mode registers.

When the CPU is set to opreate in external extended or processor mode, PO-P4 and P225 all are
switched to the signal pins needed for external access. The CPU operation mode is determined by
setting the MODO and MODL1 pins. (See the table below.)

Table 8.2.1 CPU Operation Modes and P0-P4 and P225 Pin Functions

MODO MOD1 Operation Mode PO-P4 Pin Function (except P46) P46 and P225 Pin Function
VSS(Notel) VSS Single-chip mode Input/output port pin Input/output port pin
VSS VCC External extended mode  External extended signal pin External extended signal pin

or input/output port pin (Note 2)

VCC VSS Processor mode External extended signal pin External extended signal pin

VCC VCC Reserved (use inhibited) — —

Note 1: VCC connects to +5 V, and VSS connects to GND.
Note 2: Only when the CPU is operating in external extended mode, P0-P4 (except P46) have their pin
functions switched by setting operation mode registers.

Only when the PCU is operating in external extended mode, P0-P4 (except P46) have their pin
functions switched between input/output port pins and internal peripheral 1/O pins by setting up the
input/output port operation mode registers. Ports P6-P13, P15, P17, and P22 (except P6-P64, P97,
P221, P225) have their pin functions switched between input/output port and internal peripheral 1/0
pins by setting up the input/output port operation mode registers. If any internal peripheral /O has
multiple functions, select the desired pin function using the relevant internal peripheral I/O register.

Operation on FP and MOD1 pins during write to the internal flash memory does not affect

the pin functions.
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INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.2 Selecting Pin Functions

0 1 2 3 4 5 6 7
PO DBO DB1 DB2 DB3 DB4 DB5 DB6 DB7
Chip operation  P1 DB8 DB9 DB10 DB11 DB12 DB13 DB14 DB15
mode settings
(Notel)
Input/output port P2 A23 A24 A25 A26 A27 A28 A29 A30
operation mode
register settings
(Note2) P3 A15 A16 Al7 Al8 A19 A20 A21 A22
BLW / BHW / S5 ==q A13/
P4 BLE BHE RD Cso cs1 csa Al4
—
(Reserved) P5
[—
P6 (P61) (P62) (P63) SBI
BCLK / AT HeEA HACK /
P7 WR WAIT HREQ Txb3 | RTDTXD | RTDRXD | RTDACK | RTDCLK
P8 0o | mxpo | SCHKIO/1 7xpr | mxpr | SSHKI
P9 RXD3 TXD6 RXD6
(/ADOINS) (¢ap1Ng) | CTXL | CRXL
TO12/ TO13/ TO14/ TO15/
P10 | TO8 TO9 To10 TOLL | SCLKi4 | SCLKO4 | TxD4 RXD4
TO4 / TO5/ TO6 / TO7/
Pl | ToO To1 T02 TO3 SCLKI5 | SCLKO5 | TXD5 | RXDS
P12 TINOA TINOB TIN1A TIN1B
(/ADOIN9) | (/AD1IN9) |(/ADOIN10)| (/AD1IN10)
TIN16 / TIN17 /
P13 | PwMORFo | PwmorFL | TIN18 TIN19 TIN20 TIN21 TIN22 TIN23
(ADOIN11) | (AD1IN11) [(/ADOIN12)| (/AD1IN12)| (JADOIN13)|(/ADLIN13) | (ADOIN14) | (JADLIN14)

Input/output port
operation mode p14
register settings

TIN8 / TIN9 /
P15 TXD7 RXD7

(/ADOIN15) (/AD1IN15)
P16

TINIO | TINIL

P17 (ADLIN6) | ¢ADLIN7) | TXP? RXD2
P18
P19
P20
P21
P22 | cTX0 | CRx0 59 ted)

Note 1: The pin function is selected depending on how the MODO and MOD1 pins are set.

Note 2: Only when the CPU is operating in external extended mode, PO - P4 (except P46) have
their pin functions switched by setting operation mode registers.

Note 3: The pin function is selected depending on how the MODO and MOD1 pins are set. Use of
these pins requires caution because they have a debug event function.

Figure 8.2.1 Input/Output Ports and Pin Function Assignments
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8 INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

8.3 Input/Output Port Related Registers

The input/output port related registers consist of the Port Data Register, Port Direction Register,
and Port Operation Mode Register. Ports PO-P4 and P225 have their pin functions determined
depending on CPU operation mode (selected with the FP, MODO, and MOD1 pins).

Port P5 is reserved for future use. An input/output port related register map is shown below.

Note: When the CPU is operating in single-chip or processor mode, the pin functions of these
ports are switched depending on CPU operation mode.

Address +0 Address b7 D8 +1 Address bis
H'0080 0700 PO Data Register (PODATA) P1 Data Register (P1DATA)
H'0080 0702 P2 Data Register (P2DATA) P3 Data Register (P3DATA)
H'0080 0704 P4 Data Register (P4DATA)

H'0080 0706 P6 Data Register (P6DATA) P7 Data Register (P7DATA)
H'0080 0708 P8 Data Register (P8DATA) P9 Data Register (P9DATA)
H'0080 070A P10 Data Register (P10DATA) P11 Data Register (P11DATA)
H'0080 070C P12 Data Register (P12DATA) P13 Data Register (P13DATA)
H'0080 070E P15 Data Register (P15DATA)
H'0080 0710 P17 Data Register (P17DATA)
H'0080 0712
H'0080 0714
H'0080 0716 P22 Data Register (P22DATA)
H'0080 0720 PO Direction Register (PODIR) P1 Direction Register (P1DIR)
H'0080 0722 P2 Direction Register (P2DIR) P3 Direction Register (P3DIR)
H'0080 0724 P4 Direction Register (P4DIR)
H'0080 0726 P6 Direction Register (P6DIR) P7 Direction Register (P7DIR)
H'0080 0728 P8 Direction Register (P8DIR) P9 Direction Register (P9DIR)
H'0080 072A P10 Direction Register (P10DIR) | P11 Direction Register (P11DIR)
H'0080 072C
H'0080 072E P15 Direction Register (P15DIR)
H'0080 0730 P17 Direction Register (P17DIR)
H'0080 0732
H'0080 0734
H'0080 0736 P22 Direction Register (P22DIR)

o~ -~
Blank areas are reserved for future use.

Figure 8.3.1 Input/Output Port Related Register Map (1/2)
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INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

Address Do +0 Address o7 D8 +1 Address D15
H’0080 0740 PO Operation Mode Register (POMOD) P1 Operation Mode Register (P1LMOD)
H'0080 0742 P2 Operation Mode Register (P2MOD) P3 Operation Mode Register (P3MOD)
H'0080 0744 P4 Operation Mode Register (P4MOD) Port Input Function Enable Register (PIEN)
H'0080 0746 P7 Operation Mode Register (P7MOD)
H'0080 0748 P8 Operation Mode Register (P8BMOD) P9 Operation Mode Register (P9MOD)
H'0080 074A P10 Operation Mode Register (P10MOD) P11 Operation Mode Register (P11MOD)
H'0080 074C P12 Operation Mode Register (P12MOD) P13 Operation Mode Register (P13MOD)
H0080 074E P15 Operation Mode Register (P15MOD)
H'0080 0750 P17 Operation Mode Register (P17MOD)
H’0080 0752
H’0080 0754
H’0080 0756 P22 Operation Mode Register (P22MOD)
H'0080 0764 P4 Peripheral Output Select Register (P4SMOD)
H’'0080 0766 P7 Peripheral Output Select Register (P7SMOD)
H’0080 0768
H’0080 076A P10-P11 Peripheral Output Select Register (P1011SMOD)
H’0080 076C
H'0080 076E P15 Peripheral Output Select Register (P15SMOD)
H’0080 0770
H'0080 0772
H0080 0774
H'0080 0776 P22 Peripheral Output Select Register (P22SMOD)
H'0080 0778
W e
Blank areas are reserved for future use.
Note: The registers enclosed in the thick frames must always be accessed in halfwords.

Figure 8.3.2 Input/Output Port Related Register Map (2/2)
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INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

8.3.1 Port Data Registers

m PO Data Register (PODATA) <Address : H'0080 0700>
m P1 Data Register (P1DATA) <Address : H'0080 0701>
m P2 Data Register (P2DATA) <Address : H'0080 0702>
m P3 Data Register (P3DATA) <Address : H'0080 0703>
m P4 Data Register (P4DATA) <Address : H'0080 0704>
m P6 Data Register (P6DATA) <Address : H'0080 0706>
m P7 Data Register (P7DATA) <Address : H'0080 0707>
m P8 Data Register (P8DATA) <Address : H'0080 0708>
m P9 Data Register (PO9DATA) <Address : H'0080 0709>
m P10 Data Register (P10DATA) <Address : H'0080 070A>
m P11 Data Register (P11DATA) <Address : H'0080 070B>
m P12 Data Register (P12DATA) <Address : H'0080 070C>
m P13 Data Register (P13DATA) <Address : H'0080 070D>
m P15 Data Register (P15DATA) <Address : H'0080 070F>
m P17 Data Register (P17DATA) <Address : H'0080 0711>
m P22 Data Register (P22DATA) <Address : H'0080 0716>
DO 1 2 3 4 5 6 D7
( D8 9 10 11 12 13 14 D15 )
PnODT Pn1DT Pn2DT Pn3DT Pn4DT Pn5DT Pn6DT Pn7DT

Note: n = 0-4, 6-13, 15, 17, and 22

<When reset: indeterminate>

Bit Name

Function w

PnODT (Port Pn0 data)

* When the direction bit is set to O (input

Pn1DT (Port Pnl data)

mode) by Port Direction Register

Pn2DT (Port Pn2 data)

0: Port input pin = low

Pn3DT (Port Pn3 data)

1: Port input pin = high

Pn4DT (Port Pn4 data)

* When the direction bit is set to 1 (output

Pn5DT (Port Pn5 data)

mode) by Port Direction Register

Pn6DT (Port Pn6 data)

0: Port output latch = low

N~Njlola|h~|jlwOW NI, | O|0O

Pn7DT (Port Pn7 data)

OO0 OO0 000 o=
OO0 OO0 O0O0

1: Port output latch = high O

Note 1: The bits listed below have no functions assigned. (They show a 0 when read; writing to these bits

has no effect.)

P40, P60, P65-P67, P90-P92, P120-P123, P151, P152, P154-P157, P170, P171, P176, P177,

P222-P224, P226, P227

Note 2: Port P64 is available for only input mode. Writing to the P64DT bit has no effect.

Note 3: Ports P80 and P81 are available for only input mode. Writing to the P80DT and P81DT bits has no
effect. When read, P80 and P81 show the MODO and MODL1 pin levels, respectively.

Note 4: Ports P93, P97, P124-P127, P130-P137, P172, P173 and P221 are available for only input
mode. Writing to the P93DT, P97DT, P124-127DT, P130-P137DT, P172DT, P173DT and P221DT

bit has no effe

ct.

8-8 Rev.1.0



8 INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

8.3.2 Port Direction Registers

m PO Direction Register (PODIR) <Address : H'0080 0720>
m P1 Direction Register (P1DIR) <Address : H'0080 0721>
m P2 Direction Register (P2DIR) <Address : H'0080 0722>
m P3 Direction Register (P3DIR) <Address : H'0080 0723>
m P4 Direction Register (P4DIR) <Address : H'0080 0724>
m P6 Direction Register (P6DIR) <Address : H'0080 0726>
m P7 Direction Register (P7DIR) <Address : H'0080 0727>
m P8 Direction Register (P8DIR) <Address : H'0080 0728>
m P9 Direction Register (P9DIR) <Address : H'0080 0729>
m P10 Direction Register (P10DIR) <Address : H'0080 072A>
m P11 Direction Register (P11DIR) <Address : H'0080 072B>
m P15 Direction Register (P15DIR) <Address : H'0080 072F>
m P17 Direction Register (P17DIR) <Address : H'0080 0731>
m P22 Direction Register (P22DIR) <Address : H'0080 0736>
DO 1 2 3 4 5 6 D7
( D8 9 10 11 12 13 14 D15 )

PnODIR | Pn1DIR | Pn2DIR | Pn3DIR | Pn4DIR | Pn5DIR | Pn6DIR | Pn7DIR

Note: n = 0-4, 6-11, 15, 17, and 22
<When reset: indeterminate>

Bit Name Function R W

PnODIR (Port Pn0 direction bit) 0: Input mode (when reset)

Pn1DIR (Port Pn1 direction bit) 1: Output mode

Pn2DIR (Port Pn2 direction bit)

Pn3DIR (Port Pn3 direction bit)

Pn4DIR (Port Pn4 direction bit)

Pn5DIR (Port Pn5 direction bit)

O 0000 O0O0o

Pn6DIR (Port Pn6 direction bit)
Pn7DIR (Port Pn7 direction bit)

~N|lo|o|sw|lnv|k|lo|o
OO0 0000 O0o0

O

Note 1: The bits listed below have no functions assigned. (They show a 0 when read; writing to these bits
has no effect.)

P40, P60, P64-P67, P90-P92, P97, P120 -P123, P151, P152, P154-P157, P170, P171, P176,
P177, P221-P224, P226, P227

Note 2: When reset, all ports are set for input mode.

Note 3: Port P64 is available for only input mode. The P64DIR is nonexistent.

Note 4: Ports P93, P97, P124-127, P130-P137, P172, P173 and P221 are available for only input mode.
The P93DIR, P97DIR, P124-P127DIR, P130-P137DIR, P172DIR, P173DIR and P221DIR bits are
nonexistent.

Note 5: Ports P80 and P81 are available for only input mode. The P80ODIR and P81DIR bits are nonexistent.
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8 INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

8.3.3 Port Operation Mode Registers

m PO Operation Mode Register (POMOD) <Address: H'0080 0740>

DO 1 2 3 4 5 6 D7

POOMOD | POIMOD | PO2MOD | PO3MOD | PO4AMOD | POSMOD | PO6MOD | PO7MOD

<When reset: H'00>

D Bit Name Function R W
POOMOD 0: DBO o O
(Port POO operation mode) 1: POO

1 P0O1MOD 0: DB1 o O
(Port PO1 operation mode) 1: PO1

2 P02MOD 0: DB2 o O
(Port P02 operation mode) 1: P02

3 PO3MOD 0: DB3 o O
(Port P03 operation mode) 1: PO3

4 P04MOD 0: DB4 o O
(Port P04 operation mode) 1: PO4

5 PO5MOD 0: DB5 o O
(Port P05 operation mode) 1: PO5

6 PO6MOD 0: DB6 o O
(Port P06 operation mode) 1: P06

7 PO7MOD 0: DB7 o O
(Port PO7 operation mode) 1: PO7

Note: The value set in the PO Operation Mode Register takes effect only when the CPU operates in external
extended mode
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INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

m P1 Operation Mode Register (P1MOD) <Address: H'0080 0741>

D8 9 10 11 12 13 14 D15

P10MOD | P11MOD | P12MOD | P13MOD| P14MOD | P15MOD | P16MOD | P17MOD

<When reset: H'00>

D Bit Name Function R W
P10MOD 0: DB8 o O
(Port P10 operation mode) 1: P10

9 P11MOD 0: DB9 o O
(Port P11 operation mode) 1: P11

10 P12MOD 0: DB10 o O
(Port P12 operation mode) 1: P12

11 P13MOD 0: DB11 o O
(Port P13 operation mode) 1: P13

12 P14MOD 0: DB12 o O
(Port P14 operation mode) 1: P14

13 P15MOD 0: DB13 o O
(Port P15 operation mode) 1: P15

14 P16MOD 0: DB14 o O
(Port P16 operation mode) 1: P16

15 P17MOD 0: DB15 O O
(Port P17 operation mode) 1: P17

Note: The value set in the P1 Operation Mode Register takes effect only when the CPU operates in external
extended mode.
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8.3 Input/Output Port Related Registers

m P2 Operation Mode Register (P2MOD) <Address: H'0080 0742>

DO 1 2 3 4 5 6 D7

P20MOD | P21MOD | P22MOD | P23MOD | P24MOD | P25MOD | P26MOD | P27MOD

<When reset: H'00>

D Bit Name Function R W
P20MOD 0: A23 o O
(Port P20 operation mode) 1: P20

1 P21MOD 0: A24 o O
(Port P21 operation mode) 1: P21

2 P22MOD 0: A25 o O
(Port P22 operation mode) 1: P22

3 P23MOD 0: A26 o O
(Port P23 operation mode) 1: P23

4 P24MOD 0: A27 o O
(Port P24 operation mode) 1: P24

5 P25MOD 0: A28 o O
(Port P25 operation mode) 1: P25

6 P26MOD 0: A29 o O
(Port P26 operation mode) 1: P26

7 P27MOD 0: A30 o O
(Port P27 operation mode) 1: P27

Note: The value set in the P2 Operation Mode Register takes effect only when the CPU operates in external
extended mode.
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INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

m P3 Operation Mode Register (P3MOD) <Address: H'0080 0743>

D8 9 10 11 12 13 14 D15

P30MOD | P31MOD | P32MOD | P33MOD | P34MOD | P35MOD | P36MOD | P37MOD

<When reset: H'00>

D Bit Name Function R W
P30MOD 0: A15 o O
(Port P30 operation mode) 1: P30

9 P31MOD 0: A16 o O
(Port P31 operation mode) 1: P31

10 P32MOD 0: A17 o O
(Port P32 operation mode) 1: P32

11 P33MOD 0: A18 o O
(Port P33 operation mode) 1: P33

12 P34MOD 0: A19 o O
(Port P34 operation mode) 1: P34

13 P35MOD 0: A20 o O
(Port P35 operation mode) 1: P35

14 P36MOD 0: A21 o O
(Port P36 operation mode) 1: P36

15 P37MOD 0: A22 o O
(Port P37 operation mode) 1: P37

Note: The value set in the P3 Operation Mode Register takes effect only when the CPU operates in external
extended mode
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m P4 Operation Mode Register (P4MOD) <Address: H'0080 0744>
DO 1 2 3 4 5 6 D7
P41MOD | P42MOD | P43MOD | P44MOD | P45MOD P47MOD

<When reset: H'00>

D Bit Name Function R W
No functions assigned 0 -

1 P41MOD 0: BLW/BLE o O
(Port P41 operation mode) 1: P41

2 P42MOD 0: BHW/BHE o O
(Port P42 operation mode) 1: P42

3 P43MOD 0:RD o O
(Port P43 operation mode) 1: P43

4 P44MOD 0: CSO o O
(Port P44 operation mode) 1: P44

5 P45MOD 0:CS1 o O
(Port P45 operation mode) 1: P45

6 No functions assigned 0 -

7 P47MOD 0: Al4 o O
(Port P47 operation mode) 1: P47

Note: The value set in the P4 Operation Mode Register takes effect only when the CPU operates in external
extended mode.
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m P7 Operation Mode Register (P7MOD) <Address: H'0080 0747>

D8 9 10 11 12 13 14 D15

P70MOD | P71MOD | P72MOD | P73MOD | P74MOD | P75MOD | P76MOD | P77MOD

<When reset: H'00>

D Bit Name Function R W
P70MOD 0: P70 o O
(Port P70 operation mode) 1: BCLK/WR

9 P71MOD 0: P71 o O
(Port P71 operation mode) 1: WAIT

10 P72MOD 0: P72 o O
(Port P72 operation mode) 1: HREQ

11 P73MOD 0: P73 o O
(Port P73 operation mode) 1: HACK/TXD3

12 P74MOD 0: P74 o O
(Port P74 operation mode) 1: RTDTXD

13 P75MOD 0: P75 o O
(Port P75 operation mode) 1: RTDRXD

14 P76MOD 0: P76 o O
(Port P76 operation mode) 1: RTDACK

15 P77MOD 0: P77 o O
(Port P77 operation mode) 1: RTDCLK
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m P8 Operation Mode Register (P8MOD)

<Address: H'0080 0748>

DO 1 2 3 4 5 6 D7
P82MOD | P83MOD | P84MOD | P85MOD | P8BEMOD | P87TMOD
|
<When reset: H'00>
D Bit Name Function R W
0,1 No functions assigned 0 -
2 P82MOD 0: P82 o O
(Port P82 operation mode) 1: TXDO
3 P83MOD 0: P83 O O
(Port P83 operation mode) 1: RXDO
4 P84MOD 0: P84 o O
(Port P84 operation mode) 1: SCLKIO/SCLKOO
5 P85MOD 0: P85 o O
(Port P85 operation mode) 1: TXD1
6 P86MOD 0: P86 O O
(Port P86 operation mode) 1: RXD1
7 P87MOD 0: P87 o O
(Port P87 operation mode) 1: SCLKI1/SCLKO1

Note: Ports P80 and P81 are nonexistent.
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m P9 Operation Mode Register (P9MOD) <Address: H'0080 0749>

D8 9 10 11 12 13 14 D15

P93MOD | P94MOD | P95MOD | P96MOD

<When reset: H'00>

D Bit Name Function R W

8-10 No functions assigned 0 -

11 P93MOD 0: P93 o O
(Port P93 operation mode) 1: RXD3

12 P94MOD 0: P94 o O
(Port P94 operation mode) 1: TDX6

13 P95MOD 0: P95 o O
(Port P95 operation mode) 1: RXD6

14 P96MOD 0: P96 o O
(Port P96 operation mode) 1: CTX1

15 No functions assigned 0 -

Note 1: Ports P90-P92 are nonexistent.
Note 2: P97 is a CAN1 input-only pin.
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m P10 Operation Mode Register (P10MOD) <Address: H'0080 074A>

DO 1 2 3 4 5 6 D7

P100MOD|P101MOD|P102MOD|P103MOD|P104MOD [P105MOD|P106MOD [P107MOD

<When reset: H'00>

D Bit Name Function R W
P100MOD 0: P100 o O
(Port P100 operation mode) 1: TO8

1 P101MOD 0: P101 o O
(Port P101 operation mode) 1: TO9

2 P102MOD 0: P102 o O
(Port P102 operation mode) 1: TO10

3 P103MOD 0: P103 o O
(Port P103 operation mode) 1: TO11

4 P104MOD 0: P104 o O
(Port P104 operation mode) 1: TO12/SCLKI4

5 P105MOD 0: P105 o O
(Port P105 operation mode) 1: TO13/SCLKO4

6 P106MOD 0: P106 o O
(Port P106 operation mode) 1: TO14/TXD4

7 P107MOD 0: P107 o O
(Port P107 operation mode) 1: TO15/RXD4
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8.3 Input/Output Port Related Registers

m P11 Operation Mode Register (P11MOD)

D8 9 10

11

<Address: H'0080 074B>

12 13 14 D15

P110MOD|P111MOD|P112MOD

P113MOD

P114MOD|P115MOD|P116MOD|P117MOD

<When reset: H'00>

D Bit Name Function R W
P110MOD 0: P110 o O
(Port P110 operation mode) 1: TOO

9 P111MOD 0: P111 o O
(Port P111 operation mode) 1: TO1

10 P112MOD 0: P112 o O
(Port P112 operation mode) 1: TO2

11 P113MOD 0: P113 o O
(Port P113 operation mode) 1: TO3

12 P114MOD 0: P114 o O
(Port P114 operation mode) 1: TO4/SCLKI5

13 P115MOD 0: P115 o O
(Port P115 operation mode) 1: TO5/SCLKO5

14 P116MOD 0: P116 o O
(Port P116 operation mode) 1: TO6/TXD5

15 P117MOD 0: P117 o O
(Port P117 operation mode) 1: TO7/RXD5
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m P12 Operation Mode Register (P12MOD) <Address: H'0080 074C>

DO 1 2 3 4 5 6 D7

P124MOD|P125MOD|P126MOD|P127MOD

<When reset: H'00>

D Bit Name Function R W

0-3 No functions assigned 0 -

4 P124MOD 0: P124 o O
(Port P124 operation mode) 1: TINOA

5 P125MOD 0: P125 o O
(Port P125 operation mode) 1: TINOB

6 P126MOD 0: P126 o O
(Port P126 operation mode) 1: TIN1A

7 P127MOD 0: P127 o O
(Port P127 operation mode) 1: TIN1B

Note : Ports P120-P123 are nonexistent.
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m P13 Operation Mode Register (P13MOD) <Address: H'0080 074D>

D8 9 10 11 12 13 14 D15

P130MOD | P131MOD | P132MOD | P133MOD | P134MOD | P135MOD | P136MOD | P137MOD

<When reset: H'00>

D Bit Name Function R W
P130MOD 0: P130 o O
(Port P130 operation mode) 1: TIN16/PWMOFFO

9 P131MOD 0: P131 o O
(Port P131 operation mode) 1: TIN17/PWMOFF1

10 P132MOD 0: P132 o O
(Port P132 operation mode) 1: TIN18

11 P133MOD 0: P133 o O
(Port P133 operation mode) 1: TIN19

12 P134MOD 0: P134 o O
(Port P134 operation mode) 1: TIN20

13 P135MOD 0: P135 o O
(Port P135 operation mode) 1: TIN21

14 P136MOD 0: P136 o O
(Port P136 operation mode) 1: TIN22

15 P137MOD 0: P137 o O
(Port P137 operation mode) 1: TIN23

Note: Ports P130-P137 are input-only pins.
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m P15 Operation Mode Register (P15MOD) <Address: H'0080 074F>
D8 9 10 11 12 13 14 D15
P150MOD P153MOD
| | | |

<When reset: H'00>

D Bit Name Function R w
P150MOD 0: P150 o O
(Port P150 operation mode) 1: TIN8/TXD7
9,10 No functions assigned 0 -
11 P153MOD 0: P153 o O
(Port P153 operation mode) 1: TIN9/TXD7
12-15 No functions assigned 0 -

Note: Ports P151, P152, P154-P157 are nonexistent.
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m P17 Operation Mode Register (P17MOD) <Address: H'0080 0751>

D8 9 10 11 12 13 14 D15

P172MOD|P173MOD|P174MOD|P175MOD

<When reset: H'00>

D Bit Name Function R W

8,9 No functions assigned 0 -

10 P172MOD 0: P172 o O
(Port P172 operation mode) 1: TIN1O

11 P173MOD 0: P173 o O
(Port P173 operation mode) 1: TIN11

12 P174MOD 0: P174 o O
(Port P174 operation mode) 1: TXD2

13 P175MOD 0: P175 o O
(Port P175 operation mode) 1: RXD2

14,15 No functions assigned 0 -

Note: Ports P170-P171, P176, P177 are nonexistent.
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m P22 Operation Mode Register (P22MOD)

<Address: H'0080 0756>

DO 1 2 3 4 5 6 D7
P220MOD : : | P225MOD |
<When reset: H'00>

D Bit Name Function R w

P220MOD 0: P220 o O

(Port P220 operation mode) 1: CTX0
1-4 No functions assigned 0 -
5 P225MOD 0: P225 o O

(Port P225 operation mode) 1: use inhibited
6-7 No functions assigned 0 -

Note 1: P221 is a CANO input-only pin.

Note 2: P225 has its pin function altered depending on how the MODO and MODZ1 pins are set. Use of this
port requires caution because it has a debug event function.
Note 3: P222-P224, P226, and P227 are nonexistent.
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m P4 Peripheral Output Select Register (P4SMOD) <Address: H'0080 0764>

DO 1 2 3 4 5 6 D7

P46SMOD

<When reset: H'00>

D Bit Name Function R W

0-5 No functions assigned 0 -

6 P46SMOD 0:A13 O O
(Selects port P46 peripheral output)  1:CS3

0 —

7 No functions assigned
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m P7 Peripheral Output Select Register (P7SMOD) <Address: H'0080 0767>
D8 9 10 11 12 13 14 D15
P73SMOD

<When reset: H'00>

D Bit Name Function R w

8-10 No functions assigned 0 -

11 P73SMOD 0: HACK O O
(Selects port P73 peripheral output) 1: TXD3

12-15 No functions assigned 0 -
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m P10-P11 Peripheral Output Select Register (P1011SMOD) <Address: H'0080 076A>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

P104 |P105 |P106 |P107 P114 |P115 |P116 |P117
SMOD | SMOD | SMOD | SMOD SMOD | SMOD | SMOD | SMOD

<When reset: H'0000>

D Bit Name Function R W
0-3 No functions assigned 0 -
4 P104SMOD 0: TO12 o O
(Selects port P104 peripheral output) 1: SCLKI4
5 P105SMOD 0: TO13 o O
(Selects port P105 peripheral output) 1: SCLKO4
6 P106SMOD 0: TO14 O O
(Selects port P106 peripheral output) 1: TXD4
7 P107SMOD 0: TO15 O O
(Selects port P107 peripheral output) 1: RXD4
8-11 No functions assigned 0 -
12 P114SMOD 0: TO4 O O
(Selects port P114 peripheral output) 1: SCLKI5
13 P115SMOD 0: TO5 o O
(Selects port P115 peripheral output) 1: SCLKO5
14 P116SMOD 0: TO6 o O
(Selects port P116 peripheral output) 1: TXD5
15 P117SMOD 0: TO7 o O
(Selects port P117 peripheral output) 1: RXD5

Note: This register must always be accessed in halfwords.
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m P15 Peripheral Output Select Register (P15SMOD) <Address: H'0080 076F>
D8 9 10 11 12 13 14 D15
P150SMOD P153SMOD

<When reset: H'00>

D Bit Name Function R w
P150SMOD 0: TIN8 o O
(Port P150 operation mode) 1: TXD7
9,10 No functions assigned
11 P153SMOD 0: TINS o O
(Port P153 operation mode) 1: RXD7
12-15 No functions assigned 0 -
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m P22 Peripheral Output Select Register (P22SMOD) <Address: H'0080 0776>

DO 1 2 3 4 5 6 D7

P225SMOD

<When reset: H'00>

D Bit Name Function R W

0-4 No functions assigned 0 -

5 P225SMOD 0: A12 O O
(Selects port P225 peripheral output) 1: CS2

6-7 No functions assigned 0 -

Note: The value set in the P22 Peripheral Output Select Register takes effect only when the CPU operates
in external extended mode.
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m Port Input Function Enable Register (PIEN)

<Address: H'0080 0745>

D8 9 10 11 12 13 14 D15
PIENO
| |
<When reset: H'00>
D Bit Name Function R W
8-14 No functions assigned 0 -
15 PIENO 0: Disables input (to prevent current O O

(Port input function enable bit)

from flowing in)

1: Enables input

This register is used to prevent electric current from flowing into the port input pin. Because the
ports are disabled against input after reset, they need to be enabled for input by setting this

register bit to 1.

During boot mode, the pins shared with serial 1/0 function are enabled for input. Therefore, when
rewriting the flash memory via serial communication, they can be protected against the current
flowing in from pins other than the serial I/O function by setting this register bit to 0.

The pins that can be controlled by the port input function enable bit in each mode are listed below.

Table 8.3.1 Pins Controllable by Port Input Function Enable Bit

Mode Name Controllable Pin Noncontrollable Pin
P00-P0O7, P10-P17, P20-P27 P64, P93, P97
P30-P37, P41-P47, P61-P63 P124-P127

Single chip P70-P77, P82-P87, P94-P96 P130-P137, P221

P100-P107, P110-P117,
P150, P153, P174, P175
P220, P225

FP, MODO, MOD1, RESET

External extended
Microprocessor

P61-P63, P70-P77, P82-P87
P94-P96, P100-P107, P110-P117
P150, P153, P174, P175, P220

P00-PO7, P10-P17
P20-P27, P30-P37

P41-P47, P64, P93,P97
P124-P127, P130-P137
P221, P225,

FP,MODO,MOD1,RESET

Boot
(Single chip)

P00-PO7, P10-P17, P20-P27
P30-P37, P41-P47, P61-P63

P67, P70-P77,P94-P96

P100-P107, P110-P117,
P140-P147, P150-P157
P160-P167, P172-P173, P180-P187
P190-P197, P210-P217, P220
P222-P225

P64, P82-P87, P93,P97,
P124-P127, P130-P137
P174, P175, P221, FP
MODO, MOD1, RESET
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8.4 Port Peripheral Circuits

Figures 8.4.1 through 8.4.4 show the peripheral circuit diagrams of the ports on the microcomputer.

POO - PO7(DBO - DB7)
P10 - P17(DB8 - DB15) Direction register

P20 - P27(A23 - A30) #
P30 - P37(A15 - A22) Data bus Port output

P41(BLW/BLE) (DBO - DB15) latch
P42(BHW/BHE)
P43(RD)
P44(CS0)
P45(CS1)
P47(A14)

A

/% A‘

=

Operation mode

register
Input function enable

Note 1: Although P00-P07, P10-P17, P20-P27, P30-P37, and P41-P47 serve as external bus interface
control signal pins during external extended and processor modes, their functional description in this
block diagram is omitted.

P70(BCLK/WR)

P74(RTDTXD

P76§RTDACK; 7
P82(TXDO) ?}
PES(TXOL) Data bus Port output N~

P94(TXD6) , P96(CTX1) (DBO - DB15) latch L
P174(TXD2)

P220(CTX0) [
~J
~J

e

}

Operation mode
register

Peripheral function
output

Fy

Input function enable

Note 2: O denotes a pin.
Note 3: —«— denotes a parasitic diode. Make sure the voltage applied to each port will not exceed VCCE.

Figure 8.4.1 Port Peripheral Circuit Diagram (1)
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P46
P61 - P63
Data bus Port output .
(DBO - DB15) latch

1 .

<

—

~J

Input function enable

Note 1: Although P46, P61-P63, and P225 serve as external bus interface control signal pins during external
extended and processor modes, their functional description in this block diagram is omitted.

PBA(SBI) Data bus O
(DBO - DB15) %
77

SBI o] @o

P71(WAIT)
T
Data bus Port output T'% :ﬁ

(DBO - DB15) latch

T

Operation mode
register

WAIT = L: 4(77
Input function enable
Note 2: Odenotes a pin.

Note 3: —«— denotes a parasitic diode. Make sure the voltage applied to each port will not exceed VCCE.

Figure 8.4.2 Port Peripheral Circuit Diagram (2)
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Data bus Port output [ %
{ >oT:3 )— 5
777

(DBO - DB15) latch

T

Operation mode
register

HREQ

P73(HACK/ TXD3) Direction register
P106(TO14/ TXD4) o
P116(TO6/ TXD5) jﬁ
.
s
L T

Data bus Port output
(DBO - DB15) latch

Z&W Zi

Operation mode
register

Peripheral function
output selector

Peripheral function & |
output 1

Peripheral function *ﬁ

output 2

Input function enable
P75(RTDRXD)
P83(RXDO) .
P86(RXD1) batab *}T‘—}_Q
P175(RXD2) ata bus Port output
(DBO - DB15) latch ‘DJID

— 4
Operation mode
register

Peripheral function
input

Input function enable
Note 1: Odenotes a pin.

Note 2: —«— denotes a parasitic diode. Make sure the voltage applied to each port will not exceed VCCE.

Figure 8.4.3 Port Peripheral Circuit Diagram (3)
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P84(SCLKI0,SCLKOO0) T
P87(SCLKI1,SCLKO1) —‘ Direction register > w ’:
I O Sy
(DBO - DB15) latch | DJ—@_{ =
rd 777
N
J - |
!
J
-—‘ Operation mode register
UART/CSIO function
Dt
Internal/external |
SCLKOi output
SCLKIi input
Input function enable
JTDI i
JTCK JTDI,JTCK, JTMS <} O
JTMS i
MODO MODO , MOD1 ‘ <7 i O
MOD1 ' ~ i
FP FP zf} i O
RESET _
XIN RESET, XIN, JTRST fff!?} +—O
JTRST R i
JTDO JTDO {\/L i O
osc-vce
veal OSCVCC, VCCl, VDD, VCCE +—O
VDD
VCCE
Note 1: Odenotes a pin.
Note 2: —«— denotes a parasitic diode. Make sure the voltage applied to each port will not exceed VCCE.

Figure 8.4.4 Port Peripheral Circuit Diagram (4)
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P93(RXD3(/ ADOIN8))
P124(TINOA(/ ADOIN9))

P125(TINOB(/ AD1IN9)) Data bus o
P126(TIN1A(/ ADOIN10)) (DBO - DB15) -
P127(TIN1B(/ AD1IN10)) Operation mode

P132(TIN18(/ ADOIN12)) register
P133(TIN19(/ AD1IN12)) Peripheral function
P134(TIN20(/ ADOIN13))

input
P135(TIN21(/ AD1IN13))
P136(TIN22(/ ADOIN14))
P137(TIN23(/ AD1IN14)) A-D input
P172(TIN10(/ AD1IN9))
P173(TIN11(/ AD1IN7))

Direction register

PY5(RXD5(/ AD1INS)) Databus ~ | | Portoutput E fw }
P150(TIN8(/ TXD7/ ADOIN15)) ~ (DBO - DB15) latch I @_{
o gl
<J

Operation mode
register

Peripheral function
output selector

Peripheral function output

ﬂ
JYJ:?_I R

Peripheral function input '
Input function enable

A-D input °
RD
P97/CRX1 Data bus % O
P221/CRX0 (DBO - DB15) i
CRX0, CRX1 <P

Note 1: Odenotes a pin.
Note 3: —«— denotes a parasitic diode. Make sure the voltage applied to each port will not exceed VCCE.

Figure 8.4.5 Port Peripheral Circuit Diagram (5)
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P100 - P103(TO8 - TO11)
P110 - P113(TOO - TO3)

1 Direction register

Data bus Port output

P
Y G [~
(DBO - DB15) latch o] o O

|
Zi AW
I

Operation mode
register

Peripheral function output

Input function enable

i

P104(TO12/ SCLKI4) PWM output disable
P114(TO4/ SCLKI5)

Data bus Port output
(DBO - DB15) latch

|

oy
5

|
ZET Aw

Operation mode
register

Peripheral function
output selector

Peripheral function output

IS
Peripheral function input @
Input function enable
Note 1: O denotes a pin.

Note 2: —«— denotes a parasitic diode. Make sure the voltage applied to each port will not exceed VCCE.

Figure 8.4.6 Port Peripheral Circuit Diagram (6)
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P105(TO13/ SCLKO4)
P115(TO5/ SCLKOS5)

PWM output disable
Direction register

Data bus Port output >
(DBO - DB15) latch j
~J

I

Operation mode
register

Peripheral function
output selector

/]

Peripheral function output 1

Peripheral function output 2

Input function enable

P107(TO15/ RXD4)

P117(TO7/ RXD5)

Data bus Port output
(DBO - DB15) latch
<] (=

Operation mode
register

Ly lsy
k.

/

Peripheral function
output selector

|

Peripheral function output

Cgv

Peripheral function input

Input function enable

Note 1: Odenotes a pin.
Note 2: —«— denotes a parasitic diode. Make sure the voltage applied to each port will not exceed VCCE.

Figure 8.4.7 Port Peripheral Circuit Diagram (7)
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P153(TIN9/RXD7/AD1IN15)

Data bus Port output
(DBO - DB15) Jateh

ﬂTDH%
e

~J

4

~J

Operation mode

register
Peripheral function input 1 1 q
Peripheral function input 2

Input function enable

A-D input

P130(TIN16/PWMOFFO/ADOIN11)
P131(TIN17/PWMOFF1/AD1IN11)

Data bus Operation mode
(DBO - DB15) register

Peripheral function input 1
Peripheral function input ZQ
Input function enable

A-D input oo

Note 1: Odenotes a pin.
Note 2: —«— denotes a parasitic diode. Make sure the voltage applied to each port will not exceed VCCE.

Figure 8.4.8 Port Peripheral Circuit Diagram (8)
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8.5 Precautions on Input/Output Ports

* When using ports in output mode

Immediately after reset, the Port Data Register values are indeterminate.Therefore, write the initial
output value to the Port Data Register before setting the Port Direction Register for output. Note
that if the Port Direction Register is set for output before writing to the Port Data Register, an
indeterminate value may be output for a while until the write data is set in the Port Data Register.
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DMAC
9.1 Outline of DMAC

9.1 Qutline of DMAC

The microcomputer has 10-channel DMA (Direct Memory Access) Controller allowing data to be
transferred at high speed between internal peripheral 1/0s, between internal RAM and internal
peripheral I/O, and between internal RAMs when triggered in software or by request from internal

peripheral I/O.

Table 9.1.1 Outline of DMAC

Iltem

Content

Number of channels

10 channels

Transfer request

« Software trigger

» Request from internal peripheral I/0O: A-D converter, input/output timer,
serial 1/0O (reception complete, transmit buffer empty), or PD controller

» Cascaded operation between DMA channels (Note)

Maximum transfer count

256 times

Transferable address space

* 64 Kbytes (address space in H'0080 0000 through H'0080 FFFF)
« Supports transfers between internal peripheral 1/Os, between internal
RAM and internal peripheral /0O, and between internal RAMs

Transfer data size

16 or 8 bits

Transfer method

Single-transfer method DMA (control of internal bus released for each
transfer performed), dual-address transfer

Transfer mode

Single transfer mode

Direction of transfer

Selectable among three modes for the source and destination
» Address fixed

» Address increment

* Ring buffer

Channel priority

Channel 0 > channel 1 > channel 2 > channel 3 > channel 4 > channel 5 >
channel 6 > channel 7 > channel 8 > channel 9 >
(fixed priority)

Maximum transfer rate

13.3 Mbytes per second (when internal peripheral clock = 20 MHz)

Interrupt request

Group interrupt request can be generated when any transfer count register underflows

Transfer area

64 Kbytes in H'0080 0000 through H'0080 FFFF
(transferable in the entire internal RAM and SFR area)

Note: The DMA channels can be cascaded in the manner shown below.
Completion of one DMA transfer on channel 0 starts a DMA transfer on channel 1.
Completion of one DMA transfer on channel 1 starts a DMA transfer on channel 2.
Completion of one DMA transfer on channel 2 starts a DMA transfer on channel 0.
Completion of one DMA transfer on channel 3 starts a DMA transfer on channel 4.
Completion of one DMA transfer on channel 5 starts a DMA transfer on channel 6.
Completion of one DMA transfer on channel 6 starts a DMA transfer on channel 7.
Completion of one DMA transfer on channel 7 starts a DMA transfer on channel 5.
Completion of one DMA transfer on channel 8 starts a DMA transfer on channel 9.
Completion of one DMA transfer on channel 9 starts a DMA transfer on channel 1-9.
Completion of all DMA transfers on channel O (i.e., the transfer count register underflows) starts a DMA transfer on channel 5.
Completion of all DMA transfers on channel 1 (i.e., the transfer count register underflows) starts DMA transfers on channels 0-9.
Completion of all DMA transfers on channel 3 (i.e., the transfer count register underflows) starts DMA transfers on channel 8.
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DMA channel 0
Software start
One DMA2 transfer completed jj:>_\—+
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Timer (TOMOO_udf)
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Serial 1/0-2(transmit buffer empty)

Serial I/0-7(transmit buffer empty)

Internal bus

Destination address register

Transfer count register udf
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DMA channel 1

Software start
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Timer (TIDO_udf,ovf)
Timer (TID1_udf,ovf)
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PD module (PD_CMPO)

PD module (PD_CMP1)
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J
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DMA channel 3
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Source address register
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A-D1 conversion completed
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DMA channel 4 e
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Timer (TOMO4_udf) Interrupt
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!
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DMA start

Judgment block Internal bus arbitration
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Figure 9.1.1 DMA Block Diagram (1/2)
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DMAC

9.2 DMAC Related Registers

9.2 DMAC Related Reqisters

A memory map of DMA related registers is shown below.

Address

H'0080 0400

H'0080 0408

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

DO

+0 address
D7

+1 address
D8

D15

DMAO-4 Interrupt Request Status
Register (DM04ITST)

DMAO-4 Interrupt Mask Register
(DMO04ITMK)

~

DMAS5-9 Interrupt Request Status
Register (DM59ITST)

DMAB5-9 Interrupt Mask Register
(DM59ITMK)

~

DMAO Channel Control Register
(DMOCNT)

DMAO Transfer Count Register
(DMOTCT)

DMAO Source Address Register (DMOSA)

DMAO Destination Add

ress Register (DMODA)

DMAO Request Extended Cause
Register (DMOREQ)

DMAS Channel Control Register
(DM5CNT)

DMAGS Transfer Count Register
(DM5TCT)

DMADS Source Address Register (DM5SA)

DMAS5 Destination Address Register (DM5DA)

DMAS Request Extended Cause
Register (DM5REQ)

DMA1 Channel Control Register
(DM1CNT)

DMAL Transfer Count Register
(DM1TCT)

DMA1 Source Addre

ss Register (DM1SA)

DMAL1 Destination Add

ress Register (DM1DA)

DMA1 Request Extended Cause
Register (DOM1REQ)

DMAG Channel Control Register
(DMBCNT)

DMAG Transfer Count Register
(DM6TCT)

DMAG6 Source Addre:

ss Register (DM6SA)

DMAG6 Destination Add

ress Register (DM6DA)

DMAG Request Extended Cause
Register (DM6REQ)

DMAZ2 Channel Control Register
(DM2CNT)

DMAZ2 Transfer Count Register
(DM2TCT)

DMA2 Source Address Register (DM2SA)

DMA2 Destination Address Register (DM2DA)

DMAZ2 Request Extended Cause

Register (DM2REQ)
DMA7 Channel Control Register DMAT7 Transfer Count Register
(DM7CNT) (DM7TCT)

DMA7 Source Address Register (DM7SA)

DMA7 Destination Address Register (DM7DA)

DMA7 Request Extended Cause
Register (DM7REQ)

Blank areas are reserved for future use.

Note: The registers enclosed in the thick frames can only be accessed in halfwords.

Figure 9.2.1 DMA Related Register Map (1/2)
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9.2 DMAC Related Registers

Address

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

H'0080 0462

H’0080 0464

H’0080 0466

H’'0080 0468

H'0080 0470

H’'0080 0472

H’0080 0474

H’0080 0476

H’'0080 0478

+0 address
DO D7

+1 address

D8 D15

DMA3 Channel Control Register
(DM3CNT)

DMA3 Transfer Count Register
(DM3TCT)

DMAS3 Source Addre

ss Register (DM3SA)

DMAS3 Destination Address Register (DM3DA)

DMA3 Request Extended Cause
Register (DM3REQ)

DMA8 Channel Control Register
(DM8CNT)

DMAS Transfer Count Register
(DM8TCT)

DMAS8 Source Addre

ss Register (DM8SA)

DMAS8 Destination Address Register (DM8DA)

DMAS8 Request Extended Cause
Register (DMBREQ)

DMA4 Channel Control Register
(DM4CNT)

DMA4 Transfer Count Register
(DM4TCT)

DMA4 Source Addre

ss Register (DM4SA)

DMA4 Destination Address Register (DM4DA)

DMA4 Request Extended Cause
Register (DM4REQ)

DMA9 Channel Control Register
(DMICNT)

DMA®9 Transfer Count Register
(DMITCT)

DMAO9 Source Addre

ss Register (DM9SA)

DMAO9 Destination Address Register (DM9DA)

DMA9 Request Extended Cause
Register (DMI9REQ)

DMAO Software Request

Generation Register (DMOSRI)

DMA1 Software Request

Generation Register (DM1SRI)

DMAZ2 Software Request

Generation Register (DM2SRI)

DMA3 Software Request

Generation Register (DM3SRI)

DMA4 Software Request

Generation Register (DM4SRI)

(

) )

DMAGS Software Request

Generation Register (DM5SRI)

DMAG6 Software Request

Generation Register (DM6SRI)

DMA7Y Software Request

Generation Register (DM7SRI)

DMAB8 Software Request

Generation Register (DM8SRI)

DMA9 Software Request

Generation Register (DM9SRI)

Blank areas are reserved for future use.

Note: The registers enclosed in the thick frames can only be accessed in halfwords.

Figure 9.2.2 DMA Related Register Map (2/2)
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9.2 DMAC Related Registers

9.2.1 DMA Channel Control Registers

m DMAO Channel Control Register (DMOCNT)

<Address: H'0080 0410>

DO 1 2 3 4 5 6 D7
MDSELO | TREQFO REQSLO TENLO | TSZSLO | SADSLO | DADSLO
|
<When reset: H'00>
D Bit Name Function R W
MDSELO 0: Normal mode o O
(Selects DMAO transfer mode) 1: Ring buffer mode
1 TREQFO 0: Not requested o a
(DMAO transfer request flag) 1: Requested
2,3 REQSLO 00: Software start or one DMA2
(Selects cause of DMAO request) transfer completed O O
01: A-DO conversion completed
10: Timer (TOMOO_udf)
11: Extended request cause (Note)
4 TENLO 0: Disables transfer o O
(DMAO transfer enable) 1: Enables transfer
5 TSZSLO 0: 16 bits o O
(Selects DMAO transfer size) 1: 8 bits
6 SADSLO 0: Fixed O O
(Selects DMAO source address direction) 1: Increment
7 DADSLO 0: Fixed o O
(Selects DMAO destination 1: Increment

address direction)

W=A: Only writing 0 is effective. Writing 1 has no effect, the bit retains the value it had before writing.

Note: When "Extended request cause" is selected, be sure to set the DMAQO Request Extended Cause
Register (DMOREQ).
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9.2 DMAC Related Registers

m DMA1 Channel Control Register (DM1CNT)

<Address: H'0080 0420>

DO 1 2 4 5 6 D7
MDSEL1 | TREQF1 REQISLl TENL1 | TSZSL1 | SADSL1 | DADSL1
<When reset: H'00>

D Bit Name Function R w

0 MDSEL1 0: Normal mode o O
(Selects DMAL1 transfer mode) 1: Ring buffer mode

1 TREQF1 0: Not requested O 2
(DMAL transfer request flag) 1: Requested

2,3 REQSL1 00: Software start
(Selects cause of DMAL request) 01: Extended request cause (Note) O O
10: Timer (TOMO1_udf)
11: One DMAO transfer completed

4 TENL1 0: Disables transfer o O
(DMAL transfer enable) 1: Enables transfer

5 TSzsL1 0: 16 bits o O
(Selects DMAL transfer size) 1: 8 bits

6 SADSL1 0: Fixed o O
(Selects DMA1 source address direction)  1: Increment

7 DADSL1 0: Fixed o O
(Selects DMAL destination 1: Increment

address direction)

W=A\: Only writing 0 is effective. Writing 1 has no effect, the bit retains the value it had before writing.

Note: When "Extended request cause" is selected, be sure to set the DMA1 Request Extended Cause
Register (DM1REQ).
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m DMA2 Channel Control Register (DM2CNT) <Address: H'0080 0430>
DO 1 2 3 4 5 6 D7
MDSEL2 | TREQF2 REQISLZ TENL2 | TSZSL2 | SADSL2 | DADSL2

<When reset: H'00>
D Bit Name Function R w
0 MDSEL2 0: Normal mode o O
(Selects DMAZ2 transfer mode) 1: Ring buffer mode
1 TREQF2 0: Not requested o a
(DMA2 transfer request flag) 1: Requested
2,3 REQSL2 00: Software start
(Selects cause of DMA2 request) 01: Extended request cause (Note) O O
10: PD module (TINOB input signal)
11: One DMAL1 transfer completed
4 TENL2 0: Disables transfer o O
(DMAZ2 transfer enable) 1: Enables transfer
5 TSZSL2 0: 16 bits o O
(Selects DMA2 transfer size) 1: 8 bits
6 SADSL?2 0: Fixed o O
(Selects DMA2 source address direction)  1: Increment
7 DADSL2 0: Fixed o O
(Selects DMA2 destination 1: Increment

address direction)

W=A: Only writing 0 is effective. Writing 1 has no effect, the bit retains the value it had before writing.

Note: When "Extended request cause" is selected, be sure to set the DMA2 Request Extended Cause

Register (DM2REQ).
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m DMA3 Channel Control Register (DM3CNT)

<Address: H'0080 0440>

DO 1 2 4 5 6 D7
MDSEL3 | TREQF3 REQISL3 TENL3 | TSZSL3 | SADSL3 | DADSL3
<When reset: H'00>

D Bit Name Function R w

0 MDSEL3 0: Normal mode o O
(Selects DMAS3 transfer mode) 1: Ring buffer mode

1 TREQF3 0: Not requested O 2
(DMAS transfer request flag) 1: Requested

2,3 REQSL3 00: Software start
(Selects cause of DMA3 request) 01: Serial I/0-0 (transmit buffer empty) O O
10: Serial 1/0-1 (reception completed)
11: Extended request cause (Note)

4 TENL3 0: Disables transfer o O
(DMAZ3 transfer enable) 1: Enables transfer

5 TSZSL3 0: 16 bits o O
(Selects DMAS transfer size) 1: 8 bhits

6 SADSL3 0: Fixed o O
(Selects DMA3 source address direction)  1: Increment

7 DADSL3 0: Fixed o O
(Selects DMAS3 destination 1: Increment

address direction)

W=A: Only writing 0 is effective. Writing 1 has no effect, the bit retains the value it had before writing.

Note: When "Extended request cause" is selected, be sure to set the DMA3 Request Extended Cause
Register (DM3REQ).
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m DMA4 Channel Control Register (DM4CNT) <Address: H'0080 0450>
DO 1 2 4 5 6 D7
MDSEL4 | TREQF4 REQISL4 TENL4 | TSZSL4 | SADSL4 | DADSL4

<When reset: H'00>
D Bit Name Function R w
0 MDSEL4 0: Normal mode o O
(Selects DMA4 transfer mode) 1: Ring buffer mode
1 TREQF4 0: Not requested o a
(DMA4 transfer request flag) 1: Requested
2,3 REQSL4 00: Software start
(Selects cause of DMA4 request) 01: One DMAB transfer completed O O
10: Serial I1/0-0 (reception completed)
11: Extended request cause (Note)
4 TENL4 0: Disables transfer o O
(DMAA4 transfer enable) 1: Enables transfer
5 TSZSL4 0: 16 bits o O
(Selects DMA4 transfer size) 1: 8 bits
6 SADSL4 0: Fixed o O
(Selects DMA4 source address direction)  1: Increment
7 DADSL4 0: Fixed o O
(Selects DMA4 destination 1: Increment

address direction)

W=A: Only writing 0 is effective. Writing 1 has no effect, the bit retains the value it had before writing.

Note: When "Extended request cause" is selected, be sure to set the DMA4 Request Extended Cause
Register (DM4REQ).
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m DMAS5 Channel Control Register (DM5CNT) <Address: H'0080 0418>
DO 1 2 4 5 6 D7
MDSELS5 | TREQF5 REQISLS TENLS5 | TSZSL5 | SADSL5 | DADSL5

<When reset: H'00>
D Bit Name Function R w
0 MDSEL5 0: Normal mode o O
(Selects DMAS transfer mode) 1: Ring buffer mode
1 TREQF5 0: Not requested O 2
(DMAS transfer request flag) 1: Requested
2,3 REQSL5 00: Software start or one DMA7
(Selects cause of DMAS request) transfer completed O O
01: All DMAO transfers completed
10: Serial 1/0-2 (reception completed)
11: Extended request cause (Note)
4 TENL5 0: Disables transfer o O
(DMAS transfer enable) 1: Enables transfer
5 TSZSL5 0: 16 bits o O
(Selects DMAS transfer size) 1: 8 bits
6 SADSL5 0: Fixed o O
(Selects DMAS source address direction)  1: Increment
7 DADSL5 0: Fixed o O
(Selects DMAS destination 1: Increment

address direction)

W=A\: Only writing 0 is effective. Writing 1 has no effect, the bit retains the value it had before writing.

Note: When "Extended request cause" is selected, be sure to set the DMA5 Request Extended Cause
Register (DM5REQ).
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m DMAG6 Channel Control Register (DM6CNT)

<Address: H'0080 0428>

DO 1 2 3 4 5 6 D7
MDSEL6 | TREQF6 REQISL6 TENL6 | TSZSL6 | SADSL6 | DADSL6
<When reset: H'00>

D Bit Name Function R w

0 MDSEL6 0: Normal mode o O
(Selects DMAG transfer mode) 1: Ring buffer mode

1 TREQF6 0: Not requested o a
(DMAG transfer request flag) 1: Requested

2,3 REQSL6 00: Software start
(Selects cause of DMAG request) 01: Serial I/O-1 (transmit buffer empty) O O
10: Extended request cause (Note)
11: One DMAS transfer completed

4 TENL6 0: Disables transfer o O
(DMAG transfer enable) 1: Enables transfer

5 TSZSL6 0: 16 bits o O
(Selects DMAG transfer size) 1: 8 bits

6 SADSL6 0: Fixed o O
(Selects DMAG source address direction)  1: Increment

7 DADSL6 0: Fixed o O
(Selects DMAG destination 1: Increment

address direction)

W=A: Only writing 0 is effective. Writing 1 has no effect, the bit retains the value it had before writing.

Note: When "Extended request cause" is selected, be sure to set the DMA6 Request Extended Cause

Register (DM6REQ).
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m DMA7 Channel Control Register (DM7CNT)

<Address: H'0080 0438>

DO 1 2 3 4 5 6 D7
MDSEL7 | TREQF7 REQISLY TENL7 | TSZSL7 | SADSL7 | DADSL7
<When reset: H'00>

D Bit Name Function R w

0 MDSEL7 0: Normal mode o O
(Selects DMAY transfer mode) 1: Ring buffer mode

1 TREQF7 0: Not requested O 2
(DMAY transfer request flag) 1: Requested

2,3 REQSL7 00: Software start
(Selects cause of DMA7 request) 01: Serial I/0-2 (transmit buffer empty) O O
10: Extended request cause (Note)
11: One DMAG transfer completed

4 TENL7 0: Disables transfer o O
(DMATY transfer enable) 1: Enables transfer

5 TSZSL7 0: 16 bits o O
(Selects DMAY transfer size) 1: 8 bhits

6 SADSL7 0: Fixed o O
(Selects DMA7 source address direction)  1: Increment

7 DADSL7 0: Fixed o O
(Selects DMA?7 destination 1: Increment

address direction)

W=A: Only writing 0 is effective. Writing 1 has no effect, the bit retains the value it had before writing.

Note: When "Extended request cause" is selected, be sure to set the DMA7 Request Extended Cause

Register (DM7REQ).
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m DMAS8 Channel Control Register (DM8CNT) <Address: H'0080 0448>
DO 1 2 4 5 6 D7
MDSELS8 | TREQF8 REQISL8 TENL8 | TSZSL8 | SADSL8 | DADSLS8

<When reset: H'00>
D Bit Name Function R w
0 MDSEL8 0: Normal mode o O
(Selects DMAS transfer mode) 1: Ring buffer mode
1 TREQF8 0: Not requested o a
(DMAS transfer request flag) 1: Requested
2,3 REQSLS8 00: Software start
(Selects cause of DMAS request) 01: All DMAS transfers completed O O
10: Serial I1/0-3 (reception completed)
11: Extended request cause (Note)
4 TENLS 0: Disables transfer o O
(DMAS8 transfer enable) 1: Enables transfer
5 TSZSL8 0: 16 bits o O
(Selects DMAS transfer size) 1: 8 bits
6 SADSLS8 0: Fixed o O
(Selects DMAB8 source address direction)  1: Increment
7 DADSL8 0: Fixed o O
(Selects DMAS8 destination 1: Increment

address direction)

W=A: Only writing 0 is effective. Writing 1 has no effect, the bit retains the value it had before writing.

Note: When "Extended request cause" is selected, be sure to set the DMA8 Request Extended Cause
Register (DM8REQ).
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m DMA9 Channel Control Register (DM9CNT)

<Address: H'0080 0458>

DO 1 2 4 5 6 D7
MDSEL9 | TREQF9 REQISL9 TENL9 | TSZSL9 | SADSL9 | DADSL9
<When reset: H'00>

D Bit Name Function R w

0 MDSEL9 0: Normal mode o O
(Selects DMA9 transfer mode) 1: Ring buffer mode

1 TREQF9 0: Not requested O 2
(DMAQ transfer request flag) 1: Requested

2,3 REQSL9 00: Software start
(Selects cause of DMA9 request) 01: Serial I/0-3 (transmit buffer empty) O O
10: Extended request cause (Note)
11: One DMAS8 transfer completed

4 TENL9 0: Disables transfer o O
(DMAG9 transfer enable) 1: Enables transfer

5 TSZSL9 0: 16 bits o O
(Selects DMAJ transfer size) 1: 8 bhits

6 SADSL9 0: Fixed o O
(Selects DMA9 source address direction)  1: Increment

7 DADSL9 0: Fixed o O
(Selects DMA9 destination 1: Increment

address direction)

W=A: Only writing 0 is effective. Writing 1 has no effect, the bit retains the value it had before writing.

Note: When "Extended request cause" is selected, be sure to set the DMA9 Request Extended Cause
Register (DM9REQ).
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The DMA Channel Control Register consists of a bit to select DMA transfer mode for each channel,
set DMA transfer request flag, and the bits to select the cause of DMA request, enable a DMA
transfer, set the transfer size, and source/destination address directions.

(1) MDSELNn (DMAnN transfer mode select) bit (DO)

This bit when in single transfer mode selects normal or ring buffer mode. Setting this bit to 0
selects normal mode, and setting this bit to 1 selects ring buffer mode.

In ring buffer mode, operation starts from the transfer start address and when transferred 32
times, returns to the transfer start address again, from which transfer operation restarts. In this
case, the transfer count register operates in free-running mode, so that transfer operation is
continued until the transfer enable bit is set to O (to disable transfer). No DMA transfer-finished
interrupts are generated.

(2) TREQFn (DMAnN transfer request flag) bit (D1)

This flag is set to 1 when a DAM transfer request occurs. Reading this flag helps to know whether
there is a DMA transfer request on any channel.

The DMA transfer request is cleared by writing 0 to this bit. Writing 1 has no effect, the bit retains
the value it had before writing.

Even when a new DMA transfer request occurs for a channel whose DMA transfer request flag is
already set to 1, the next DMA transfer request is not accepted until after a transfer on the
channel is completed.

(3) REQSLn (cause of DMAN request select) bits (D2, D3)
These bits select the cause of DMA request on each DMA channel.

Note: If "Extended request cause” is selected for the cause of DMA request, always be sure to
set the DMA Request Extended Cause Register to select a DMA request extended
cause.

(4) TENLn (DMAnN transfer enable) bit (D4)

Setting this bit to 1 enables transfer, making a DMA transfer ready to run. Setting this bit to 0
disables transfer. However, if a transfer request has already been accepted, transfer is not
disabled until after the requested transfer is completed.

(5) TSZSLn (DMAnN transfer size select) bit (D5)
This bit selects the number of data bits to be transferred in one DMA transfer operation (unit of
one transfer). The unit of one transfer is 16 bits when this bit = 0, or 8 bits when this bit = 1.

(6) SADSLn (DMAnN source address direction select) bit (D6)
This bit selects the direction in which the source address changes from two modes available:
address fixed or address increment.

(7) DADSLn (DMAN destination address direction select) bit (D7)

This bit selects the direction in which the destination address changes from two modes available:
address fixed or address increment.
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9.2 DMAC Related Registers

9.2.2 DMA Request Extended Cause Register

m DMAO Request Extended Cause Register (DMOREQ) <Address: H'0080 0416>
DO 1 2 3 4 5 6 D7
REQESELO
| l l | |

<When reset: H'00>

D Bit Name Function R w
0-3 No functions assigned 0 -
4-7 REQESELO 0000: All DMAL1 transfers completed o O

(Selects DMAO request 0001: TIDO_udf,ovf
extended cause) 0010: TID1_udf,ovf

0011: TIN16 input signal

0100: TINOA input signal

0101: Serial 1/0-2 (transmit buffer empty)
0110: Serial 1/0O-7 (transmit buffer empty)
0111: No selection

1xxx: No selection

DMOREQ <H'0080 0416>

REQESELO
All DMAL transfers DMOCNT  <H'0080 0410>
completed———— REQSLO
TIDO_udf,ovf ————— Software start .
TID1_udf,ovf One DMA2 tran.sfer completed:D DMAO
A-D conversion completed
TIN16 TOMOO_udf———| S
TINOA ——
SIO2-TXD —— S
SIO7-TXD

Figure 9.2.3 Block Diagram of the DMAO Request Extended Cause
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m DMA1 Request Extended Cause Register (DM1REQ) <Address: H'0080 0426>
DO 1 2 3 4 5 6 D7
REQESEL1
| | | | |

<When reset: H'00>

D Bit Name

Funct

ion R W

0-3 No functions assigned

0 —

4-7 REQESEL1
(Selects DMAL request

extended cause)

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
101x:
11xx:

All DMAL transfers completed O O
TIDO_udf,ovf

TID1_udf,ovf

TIN16 input signal

TIN17 input signal

TOMO2_udf

Serial 1/0-4 (reception completed)
One DMAG9 transfer completed
PD_CMPO

PD_CMP1

No selection

No selection

All DMAL1 transfers
completed

TIDO_udf,ovf
TID1_udf,ovf
TIN16
TIN17
TOMO2_udf
SI0O4_ RXD ———| S
completed
PD_CMPO
PD_CMP1

DM1REQ <H'0080
REQESEL1

REQSL1
Software start
One DMAQO transfer completed DMAL
TOMO1_udf————| S

0426>

DM1CNT <H’0080 0420>

One DMAQ transfer

Figure 9.2.4 Block Diagram of the DMA1 Request Extended Cause
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m DMA2 Request Extended Cause Register (DM2REQ) <Address: H'0080 0436>
DO 1 2 3 4 5 6 D7
REQESEL2
| | | | |

<When reset: H'00>

D Bit Name Function R w
0-3 No functions assigned 0 -
4-7 REQESEL2 0000: All DMAL1 transfers completed o O

(Selects DMA2 request 0001: TIDO_udf,ovf
extended cause) 0010: TID1_udf,ovf

0011: TIN16 input signal

0100: TIN18 input signal

0101: TOMO7_udf

0110: Serial 1/0-5 (reception completed)
0111: One DMAOJ transfer completed
1000: PD_CMPO

1001: PD_CMP1

101x: No selection

11xx: No selection

DM2REQ <H’0080 0436>
REQESEL2

All DMAL1 transfers
completed ——— DM2CNT <H’0080 0430>
TIDO_udfovf | REQSL2

TID1_udf,ovf

Software start — |
TIN16 One DMAL transfer DMA2
TIN18 | completed — |

S g
TOMO7_udf TINCB

SIO5_ RXD — | s
One DMAZ9 transfer
completed —— |

PD_CMPO
PD_CMP1

Figure 9.2.5 Block Diagram of the DMA2 Request Extended Cause
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m DMA3 Request Extended Cause Register (DM3REQ) <Address: H'0080 0446>
DO 1 2 3 4 5 6 D7
REQESEL3
| | | |

<When reset: H'00>

D Bit Name Function R w
0-3 No functions assigned 0 -
4-7 REQESEL3 0000: All DMAL transfers completed o O

(Selects DMAS3 request 0001: TIDO_udf,ovf
extended cause) 0010: TID1_udf,ovf
0011: TIN16 input signal
0100: TIN19 input signal
0101: TOMO3_udf
0110: A-D1 conversion completed

0111:
1000:
1001:
101x:
11xx:

One DMAG9 transfer completed
PD_CMPO

PD_CMP1

No selection

No selection

DM3REQ
REQESEL3

All DMAL transfers
completed

TIDO_udf,ovf
TID1_udf,ovf
TIN16

TIN19
TOMO3_udf

A-D1 conversion completed

One DMAO9 transfer
completed

PD_CMPO
PD_CMP1

<H'0080 0446>

REQSL3
Software start
SIO0-TXD DMA3
SIO1-RXD ——| S

DM3CNT <H’0080 0440>

b

Figure 9.2.6 Block Diagram of the DMA3 Request Extended Cause
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m DMA4 Request Extended Cause Register (DM4REQ) <Address: H'0080 0456>
DO 1 2 3 4 5 6 D7
REQESEL4
| | | | |

<When reset: H'00>

D Bit Name Function R w
0-3 No functions assigned 0 -
4-7 REQESEL4 0000: All DMAL1 transfers completed O O

(Selects DMA4 request 0001: TIDO_udf,ovf
extended cause) 0010: TID1_udf,ovf

0011: TIN16 input signal

0100: TIN23 input signal

0101: TOMO4_udf

0110: Serial 1/0-3 (transmit buffer empty)
0111: One DMAOQ transfer completed
1000: PD_CMPO

1001: PD_CMP

101x: No selection

11xx: No selection

DM4REQ <H'0080 0456>
REQESEL4

All DMAL1 transfers
completed —— DM4CNT <H’0080 0450>
TIDO_udfovf | REQSL4

TID1_udf,ovf

Software start
TIN16 | One DMAS3 transfer DMA4
TIN23 ____ completed

XD ———| S
TOMO4._udf SI00-RXD

SI03-TXD
One DMAZ9 transfer
completed

PD_CMPO
PD_CMP1

iy

Figure 9.2.7 Block Diagram of the DMA4 Request Extended Cause
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m DMAS Request Extended Cause Register (DM5REQ) <Address: H'0080 041E>
DO 1 2 3 4 5 6 D7
REQESEL5
| | | | |

<When reset: H'00>

D Bit Name Function R w
0-3 No functions assigned 0 -
4-7 REQESELS5 0000: All DMAL1 transfers completed O O

(Selects DMAS request 0001: TIDO_udf,ovf
extended cause) 0010: TID1_udf,ovf

0011: TIN16 input signal

0100: TIN1A input signal

0101: TOM16_udf

0110: Serial 1/0-4 (transmit buffer empty)
0111: One DMAJ9 transfer completed
1000: PD_CMPO

1001: PD_CMP1

101x: No selection

11xx: No selection

DM5REQ <H'0080 041E>
REQESEL5

All DMAL transfers
completed ———— DM5CNT <H’0080 0418>
TIDO_udfovf — | REQSL5

TID1_udf,ovf Software start
TIN16 | One DMAY transfer completed:D_

TIN1A All DMAQO transfer completed
TOM16_udf SIO2-RXD———| S

SIO4-TXD — |
One DMAO9 transfers S

completed

DMAS

PD_CMPO
PD_CMP1

Figure 9.2.8 Block Diagram of the DMA5 Request Extended Cause
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m DMAG6 Request Extended Cause Register (DM6REQ) <Address: H'0080 042E>
DO 1 2 3 4 5 6 D7
REQESEL6
| | | | |

<When reset: H'00>

D Bit Name Function R w
0-3 No functions assigned 0 -
4-7 REQESEL6 0000: All DMAL1 transfers completed O O

(Selects DMAG request 0001: TIDO_udf,ovf
extended cause) 0010: TID1_udf,ovf

0011: TIN16 input signal

0100: TIN20 input signal

0101: TOMO5_udf

0110: Serial 1/0-6 (reception completed)
0111: One DMAJ transfer completed
1000: PD_CMPO

1001: PD_CMP1

101x: No selection

11xx: No selection

DM6REQ <H'0080 042E>
REQESEL6

All DMA1 transfer
completed — | DM6CNT <H'0080 0428>
TIDO_udfovf | REQSL6

TID1_udf,ovf
TIN16 | Software start

TIN20 One DMAG transfer completed
TOMO5_udf SI01-TXD ———| S

SIO6-RXD — |
One DMAQ transfer S

completed

DMAG

PD_CMPO
PD_CMP1

Figure 9.2.9 Block Diagram of the DMA6 Request Extended Cause

9-24 Rev.1.0



DMAC
9.2 DMAC Related Registers

m DMA7 Request Extended Cause Register (DM7REQ) <Address: H'0080 043E>
DO 1 2 3 4 5 6 D7
REQESEL7
| | | | |

<When reset: H'00>

D Bit Name

Function R W

0-3 No functions assigned

0 —

4-7 REQESEL7
(Selects DMAY request

extended cause)

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
101x:
11xx:

All DMAL transfers completed o O
TIDO_udf,ovf

TID1_udf,ovf

TIN16 input signal

TIN1B input signal

TOMO6_udf

Serial I/0-5 (transmit buffer empty)
One DMAG9 transfer completed
PD_CMPO

PD_CMP1

No selection

No selection

All DMAL transfer
completed

TIDO_udf,ovf
TID1_udf,ovf
TIN16
TIN1B
TOMO6_udf

SIO5-TXD — |
One DMAQ9 transfer S

PD_CMPO
PD_CMP1

DM7REQ <H'0080
REQESEL7

REQSL7
Software start DMA7
One DMAG transfer completed
SI02-TXD ———| S

043E>

DM7CNT <H’'0080 0438>

completed

Figure 9.2.10 Block Diagram of the DMA7 Request Extended Cause
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m DMAS8 Request Extended Cause Register (DM8REQ) <Address: H'0080 044E>
DO 1 2 3 4 5 6 D7
REQESEL8
| | | | |

<When reset: H'00>

D Bit Name Function R w
0-3 No functions assigned 0 -
4-7 REQESELS8 0000: All DMAL1 transfers completed O O

(Selects DMAS8 request 0001: TIDO_udf,ovf
extended cause) 0010: TID1_udf,ovf

0011: TIN16 input signal

0100: TIN21 input signal

0101: TOM17_udf

0110: Serial 1/0-6 (transmit buffer empty)
0111: One DMAOQ transfer completed
1000: PD_CMPO

1001: PD_CMP1

101x: No selection

11xx: No selection

DMSBREQ <H'0080 044E>
REQESELS8

All DMA1 transfer

completed — DM8CNT  <H'0080 0448>
TIDO_udf,ovf | REQSLS

TID1_udf,ovf |

TIN16 | Software start DMAS

TIN21 All DMA3 transfer completed

TOM17_udf SIO3-RXD ————| S

SIO6-TXD — | s
One DMAZQ transfer

completed

PD_CMPO
PD_CMP1

Figure 9.2.11 Block Diagram of the DMA8 Request Extended Cause

9-26 Rev.1.0



DMAC
9.2 DMAC Related Registers

m DMA9 Request Extended Cause Register (DM9REQ) <Address: H'0080 045E>
DO 1 2 3 4 5 6 D7
REQESEL9
| | | | |

<When reset: H'00>

D Bit Name

Funct

ion R W

0-3 No functions assigned

0 —

4-7 REQESEL9
(Selects DMA9 request

extended cause)

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
101x:
11xx:

All DMAL transfers completed o O
TIDO_udf,ovf

TID1_udf,ovf

TIN16 input signal

TIN22 input signal

TOM10_udf

Serial I/0-7 (reception completed)
One DMAG9 transfer completed
PD_CMPO

PD_CMP1

No selection

No selection

All DMAL1 transfer
completed

TIDO_udf,ovf
TID1_udf,ovf
TIN16

TIN22
TOM10_udf

SIO7-RXD — | s
One DMAG9 transfer

PD_CMPO
PD_CMP1

DM9REQ <H'0080
REQESEL9

REQSL9
Software start DMAS
One DMAS transfer completed
SIO3-TXD ———| S

045E>

DMOCNT <H’'0080 0458>

completed

Figure 9.2.12 Block Diagram of the DMA9 Request Extended Cause
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9.2 DMAC Related Registers

The DMA Request Extended Source Register is used to select a DMA transfer request extended
source when "Extended request source" has been selected with the DMA Channel Control

Register's cause of DMA request select (REQSLN) bits.

(1) REQESELN (DMAnN request extended source select) bits (D4-D7)

These bits select a DMA transfer request extended source for each DMA channel.

Note: The DMA transfer request extended source selected with the REQESELn (DMAnN
request extended source select) bits is effective only when "Extended request source”
has been selected with the DMA Channel Control Register's cause of DMA request

select (REQSLn) bits.

DMNREQ

DMnCNT

DMAnN

DMAnN request

DMAnN

extended source requestsource | 3

Figure 9.2.13 Block Diagram of the DMAn Request Extended Source
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9.2 DMAC Related Registers

9.2.3 DMA Software Request Generation Registers

m DMAO Software Request Generation Registers (DMOSRI)
m DMAL1 Software Request Generation Registers (DM1SRI)
m DMA2 Software Request Generation Registers (DM2SRI)
m DMAS3 Software Request Generation Registers (DM3SRI)
m DMA4 Software Request Generation Registers (DM4SRI)
m DMAS Software Request Generation Registers (DM5SRI)
m DMAG Software Request Generation Registers (DM6SRI)
m DMA7Y Software Request Generation Registers (DM7SRI)
m DMAS Software Request Generation Registers (DM8SRI)
m DMAY9 Software Request Generation Registers (DM9SRI)

<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:

H'0080 0460>
H'0080 0462>
H'0080 0464>
H'0080 0466>
H'0080 0468>
H'0080 0470>
H'0080 0472>
H'0080 0474>
H'0080 0476>
H'0080 0478>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15
DMOSRI-DM9SRI
| | | |
<When reset: indeterminate>
D Bit Name Function R W
0-15 DMOSRI-DM9SRI A DMA transfer request is generated ? O

(Generates DMA software request)

by writing any data to this register.

Note: This register can be accessed in either bytes or halfwords.

The DMA Software Request Generation Register is used to generate a DMA transfer request in
software. A DMA transfer request is generated by writing any data to this register while "Software

start” has been selected for the DMA request source.

DMOSRI-DM9SRI (DMA software request generation) bits

A software DMA transfer request is generated by writing any data-halfword (16 bits) or a byte (8
bits) starting from an even or odd address-to this register while "Software start" has been
selected for the cause of DMA source (by setting the DMA Channel Control Register D2, D3 bits

t0 '007).
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9.2 DMAC Related Registers

9.2.4 DMA Source Address Registers

m DMAO Source Address Registers (DM0OSA) <Address: H'0080 0412>
m DMA1 Source Address Registers (DM1SA) <Address: H'0080 0422>
m DMA2 Source Address Registers (DM2SA) <Address: H'0080 0432>
m DMA3 Source Address Registers (DM3SA) <Address: H'0080 0442>
m DMA4 Source Address Registers (DM4SA) <Address: H'0080 0452>
m DMAS5 Source Address Registers (DM5SA) <Address: H'0080 041A>
m DMAG Source Address Registers (DM6SA) <Address: H'0080 042A>
m DMAY Source Address Registers (DM7SA) <Address: H'0080 043A>
m DMAS8 Source Address Registers (DM8SA) <Address: H'0080 044A>
m DMA9 Source Address Registers (DM9SA) <Address: H'0080 045A>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

DMOSA-DM9SA
| | |

<When reset: indeterminate>

D Bit Name Function R W
0-15 DMOSA-DM9SA Source address A16-A31 O O
(DMA source address) (A0-A15 are fixed to H'0080)

Note: This register must always be accessed in halfwords.

In the DMA Source Address Register, set the source address of DMA transfer in such a way that DO
is for A16, and D15 is for A31. Because this register is comprised of a current register, its read value
is always the current value.

When a DMA transfer is finished (at which the transfer count register underflows), the source
address remains unchanged or changes depending on the selected transfer address direction. If
"Address fixed" is selected, the source address remains the same as the set value before the DMA
transfer started; if "Address increment" is selected, the source address is the last transfer address
+ 1 (for 8-bit transfer) or the last transfer address + 2 (for 16-bit transfer).

The DMA Source Address Register must always be accessed in halfwords (16 bits) beginning with
an even address. If this register is accessed in bytes, its value becomes indeterminate.

DMOSA-DM9SA (source address A16-A31)

Set this register to specify the source address of DMA transfer in the internal /O or RAM space
from address H'0080 0000 to H'0080 FFFF.

The 16 high-order bits of the source address (A0 - A15) are always fixed to H'0080. Use this
register to set the 16 low-order bits of the source address. (DO corresponds to the source address
A16, and D15 corresponds to the source address A31.)
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9.2 DMAC Related Registers

9.2.5 DMA Destination Address Registers

m DMAO Destination Address Registers (DMODA) <Address: H'0080 0414>
m DMAL1 Destination Address Registers (DM1DA) <Address: H'0080 0424>
m DMA2 Destination Address Registers (DM2DA) <Address: H'0080 0434>
m DMAS3 Destination Address Registers (DM3DA) <Address: H'0080 0444>
m DMA4 Destination Address Registers (DM4DA) <Address: H'0080 0454>
m DMADS Destination Address Registers (DM5DA) <Address: H'0080 041C>
m DMAG Destination Address Registers (DM6DA) <Address: H'0080 042C>
m DMAY Destination Address Registers (DM7DA) <Address: H'0080 043C>
m DMAS Destination Address Registers (DM8DA) <Address: H'0080 044C>
m DMAJ9 Destination Address Registers (DM9DA) <Address: H'0080 045C>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

DMODA-DM9DA
|

<When reset: indeterminate>

D Bit Name Function R W
0-15 DMODA-DM9DA Destination address A16-A31 o O
(DMA destination address) (A0-A15 are fixed to H'0080)

Note: This register must always be accessed in halfwords.

In the DMA Destination Address Register, set the destination address of DMA transfer in such a
way that DO is for A16, and D15 is for A31. Because access to this register is comprised of a current
register, its read value is always the current value.

When a DMA transfer is finished (at which the transfer count register underflows), the destination
address remains unchanged or changes depending on the selected transfer address direction. If
"Address fixed" is selected, the destination address remains the same as the set value before the
DMA transfer started; if "Address increment" is selected, the destination address is the last transfer
address + 1 (for 8-bit transfer) or the last transfer address + 2 (for 16-bit transfer).

The DMA Destination Address Register must always be accessed in halfwords (16 bits) beginning
with an even address. If this register is accessed in bytes, its value becomes indeterminate.

DMODA-DM9DA (destination address A16-A31)

Set this register to specify the destination address of DMA transfer in the internal I/O or RAM
space from address H'0080 0000 to H'0080 FFFF.

The 16 high-order bits of the destination address (AO - A15) are always fixed to H'0080. Use this
register to set the 16 low-order bits of the destination address. (DO corresponds to the destination
address A16, and D15 corresponds to the destination address A31.)
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9.2 DMAC Related Registers

9.2.6 DMA Transfer Count Registers

m DMADO Transfer Count Registers (DMOTCT) <Address: H'0080 0411>
m DMA1 Transfer Count Registers (DM1TCT) <Address: H'0080 0421>
m DMA2 Transfer Count Registers (DM2TCT) <Address: H'0080 0431>
m DMA3 Transfer Count Registers (DM3TCT) <Address: H'0080 0441>
m DMA4 Transfer Count Registers (DM4TCT) <Address: H'0080 0451>
m DMADS Transfer Count Registers (DM5TCT) <Address: H'0080 0419>
m DMAG Transfer Count Registers (DM6TCT) <Address: H'0080 0429>
m DMAY Transfer Count Registers (DM7TCT) <Address: H'0080 0439>
m DMAS Transfer Count Registers (DM8TCT) <Address: H'0080 0449>
m DMA9 Transfer Count Registers (DM9TCT) <Address: H'0080 0459>

DO 1 2 3 4 5 6 7 8 9 10 11 12 13 14 D15

DMOTCT-DMOTCT
\ \ \ \

<When reset: indeterminate>

D Bit Name Function R W
8-15 DMOTCT-DM9OTCT Number of times a DMA transfer is performed =~ O O
(DMA transfer count) (Ignored during 32-channel ring buffer mode)

The DMA Transfer Count Register is used to set the number of times data is transferred in each
channel. However, the value in this register is ignored during ring buffer mode.

The transfer count is the (value set in the transfer count register + 1). Because the DMA Transfer
Count Register is comprised of a current register, the value you get by reading this register is
always the current value. (However, if you read this register in a cycle immediately after a transfer,
the value you get is the value that was in the count register before the transfer began.) When
transfer finishes, this count register underflows, so that the read value you get is H'FF.

If any cascaded channel exists, each time one DMA transfer (byte or halfword) is completed, or
when all transfers are completed (at which the transfer count register underflows), transfer in the
cascaded channel starts.
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9.2 DMAC Related Registers

9.2.7 DMA Interrupt Request Status Registers

m DMAO-4 Interrupt Request Status Register (DMO4ITST)

<Address: H'0080 0400>

DO 1 2 3 4 5 6 D7
DMITST4 | DMITST3 | DMITST2 |[ DMITST1 | DMITSTO
| |
<When reset: H'00>
D Bit Name Function R W
0-2 No functions assigned 0 -
3 DMITST4 0: No interrupt requested O VAN

(DMAA4 interrupt request status)

4 DMITST3

(DMAZ3 interrupt request status)

5 DMITST2

(DMAZ interrupt request status)

6 DMITST1

(DMAL1 interrupt request status)

7 DMITSTO

(DMAQO interrupt request status)

1: Interrupt requested

W=A: Only writing 0 is effective. Writing 1 has no effect, the bit retains the value it had before writing.

The DMAO-4 Interrupt Request Status Register helps to know the status of interrupt requests on
DMA channels 0-4. If the DMAn interrupt request status bit (n = 0-4) is set to 1, it means that the

channel has a DMA interrupt request generated.

DMITSTn (DMAn interrupt request status) bit (n = 0-4)

The DMAn interrupt request status bit is set in hardware, and cannot be set in software.
The DMAn interrupt request status bit is cleared by writing 0 in software.

Note: The DMAnN interrupt request status bit is not cleared by writing O to the DMA Interrupt
Control Register "interrupt request bit" of the Interrupt Controller.

When writing to the DMAO-4 Interrupt Request Status Register, be sure to write 0 for the bits to be
cleared and 1 for all other bits. Writing 1 in software does not affect any bit of this register, the bit

retains the value it had before writing.
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m DMADB5-9 Interrupt Request Status Register (DM59ITST) <Address: H'0080 0408>

DO 1 2 3 4 5 6 D7

| | DMITST9 | DMITST8 | DMITST7 | DMITST6 | DMITSTS

<When reset: H'00>

D Bit Name Function R w

0-2 No functions assigned 0 -

3 DMITST9 0: No interrupt requested O 2
(DMAZ9 interrupt request status) 1: Interrupt requested

4 DMITST8

(DMAS interrupt request status)

5 DMITST7

(DMAY interrupt request status)

6 DMITST6

(DMAG interrupt request status)

7 DMITST5

(DMAS interrupt request status)

W=A: Only writing 0 is effective. Writing 1 has no effect, the bit retains the value it had before writing.

The DMAS5-9 Interrupt Request Status Register helps to know the status of interrupt requests on
DMA channels 5-9. If the DMAnN interrupt request status bit (n = 5-9) is set to 1, it means that the
channel has a DMA interrupt request generated.

DMITSTn (DMAn interrupt request status) bit (n = 5-9)

The DMAnN interrupt request status bit is set in hardware, and cannot be set in software.
The DMAnN interrupt request status bit is cleared by writing 0 in software.

Note: The DMAnN interrupt request status bit is not cleared by writing 0 to the DMA Interrupt
Control Register "interrupt request bit" of the Interrupt Controller.

When writing to the DMAS5-9 Interrupt Request Status Register, be sure to write O for the bits to be
cleared and 1 for all other bits. Writing 1 in software does not affect any bit of this register, the bit
retains the value it had before writing.
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9.2 DMAC Related Registers

9.2.8 DMA Interrupt Mask Registers

m DMAO-4 Interrupt Mask Register (DM04ITMK)

<Address: H'0080 0401>

D8 9 10 11 12 13 14 D15
| | DMITMK4|DMITMK3|DMITMK2 |DMITMK1 |DMITMKO
<When reset: H'00>
D Bit Name Function R W
8-10 No functions assigned 0 -
11 DMITMK4 0: Enables interrupt request O O
(DMAA4 interrupt request mask) 1: Masks (disables) interrupt request
12 DMITMK3
(DMAZ3 interrupt request mask)
13 DMITMK2
(DMAZ interrupt request mask)
14 DMITMK1
(DMAL1 interrupt request mask)
15 DMITMKO

(DMAQO interrupt request mask)

The DMAO-4 Interrupt Mask Register masks interrupt requests on DMA channels 0-4.

DMITMKn (DMAn interrupt request mask) bits (n = 0-4)

Setting the DMAn interrupt request mask bit to 1 masks a DMAn interrupt request. However,
whenever an interrupt request occurs, the DMAn interrupt request status bit is set to 1 no matter
how this register is set.
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m DMADS5-9 Interrupt Mask Register (DM59ITMK) <Address: H'0080 0409>

D8 9 10 11 12 13 14 D15

| DMITMK9 | DMITMK8|DMITMK?7 [DMITMK6 | DMITMK5

<When reset: H'00>

D Bit Name Function R w
8-10 No functions assigned 0 -
11 DMITMK9 0: Enables interrupt request O O
(DMAZ9 interrupt request mask) 1: Masks (disables) interrupt request
12 DMITMKS8

(DMAB8 interrupt request mask)

13 DMITMK?

(DMAY interrupt request mask)

14 DMITMKG6

(DMAG interrupt request mask)

15 DMITMKS

(DMAS interrupt request mask)

The DMAB5-9 Interrupt Mask Register masks interrupt requests on DMA channels 5-9.

DMITMKn (DMAn interrupt request mask) bits (n = 5-9)

Setting the DMAnN interrupt request mask bit to 1 masks a DMAn interrupt request. However,
whenever an interrupt request occurs, the DMAn interrupt request status bit is set to 1 no matter
how this register is set.
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Data bus

DMO4ITST <H'0080 0400>
DMO4ITMK <H'0080 0401>

1

DMAAUDF —
DMITST4
b3 FIF
L
4
bil FIF
L
DMA3UDF
DMITST3
bt [ Erl
L
DMITMK3
b12 FIF
L
DMA2UDF
DMITST?2
b5 FIF
L]
b13 FIF ’
DMALUDF
DMITST1
b6 FIF
L
DMITMK1
bl4 FIF
L
DMAOQUDF ﬁ
DMITSTO
b7 FIF
L
DMITMKO
b15 FIF
L

5-source inputs

(Level)

DMA transfer
interrupt O

Figure 9.2.14 Block Diagram of DMA Transfer Interrupt O
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9.2 DMAC Related Registers

Data bus

DM59ITST <H'0080 0408>
DM59ITMK <H’0080 0409>

L

DMAYUDF —
DMITSTY
b3 FIF
DMITMK9
b1 FIF
DMASUDF
DMITST8
b4 " FE|
DMITMKS
12 [ pF
DMATUDF -
DMITST?
b5 FIF
DMITMK7
b13 FIF
L
DMAGUDF —
DMITST6
o1 FF
DMITMK6
bi4 FIF
DMASUDF —
. 5
FIF
DMITMK5

5-source inputs

(Level)

DMA transfer
interrupt 1

Figure 9.2.15 Block Diagram of DMA Transfer Interrupt 1
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9.3 Functional Description of DMAC

9.3.1 Cause of DMA Request

A DMA transfer can be requested individually for each DMA channel (0-9 channels) from multiple
sources. There are various causes of DMA transfer request, so that a DMA transfer may be started
by an internal peripheral I/O, started in software by a program, or started by completion of one or all
DMA transfers on another channel (cascade mode).

To select a cause of DMA request, use the cause of request select bits for the desired channel
REQSLn (DMAnN Channel Control Register D2, D3 bits) or the extended request cause select bits
REQESELN (DMAnN Request Extended Cause Register D4-D7 bits). The causes of DMA request
on each channel are listed below.

Table 9.3.1 Causes of DMA Request on DMAOQ and the Timing at Which Requests are Generated

REQSLO Causes of DMA Request DMA Request Generation Timing
0 0 Software start or When any data is written to the DMAO Software Request
One DMAZ2 transfer completed Generation Register (software start) or one transfer on
DMAZ2 is completed (cascade mode)
01 A-DO conversion completed When A-DO conversion is completed
1 0 Timer (TOMOO_udf) When TOMOO timer underflows
11 Extended request cause -

Table 9.3.2 DMA Request Extended Causes on DMAO and the Timing at Which Requests are Generated

REQESELO DMA Request Extended Cause

DMA Request Generation Timing

0000 All DMAL1 transfers completed When all transfers on DMA1 are completed (cascade mode)
0001 TIDO_udf,ovf When TIDO timer underflows or overflows
0010 TID1_udf,ovf When TID1 timer underflows or overflows
0011 TIN16 input signal When the timer's TIN16 input signal is generated
0100 TINOA input signal When PD module's TINOA input signal is generated
0101 Serial 1/0-2 When serial 1/0-2 transmit buffer is empty
(transmit buffer empty)
0110 Serial 1/0-7 When serial I/O-7 transmit buffer is empty

(transmit buffer empty)

Note: The DMA request extended causes are effective only when "Extended request cause" is selected with
the DMAO Channel Control Register REQSLO bits.
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Table 9.3.3 Causes of DMA Request on DMA1 and the Timing at Which Requests are Generated

REQSL1 Causes of DMA Request DMA Request Generation Timing

0 O Software start When any data is written to the DMA1 Software Request
Generation Register

0 1 Extended request cause -

1 0 Timer (TOMO1_udf) When TOMOL1 timer underflows

1 1 One DMAO transfer completed When one transfer on DMAOQ is completed (cascade mode)

Table 9.3.4 DMA Request Extended Causes on DMA1 and the Timing at Which Requests are Generated

REQESEL1 DMA Request Extended Cause

DMA Request Generation Timing

0000 All DMAL transfers completed When all transfers on DMA1 are completed (cascade mode)

0001 TIDO_udf,ovf When TIDO timer underflows or overflows

0010 TID1_udf,ovf When TID1 timer underflows or overflows

0011 TIN16 input signal When the timer's TIN16 input signal is generated

0100 TIN17 input signal When the timer's TIN17 input signal is generated

0101 TOMO2_udf When TOMO2 timer underflows

0110 Serial 1/0-4 (reception completed) When serial 1/0-4 reception is completed

0111 One DMAQ9 transfer completed When one transfer on DMA9 is completed (cascade mode)

1000 PD_CMPO When absolute data comparison on PD module channel O
matched

1001 PD_CMP1 When absolute data comparison on PD module channel 1

matched

Note: The DMA request extended causes are effective only when "Extended request cause" is selected with
the DMA1 Channel Control Register REQSL1 bits.
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Table 9.3.5 Causes of DMA Request on DMA2 and the Timing at Which Requests are Generated

REQSL2 Causes of DMA Request DMA Request Generation Timing

0 0 Software start When any data is written to the DMA2 Software Request

Generation Register

01 Extended request cause -
1 0 PD module (TINOB input signal) When PD module's TINOB input signal is generated
11 One DMAL1 transfer completed When one transfer on DMAL is completed (cascade mode)

Table 9.3.6 DMA Request Extended Causes on DMA2 and the Timing at Which Requests are Generated

REQESEL2 DMA Request Extended Cause DMA Request Generation Timing

0000 All DMAL1 transfers completed When all transfers on DMA1 are completed (cascade mode)

0001 TIDO_udf,ovf When TIDO timer underflows or overflows

0010 TID1_udf,ovf When TID1 timer underflows or overflows

0011 TIN16 input signal When the timer's TIN16 input signal is generated

0100 TIN18 input signal When the timer's TIN18 input signal is generated

0101 TOMO7_udf When TOMO7 timer underflows

0110 Serial I/0-5 (reception completed) When serial I/O-5 reception is completed

0111 One DMAO9 transfer completed When one transfer on DMA9 is completed (cascade mode)

1000 PD_CMPO When absolute data comparison on PD module channel 0
matched

1001 PD_CMP1 When absolute data comparison on PD module channel 1
matched

Note: The DMA request extended causes are effective only when "Extended request cause" is selected with
the DMA2 Channel Control Register REQSL2 bits.
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Table 9.3.7 Causes of DMA Request on DMA3 and the Timing at Which Requests are Generated

REQSL3 Causes of DMA Request DMA Request Generation Timing
0 O Software start When any data is written to the DMA3 Software Request
Generation Register
0 1 Serial 1/0-0 When serial 1/0-0 transmit buffer is empty
(transmit buffer empty)
10 Serial 1/0-1 (reception completed) When serial I/O-1 reception is completed
1 1 Extended request cause -

Table 9.3.8 DMA Request Extended Causes on DMA3 and the Timing at Which Requests are Generated

REQESEL3 DMA Request Extended Cause

DMA Request Generation Timing

0000 All DMAL transfers completed When all transfers on DMA1 are completed (cascade mode)

0001 TIDO_udf,ovf When TIDO timer underflows or overflows

0010 TID1_udf,ovf When TID1 timer underflows or overflows

0011 TIN16 input signal When the timer's TIN16 input signal is generated

0100 TIN19 input signal When the timer's TIN19 input signal is generated

0101 TOMO3_udf When TOMO3 timer underflows

0110 A-D1 conversion completed When A-D1 conversion is completed

0111 One DMAQ9 transfer completed When one transfer on DMA9 is completed (cascade mode)

1000 PD_CMPO When absolute data comparison on PD module channel O
matched

1001 PD_CMP1 When absolute data comparison on PD module channel 1

matched

Note: The DMA request extended causes are effective only when "Extended request cause" is selected with
the DMA3 Channel Control Register REQSL3 bits.
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Table 9.3.9 Causes of DMA Request on DMA4 and the Timing at Which Requests are Generated

REQSL4 Causes of DMA Request DMA Request Generation Timing

0 0 Software start When any data is written to the DMA4 Software Request
Generation Register

0 1 One DMAS3 transfer completed When one transfer on DMA3 is completed (cascade mode)

1 0 Serial 1/0-0 (reception completed) When serial I/0-0 reception is completed

11 Extended request cause -

Table 9.3.10 DMA Request Extended Causes on DMA4 and the Timing at Which Requests are Generated

REQESEL4 DMA Request Extended Cause

DMA Request Generation Timing

0000 All DMAL1 transfers completed When all transfers on DMA1 are completed (cascade mode)
0001 TIDO_udf,ovf When TIDO timer underflows or overflows
0010 TID1_udf,ovf When TID1 timer underflows or overflows
0011 TIN16 input signal When the timer's TIN16 input signal is generated
0100 TIN23 input signal When the timer's TIN23 input signal is generated
0101 TOMO4_udf When TOMO4 timer underflows
0110 Serial I/0-3 When serial 1/0-3 transmit buffer is empty
(transmit buffer empty)

0111 One DMAO9 transfer completed When one transfer on DMAQ is completed (cascade mode)
1000 PD_CMPO When absolute data comparison on PD module channel O
matched
1001 PD_CMP1 When absolute data comparison on PD module channel 1

matched

Note: The DMA request extended causes are effective only when "Extended request cause" is selected with
the DMA4 Channel Control Register REQSL4 bits.
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Table 9.3.11 Causes of DMA Request on DMAS5 and the Timing at Which Requests are Generated

REQSL5 Causes of DMA Request DMA Request Generation Timing
0 O Software start or When any data is written to the DMA5 Software Request
One DMATY transfer completed Generation Register (software start) or one transfer on DMA7
is completed (cascade mode)
0 1 All DMAO transfers completed When all transfers on DMAO are completed (cascade mode)
10 Serial 1/0-2 (reception completed) When serial I/O-2 reception is completed
1 1 Extended request cause -

Table 9.3.12 DMA Request Extended Causes on

DMAO and the Timing at Which Requests are Generated

REQESEL5 DMA Request Extended Cause

DMA Request Generation Timing

0000 All DMAL transfers completed When all transfers on DMA1 are completed (cascade mode)
0001 TIDO_udf,ovf When TIDO timer underflows or overflows
0010 TID1_udf,ovf When TID1 timer underflows or overflows
0011 TIN16 input signal When the timer's TIN16 input signal is generated
0100 TIN1A input signal When PD module's TIN1A input signal is generated
0101 TOM16_udf When TOM16 timer underflows
0110 Serial 1/0-4 When serial I/0-4 transmit buffer is empty
(transmit buffer empty)

0111 One DMAO9 transfer completed When one transfer on DMAS9 is completed (cascade mode)
1000 PD_CMPO When absolute data comparison on PD module channel O
matched
1001 PD_CMP1 When absolute data comparison on PD module channel 1

matched

Note: The DMA request extended causes are effective only when "Extended request cause" is selected with
the DMAS5 Channel Control Register REQSLS5 bits.
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Table 9.3.13 Causes of DMA Request on DMAG6 and the Timing at Which Requests are Generated

REQSL6 Causes of DMA Request DMA Request Generation Timing

0 0 Software start When any data is written to the DMA6 Software Request

Generation Register

0 1 Serial 1/0-1 When serial I/0O-1 transmit buffer is empty

(transmit buffer empty)

10 Extended request cause -

11 One DMAS transfer completed When one transfer on DMAS5 is completed (cascade mode)

Table 9.3.14 DMA Request Extended Causes on DMAG and the Timing at Which Requests are Generated

REQESEL6 DMA Request Extended Cause DMA Request Generation Timing

0000 All DMAL1 transfers completed When all transfers on DMA1 are completed (cascade mode)

0001 TIDO_udf,ovf When TIDO timer underflows or overflows

0010 TID1_udf,ovf When TID1 timer underflows or overflows

0011 TIN16 input signal When the timer's TIN16 input signal is generated

0100 TIN20 input signal When the timer's TIN20 input signal is generated

0101 TOMO5_udf When TOMOS timer underflows

0110 Serial 1/0-6 (reception completed) When serial I/O-6 reception is completed

0111 One DMAO9 transfer completed When one transfer on DMA9 is completed (cascade mode)

1000 PD_CMPO When absolute data comparison on PD module channel 0
matched

1001 PD_CMP1 When absolute data comparison on PD module channel 1
matched

Note: The DMA request extended causes are effective only when "Extended request cause" is selected with
the DMA6 Channel Control Register REQSLS6 bits.
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Table 9.3.15 Causes of DMA Request on DMA7 and the Timing at Which Requests are Generated

REQSL7 Causes of DMA Request DMA Request Generation Timing
0 O Software start When any data is written to the DMA7 Software Request
Generation Register
0 1 Serial 1/0-2 When serial I/0-2 transmit buffer is empty
(transmit buffer empty)
10 Extended request cause -
1 1 One DMAG transfer completed When one transfer on DMAG is completed (cascade mode)

Table 9.3.16 DMA Request Extended Causes on DMA7 and the Timing at Which Requests are Generated

REQESEL7 DMA Request Extended Cause

DMA Request Generation Timing

0000 All DMAL transfers completed When all transfers on DMA1 are completed (cascade mode)
0001 TIDO_udf,ovf When TIDO timer underflows or overflows
0010 TID1_udf,ovf When TID1 timer underflows or overflows
0011 TIN16 input signal When the timer's TIN16 input signal is generated
0100 TIN1B input signal When PD module's TIN1B input signal is generated
0101 TOMO6_udf When TOMO6 timer underflows
0110 Serial 1/0-5 When serial I/0-5 transmit buffer is empty
(transmit buffer empty)

0111 One DMAO9 transfer completed When one transfer on DMAS9 is completed (cascade mode)
1000 PD_CMPO When absolute data comparison on PD module channel O
matched
1001 PD_CMP1 When absolute data comparison on PD module channel 1

matched

Note: The DMA request extended causes are effective only when "Extended request cause" is selected with
the DMA7 Channel Control Register REQSL7 bits.
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Table 9.3.17 Causes of DMA Request on DMA8 and the Timing at Which Requests are Generated

REQSLS8 Causes of DMA Request DMA Request Generation Timing

0 0 Software start When any data is written to the DMA8 Software Request
Generation Register

0 1 All DMAS transfers completed When all transfers on DMA3 are completed (cascade mode)

1 0 Serial 1/0-3 (reception completed) When serial I/0O-3 reception is completed

11 Extended request cause -

Table 9.3.18 DMA Request Extended Causes on DMA8 and the Timing at Which Requests are Generated

REQESEL8 DMA Request Extended Cause

DMA Request Generation Timing

0000 All DMAL1 transfers completed When all transfers on DMA1 are completed (cascade mode)
0001 TIDO_udf,ovf When TIDO timer underflows or overflows
0010 TID1_udf,ovf When TID1 timer underflows or overflows
0011 TIN16 input signal When the timer's TIN16 input signal is generated
0100 TIN21 input signal When the timer's TIN21 input signal is generated
0101 TOM17_udf When TOM17 timer underflows
0110 Serial 1/0-6 When serial 1/0-6 transmit buffer is empty
(transmit buffer empty)

0111 One DMAO9 transfer completed When one transfer on DMA9 is completed (cascade mode)
1000 PD_CMPO When absolute data comparison on PD module channel O
matched
1001 PD_CMP1 When absolute data comparison on PD module channel 1

matched

Note: The DMA request extended causes are effective only when "Extended request cause" is selected with
the DMA8 Channel Control Register REQSLS bits.
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Table 9.3.19 Causes of DMA Request on DMA9 and the Timing at Which Requests are Generated

REQSL9 Causes of DMA Request DMA Request Generation Timing
0 O Software start When any data is written to the DMA9 Software Request
Generation Register
0 1 Serial 1/0-3 When serial I/0-3 transmit buffer is empty
(transmit buffer empty)
10 Extended request cause -
1 1 One DMAS8 transfer completed When one transfer on DMAS8 is completed (cascade mode)

Table 9.3.20 DMA Request Extended Causes on DMA9 and the Timing at Which Requests are Generated

REQESEL9 DMA Request Extended Cause

DMA Request Generation Timing

0000 All DMAL transfers completed When all transfers on DMA1 are completed (cascade mode)

0001 TIDO_udf,ovf When TIDO timer underflows or overflows

0010 TID1_udf,ovf When TID1 timer underflows or overflows

0011 TIN16 input signal When the timer's TIN16 input signal is generated

0100 TIN22 input signal When the timer's TIN22 input signal is generated

0101 TOM10_udf When TOM10 timer underflows

0110 Serial 1/0-7 (reception completed) When serial I/0-7 reception is completed

0111 One DMAQ9 transfer completed When one transfer on DMA9 is completed (cascade mode)

1000 PD_CMPO When absolute data comparison on PD module channel O
matched

1001 PD_CMP1 When absolute data comparison on PD module channel 1

matched

Note: The DMA request extended causes are effective only when "Extended request cause" is selected with
the DMA9 Channel Control Register REQSL9 bits.
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9.3.2 DMA Transfer Processing Procedure

The following explains how DMA transfers are performed by using DAM channel 0 as an example.

Interrupt
controller related
register settings

DMAC related
register settings

DMA transfer
start

DMA transfer
complete

Start DMA transfer
processing

Set Interrupt Controller DMAO-4
Interrupt Control Register

.

Set DMAO Channel Control Register

v

Set DMAO0-4 Interrupt Request Status Register

v

Set DMAO-4 Interrupt Mask Register

v

Set DMAO Source Address Register

v

Set DMAO Destination Address Register

v

Set DMAO Count Register

Set DMAO Channel Control Register

(Set DMAO Request Extended Cause Register) (Note)

N

DMA transfer starts by request from

internal peripheral I/O

v

Transfer Count Register underflows

v

Interrupt request generated

End of DMA operation

Note: If "Extended request cause" is selected with the DMAO Channel Control Register's cause
of DMAO request select (REQSLO) bits, always be sure to set the DMAO Request Ex-
tended Cause Register (DMOREQ).

« Interrupt priority level

« Transfers disabled

« Clear the interrupt request
status bit

« Enable interrupt request

« Source address of
DMA transfer

« Destination address of
DMA transfer

* Number of times a DMA
transfer is performed

« Transfer mode, request cause,
transfer size, address direction,
and transfer enable

Figure 9.3.1 DMA Transfer Processing Procedure (Example)
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9.3.3 Starting DMA

Use the REQSL (cause of DMA request select) bits to select the cause of DMA request. To enable
DMA, set the TENL (DMA transfer enable) bit to 1. A DMA transfer starts when the selected cause
of DMA request becomes effective after setting the TENL (DMA transfer enable) bit to 1.

Note: If the request source specified with the REQSL (DMA request source select) bit is an input/
output timer (TIN input signal), the time required for DMA transfer to start after detecting
the rising or falling edge or both edges of the TIN input signal is three cycles at the least
(150 ns when operating with the internal peripheral clock = 20 MHz). Or, depending on the
bus usage condition before or after the DMA transfer, up to six cycles may be required
(300 ns when operating with the internal peripheral clock = 20 MHz). (The above required
time for DMA transfer to start after detecting the TIN input signal is calculated assuming
that the external bus is unused, and that HOLD and the LOCK instruction are not used.)
To ensure that changes of state of the TIN input signal will be detected correctly, make
sure the TIN input signal has a pulse width of at least 7tc(BCLK)/2. (For details, see
Section 23.6, "AC Characteristics.")

9.3.4 Priority of DMA Channels

DMA channel 0 has the highest priority, which is followed by other channels as shown below. The
channel priority is fixed.

Channel 0 > channel 1 > channel 2 > channel 3 > channel 4 > channel 5 >
channel 6 > channel 7 > channel 8 > channel 9 >

Transfer requests on channels are sampled every transfer cycle (= three DMA bus cycles), and the
channel that has the highest priority among those which have transfer requests generated is
selected.

9-50 Rev.1.0



9 DMAC
9.3 Functional Description of DMAC

9.3.5 Gaining and Releasing Control of the Internal Bus

Gaining and releasing control of the internal bus is arbitrated by a single-transfer method DMA on
all channels. With the single-transfer method DMA, the DMA controller gains control of the internal
bus when a DMA transfer request is accepted and returns bus control to the CPU after executing
one session of DMA transfer (one read cycle + one write cycle of the internal peripheral clock). The
diagram below shows the behavior of the single-transfer method DMA.

Internal bus Request Granted Request Granted Request Granted
arbitration l l l
(Request from : ‘ ;

the DMAC)

‘ A A A
Internal Relinquished Relinquished Relinquished
\/ i \/ i \/ i
oAC ———{ R JW (R W) (R W)

[ [ [

One session of One session of One session of

DMA transfer DMA transfer R: Read DMA transfer

W: Write

Figure 9.3.2 Gaining and Releasing Control of the Internal Bus

9.3.6 Transfer Unit

The number of data bits transferred in one DMA transfer (8 or 16 bits), referred to as the transfer
unit, is selected for each channel with the TSZSL (DMA transfer size select) bit.

9.3.7 Transfer Count

The transfer count, or the number of times a DMA transfer is performed, is set for each channel by
using the DMA Transfer Count Register.

DMA transfer can be performed up to 256 times. The value of the transfer count register is
decremented by one for each transfer unit transferred.

In ring buffer mode, the DMA Transfer Count Register operates in free-running mode, with its set
value ignored.
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9.3.8 Address Space

The address space in which DMA transfers can be performed is 64 Kbytes (H'0080 0000 to H'0080
FFFF) of internal peripheral 1/0 or RAM for both source and destination. The source and
destination addresses on each channel are set using the DMA Source Address and DMA
Destination Address Registers.

9.3.9 Transfer Operation

(1) Dual-address transfer

Regardless of the transfer unit, a DMA transfer is performed with two bus cycles consisting of a
source read access and a destination write access. (The transfer data is temporarily stored in the
DMAC's internal temporary register before being transferred.)

(2) Bus protocol and bus timing

The bus interface is shared with the CPU. Therefore, the bus protocol and bus timing both are the
same as in peripheral module access from the CPU.

(3) Transfer rate

The maximum transfer rate is calculated using the equation below.
1

1/f(BCLK) x 3 cycles

Maximum transfer rate [bytes/second] = 2 bytes x

(4) Address count direction and address change

The directions in which the source and destination addresses are counted (address fixed or
address increment) are set for each channel by using the SADSL (source address direction
select) bit and DADSL (designation address direction select) bit.

When "Address increment” is selected, the address is incremented by 2 when the transfer
unit = 16 bits or by 1 when the transfer unit = 8 bits each time one DMA transfer is performed.

Table 9.3.11 Address Count Direction and Address Change

Address count direction Transfer unit Address change for one DMA transfer performed
Address fixed 8 bits 0

16 bits 0
Address increment 8 bits +1

16 bits +2
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(5) Transfer count value

The transfer count value is decremented by one for each DMA transfer performed, regardless of
whether the transfer unit is 8 or 16 bits.

(6) Transfer byte position

When the transfer unit = 8 bits, the LSB of the address register is effective for both the source and
destination. (Therefore, even to odd address or odd to even address transfers, as well as even to
even address and odd to odd address transfers, are possible.)

When the transfer unit = 16 bits, the LSB of the address register (address register D15 bit) is
ignored, and the two bytes of data transferred are always aligned with the 16-bit bus.

The diagram below shows the valid transfer byte positions.

<When transfer size = 8 bits> <When transfer size = 16 bits>
+0 +1 +0 +1
DO D7 D8 D15 DO D7 D8 D15
T
Source 8 bits 8 bits 16 bits
|
T
Destination 8 bits 8 bits 16 bits
|

Figure 9.3.3 Transfer Byte Positions
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(7) Ring buffer mode

When ring buffer mode is selected, operation starts from the transfer start address and when
transferred 32 times, returns to the transfer start address again, from which transfer operation
restarts. However, the 5 low-order bits of the ring buffer start address must always be B'00000.
The following describes how the addresses are incremented in ring buffer mode.

0 When the transfer size is 8 bits

The 27 high-order bits of the transfer start address are fixed, with the 5 low-order bits
incremented by one for each transfer performed. When the 5 low-order bits reach
B'11111 after performing transfers beginning with the start address, the bits are reset to
B'00000 by the next increment action, thus returning to the start address.

[ When the transfer size is 16 bits

The 26 high-order bits of the transfer start address are fixed, with the 6 low-order bits
incremented by two for each transfer performed. When the 6 low-order bits reach
B'111110 after performing transfers beginning with the start address, the bits are reset to
B'000000 by the next increment action, thus returning to the start address.

It is the source address if the source has been set to increment or the destination address if the
destination has been set to increment that returns to the start address in this way.

If the source and destination addresses both have been set to increment, both addresses return
to the start address. However, the start addresses on either side must always have the 5 low-
order bits initially set to B'00000.

During ring buffer mode, the transfer counter register is ignored. After DMA operation starts, the
counter operates in free-running mode, with transfers continued until the transfer enable bit is
cleared to O (to disable transfers).

<When the transfer size = 8 bits> <When the transfer size = 16 bits>
Transfer count Transfer address Transfer count Transfer address
1 H'0080 1000 1 H'0080 1000
2 H'0080 1001 2 H'0080 1002
3 H'0080 1002 3 H'0080 1004
| | | |
31 H'0080 101E 31 H'0080 103C
32 H'0080 101F 32 H'0080 103E
! ! 1 !
1 H'0080 1000 1 H'0080 1000
2 H'0080 1001 2 H'0080 1002
| | | |

Figure 9.3.4 Typical Address Increment Action in 32-channel Ring Buffer Mode
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9.3.10 End of DMA and Interrupt

In normal mode, a DMA transfer ends when the transfer count register underflows after reaching
the terminal count. When a transfer ends, the transfer enable bit is cleared to O to disable transfers.
Also an interrupt request is generated at completion of a transfer. For channels where interrupt
requests are masked with the DMA Interrupt Mask Register, no interrupts are generated, however.

During ring buffer mode, the transfer counter operates in free-running mode, so that a transfer
continues until the transfer enable bit is cleared to O (to disable transfers). Therefore, no DMA
transfer-finished interrupt requests are generated. Nor are DMA transfer-finished interrupt requests
are generated when ring buffer mode transfer is terminated by clearing the transfer enable bit.

9.3.11 Register Status after End of DMA Transfer

When a DMA transfer ends, the Source Address and Destination Address Registers are in the
following state.

(1) When address fixed
* The address remains fixed, i.e., the same as the set value before the DMA transfer
started
(2) When address incremented

» For 8-bit transfers, the last transfer address + 1
» For 16-bit transfers, the last transfer address + 2

When a DMA transfer has finished, the transfer count register is in an underflow condition (H'FF).
Therefore, to reexecute a DMA transfer, set the transfer count register back again, unless you are
performing transfers 256 times (H'FF).
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9.4 Precautions on Using DMAC

* About writing to the DMA related registers

In DMA transfers, data are exchanged via the internal bus. Therefore, make sure the DMA related
registers basically are written to immediately after reset or when transfers are disabled (transfer
enable bit = 0). When transfers are enabled, do not write to the DMA related registers, except for
the DMA transfer enable bit, transfer request flag, and the DMA transfer count register that is
protected against write in hardware. This is necessary to ensure stable operation of DMA transfers.

The table below shows whether DMA related registers can be accessed for write.

Table 9.4.1 DMA Related Registers That Can Be and Cannot Be Accessed for Write

State Transfer enable bit Transfer request flag Other DMA related registers
Transfers enabled O O 0
Transfers disabled O O O

(O: Can be accessed; 5: Cannot be accessed

Even for a few exceptional registers that can be accessed for write while transfers are enabled,
make sure the following conditions are met.

[l DMA Channel Control Register's transfer enable bit and transfer request flag

For all other bits of the channel control register, write the same data as they had before
writing. Note that for the transfer request flag, only writing 0 is effective.

[0 DMA Transfer Count Register

When transfers are enabled, this register is protected against write in hardware.
Therefore, the data written to this register is ignored.

[] Rewriting the source and destination addresses of DMA on other channels by a DMA
transfer
Although this means accessing the DMA related registers while transfers are enabled, it

may not cause any problem. However, a DMA transfer to any DMA related registers on
the current channel cannot be performed.
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» Operating on DMA related registers by a DMA transfer

When operating on DMA related registers using a DMA transfer (e.g., reloading the DMA related
registers with their initial values by a DMA transfer), do not write to any DMA related registers on the
local channel, i.e., the channel on which the DMA transfer is being performed. If this precaution is
neglected, device operation cannot be guaranteed.

Rewriting the DMA related registers by a DMA transfer is possible on only other channels. For
example, the DMAn Source Address and DMAnN Destination Address Registers on channel 1 can
be rewritten by a DMA transfer through channel 0.

* About the DMA Interrupt Request Status Register

When writing to the DMA Interrupt Request Status Register to clear some bits, be sure to write 1 to
all bits other than those to be cleared. Any bit of this register is unaffected by writing 1, the bit
retains the value it had before writing.

» About the stable operation of DMA transfers

To ensure stable operation of DMA transfers, do not rewrite the DMA related registers unless
transfers are disabled, except for the DMA Channel Control Register's transfer enable bit. It is only
the DMA Source Address and Destination Address Registers that can be rewritten when transfers
are enabled, provided, however, that the rewriting is performed by a DMA transfer through another
channel.
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10.1 Outline of the Input/Qutput Timers

The 32172/32173 has four types of input/output timers, providing a total of 26 channels of timers.

Table 10.1.1 Outline of Timers

Name Type No. of Channels Content
T™MS Input related 4 16-bit input measurement timer.
(Timer 16-bit timers With new/old captured data hold function
Measure (up-counters)
Small)
TML Input related 4 32-bit input measurement timer.
(Timer 32-bit timers With new/old captured data hold function
Measure (up-counters)
Large)
TID Input related 2 Four modes are available that can be selected in software.
(Timer 16-bit timers * Fixed period mode
Input (up/down-counters) « Event count mode
Derivation) « Multiply-by-4 event count mode
« Up/down event count mode
TOM Output related 16 Four output modes are available that can be selected in software.
(Timer 16-bit timers <Without correction function>
Output (down-counters) *« PWM output mode
Modification) « Single-shot PWM output mode

« Single-shot output mode

« Successive output mode
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Table 10.1.2 Interrupt Generating Functions of Timers

Signal Name Timer Interrupt Request Source Input to Interrupt Controller (ICU) ICU Cause Input
IRQ30 PWMOFFO, PWMOFF1 inputs PWM off input interrupt 2
IRQ28 TINS, TIN9 inputs Timer input interrupt 5 2
IRQ27 TIN10, TIN11 inputs Timer input interrupt 4 2
IRQ25 TIN20, TIN21 inputs Timer input interrupt 3 3
IRQ24 TIN22, TIN23 inputs Timer input interrupt 2 3
IRQ23 TIN16, TIN17 inputs Timer input interrupt 1 3
IRQ22 TIN18, TIN19 inputs Timer input interrupt O 3
IRQ21 TOMO_O - TOMO_7 outputs TOMO output interrupt 8
IRQ20 TOM1_0 - TOM1_7 outputs TOM1 output interrupt 8
IRQ19 TMSO outputs TMSO output interrupt 1
IRQ18 TIDO outputs TIDO output interrupt 1
IRQ17 TID1 outputs TID1 output interrupt 1

Table 10.1.3 DMA Transfer Request Generating Functions of Timers

Signal Name DMA Transfer Request Source DMA Input Channel
DRQO TIDO underflow/overflow Channel 0 to channel 9
DRQ1 TID1 underflow/overflow Channel 0 to channel 9
DRQ2 TOMO_O underflow Channel 0

DRQ3 TOMO_1 underflow Channel 1

DRQ4 TOMO_2 underflow Channel 1

DRQ5 TOMO_3 underflow Channel 3

DRQ6 TOMO_4 underflow Channel 4

DRQ7 TOMO_5 underflow Channel 6

DRQ8 TOMO_6 underflow Channel 7

DRQ9 TOMO_7 underflow Channel 2

DRQ10 TOM1_0 underflow Channel 9

DRQ11 TOML1_6 underflow Channel 5

DRQ12 TOM1_7 underflow Channel 8

DRQ13 TIN16 input Channel 0 to channel 9
DRQ14 TIN17 input Channel 1

DRQ15 TIN18 input Channel 2

DRQ16 TIN19 input Channel 3

DRQ17 TIN20 input Channel 6

DRQ18 TIN21 input Channel 8

DRQ19 TIN22 input Channel 9

DRQ20 TIN23 input Channel 4

10-3 Rev.1.0



10

INPUT/OUTPUT TIMERS
10.1 Outline of the Input/Output Timers

Table 10.1.4 A-D Conversion Start Request Functions of Timers

Signal Name A-D Conversion Start Request Source A-D Converter

ADOTRG TIN16 input, TOMO_6 underflow, Can be input for A-DO conversion start trigger
or TOMO enable event

AD1TRG TIN16 input, TOMO_6 underflow, Can be input for A-D1 conversion start trigger

or TOM1_6 underflow
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IRQ30
PWM Output Disable
TINL6/PWMOFFO PWMOFFOS |-4— Control Rggistero ]
IRQ21
_{clk EN  TOMOO udeF/Fo 3ﬁ—o T00
d DRQ2
IRQ21
>—¢clk ey TOMo_1 udf = ;D—o o1
T DRQ3
IRQ21 3
»—'clk EN TOMO_2 udf FIF2 TO2
T DRQ4
IRQ21 3
’—¢clk EN TOMO_3 udf FIF3 TO3
1/2 Internal T DRQ5
Peripheral PRS2 IRQ21
Clock »—‘clk N TOMO 4 udf EIE4 3‘0—0 TO4
T DRQ6
IRQ21
'—¢clk EN TOMO_5 udf FIF5S TO5
T DRQ7
| IRQ21
— =y
’—‘clk EN  TOMO_6 udf—¢ FIF6 O TO6
: DRQ8 To A-DO, 1Converter
IRQ21 or PD Module
>—¢clk EN TOMO_7 udf} { FIF7 O TO7
T DRQ9
IRQ28
TIDO ovf] .
TIN8S —{clk CLK1 CLK2 adt] IRQ18
TIN O ] ] DRQO
TIN9 O
IRQ28 [sH
TINGS
IRQ22 0 D S
Q T » To A-DO Converter
TIN18 TIN18S ] ‘
IRQ30
TINL7/PWMOFFL PRMOEEIS]— Emo?gfg““s zfib'e’—
IRQ20 3
—‘Clk EN TOM1_0 udf F/F8
T DRQ10
IRQ20
ok gy TOMIL udt s 3‘0—0
T IRQ20 3
>—'clk EN TOM1_2 udf F/F10 TO10
! IRQ22 3
clk TOM1_3 udf F/F11 TO11
1/2 Internal »_4 E,N — -
Peripheral PRS3 IRQ20 3
Clock »—Jclk EN  TOM1 4 udf FIF12 TO12
! IRQ20
»—Jclk EN  TOM1_5 udf FIF13 O TO13
i IRQ20
’—‘clk EN TOM1_6 udf} $ [ FIF14 O TO14
DRQ11 To A-D1 Converter
IRQ20
>—¢clk EN TOM1_7 udf} { F/F15 O TO15
IRQ27 T DRQ12
TIN10S TID1 ovf]
_{C'k CLK1 CLK2 ud | IRQ17
TIN10 O 1 ] » DRQ1
TIN11 O sl
TIN11S RQz7 5]
S
IRQ22
TIN19 TIN19S |4

Figure 10.1.1 Block Diagram of Timers (1/3)
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1/2 Internal
Peripheral PRSO [ clk TMSO ovf > 1ROL9
L] l Q
Clock cap3 cap2 capl cap0
IRQ23
TIN16/PWMOFFQ TINI6ES lg> _ To A-DO, 1 Converter
IRQ23 Ly DRQ13 or PD Module
DTINlBSl =~
IRQ23 |
TIN17/PWMOFF1 TINTTS————¢— o =
IRQ22
TIN18 TIN18S —— s
IRQ22 DRQ15
TINLBST——
IRQ22
TIN1S TINLGSF————¢— o =
1/2 Internal S m =0
Peripheral PRS1 ¢
Clock cap3 cap2 capl  cap0
IIREES ‘
TIN20 TIN20S
IRQ25 ' pro17
DTINZOSl =
IRQ25 |
TIN2L TIN2IS}———¢— Srors Sb——-
|TEE4
TIN22 TIN22S
OE Rgze * DRQI9
TiNZ2S1——
IRQ24 \_{_‘
TIN23 TIN23S———¢— e 1S}

Figure 10.1.2 Block Diagram of Timers (2/3)
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TIDO_udf,ovf

TID1_udf,ovf
TIN16 O

TINOAC
SI02-TXD:

SIO7-TXD

TIN17 O 76002 udr

SI04-RXD
PD_CMPO
PD_CMP1

TIN18 O

TOMO7_udf
SI05-RXD

TINI9 O
9O oMoz _udt
AD1 finished

TIN23 O
TOMO4_udf
SIO3-TXD

TINIAO
TOM16_udf
SI04-TXD

TIN20 O
TOMO5_udf
SI06-RXD

TIN1IB O
TOMO6_udf

SIO5-TXD

ADO finished
TOMO0O_udf

TOMO1_udf

SI02-TXD

v

DMAIRQO

v

DMAIRQO

v

DMAIRQO

» DMAIRQO

v

DMAIRQO

» DMAIRQ1

O
TIN2L TOM17_udf

SI06-TXD

TIN22 &

SIO3-TXD

DMA7

udf
end

» DMAIRQ1

TOM10_udf

SIO7-RXD

DMA9

udf
end

v

DMAIRQ1

DMAIRQ1

DMAIRQ1

Figure 10.1.3 Block Diagram of Timers (3/3)
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10.2 Common Timer Unit

The common timer unit includes the following blocks:
* Prescaler unit
* Input processing control unit
* Output flip-flop control unit
* Interrupt control unit

10.2.1 Register Map of the Common Timer Unit

The next page shows a register map of the common timer unit.
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Address +0 address +1 address
D7 D8 D15
N TIN Input Processing Control TIN Input Processing Control
H'0080 0800 Register0 (TINCRO) Registerl (TINCR1)
. TIN Input Processing Control TIN Input Processing Control
H'0080 0802 Register2 (TINCR2) Register3 (TINCR3)
' TIN Input Processing Control TIN Input Processing Control
H'0080 0804 Register4 (TINCR4) Register5 (TINCR5)
' TIN Interrupt Status Register 0 TIN Interrupt Mask Register 0
H'0080 0840 (TINISTO) (TINIMAD)
H'0080 0842 TIN Interrupt Status Register 1 TIN Interrupt Mask Register 1
(TINIST1) (TINIMAL)
' TIN Interrupt Status Register 2 TIN Interrupt Mask Register 2
H'0080 0844 (TINIST2) (TINIMA2)
H'0080 0846 TIN Interrupt Status Register 3 TIN Interrupt Mask Register 3
(TINIST3) (TINIMA3)
' TIN Interrupt Status Register 4 TIN Interrupt Mask Register 4
H'0080 0848 (TINIST4) (TINIMA4)
' TIN Interrupt Status Register 5 TIN Interrupt Mask Register 5
H'0080 084A (TINISTS5) (TINIMA5)
H'0080 0850 TIN Interrupt Status Register 8 TIN Interrupt Mask Register 8
(TINIST8) (TINIMA8)
H'0080 088A Prescaler Register 1 (PRS1)
H'0080 08EA Prescaler Register 0 (PRS0)
\ . TIDO Control & Prescaler 2 Enable
H'0080 0OCDO Prescaler Register 2 (PRS2) Register (TIDOPRS2EN)
, TOMO Interrupt Mask Register TOMO Interrupt Status Register
H0080 0CD2 (TOMOIMA) (TOMOIST)
H'0080 0CD4 F/F Protect Register 0 (FFPO)
H'0080 0CD6 F/F Data Register 0 (FFDO)
, . TID1 Control & Prescaler 3 Enable
H'0080 ODDO Prescaler Register 3 (PRS3) Register (TID1PRS3EN)
, TOML1 Interrupt Mask Register TOML1 Interrupt Status Register
H'0080 0DD2 (TOM1IMA) (TOM1IST)
H'0080 ODD4 F/F Protect Register 1 (FFP1)
H'0080 ODD6 F/F Data Register 1 (FFD1)
f\; /\;
Blank areas are reserved for future use.

Figure 10.2.1 Register Map of the Common Timer Unit
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10.2.2 Prescaler Unit

The prescalers PRS0-3 are 8-bit counter, which generates clocks supplied to each timer (TMS,

TML, TID, and TOM) from the divided-by-2 frequency of the internal peripheral clock (10.0 MHz
when the internal peripherals are operating at 20 MHz).

The value of each prescaler register is initialized to H'00 when reset. When the set value of the
prescaler register is rewritten, the prescaler starts operating with the newly set value synchronously
with the timing at which it underflows.

Values H'00 to H'FF can be set in the prescaler's counter register. The prescaler's divide ratio is
given by the equation below.

1
Prescaler divide ratio =

Prescaler set value + 1

m Prescaler Register 0 (PRSO0) <Address: H'0080 08EB>
m Prescaler Register 1 (PRS1) <Address: H'0080 088B>
m Prescaler Register 2 (PRS2) <Address: H'0080 0CD0O>
m Prescaler Register 3 (PRS3) <Address: H'0080 ODD0O>

DO 1 2 3 4 5 6 D7

(D8 9 10 11 12 13 14 D15)

PRSO0-PRS3
| | | | | | |

<When reset: H'00>

D Bit Name Function R w
0-7 PRS2,3 Sets the prescaler's divide-by value O O
8-15 PRSO,1

Prescaler Registers 0 and 1 start counting after reset.

Prescaler Registers 2 and 3 respectively are activated by setting the TIDO Control & Prescaler 2
Enable Register and TID1 Control & Prescaler 3 Enable Register prescaler n enable (PRSnEN) bits
to 1 (letting count start) and with the prescaler register value reloaded, start counting.

For details, see Section 10.5, "TID (Input Related 16-bit Timer)."
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10.2.3 Input Processing Control Unit

The input processing control unit performs TIN signal input processing.

In its TIN input processing unit, this unit selects the active signal edge (rising or falling edge or both
edges) or the active level (high or low) at which to generate the signal to be fed to each timer for the
enable, measurement, and count source signals.

There are following input processing control registers.

« TIN Input Processing Control Register 0 (TINCRO)
 TIN Input Processing Control Register 1 (TINCR1)
 TIN Input Processing Control Register 2 (TINCR2)
 TIN Input Processing Control Register 3 (TINCR3)
« TIN Input Processing Control Register 4 (TINCR4)
« TIN Input Processing Control Register 5 (TINCR5)
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Functions of TIN Input Processing Control Registers

Iltem Function
Rising edge
TIN 4—‘4—\—
Internal ﬂ ﬂ
edge signal
Falling edge
p— S S
Internal ﬂ ﬂ
edge signal
Both edges
Internal ﬂ ﬁ ﬂ ﬂ
edge signal
Low level

TIN 4‘ ‘—‘ !

Internal —‘—’—I—
level signal

High level
vy N S—

Internal m
level signal ' k '
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= TIN Input Processing Control Register O (TINCRO) <Address: H'0080 0800>

DO 1 2 3 4 5 6 D7

TIN21S TIN20S1 TIN20S
| | |

<When reset: H'00>

D Bit Name Function R W
0,1 No functions assigned 0 -
2,3 TIN21S 00: Ignores input o O

(Selects TIN21 input processing) 01: Rising edge
10: Falling edge

11: Both edges

45 TIN20S1 00: Ignores input o O
(Selects TIN20 input processing 01: Rising edge
for TML measurement 2) 10: Falling edge

11: Both edges

6,7 TIN20S 00: Ignores input o O
(Selects TIN20 input processing) 01: Rising edge
10: Falling edge

11: Both edges

10-13 Rev.1.0



10 INPUT/OUTPUT TIMERS
10.2 Common Timer Unit

m TIN Input Processing Control Register 1 (TINCR1) <Address: H'0080 0801>
D8 9 10 11 12 13 14 D15
TIN23S TIN22S1 TIN22S
| | | |

<When reset: H'00>

D Bit Name Function R W
8,9 No functions assigned 0 -
10,11 TIN23S 00: Ignores input O O

(Selects TIN23 input processing) 01: Rising edge
10: Falling edge

11: Both edges

12,13 TIN22S1 00: Ignores input O O
(Selects TIN22 input processing 01: Rising edge
for TML measurement 0) 10: Falling edge

11: Both edges

14,15 TIN22S 00: Ignores input O O
(Selects TIN22 input processing) 01: Rising edge
10: Falling edge
11: Both edges
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= TIN Input Processing Control Register 2 (TINCR2) <Address: H'0080 0802>

DO 1 2 3 4 5 6 D7

TIN17S TIN16S1 TIN16S
| | |

<When reset: H'00>

D Bit Name Function R W
0,1 No functions assigned 0 -
2,3 TIN17S 00: Ignores input o O

(Selects TIN17 input processing) 01: Rising edge
10: Falling edge

11: Both edges

45 TIN16S1 00: Ignores input o O
(Selects TIN16 input processing 01: Rising edge
for TML measurement 2) 10: Falling edge

11: Both edges

6,7 TIN16S 00: Ignores input o O
(Selects TIN16 input processing) 01: Rising edge
10: Falling edge

11: Both edges
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m TIN Input Processing Control Register 3 (TINCR3) <Address: H'0080 0803>
D8 9 10 11 12 13 14 D15
TIN19S TIN18S1 TIN18S
| | | |

<When reset: H'00>

D Bit Name Function R W
8,9 No functions assigned 0 -
10,11 TIN19S 00: Ignores input O O

(Selects TIN19 input processing) 01: Rising edge
10: Falling edge
11: Both edges

12,13 TIN18S1 00: Ignores input O O
(Selects TIN18 input processing 01: Rising edge
for TML measurement 0) 10: Falling edge

11: Both edges

14,15 TIN18S 00: Ignores input O O
(Selects TIN18 input processing) 01: Rising edge
10: Falling edge
11: Both edges
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= TIN Input Processing Control Register 4 (TINCR4) <Address: H'0080 0804>
DO 1 2 3 4 5 6 D7
TIN17S2P TIN17S2 TIN16S2P TIN16S2
| | | |

<When reset: H'00>

D Bit Name Function R W

TIN17S2P - 0 O
(Controls TIN17S2 write)

1-3 TIN17S2 000: Ignores input o O
(Selects TIN17 "PWMOFF1") 001: Rising edge
010: Falling edge
011: Both edges
10X: Low level

11X: High level
4 TIN16S2P - 0 O
(Controls TIN16S2 write)
5-7 TIN16S2 000: Ignores input o O

(Selects TIN16 "PWMOFF0") 001: Rising edge
010: Falling edge
011: Both edges
10X: Low level
11X: High level

For PWM output to be disabled by selecting output disable processing "PWMOFF0" by TIN16 or output disable
processing "PWMOFF1" by TIN17, the related registers must be set following the procedure described below.

[Setup procedure]

* When selecting output disable processing "PWMOFF1" by TIN17
[] Set the TIN17S2 write control (TIN17S2P) bit to 1.
[ Subsequently after writing in (1) above, set the TIN17S2 write control (TIN17S2P) bit to 0 and
the TIN17 "PWMOFF1" select (TIN17S2) bits to '000,' '001,' '010,' '011," '10X," or '11X.'

Note: If a write cycle for any other area occurs between (1) and (2), the values written to the TIN17
"PWMOFF1" select (TIN17S2) bits have no effect.

* When selecting output disable processing "PWMOFF0" by TIN16
[] Set the TIN16S2 write control (TIN16S2P) bit to 1.
[ Subsequently after writing in (1) above, set the TIN16S2 write control (TIN16S2P) bit to 0 and
the TIN16 "PWMOFF0" select (TIN16S2) bits to '000,' '001,' '010,' '011," '10X," or '11X.'

Note: If a write cycle for any other area occurs between (1) and (2), the values written to the TIN16
"PWMOFF0" select (TIN16S2) bits have no effect.
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@ « Set the TINCR4 Register
TIN17S2P bitto 1

If a write cycle for any other area
----- occurs within this interval, no data
are set in the TIN17S2 bits.

« Set the TINCR4 Register
TIN17S2P bitto O

« Set data in TINCR4 Register
TIN17S2 bits

Note: The data that is set here may be
"000," "001," "010," "011," "10X," or
"11X."

Figure 10.2.2 Procedure for Setting the TINCR4 Register when Output Disable Processing
"PWMOFF1" by TIN17 is Selected

@ « Set the TINCR4 Register
TIN16S2P bitto 1

A

If a write cycle for any other area
""" occurs within this interval, no data
are set in the TIN16S2 bits.

« Set the TINCR4 Register
TIN16S2P bitto 0

« Set data in TINCR4 Register
TIN16S2 bits

Note: The data that is set here may be
"000," "001," "010," "011," "10X," or
"11X."

Figure 10.2.3 Procedure for Setting the TINCR4 Register when Output Disable Processing
"PWMOFF0" by TIN16 is Selected
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= TIN Input Processing Control Register 5 (TINCR5) <Address: H'0080 0805>

D8 9 10 11 12 13 14 D15

TIN11S TIN10S TIN9S TIN8S
| | | |

<When reset: H'00>

D Bit Name Function R W

8,9 TIN11S 00: Ignores input o O
(Selects TIN11 input processing) 01: Rising edge
10: Falling edge

11: Both edges

10,11 TIN10S 00: Ignores input o O
(Selects TIN10 input processing) 01: Rising edge
10: Falling edge

11: Both edges

12,13 TIN9S 00: Ignores input o O
(Selects TIN9 input processing) 01: Rising edge
10: Falling edge

11: Both edges

14,15 TIN8S 00: Ignores input o O
(Selects TIN8 input processing) 01: Rising edge
10: Falling edge

11: Both edges
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10.2.4 Output Flip-flop Control Unit

The output flip-flop control unit controls the flip-flop (F/F) provided for each timer output. There are

following output flip-flop control registers.

 F/F Protect Register 0 (FFPO)
 F/F Protect Register 1 (FFP1)
* F/F Data Register 0 (FFDO)
* F/F Data Register 1 (FFD1)

Table 10.2.1 below lists the timing at which a signal for the output flip-flop is generated by each

timer.

Table 10.2.1 Timing at Which Signal for Output Flip-flop is Generated by Each Timer

Timer Mode Timing at which signal for output flip-flop is generated
TMS (16-bit measurement input) No signal generating function
TML (32-bit measurement input) No signal generating function
TID Fixed period count mode No signal generating function
Event count mode No signal generating function
Multiply-by-4 event count mode No signal generating function
Up/down event count mode No signal generating function
TOM PWM output mode When counter is enabled or underflows

Single-shot PWM output mode
Single-shot output mode

Successive output mode

When counter underflows

When counter is enabled or underflows

When counter is enabled or underflows
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Port Operation Mode Register (PnMOD)

FIF
TOM_udf
F/Fn Output Data
v (FDn)
bn—| FIF 0> [ ]Ton

Output Control (ON/OFF)

WR
F/F Protect (FPn)
Dn

Note: Dn denotes the data bus.

Figure 10.2.4 Configuration of the F/F Output Circuit
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m F/F Protect Register 0 (FFPO)

<Address: H'0080 0CD5>

D8 9 10 11 12 13 14 D15
FPO FP1 FP2 FP3 FP4 FP5 FP6 FP7
<When reset: H'00>

D Bit Name Function R w
8 FPO (F/FO protect) 0: Enables write to F/F output bit O O
9 FP1 (F/F1 protect) 1: Disables write to F/F output bit
10 FP2 (F/F2 protect)
11 FP3 (F/F3 protect)
12 FP4 (F/F4 protect)
13 FP5 (F/F5 protect)
14 FP6 (F/F6 protect)
15 FP7 (F/F7 protect)

m F/F Protect Register 1 (FFP1)

<Address: H'0080 ODD5>

D8 9 10 11 12 13 14 D15
FP8 FP9 FP10 FP11 FP12 FP13 FP14 FP15
<When reset: H'00>

D Bit Name Function R w
8 FP8 (F/F8 protect) 0: Enables write to F/F output bit O O
9 FP9 (F/F9 protect) 1: Disables write to F/F output bit
10 FP10 (F/F10 protect)
11 FP11 (F/F11 protect)
12 FP12 (F/F12 protect)
13 FP13 (F/F13 protect)
14 FP14 (F/F14 protect)
15 FP15 (F/F15 protect)

These registers enable/disable write to the respective output flip-flops (F/Fs). When disabled
against write, writing to the F/F Data Register has no effect.
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m F/F Data Register 0 (FFDO) <Address: H'0080 0OCD7>
D8 9 10 11 12 13 14 D15
FDO FD1 FD2 FD3 FD4 FD5 FD6 FD7

<When reset: H'00>

D Bit Name Function R W

8 FDO (F/FO output data) 0: FIF output data = 0 o O

9 FD1 (F/F1 output data) 1: F/F output data=1

10 FD2 (F/F2 output data)

11 FD3 (F/F3 output data)

12 FD4 (F/F4 output data)

13 FD5 (F/F5 output data)

14 FD6 (F/F6 output data)

15 FD7 (F/F7 output data)

m F/F Data Register 1 (FFD1) <Address: H'0080 ODD7>

D8 9 10 11 12 13 14 D15
FD8 FD9 FD10 FD11 FD12 FD13 FD14 FD15

<When reset: H'00>

D Bit Name Function R W
8 FD8 (F/F8 output data) 0: FIF output data = 0 o O
9 FD9 (F/F9 output data) 1: F/F output data=1

10 FD10 (F/F10 output data)

11 FD11 (F/F11 output data)

12 FD12 (F/F12 output data)

13 FD13 (F/F13 output data)

14 FD14 (F/F14 output data)

15 FD15 (F/F15 output data)

These registers set the output data in the respective output flip-flops (F/Fs). Although the F/F output
normally varies with timer output, any F/F output (0 or 1) can be produced by setting the desired
data in these registers. The F/F Data Registers can only be accessed for setting said data when the
corresponding F/F Protect Registers described in the preceding page are enabled.
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10.2.5 Interrupt Control Unit

The interrupt control unit controls the interrupt signals output to the Interrupt Controller by each
timer. There are following 11 timer interrupt control registers for each timer.

 TIN Interrupt Control Register 0 (TINIRO)
* TIN Interrupt Control Register 1 (TINIR1)
* TIN Interrupt Control Register 2 (TINIR2)
* TIN Interrupt Control Register 3 (TINIR3)
* TIN Interrupt Control Register 4 (TINIR4)
 TIN Interrupt Control Register 5 (TINIR5)
* TIN Interrupt Control Register 8 (TINIR8)
» TOMO Interrupt Mask Register (TOMOIMA)
» TOMO Interrupt Status Register (TOMOIST)
* TOM1 Interrupt Mask Register (TOM1IMA)
* TOM1 Interrupt Status Register (TOM1IST)

For interrupts which have only one interrupt source for one interrupt vector table, no interrupt
control registers are provided within the timer, and the interrupt status flags are automatically
managed within the interrupt controller.

(For details, see Chapter 5, "Interrupt Controller.")

* TMSO TMSO Output Interrupt (IRQ19)
» TIDO TIDO Output Interrupt (IRQ18)
» TID1 TID1 Output Interrupt (IRQ17)
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For interrupts which have two or more interrupt sources for one interrupt vector table, the interrupt
control registers are used to control their interrupt requests and determine interrupt inputs. For this
reason, the status flags in the Interrupt Controller only serve as the bits to determine whether
interrupts are requested from the sources that have been enabled for interrupt and cannot be
accessed for write.

(1) Interrupt request status bit

The status bit is used to determine whether an interrupt is requested. When an interrupt request
occurs, this bit is set in hardware, and cannot be set in software. The status bit is cleared by
writing 0. Writing 1 has no effect, the bit retains its status. Because the status bit is unaffected by
the interrupt mask bit, it can also be used to check operation of the peripheral function. During
interrupt processing, make sure that among the grouped interrupt flags, only the flag which has
had its associated interrupt serviced is cleared.

If any flag for which the interrupt has not been serviced is cleared, unexecuted interrupt requests
are also cleared.

(2) Interrupt mask bit

This flag is used to disable an unnecessary interrupt among the grouped interrupt requests.
Setting this bit to 0 enables the interrupt; setting this bit to 1 disables the interrupt.

@ Group interrupt

Each timer or TIN input
interrupt request

Set

Data=0 y Interrupt status

clear
Data bus »  FIF

FIF : To the Interrupt
Controller

Interrupt enable

Figure 10.2.5 Interrupt Status Register and Mask Register
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Example for clearing interrupt status
Interrupt status flag

b4 5 6 b7

Initial state —» | 5| o | o0 | o

Interrupt

//request
b6 eventoccurs —w | 0 | 0O 1 0

b4 eventoccurs —w | 1 | © 1 0

Write to interrupt status

b4 5 6 b7

1 1 0 1 | 1 0 0 0

T | S Only b6 is cleared

b4 retains data

Figure 10.2.6 Example for Clearing Interrupt Status
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The table below shows the relationship between the interrupt signals generated by the input/output
timers and the inputs to the Interrupt Controller.

Table 10.2.2 Interrupt Signals Generated by Timers

Signal Name Generating Source Interrupt Input Source to ICU (Notel)  Number of Input Sources
IRQ20 TOM1_0-TOM1_7 TOM1 output interrupt 8
IRQ21 TOMO_0 - TOMO_7 TOMO output interrupt 8
IRQ22 TIN18, TIN19 Timer input interrupt O 3
IRQ23 TIN16, TIN17 Timer input interrupt 1 3
IRQ24 TIN22, TIN23 Timer input interrupt 2 3
IRQ25 TIN20, TIN21 Timer input interrupt 3 3
IRQ27 TIN10, TIN11 Timer input interrupt 4 2
IRQ28 TINS, TIN9 Timer input interrupt 5 2
IRQ30 PWMOFFO, PWMOFF1 PWM off input interrupt 2

Note 1: For details, see Chapter 5, "Interrupt Controller (ICU).")

Note 2: TMSO, TIDO, and TID1 have only one interrupt source in the respective interrupt groups.
Therefore, the timer interrupt control registers for these interrupts do not include the status
and mask registers. (These interrupts are controlled directly by the Interrupt Controller.)
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m TIN Interrupt Status Register 0 (TINISTO)

<Address: H'0080 0840>

DO 1 2 3 5 6 D7
| | | | TIN21IS | TIN20IS1 | TIN20IS
<When reset: H'00>
D Bit Name Function R w
0-4 No functions assigned 0 -
5 TIN21IS (TIN21 interrupt status) 0: Interrupt not requested O AN
6 TIN20IS1 1: Interrupt requested

(TML measure 2 input detection interrupt status)

7 TIN20IS (TIN20 interrupt status)

W=A\: Only writing 0 is effective. Writing 1 has no effect, the bit retains the value it had before writing.

m TIN Interrupt Mask Register 0 (TINIMAO)

<Address: H'0080 0841>

D8 9 10 11 12 13 14 D15
TIN21IM [TIN20IM1| TIN20IM
<When reset: H'00>

D Bit Name Function R w
8-12 No functions assigned 0 -

13 TIN21IM (TIN21 interrupt mask) 0: Enables interrupt request O O

14 TIN20IM1 1: Masks (disables) interrupt request

(TML measure 2 input detection interrupt mask)
15 TIN20IM (TIN20 interrupt mask)
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TINISTO <H'0080 0840>
TINIMAO <H'0080 0841>

TIN21edge
Data bus TIN211S 3-source inputs
b5
FIF Timer input interrupt 3
(Level) IRQ25
b13 FIF
L]
TIN20edge
TIN20I1S1
b6 FIF
L
1
b4 FIF
L]
TIN20edge j
b7 FIF
Fdi)i
b15 FIE

L

Figure 10.2.7 Block Diagram of Timer Input Interrupt 3
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m TIN Interrupt Status Register 1 (TINIST1)

<Address: H'0080 0842>

DO 1 2 3 4 5 6 D7
TIN23IS |TIN22IS1 | TIN22IS I I I
<When reset: H'00>

D Bit Name Function R w

0 No functions assigned 0 -

1 TIN23IS (TIN23 interrupt status) 0: Interrupt not requested O AN

2 TIN22IS1 1: Interrupt requested

(TML measure 0 input detection interrupt status)
3 TIN22IS (TIN22 interrupt status)
4-7 No functions assigned 0 -

W=A: Only writing 0 is effective. Writing 1 has no effect, the bit retains the value it had before writing.

m TIN Interrupt Mask Register 1 (TINIMA1)

<Address: H'0080 0843>

D8 9 10 11 12 13 14 D15
TIN23IM [TIN22IM1 | TIN22IM I I
<When reset: H'00>
D Bit Name Function R w
8 No functions assigned 0 -
9 TIN23IM (TIN23 interrupt mask) 0: Enables interrupt request o O
10 TIN22IM1 1: Masks (disables) interrupt request
(TML measure 0 input detection interrupt mask)
11 TIN22IM (TIN22 interrupt mask)
12-15 No functions assigned 0 -
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TINIST1 <H'0080 0842>
TINIMAL <H'0080 0843>

TIN23edge
Data bus TIN23IS 3-source inputs
bl
| FF Timer input interrupt 2
(Level) IRQ24
b9 FIF
L
TIN22edge
TIN22IS1
b2 FIF
L
1
b10 FIF
L]
TIN22edge j
b3 FIF
’—dji
b1l FIF

L

Figure 10.2.8 Block Diagram of Timer Input Interrupt 2
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m TIN Interrupt Status Register 2 (TINIST2)

<Address: H'0080 0844>

DO 1 2 3 4 5 6 D7
| | | | TIN17IS | TIN16IS1 | TIN16IS
<When reset: H'00>

D Bit Name Function R w
0-4 No functions assigned 0 -

5 TIN17IS (TIN17 interrupt status) 0: Interrupt not requested O AN

6 TIN16IS1 1: Interrupt requested

(TMS measure 2 input detection interrupt status)
7 TIN16IS (TIN16 interrupt status)

W=A\: Only writing 0 is effective. Writing 1 has no effect, the bit retains the value it had before writing.

m TIN Interrupt Mask Register 2 (TINIMA2)

<Address: H'0080 0845>

D8 9 10 11 12 13 14 D15
I I I I TIN17IM |[TIN16IM1| TIN16IM
<When reset: H'00>
D Bit Name Function R w
8-12 No functions assigned 0 -
13 TIN17IM (TIN17 interrupt mask) 0: Enables interrupt request O O
14 TIN16IM1 1: Masks (disables) interrupt request
(TMS measure 2 input detection interrupt mask)
15 TIN16IM (TIN16 interrupt mask)
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TINIST2 <H'0080 0844>
TINIMA2 <H'0080 0845>

TIN17edge
Data bus TINI7IS 3-source inputs
b5
| FF Timer input interrupt 1
(Level) IRQ23
S FIF
L
TIN16edge
TIN16IS1
b6 FIF
L
1
b4 FIF
L]
TINlGedge—l
b7 FIF
’—dji
b15 FIF

Figure 10.2.9 Block Diagram of Timer Input Interrupt 1
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m TIN Interrupt Status Register 3 (TINIST3) <Address: H'0080 0846>
DO 1 2 3 4 5 6 D7

TIN19IS |TIN18IS1 | TIN18IS

<When reset: H'00>

D Bit Name Function R w
0 No functions assigned 0 -
1 TIN19IS (TIN19 interrupt status) 0: Interrupt not requested O AN
2 TIN18IS1 1: Interrupt requested

(TMS measure 0 input detection interrupt status)

3 TIN18IS (TIN22 interrupt status)

4-7 No functions assigned 0

W=A: Only writing 0 is effective. Writing 1 has no effect, the bit retains the value it had before writing.

m TIN Interrupt Mask Register 3 (TINIMA3) <Address: H'0080 0847>

D8 9 10 11 12 13 14 D15

TIN19IM [TIN18IM1| TIN18IM

<When reset: H'00>

D Bit Name Function R w
8 No functions assigned 0 -
9 TIN19IM (TIN19 interrupt mask) 0: Enables interrupt request o O
10 TIN18IM1 1: Masks (disables) interrupt request

(TMS measure 0 input detection interrupt mask)

11 TIN18IM (TIN18 interrupt mask)

12-15 No functions assigned 0 -
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Data bus

TINIST3 <H'0080 0846>
TINIMA3 <H'0080 0847>

TIN19edge

TIN19IS
bl

FIF
TIN19I

b9 FIF

TINLOIA
L

TIN18edge

TIN18IS1
b2 [ FF |

L]
TIN18IM1

b10 FIF

ot
L
TIN18edg

TIN18IS

b3 FIF

L]
TINI8IM
b1l FIF

rd}

L

3-source inputs

(Level)

Timer input interrupt O
IRQ22

Figure 10.2.10 Block Diagram of Timer Input Interrupt 0
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m TIN Interrupt Status Register 4 (TINIST4)

<Address: H'0080 0848>

DO 1 2 3 4 5 6 D7
! ! TIN9IS | TIN8IS
<When reset: H'00>
D Bit Name Function R w
0-5 No functions assigned 0 -
6 TINOIS (TIN9 interrupt status) 0: Interrupt not requested O AN
7 TIN8IS (TIN8 interrupt status) 1: Interrupt requested

W=A: Only writing 0 is effective. Writing 1 has no effect, the bit retains the value it had before writing.

m TIN Interrupt Mask Register 4 (TINIMAA4)

<Address: H'0080 0849>

D8 9 10 11 12 13 14 D15
TINOIM | TIN8IM
| | | | |
<When reset: H'00>
D Bit Name Function R W
8-13 No functions assigned 0 -
6 TIN9IM (TIN interrupt mask) 0: Enables interruptrequest O O
7 TIN8IM (TIN8 interrupt mask) 1: Masks (disables) interrupt request
TINIST4 <H'0080 0848>
TINIMA4 <H'0080 0849>
TIN9edge
Data bus TIN9IS 2-source inputs
b6 E/E ) . .
Timer input interrupt 5
(Level) IRQ28
b4 FIF
L
TIN8edge
TIN8IS
b7 | FE |
L
b15 FIF
L

Figure 10.2.11 Block Diagram of Timer Input Interrupt 5
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m TIN Interrupt Status Register 5 (TINIST5) <Address: H'0080 084A>

DO 1 2 3 4 5 6 D7

TIN11IS | TIN1OIS

<When reset: H'00>

D Bit Name Function R w
0,1 No functions assigned 0 -
2 TIN11IS (TIN11 interrupt status) 0: Interrupt not requested O VAN
3 TIN1OIS (TIN2O interrupt status) 1: Interrupt requested
4-7 No functions assigned 0 -

W=A: Only writing 0 is effective. Writing 1 has no effect, the bit retains the value it had before writing.

m TIN Interrupt Mask Register 5 (TINIMAS) <Address: H'0080 084B>

D8 9 10 11 12 13 14 D15

I TIN11IM | TIN1OIM | | |

<When reset: H'00>

D Bit Name Function R w
8,9 No functions assigned 0 -
10 TIN11IM (TIN11 interrupt mask) 0: Enables interrupt request O O
11 TIN1OIM (TIN1O0 interrupt mask) 1: Masks (disables) interrupt request
12-15 No functions assigned 0 -
TINIST5 