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Notice

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

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

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products
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 (i) prevention against any malfunction or mishap.

Notes regarding these materials

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

2. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of
any third-party's rights, originating in the use of any product data, diagrams, charts, pro-
grams, algorithms, or circuit application examples contained in these materials.

3. All information contained in these materials, including product data, diagrams, charts, pro-
grams and algorithms represents information on products at the time of publication of these
materials, and are subject to change by Renesas Technology Corp. without notice due to
product improvements or other reasons. It is therefore recommended that customers con-
tact Renesas Technology Corp. or an authorized Renesas Technology Corp. product dis-
tributor for the latest product information before purchasing a product listed herein.

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

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

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

5. Renesas Technology Corp. 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 Renesas Technology Corp. or an authorized Renesas Technology
Corp. 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.

6. The prior written approval of Renesas Technology Corp. is necessary to reprint or repro-
duce in whole or in part these materials.

7. 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.

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




General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes on the
products covered by this manual, refer to the relevant sections of the manual. If the descriptions under General
Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each other, the description
in the body of the manual takes precedence.

1. Handling of Unused Pins
Handle unused pins in accord with the directions given under Handling of Unused Pins in the manual.
— The input pins of CMOS products are generally in the high-impedance state. In operation with an
unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI, an
associated shoot-through current flows internally, and malfunctions occur due to the false
recognition of the pin state as an input signal become possible. Unused pins should be handled as
described under Handling of Unused Pins in the manual.
2. Processing at Power-on
The state of the product is undefined at the moment when power is supplied.
— The states of internal circuits in the LS| are indeterminate and the states of register settings and pins
are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the states of pins are
not guaranteed from the moment when power is supplied until the reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function
are not guaranteed from the moment when power is supplied until the power reaches the level at
which resetting has been specified.
3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.
— The reserved addresses are provided for the possible future expansion of functions. Do not access
these addresses; the correct operation of LS| is not guaranteed if they are accessed.
4. Clock Signals
After applying a reset, only release the reset line after the operating clock signal has become stable.
When switching the clock signal during program execution, wait until the target clock signal has
stabilized.
— When the clock signal is generated with an external resonator (or from an external oscillator) during
a reset, ensure that the reset line is only released after full stabilization of the clock signal. Moreover,
when switching to a clock signal produced with an external resonator (or by an external oscillator)
while program execution is in progress, wait until the target clock signal is stable.
5. Differences between Products
Before changing from one product to another, i.e. to one with a different type number, confirm that the
change will not lead to problems.
— The characteristics of MPU/MCU in the same group but having different type numbers may differ
because of the differences in internal memory capacity and layout pattern. When changing to
products of different type numbers, implement a system-evaluation test for each of the products.




REVISION HISTORY 32176 Group Hardware Manual

Rev. Date Description
Page Summary
1.01 |Oct 31, 2003 - First edition issued
1.10 |Jun 20, 2006 Add “Before Use The optional Specification for the product of 32176 Group”
Common | Incorrect) A-D Converter Correct) A/D Converter
in all Incorrect) A-D Conversion Correct) A/D Conversion
chapters | Incorrect) D-A Converter Correct) D/A Converter
Incorrect) D-A Conversion Correct) D/A Conversion
Incorrect) Serial I/O Correct) Serial Interface

1-2,4 Remove the Table from 1.1.2 to replace 1.1.1 and add Note 1

1-17 Correct Pin No. 135 and 136 lines in the table 1.4.1

2-4 Add Note 1 to IE bit in the PWS register

3-4 to 3-6 | Combine Figure 3.1.1 to Figure3.1.3 with Figure 3.2.1 to Figure 3.2.3

3-19 Add H'0080 0600 to H'0080 0603 Dummy access area (note 1)

3-31 Add Note 1

3-35 Add descriptions for Dummy access areas

5-6 Correct notes for IMASK register

5-7 Add a note to SBICR register

5-12,14 | Combine Table 5.4.1 with Table 5.5.1

5-15 Add a note to [6] Enabling multiple interrupts

5-17 Correct Note 2 and Note 5 in the Figure 5.5.2

5-18 Add a sentence to 5.6.1

6-7 Add a description to FAENS bit in FMOD register

6-9 Correct descriptions in (1) FENTRY bit

6-13 Add Note 1 to Flash Control Register 4

6-17 Add precautions to be observed after boot mode start

6-19,21 | Add Note 1 to Figure 6.5.2 and Figure 6.5.4

6-26 Add “Procedure for switching to nomal mode” to Figure 6.5.7

6-28 Add Note 2 to Figure 6.5.9

6-30 Add Note 2 to Figure 6.5.10

6-31 Add Note 2 to Flgure 6.5.11

6-48 Correct Table 6.7.1: Incorrect) pull low Correct) pull low (0 —100kQ)

6-49 Add SBI# pin and Note 1 to Figure 6.7.1

6-50,51 | Add pages 6.8 Connecting to a Serial Programmer (UART Mode)

(REVISION HISTORY-1)




REVISION HISTORY 32176 Hardware Manual

Rev. Date Description
Page Summary
1.10 |{Jun 20, 2006 6-52 Add descriptions to (2) Protection by FP pin
6-53 Add 6.10 Notes on the Internal RAM
8-9 Add Note 2 to P70MOD bit in the P7MOD register
8-15 Add precaution to 3) Method for using XSTAT to detect XIN oscillation
stoppage
8-16 Add Note to Figure 8.3.1
8-18,19 | Replace Figure 8.4.1
Correct PG67LEV register
Incorrect) VT26ELO Correct) VT6SELO
Incorrect) VT26EL1 Correct) VT6SEL1
8-20to | Add Note 2 to Port Peripheral Circuit Diagrams
8-23
8-20 Add P130 — P137 (TIN16 — TIN23) to Flgure 8.5.1
8-25 Add “About the peripheral function input when it is set to the general
purpose port”
9-11 Correct descriptions of (2) TREQFn bit and (4) TENLn bit
9-31 Add “DMA interrupt related registers” to Table 9.4.1
Chap. 10 | Replace diagrams of Timing
Describe reload timing of reload registers
10-6 Replace Figure 10.1.3
10-96 | Change the descriptions of Reload register updates in TIO PWM output
mode
Replace Figure 10.4.10
10-96,97 | Add Figure 10.4.11 Update timing of PWM period and descriptions
12-8 Change the description of (4) Notes on using transmit interrupts
12-22 | Add Table 12.2.1 and Table 12.2.2
12-40 | Add the precaution of switching from general-purpose to serial interface
pin
12-55 Replace Figure 12.7.5
12-56 Replace Figure 12.8.1
12-57 | Add the precaution of switching from general-purpose to serial interface
pin

(REVISION HISTORY-2)




REVISION HISTORY

32176 Hardware Manual

Rev. Date Description
Page Summary
1.10 [Jun20,2006 | 13-17 | Add descriptions to notes of LBM bit
Add descriptions to RST bit
13-20 | Add descriptions to CRS bit
13-75 | Add Note 1 to Figure 13.3.4
13-81, 84 | Replace Figure 13.5.2, 13.6.2, 13.7.2, and 13.8.2
90,95
13-85 | Correct the note of clearing TRFIN bit
15-3 Correct descriptions of (9) Hold control
15-4 Add Note 2 to P7OMOD bit in P7Mod register
15-5 Add Note 1 to BUSMOD bit in BUSMODC register
17-2 Add Figure 17.1.1 RAM Backup Area
18.2 Replace Figure 18.1.1
18-3 Change the descriptions of 18.1.2 and replace Figure 18.1.2
18-4 Add a centence to 3) of XSTAT bit
Add Note to Figure 18.1.3
18-6 Add Note 1 to Figure 18.1.4
20-2 Add Note 1 to Figure 20.1.1
20-3to | Correct Notes in Figure 20.2.1 to Figure 20.3.3
20-7
20-8 Add Note 1 to Figure 20.3.4 and Figure 20.3.5
21-20 to | Change the configuration of A.C. Characteristics
21-53
21-20 | Add tc(XIN)[119], tw(RESET)[124], tw(XINH)[120], tw(XINL)[121],
tr(XINL)[122], and tr(XINL)[123]
Add Figure 21.8.1 Clock and Reset Timing
21-27 | Correct tw(BLWL) tw(BHWL)[51]
Add td(CSL-RDL)[93]
21-30 | td(CSL-RDL)[93], td(BLEL-RDL) td(BHEL-RDL)[136], and
tv(RDH-BLEL) tv(RDH-BHEL)[137]
21-31 | Add Figure 21.8.12 Read Timing (Byte Enable Mode)
21-32 | Add td(CSL-WRL)[96]

(REVISION HISTORY-3)




REVISION HISTORY 32176 Hardware Manual

Rev. Date Description

Page Summary

1.10 |{Jun 20,2006 | 21-37 | Add tc(XIN)[119], tw(RESET)[124], tw(XINH)[120], tw(XINL)[122], and
tr(XINL)[123]
Add Figure 21.9.1 Clock and Reset Timing

21-44 | Correct tw(BLWL) tw(BHWL)[51]
Add td(CSL-RDL)[93]

21-47 | td(CSL-RDL)[93], td(BLEL-RDL) td(BHEL-RDL)[136], and
tv(RDH-BLEL) tv(RDH-BHEL)[137]

21-48 | Add Figure 21.9.12 Read Timing (Byte Enable Mode)

21-49 | Add td(CSL-WRL)[96]

App.1-2 | Replace Dimensional Outline Drawing

App.4-3 | Add descriptions for dummy access areas

Add Notes on the Internal RAM

App.4-4 | Add “About the peripheral function input when it is set to the general

purpose port”

App.4-5 | Add “DMA interrupt related registers” to Appendix Table 4.8.1

App.4-7 | Replace Appendix Figure 4.9.1

App.4-8 | Replace Appendix Figure 4.9.2

App.4-16 | Add the precaution of switching from general-purpose to serial interface

pin

(REVISION HISTORY-4)




Before Use

» Guide to Understanding the Register Table

(1) Bit number: Indicates a register’s bit number.

(2) Register border: The registers enclosed with thick border lines must be accessed in halfwords or words
(3) Status after reset: The initial state of each register after reset is indicated in hexadecimal or binary.

(4) Status after reset: The initial state of each register after reset is indicated bitwise.

0: This bit is “0” after reset.
1: This bit is “1” after reset.
?: This bit is undefined after reset.

(5) The shaded bits mean that they have no functions assigned.

(6) Read conditions:
R: This bit can be accessed for read.
?: The value read from this bit is undefined. (Reading this bit has no effect.)
0: The value read from this bit is always “0".
1: The value read from this bit is always “1".

(7) Write conditions:
W: This bit can be accessed for write.
N: This bit is write protected.
0: To write to this bit, always write “0".
1: To write to this bit, always write “1”.
—: Writing to this bit has no effect. (It does not matter whether this bit is set to “0” or “1” by writing in software.

Note: Care must be taken when writing to this bit. See Note in each register table.

XXXRegister(XXX) (i) <Address: H'XXXX XXXX>
b0 1 2 3 4 5 6 7 _}5) 8 9 10 11 12 13 14 b15 (2)
AAA | BBB | ccC 4 rd
Lo | o | o 0 0 0 0 0 0 0 0 o | o | o [ (4
(3)—> <After reset: H'0000>
b Bit name Function R W
0 AAA O:.........hit R W
......... bit 1: bit
1 BBB O:......... bit R W
......... bit 1:......... bit
2 CCC O:.oo v vt bit R (Note 1)
......... bit 1:......... bit
3-15 No function assigned. Fix to “0". 0 O
Note 1: Only writing “0” is effective. Writing “1” has no effect, in which case the bit retains the value it had before the write. T ?

(6) (7)
* Notation of “L” (signals)

The symbol “#” suffixed to the pin (or signal) names means that the pins (or signals) are “L" .




Before Use
The optional specification for the product of 32176Group
[Contents]

The optional specification for the product of M32176F4VFP,M32176F3VFP,M32176F2VFP is shown below.
(1) Flash 10000(10k) times rewritable product (4Kbyte block x 2 only)
(2) 40MHz operation product
(3) Lead-Free product
However it is not able to select both (1) and (2) at same time.
Note. There is no (1) optional specification for M32176F4TFP, M32176F3TFP, M32176F2TFP.

The product cord is allocated for each optional specification.
The list of product cord and the figure of marking are shown below.

[The list of products specification]

Model name Product cord Contents of specification
M32176F4VFP B 0 32MHz/125°C, Flash is rewritable for 100 times
M32176F3VFP or 1 32MHz/125°C, Flash is rewritable for 10000(10k) times (4Kbyte block x 2 only)
M32176F2VFP U 2 40MHz/125°C, Flash is rewritable for 100 times
M32176FATFP
M32176F3TFP or 0 40MHz/85°C, Flash is rewritable for 100 times
M32176F2TFP U

*B:Non-Lead-Free product, U:Lead-Free product

[The figure of marking]

M32R/ECU | : Show the family name.
M32176F4VFP | : Show the product name M32176F4VFP.
XXXXXXX | : Show the administration number of the date cord (7 figure) in manufacturing.

BO | : Show the product cord.
o @)

Please contact Renesas Technology Corp. for further details on these optional specifications or price.
When samples are requred, specify products cord (B0~B2,U0~U2). If not, the standard specification (BO) is requred.
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OVERVIEW
1 1.1 Outline of the 32176 Group

1.1 Outline of the 32176 Group

Table 1.1.1 Product List

Type Name ROM RAM Frequency Power supply voltage Temperature Range
capacity capacity (Note 1)

M32176F4VFP 512 Kbytes 24 Kbytes 32 MHz (Note 2) 5Vor33V —40°C to +125°C
M32176FATFP 512 Kbytes 24 Kbytes 40 MHz 5Vor33V —40°C to +85°C
M32176F3VFP 384 Kbytes 24 Kbytes 32 MHz (Note 2) 5Vor33V —40°C to +125°C
M32176F3TFP 384 Kbytes 24 Kbytes 40 MHz 5Vor33V —40°C to +85°C
M32176F2VFP 256 Kbytes 24 Kbytes 32 MHz (Note 2) 5Vor33V —40°C to +125°C
M32176F2TFP 256 Kbytes 24 Kbytes 40 MHz 5Vor33V —40°C to +85°C

Note 1: This does not guarantee continuous operation and there is a limitation on the length of use (temperature profile).
Note 2: There is a 40 MHz operation product optional specification for the product of M32176F4VFP, M32176F3VFP, and

M32176F2VFP. Please contact Renesas Technology Corp. for further details on those optional specifications or price.

1.1.1 M32R Family CPU Core

(1) Based on a RISC architecture

* The 32176 is a 32-bit RISC single-chip microcomputer which is built around the M32R family CPU
core (hereinafter referred to as the M32R) and incorporates flash memory, RAM and various other
peripheral functions-all integrated into a single chip.

» The M32R is based on a RISC architecture. Memory is accessed using load/store instructions, and
various arithmetic operations are executed using register-to-register operation instructions. The
M32R internally contains sixteen 32-bit general-purpose registers and has 83 instructions.

* The M32R supports compound instructions such as Load & Address Update and Store & Address
Update, in addition to ordinary load and store instructions. These instructions help to speed up data
transfers.

(2) Five-stage pipelined processing

* The M32R supports five-stage pipelined instruction processing consisting of Instruction Fetch, De-
code, Execute, Memory Access and Write Back. Not just load/store instructions and register-to-
register operation instructions, compound instructions such as Load & Address Update and Store &
Address Update are executed in one CPUCLK period (which is equivalent to 25 ns when f(CPUCLK)
= 40 MHz).

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

(3) Compact instruction code

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

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

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

(2) DSP-comparable multiply-accumulate instructions

» The M32R supports the following four types of multiply-accumulate instructions (or multiplication instruc-
tions) which each can be executed in one CPUCLK period using a 56-bit accumulator.

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

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

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

1.1.3 Built-in Flash Memory and RAM

» The 32176 contains a RAM that can be accessed with zero wait state, allowing to design a high-
speed embedded system.

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

» The internal flash memory has a virtual flash emulation function, allowing the internal RAM to be
virtually mapped into part of the internal flash memory. When combined with the internal Real-Time
Debugger (RTD), this function makes the ROM table data tuning easy.

» The internal RAM can be accessed for reading or rewriting data from an external device indepen-
dently of the M32R by using the Real-Time Debugger. The external device is communicated using
the Real-Time Debugger’s exclusive clock-synchronized serial interface.
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1.1.4 Built-in Clock Frequency Multiplier

» The 32176 contains a clock frequency multiplier, which is schematically shown in Figure 1.1.1 below.

XIN pin
(8MHz-10MHz)

X4 . » CPUCLK (CPU clock)
PLL (32MHz-40MHz)

1/2 —— BCLK (peripheral clock)
(16MHz-20MHz)

Figure 1.1.1 Conceptual Diagram of the Clock Frequency Multiplier

Table 1.1.2 Clock

Functional Block

Features

CPUCLK * CPU clock: Defined as f(CPUCLK) when it indicates the operating clock frequency for
the M32R core, internal flash memory and internal RAM.
BCLK « Peripheral clock: Defined as f(BCLK) when it indicates the operating clock frequency for

the internal peripheral I/O and external data bus.

Clock output (BCLK pin output)

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

1.1.5 Powerful Built-in Peripheral Functions

(1) 8-level interrupt controller (ICU)

(2) 10-channel DMAC

(3) 37-channel Multijunction timer (MJT)
(4) 16-channel A/D converter (ADC)
(5) 4-channel high-speed serial interface (SIO)

(6) 2-channel Full-CAN

(7) Real-time debugger (RTD)

(8) Wait controller

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

1.2 Block Diagram

Figure 1.2.1 shows a block diagram of the 32176. The features of each block are described in Table 1.2.1.

M32R Core

i> Internal Bus
Interface

(Max. 40MHz) — — DMAC

Multiplier/Accumulator
(32 bits x 16 bits + 56 bits)

Internal Flash Memory
(M32176F4: 512 Kbytes)
(M32176F3: 384 Kbytes)
(M32176F2: 256 Kbytes)

Internal RAM
(24 Kbytes)

(10 channels)

:> Multijunction Timer
(37 channels)

A/D Converter

(10-bit converter, 16 channels)

Internal 32-bit bus

Serial Interface
(4 channels)

Interrupt Controller
(23 sources, 8 levels)

[

U

Real-Time Debugger
(RTD)

PLL Clock Generator

> Wait Controller
:> Full CAN
(2 channels)

External Bus

Internal Power Supply
Generator (VDC)

Interface

Data@ ‘ ‘ Address

96 Input/output Ports

Figure 1.2.1 Block Diagram of the 32176
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Table 1.2.1 Features of the 32176 (1/2)

Functional Block Features

M32R CPU core * Implementation: Five-stage pipelined instruction processing
« Internal 32-bit structure of the core
« Register configuration
General-purpose registers: 32 bits x 16 registers
Control registers: 32 bits x 5 registers
* Instruction set
16 and 32-bit instruction formats
83 instructions and six addressing modes
« Internal multiplier/accumulator (32 bits x 16 bits + 56 bits)
RAM * Capacity: 24 Kbytes
* Zero-wait access
* The internal RAM can be accessed for reading or rewriting data from the outside independently of
the M32R by using the Real-Time Debugger, without ever causing the CPU performance to decrease.

* The internal RAM can be backed up by using RAM back up mode when turn off the power supply.

Flash memory « Capacity:
M32176F2: 256 Kbytes, M32176F3: 384 Kbytes, M32176F4: 512 Kbytes
» Zero-wait access

* Durability:
Standard product : 100 times
10000 (10k) times rewritable : 4-Kbyte block (Note 2) : 10000 (10Kk) times
-product (Note 1) : Other blocks : 1000 (1k) times
Bus specification » Fundamental bus cycle : 25 ns (when f(CPUCLK = 40 MHz)

* Logical address space : 4 Gbytes linear
« Internal bus specification : Internal 32-bit data bus (for CPU <-> internal flash memory and RAM access)
: Internal 16-bit data bus (for internal peripheral 1/O access)

« External area: Maximum 2 Mbytes (during processor mode)

« External extension area: Maximum 2 Mbytes

 External data address bus: 19-bit address

* External data bus: 16-bit data bus

« Shortest external bus access: 2 BCLK periods during read, 2 BCLK periods during write

DMAC * Number of channels: 10

* Transfers between internal peripheral 1/O’s or internal RAM’s or between internal peripheral I/O and
internal RAM are supported.

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

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

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

* Interrupt request: DMA transfer counter register underflow

Multijunction timer (MJT)  « 37-channel multi-functional timer
16-bit output related timer x 11 channels, 16-bit input/output related timer x 10 channels,
16-bit input related timer x 8 channels, 32-bit input related timer x 8 channels
* Flexible timer configuration is possible by interconnecting these timer channels.
* Interrupt request: Counter underflow or overflow and rising, falling or both edges or “H” or “L"level from the
TIN pin (These can be used as external interrupt inputs irrespective of timer operation.)
» DMA transfer request: Counter underflow or overflow and rising, falling or both edges or “H" or “L”
level from the TIN pin (These can be used as external DMA transfer request inputs irrespective of
timer operation.)

32176 Group Hardware Manual L6
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1.2 Block Diagram

Table 1.2.1 Features of the 32176 (2/2)

Functional Block

Features

A/D converter (ADC)

16 channels: 10-bit resolution A/D converter

« Conversion modes: Ordinary conversion modes plus comparator mode are built-in

» Operation modes: Single conversion mode and n-channel scan mode (n = 1-16)

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

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

« An inflow current bypass circuit is built-in.

» Can generate an interrupt or start DMA transfer upon completion of A/D conversion.

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

* Interrupt request: Completion of A/D conversion

* DMA transfer request: Completion of A/D conversion

Serial Interface (SI10)

 4-channel serial interface

 Can be chosen to be clock-synchronized serial interface or clock-asynchronous serial interface.

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

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

* DMA transfer request: Reception completed or transmit buffer empty

CAN

« 16 message slots x 2 blocks

» Compliant with CAN specification 2.0B active.

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

* DMA transfer request: Transmission failed, transmission completed or reception completed

Real-Time Debugger
(RTD)

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

» Comes with exclusive clock-synchronized serial ports.

« Interrupt request: RTD interrupt command input

Interrupt Controller (ICU)

« Controls interrupt requests from the internal peripheral 1/0.
 Supports 8-level interrupt priority including an interrupt disabled state.
« External interrupt: 11 sources (SBI#, TINO,TIN3, TIN16-TIN23)

 TIN pin input sensing: Rising, falling or both edges or “H” or “L” level

Wait Controller

» Controls wait states for access to the external extension area.
« Insertion of 1-4 wait states by setting up in software + wait state extension by entering WAIT# signal

PLL » A multiply-by-4 clock generating circuit
Clock » Maximum external input clock frequency (XIN) is 10.0 MHz. (Note 3)
* CPUCLK: Operating clock for the M32R-CPU core, internal flash memory and internal RAM
The maximum CPU clock is 40 MHz (when f(XIN) = 10 MHz).
* BCLK: Operating clock for the internal peripheral /0 and external data bus
The maximum peripheral clock is 20 MHz (peripheral module access when f(XIN) = 10 MHz).
« Clock output (BCLK pin output): A clock with the same frequency as BCLK is output from this pin.
JTAG » Boundary scan function
VDC « Internal power supply generating circuit: Generates the internal power supply (2.5 V) from an
external single power supply (5 or 3.3 V).
Ports * Input/output pins: 96 pins

* The port input threshold can be set in a program to one of three levels individually for each port
group (with or without Schmitt circuit, selectable).

Note 1: The 10000 (10k) times rewritable product is offered as an optional item. For details about it, please contact your
nearest office of Renesas or its distributor.

Note 2: Block 1: H'0000 2000 to H'0000 2FFFF
Block 2: H'0000 3000 to H'0000 3FFFF

Note 3: Maximum external input clock frequency (XIN) for the M32176F2VFP, M32176F3VFP and M32176F4VFP is 8.0 MHz.

32176 Group Hardware Manual
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1.3 Pin Functions

1.3 Pin Functions

Figure 1.3.1 shows the 32176’s pin function diagram. Pin functions are described in Table 1.3.1.
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Table 1.3.1 Description of Pin Functions (1/4)

Type Pin Name

Signal Name Input/Output Description

Power supply VCCE

Main power supply

Power supply for the device (5.0V + 0.5V or3.3V +0.3V).

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

VDDE RAM power supply - Backup power supply for the internal RAM (5.0 V+ 0.5V or
3.3Vx0.3V).

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

supply of RAM supply of the internal RAM.

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

Clock XIN, Clock input Input These are clock input/output pins. A PLL-based x4 frequency

XOUT Clock output Output multiplier is included, which accepts as input a clock whose
frequency is 1/4 of the internal CPU clock frequency. (XIN
input is 10 MHz when f(CPUCLK) = 40 MHz.)

BCLK System clock Output This pin outputs a clock whose frequency is twice that of the
external input clock (XIN). (BCLK output is 20 MHz when
f(CPUCLK) = 40 MHz.) Use this clock to synchronize the
operation of external devices.

EXCOSC Clock power supply — This pin connects an external capacitor for the oscillator circuit.

-VCC

0OSC-Vss Clock ground - Connect OSC-VSS to ground.

Reset RESET# Reset Input Reset input pin for the internal circuit.
Mode MODO- Mode Input Set the microcomputer’s operation mode.
MOD2 MODO | MOD1 | MOD2 | Mode
L L L Single-chip mode
L H L External extension mode
H L L Processor mode (boot mode)
(Notel)
H H L (Settings inhibited)
X X H (Settings inhibited)
X: Don't care
Flash FP Flash protect Input This special pin protects the flash memory against rewrites
in hardware.
Address bus A12-A30 Address bus Output To allow two areas of up to 1 Mbyte memory space to be

connected external to the chip, the device has 19 address
lines (A12—A30). A31 is not output.

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

Memory.”
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Table 1.3.1 Description of Pin Functions (2/4)

Type Pin Name Signal Name Input/Output Description

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

Bus control CS0#,CS1# Chip select Output These are chip select signals for external devices.

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

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

BHW#,BLW# Byte high write/ Output When writing to an external device, this signal indicates the

Byte low write valid byte position to which data is transferred. BHW# and
BLW# correspond to the upper address side (bits 0—7 are
valid) and the lower address side (bits 8—15 are valid),
respectively.

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

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

WAIT# Wait Input When accessing an external device, a “L” signal input on
WAIT# pin extends the wait cycle.

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

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

Multijunction TINO, TIN3, Timer input Input Input pins for the multijunction timer.
timer TIN16-TIN23

TOO0-TO20 Timer output Output Output pins for the multijunction timer.

TCLKO Timer clock Input Clock input pins for the multijunction timer.

—TCLK3

A/D converter AVCCO Analog power supply — AVCCO is the power supply for the A/DO converter.
Connect AVCCO to the power supply rail.

AVSS0 Analog ground - AVSSO0 is the analog ground for the A/DO converter.
Connect AVSSO to ground.

ADOINO Analog input Input 16-channel analog input pins for the A/DO converter.

—ADOIN15

VREFO Reference voltage Input VREFO is the reference voltage input pin for the A/DO

input converter.

Interrupt SBI# System break Input This is the system break interrupt (SBI) input pin for the
controller interrupt interrupt controller.
32176 Group Hardware Manual RENESAS 1-10
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Table 1.3.1 Description of Pin Functions (3/4)

Type Pin Name Signal Name Input/Output Description
Serial Interface SCLKIO/ UART transmitireceive  Input/output  When channel 0 is in UART mode:
SCLKOO  clock output or CSIO This pin outputs a clock derived from BRG output by
transmit/receive clock dividing it by 2.
input/output When channel 0 is in CSIO mode:
This pin accepts as input a transmit/receive clock when
external clock is selected or outputs a transmit/receive
clock when internal clock is selected.

SCLKI1/ UART transmitireceive  Input/output  When channel 1 is in UART mode:

SCLKO1  clock output or CSIO This pin outputs a clock derived from BRG output by

transmit/receive clock dividing it by 2.

input/output When channel 1 is in CSIO mode:
This pin accepts as input a transmit/receive clock when
external clock is selected or outputs a transmit/receive
clock when internal clock is selected.

TXDO-TXD3 Transmit data Output Transmit data output pin for serial interface.

RXD0-RXD3 Received data Input Received data input pin for serial interface.

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.

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

RTDACK Acknowledge Output A "L" pulse is output from this pin synchronously with the
start clock for the real-time debugger’s serial data output
word. The “L” pulse width indicates the type of command/data
received by the real-time debugger.

CAN CTX0, CTX1 Data output Output This pin outputs data from the CAN module.

CRXO0, CRX1 Data input Input This pin inputs the data to 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
with device operation.

JTDI Serial input Input This pin inputs the test instruction code or test data that is
serially received.

JTDO Serial output Output This pin outputs the test instruction code or test data serially.
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Table 1.3.1 Description of Pin Functions (4/4)

Type Pin Name Signal Name Input/Output Description
Input/output P0O0O-PO7 Input/output port 0 Input/output Programmable input/output port.
ports P10-P17 Input/output port 1 Input/output
(Note 1) P20-P27 Input/output port 2 Input/output

P30-P37 Input/output port 3 Input/output

P41-P47 Input/output port 4 Input/output

P61-P63 Input/output port 6 Input/output

P70-P77 Input/output port 7 Input/output

P82-P87 Input/output port 8 Input/output

P93-P97 Input/output port 9 Input/output

P100-P107 Input/output port 10  Input/output

P110-P117 Input/output port 11 Input/output

P124-P127 Input/output port 12 Input/output

P130-P137 Input/output port 13 Input/output

P150, P153 Input/output port 15  Input/output

P174, P175 Input/output port 17  Input/output

P220, P221(Note 2), P225, Input/output port 22 Input/output

Note 1: Input/output port 5 is reserved for future use. Also, input/output ports 14, 16 and 18-21 are nonexistent.

Note 2: P221 is input-only port.
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1.4 Pin Assignments

Figure 1.4.1 shows the 32176’s pin assignment diagram. A pin assignment table is shown in Table 1.4.1.
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Note: « The symbol "#" suffixed to the pin (or signal) name means that the pins (or signals) are "L."
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1.4 Pin Assignments

The pins directed for input go to a high-impedance state (Hi-Z) when reset. The term “when reset” refers to
the period when input on RESET# pin is held “L” (the device remains reset), as well as when the RESET# pin
is released back “H” (the device comes out of reset).

Table 1.4.1 Pin Assignments of the 32176 (1/4)

bi Function Pin State When Reset
in -
No. Symbol Port Other than Other than Twe Condition Function Tyoe State during State upon
port port w reset exiting reset
1 |[P221/CRX0 P221 CRX0 - Input pP221 Input Hi-Z Hi-Z
During single-chip mode P225 Input Hi-Z Hi-Z
2 |P225/A12 P225 Al2 - Input/output : T
During external extension and A12 Output HiZ Undefined
processor modes
3 |OSC-VSS - OSC-VSsS - - OSC-VSSs - - -
4 IXIN - XIN - Input XIN Input - -
5 |XOouT - XOouT - Output XOouT Output XOouT XouT
6 |EXCOSC-VCC - EXCOSC-VCC - - EXCOSC-vVCC - - -
7 |IN.C. - - - - - - - -
During single-chip mode P30 Input Hi-Z Hi-Z
8 |P30/A15 P30 A15 - Input/output [~ Dyri Xt | extensi d )
uring externa extension an A15 Output Hi-Z Undefined
processor modes
During single-chip mode P31 Input Hi-Z Hi-Z
9 |P31/A16 P31 Al6 - Input/output [ Dyrj | i
uring external extension and A6 output Hiz Undefined
processor modes
During single-chip mode P32 Input Hi-Z Hi-Z
10 |P32/A17 P32 Al7 - Input/output 7 ;
During external extension and AL7 Output HiZ Undefined
processor modes
During single-chip mode P33 Input Hi-Z Hi-Z
11 |P33/A18 P33 A18 - Input/output [ Dyrj Xt | extensi d ) )
uring external extension an Al8 Output HiZ Undefined
processor modes
During single-chip mode P34 Input Hi-Z Hi-Z
12 |P34/A19 P34 A19 - Input/output [ Dyrj Xt | extensi d ]
uring external extension an A19 Output Hi-Z Undefined
processor modes
During single-chip mode P35 Input Hi-Z Hi-Z
13 |P35/A20 P35 A20 - Input/output [ Dyri Xt | extensi d )
uring external extension an A20 Output Hi-Z Undefined
processor modes
During single-chip mode P36 Input Hi-Z Hi-Z
14 (P36/A21 P36 A21 - Input/output [ Dyrj | i ]
uring external extension and a1 output Hiz Undefined
processor modes
During single-chip mode P37 Input Hi-Z Hi-Z
15 |P37/A22 P37 A22 - Input/output : T
During external extension and A22 Output HiZ Undefined
processor modes
During single-chip mode P20 Input Hi-Z Hi-Z
16 |P20/A23 P20 A23 - Input/output [ Dyrj Xt | extensi d ) )
uring external extension an A23 Output HiZ Undefined
processor modes
During single-chip mode P21 Input Hi-Z Hi-Z
17 |P21/A24 P21 A24 - Input/output [~ Dyri Xt | extensi d )
uring externa extension an A24 Output Hi-Z Undefined
processor modes
During single-chip mode P22 Input Hi-Z Hi-Z
18 |P22/A25 P22 A25 - Input/output [ Dyrj | i ]
uring external extension and A5 output Hiz Undefined
processor modes
During single-chip mode P23 Input Hi-Z Hi-Z
19 |P23/A26 P23 A26 - Input/output ["Dyring external extension and ) }
processor modes A26 Output Hi-Z Undefined
20 |VCCE - VCCE - - VCCE - - -
21 |VSS - VSS - - VSS - - -
During single-chip mode P24 Input Hi-Z Hi-Z
22 |P24/A27 P24 A27 - Input/output 7 7
During external extension and 27 Output HiZ Undefined
processor modes
During single-chip mode P25 Input Hi-Z Hi-Z
23 |P25/A28 P25 A28 - Input/output : T
During external extension and A28 Output HiZ Undefined
processor modes
During single-chip mode P26 Input Hi-Z Hi-Z
24 |P26/A29 P26 A29 - Input/output i i
During external extension and A29 Output Hi-Z Undefined
processor modes
During single-chip mode P27 Input Hi-Z Hi-Z
25 |P27/A30 P27 A30 - Input/output i i
During external extension and A30 Output Hi-Z Undefined
processor modes
During single-chip mode P00 Input Hi-Z Hi-Z
26 |P00/DBO P00 DBO - Input/output [ Dy | i
uring external extension and DBO Input/output Wiz Hiz
processor modes
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Table 1.4.1 Pin Assignments of the 32176 (2/4)

pi Function Pin State When Reset
in -
No. Symbol Port Other than Other than Type Condition Function Tyoe State during State upon
port port w reset exiting reset
During single-chip mode PO1 Input Hi-Z Hi-Z
27 |P01/DB1 P01 DB1 - Input/output i i
During external extension and DB1 Input/output Hi-Z Hi-Z
processor modes
During single-chip mode P02 Input Hi-Z Hi-Z
28 |P02/DB2 P02 DB2 - Inputioutput | pyrj Xt | extensi d . .
uring external extension an DB2 | Inputioutput Hi-Z Hi-Z
processor modes
During single-chip mode P03 Input Hi-Z Hi-Z
29 |P03/DB3 P03 DB3 - Input/output [ Dyri Xt | extensi d
uring external extension an DB3 | Inputioutput Hi-Z Hi-Z
processor modes
During single-chip mode P04 Input Hi-Z Hi-Z
30 |P04/DB4 P04 DB4 - Input/output [ Dyri | i
uring external extension and DB4 Input/output Hiz Uiz
processor modes
During single-chip mode P05 Input Hi-Z Hi-Z
31 |P05/DB5 P05 DBS - Input/output [ Dyring external extension and ; .
processor modes DB5 Input/output Hi-Z Hi-Z
During single-chip mode P06 Input Hi-Z Hi-Z
32 |P06/DB6 P06 DB6 - Inputioutput | Dyrj Xt | extensi d . .
uring exemnal extension an DB6 | Inputioutput|  HiZ Hi-Z
processor modes
During single-chip mode P07 Input Hi-Z Hi-Z
33 |P07/DB7 P07 DB7 - Inputioutput | pyrj Xt | extensi d . .
uring externa’ extension an DB7 | Inputioutput Hi-Z Hi-Z
processor modes
During single-chip mode P10 Input Hi-Z Hi-Z
34 |P10/DB8 P10 DB8 - Input/output [ Dyri Xt | extensi d
uring external extension an DB8 | Inputioutput Hi-Z Hi-Z
processor modes
During single-chip mode P11 Input Hi-Z Hi-Z
35 |P11/DB9 P11 DB9 - Input/output [ Dyri | i
uring external extension and DBS Input/output Hiz Uiz
processor modes
During single-chip mode P12 Input Hi-Z Hi-Z
36 |P12/DB10 P12 DB10 - Input/output | Dyring external extension and I I
processor modes DB10 Input/output Hi-Z Hi-Z
During single-chip mode P13 Input Hi-Z Hi-Z
37 |P13/DB11 P13 DB11 - Input/output [ Dyrj Xt | extensi d . .
uring extemnal extension an DB11 | mputoutput|  Hi-Z Hi-Z
processor modes
During single-chip mode P14 Input Hi-Z Hi-Z
38 |P14/DB12 P14 DB12 - Input/output [ Dyrj Xt | extensi d . .
uring externa’ extension an DB12 | Input/output Hi-Z Hi-Z
processor modes
During single-chip mode P15 Input Hi-Z Hi-Z
39 |P15/DB13 P15 DB13 - Input/output [ Dyri Xt | extensi d
uring external extension an DB13 | Input/output Hi-Z Hi-Z
processor modes
During single-chip mode P16 Input Hi-Z Hi-Z
40 |P16/DB14 P16 DB14 - Input/output [ Dyri | i
uring external extension and DB14 Input/output Lz Hi-z
processor modes
During single-chip mode P17 Input Hi-Z Hi-Z
41 |P17/DB15 P17 DB15 - Input/output | Dyring external extension and I I
processor modes DB15 Input/output Hi-Z Hi-Z
42 |VREFO - VREFO - - VREFO - - -
43 |AVCCO - AVCCO - - AVCCO - - -
44 |ADOINO - ADOINO - Input ADOINO Input Hi-Zz Hi-Z
45 |ADOIN1 - ADOIN1 - Input ADOIN1 Input Hi-Z Hi-Z
46 |ADOIN2 - ADOIN2 - Input ADOIN2 Input Hi-Z Hi-Z
47 |ADOIN3 - ADOIN3 - Input ADOIN3 Input Hi-Z Hi-Z
48 |ADOIN4 - ADOIN4 - Input ADOIN4 Input Hi-Z Hi-Z
49 |ADOINS - ADOIN5S - Input ADOIN5S Input Hi-Z Hi-Z
50 |ADOIN6 - ADOING6 - Input ADOIN6 Input Hi-Zz Hi-Z
51 |ADOIN7 - ADOIN7 - Input ADOIN7 Input Hi-Z Hi-Z
52 |ADOIN8 - ADOIN8 - Input ADOIN8 Input Hi-Z Hi-Z
53 |ADOIN9 - ADOIN9 - Input ADOIN9 Input Hi-Z Hi-Z
54 |ADOIN10 - ADOIN10 - Input ADOIN10 Input Hi-Z Hi-Z
55 |ADOIN11 - ADOIN11 - Input ADOIN11 Input Hi-Z Hi-Z
56 |ADOIN12 - ADOIN12 - Input ADOIN12 Input Hi-Z Hi-Z
57 |ADOIN13 - ADOIN13 - Input ADOIN13 Input Hi-Z Hi-Z
58 |ADOIN14 - ADOIN14 - Input ADOIN14 Input Hi-Z Hi-Z
59 |ADOIN15 - ADOIN15 - Input ADOIN15 Input Hi-Z Hi-Z
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Table 1.4.1 Pin Assignments of the 32176 (3/4)

bin Function Pin State When Reset
No. Symbol P Other than Other than Type Condition . State during State upon
ort port port Function Type reset exiting reset
60 [AVSSO AVSS0 - AVSS0 - -
61 [EXCVCC EXCvVCC - EXCVCC - -
62 [VSS - VSS - VSS - -
63 [P174/TXD2 P174 TXD2 Input/output P174 Input Hi-Z Hi-Z
64 [P175/RXD2 P175 RXD2 Input/output P175 Input Hi-Z Hi-Z
65 [VCCE VCCE Input/output VCCE - -
66 |P82/TXDO P82 TXDO Input/output P82 Input Hi-Z Hi-Z
67 |P83/RXDO P83 RXDO - Input/output P83 Input Hi-Z Hi-Z
68 [P84/SCLKI0/SCLKOO P84 SCLKIO SCLKOO | Input/output P84 Input Hi-Z Hi-Z
69 [P85/TXD1 P85 T™D1 Input/output P85 Input Hi-Z Hi-Z
70 [P86/RXD1 P86 RXD1 - Input/output P86 Input Hi-Z Hi-Z
71 |P87/SCLKI1/SCLKO1 P87 SCLKI1 SCLKO1 | Input/output P87 Input Hi-Z Hi-Z
72 |VSS VSS - VSS - -
73 |EXCVDD EXCVDD - EXCVDD - -
74 (P61 P61 - Input/output P61 Input Hi-Z Hi-Z
75 |P62 P62 - Input/output P62 Input Hi-Z Hi-Z
76 (P63 P63 - Input/output P63 Input Hi-Z Hi-Z
77 |SBI# SBI# Input SBI# Input Hi-Z Hi-Z
78 |P70/BCLK/WR# P70 BCLK WR# Input/output P70 Input Hi-Z Hi-Z
79 |P71/WAIT# P71 WAIT# Input/output P71 Input Hi-Z Hi-Z
80 [P72/HREQ# P72 HREQ# Input/output P72 Input Hi-Z Hi-Z
81 [P73/HACK# P73 HACK# Input/output P73 Input Hi-Z Hi-Z
82 [P74/RTDTXD/TXD3 P74 RTDTXD TXD3 Input/output P74 Input Hi-Z Hi-Z
83 [P75/RTDRXD/RXD3 P75 RTDRXD RXD3 Input/output P75 Input Hi-Z Hi-Z
84 [P76/RTDACK/CTXL P76 RTDACK CTX1 Input/output P76 Input Hi-Z Hi-Z
85 [P77/RTDCLK/CRXL P77 RTDCLK CRX1 Input/output P77 Input Hi-Z Hi-Z
86 |P93/TO16 P93 TO16 Input/output P93 Input Hi-Z Hi-Z
87 |P94/TO17 P94 TO17 Input/output P94 Input Hi-Z Hi-Z
88 [P95/TO18 P95 TO18 Input/output P95 Input Hi-Z Hi-Z
89 [P96/TO19 P96 TO19 Input/output P96 Input Hi-Z Hi-Z
90 [P97/TO20 P97 TO20 Input/output P97 Input Hi-Z Hi-Z
91 |RESET# RESET# Input RESET# Input Hi-Z Hi-Z
92 (MODO MODO Input MODO Input Hi-Z Hi-Z
93 |MOD1 MOD1 Input MOD1 Input Hi-Z Hi-Z
94 |FP FP Input FP Input Hi-Z Hi-Z
95 [VCCE VCCE - VCCE - -
96 [VSS - VSS - VSS - -
97 (P110/TO0 P110 TOO Input/output P110 Input Hi-Z Hi-Z
98 (P111/TO1 P111 TO1 Input/output P111 Input Hi-Z Hi-Z
99 |P112/TO2 P112 TO2 Input/output P112 Input Hi-Z Hi-Z
100 |P113/TO3 P113 TO3 Input/output P113 Input Hi-Z Hi-Z
101 |P114/TO4 P114 TO4 Input/output P114 Input Hi-Z Hi-Z
102 |P115/TO5 P115 TO5 Input/output P115 Input Hi-Z Hi-Z
103 |P116/TO6 P116 TO6 Input/output P116 Input Hi-Z Hi-Z
104 |P117/TO7 P117 TO7 Input/output P117 Input Hi-Z Hi-Z
105 |P100/TO8 P100 TO8 Input/output P100 Input Hi-Z Hi-Z
106 |P101/TO9 P101 TO9 Input/output P101 Input Hi-Z Hi-Z
107 |P102/TO10 P102 TO10 Input/output P102 Input Hi-Z Hi-Z
108 |VDDE VDDE - VDDE - -
109 |JTMS (Note 1) JTMS Input JTMS Input Hi-Z Hi-Z
110 |JTCK (Note 1) JTCK Input JTCK Input Hi-Z Hi-Z
111 |JTRST (Note 1) JTRST Input JTIRST Input Hi-Z Hi-Z
112 |JTDO (Note 1) JTDO Output JTDO Output Hi-Z Hi-Z
113 |JTDI (Note 1) - JTDI Input JTDI Input Hi-Z Hi-Z
114 |P103/TO11 P103 TO11 Input/output P103 Input Hi-Z Hi-Z
115 |P104/TO12 P104 TO12 Input/output P104 Input Hi-Z Hi-Z
116 |P105/TO13 P105 TO13 Input/output P105 Input Hi-Z Hi-Z
117 |P106/TO14 P106 TO14 Input/output P106 Input Hi-Z Hi-Z

Note 1: The JTCK, JTDI, JTDO and JTMS pins are reset by input from the JTRST pin, and not reset from the RESET# pin.
When a “L” level is applied to the JTRST pin, the JTCK, JTDI, JTDO and JTMS pins are in the high impedance state.
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1.4 Pin Assignments

Table 1.4.1 Pin Assignments of the 32176 (4/4)

pin Function Pin State When Reset
No. Symbol P Other than Other than Type Condition . State during State upon
ort port port Function Type reset exiting reset
118 |P107/TO15 P107 TO15 - Input/output P107 Input Hi-Z Hi-Z
119 |P124/TCLKO P124 TCLKO - Input/output P124 Input Hi-Z Hi-Z
120 |P125/TCLK1 P125 TCLK1 - Input/output P125 Input Hi-Z Hi-Z
121 |P126/TCLK2 P126 TCLK2 - Input/output P126 Input Hi-Z Hi-Z
122 |P127/TCLK3 P127 TCLK3 - Input/output P127 Input Hi-Z Hi-Z
123 (MOD2 - MOD2 - - MOD2 - - -
124 |P130/TIN16 P130 TIN16 - Input/output P130 Input Hi-Z Hi-Z
125 |P131/TIN17 P131 TIN17 - Input/output P131 Input Hi-Z Hi-Z
126 |P132/TIN18 P132 TIN18 - Input/output P132 Input Hi-Z Hi-Z
127 |P133/TIN19 P133 TIN19 - Input/output P133 Input Hi-Z Hi-Z
128 |P134/TIN20 P134 TIN20 - Input/output P134 Input Hi-Z Hi-Z
129 |P135/TIN21 P135 TIN21 - Input/output P135 Input Hi-Z Hi-Z
130 |P136/TIN22 P136 TIN22 - Input/output P136 Input Hi-Z Hi-Z
131 |P137/TIN23 P137 TIN23 - Input/output P137 Input Hi-Z Hi-Z
132 |VCCE - VCCE - - VCCE - - -
133 |P150/TINO P150 TINO - Input/output P150 Input Hi-Z Hi-Z
134 |P153/TIN3 P153 TIN3 - Input/output P153 Input Hi-Z Hi-Z
During single-chip mode P41 Input Hi-Z Hi-Z
135 |P41/BLW#/BLE# P41 BLW# BLE# Input/output | During external extension and BLW# Output Hi-Z “H Jevel
processor modes
During single-chip mode P42 Input Hi-Z Hi-Z
136 |P42/BHW#/BHE# P42 BHW# BHE# Input/output | Dyring external extension and BHW# Output Hi-Z "o level
processor modes
137 [EXCVCC - EXCVCC - - EXCVCC - - -
138 |VSS - VSS - - VSS - - -
During single-chip mode P43 Input Hi-Z Hi-Z
139 |P43/RD# P43 RD# - Input/output " During external extension and RD# output HiZ " level
processor modes
During single-chip mode P44 Input Hi-Z Hi-Z
140 |P44/CSO# P44 CSo# - Input/output | During external extension and cso# Output Hi-Z "H level
processor modes
During single-chip mode P45 Input Hi-Z Hi-Z
141 (P45/CS1# P45 CS1# - Input/output Durlngpre(:izrsn;l):}rﬁir;:gn and csi# Output HiZ "o level
During single-chip mode P46 Input Hi-Z Hi-Z
142 |P46/A13 P46 A13 - Input/output Dunngp:egtzrsnil)reﬁe;r;seg)n and A3 Output HiZ Undefined
During single-chip mode P47 Input Hi-Z Hi-Z
143 (P47/A14 P47 Al4 - Input/output [ During external extension and Ald output iz Undefined
processor modes
144 |P220/CTX0 P220 CTX0 - Input/output P220 Input Hi-Z Hi-Z
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2.1 CPU Registers

2.1 CPU Registers

The M32R contains 16 general-purpose registers, five control registers, an accumulator and a program counter.
The accumulator is configured with 56 bits, and all other registers are 32 bits wide.

2.2 General-purpose Registers

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

Word Register (PSW).

Upon exiting the reset state, the value of the general-purpose registers is undefined.

b0 b31

RO
R1
R2
R3
R4
R5
R6
R7

the value of the SM bit in the PSW.

b0

b31

R8

R9

R10

R11

R12

R13

R14 (Link register)

R15 (Stack pointer) (Note 1)

Note 1: The stack pointer functions as either the SPI or the SPU depending on

Figure 2.2.1 General-purpose Registers
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2.3 Control Registers

There are 5 control registers which are the Processor Status Word Register (PSW), the Condition Bit Register
(CBR), the Interrupt Stack Pointer (SPI), the User Stack Pointer (SPU) and the Backup PC (BPC).
The dedicated MVTC and MVFC instructions are used for writing and reading these control registers.

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

Notes: « CRn (n = 0-3 and 6) denotes the control register number.
« The dedicated MVTC and MVFC instructions are used for writing and reading these control registers.

Figure 2.3.1 Control Registers
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2.3 Control Registers

2.3.1 Processor Status Word Register: PSW (CRO)

The Processor Status Word Register (PSW) indicates the M32R status. It consists of the PSW field which is

regularly used, and the BPSW field where a copy of the PSW field is saved when an EIT occurs.
The PSW field consists of the Stack Mode (SM) bit, the Interrupt Enable (IE) bit and the Condition (C) bit.

The BPSW field consists of the Backup Stack Mode (BSM) bit, the Backup Interrupt Enable (BIE) bit and the
Backup Condition (BC) bit.
Upon exiting the reset state, BSM, BIE and BC are undefined. All other bits are "0".

b0 1 2 3 4 6 7 8 9 10 11 12 13 14 b15
0] o] o] o | o | 0] o] o] o] o | o] o] o 0 0
b16 17 18 19 20 22 23 24 25 26 27 28 29 30 b31
BSM | BIE BC SM IE C
? ? 0 | o | o | 0 ? 0 0 0|l o] o] o 0 0
BPSW field PSW field
<Upon exiting reset: B’'0000 0000 0000 0000 ??00 000? 0000 0000>
b Bit Name Function R W
0-15 No function assigned. Fix to "0". 0 O
16 BSM Saves value of SM bit when EIT occurs R W
Backup SM Bit
17 BIE Saves value of IE bit when EIT occurs R W
Backup IE Bit
18-22 No function assigned. Fix to "0". 0 O
23 BC Saves value of C bit when EIT occurs R W
Backup C Bit
24 SM 0: Uses R15 as the interrupt stack pointer R W
Stack Mode Bit 1: Uses R15 as the user stack pointer
25 IE 0: Does not accept interrupt R W
Interrupt Enable Bit (Note 1) 1: Accepts interrupt
26-30 No function assigned. Fix to "0". 0
31 C Indicates carry, borrow or overflow resulting R W
Condition Bit from operations (instruction dependent)

Note 1: Interruput which is controllable is External Interrupt (El). Reserved Instruction Exception (RIE), Address

Except (AE), Reset Interrupt (RI), System Break Interrupt (SBI) and Trap are not controlled.
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2.3.2 Condition Bit Register: CBR (CR1)

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

Upon exiting the reset state, the value of CBR is H'0000 0000.

CBR

b0

b31

0o o0o0O0O0O0OO0OOO® ODOOOODOO ODOOO OTODOTO OO OO OO OO OO OO OO OTGODOQOO

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

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

Upon exiting the reset state, the values of the SPI and SPU are undefined.

b0 b31

SPI

b31

SPU

2.3.4 Backup PC: BPC (CR6)

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

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

Upon exiting the reset state, the value of the BPC is undefined.

b0 b31

Rev.1.10 REJ09B0067-0110 Jun 20.06
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2.4 Accumulator

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

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

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

Upon exiting the reset state, the value of accumulator is undefined.

T(Note 1)7 ’7Read range of MVFACMI instruction
b0 78 1516 3132 47 48 b63
ACC <r
Write and read ranges of MVTACHI ‘ ‘ Write and read ranges of MVTACLO
and MVFACHI instructions and MVFACLO instructions

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

2.5 Program Counter

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

bo b31
PC PC 0
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
32176 Group Hardware Manual 2-6
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2.6 Data Formats

2.6.1 Data Types

The data types that can be handled by the M32R instruction set are sighed or unsigned 8, 16 and 32-bit

integers. The signed integers are represented by 2's complements.

Signed byte
(8-bit) integer

Unsigned byte
(8-bit) integer

Signed halfword
(16-bit) integer

Unsigned halfword
(16-bit) integer

Signed word
(32-bit) integer

Unsigned word
(32-bit) integer

b0

b7

b0

b7

b0

b15

b0

b15

b0

b31

b0

b31

S: Sign bit

Figure 2.6.1 Data Types
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2.6.2 Data Formats

(1) Data formats in registers

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

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

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

respectively.
<Load> From memory
Sign-extended (LDB instruction) or  (LDB, LDUB instructions)
b0 zero-extended (LDUB instruction) 24 { b3l
| |
Sign-extended (LDH instruction) or From memory (LDH, LDUH instructions)
po 2ero-extended (LDUH instruction) 44 ¢ b31
From memory (LD instruction)
bo ¢ b31
o[ e ]
<Store>
bo 24 b31
" e |
To memory (STB instruction)
bo 16 b31
" TR
To memory (STH instruction)
bo b31
- D
To memory (ST instruction)

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

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

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

v v v v

b0 7 8 15 16 23 24 b31

e | | | |

R | |
| | e [

N | | e |

~ bo 15 b31

b0 b31
wo | (G |

Figure 2.6.3 Data Formats in Memory
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(3) Endian
The diagrams below show a general endian system and the endian adopted for the M32R family micro-
computers.
Bit endian Byte endian
(H'01) (H'01234567)
Big endian B'0000001 HO1 | H23 | H45 | H67
b0 b7 HH HL LH LL
Little endian B'0000001 H'67 H'45 H'23 H'01
b7 b0 LL LH HL HH
Note: « Even when bits are arranged in big endian, H'01 is not B'20000000.

Figure 2.6.4 General Endian System

Renesas
microcomputer 7700 and M16C families M32R family
family name
Endian Little/little Little/big Big/big
(bit/byte)
Address +0 +1 +2 +3 +0 +1 +2 +3 +0 +1 +2 +3
Data arrangement L, LH  HL | HH HH | HL | LH L HHO o HL | LH L
Bit number 7-0 158 23-16 31-24 31-24 23-16 15-8 7-0 0-7 815 16-23 24-31
Example:
oA 67 byte 67,45,23,01 byte 01,23,45,67 byte 01,23,45,67
Note: « The M32R family uses the big endian for both bits and bytes.

Figure 2.6.5 Endian Adopted for the M32R Family
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(4) Transfer instructions

» Constant transfer

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

SETH Rdest, #imm16

* Register to register transfer

MV Rdest, Rsrc

« Control register transfer

MVFC Rdest, CRsrc
MVTC Rsrc, CRdest

LD24 Rdest, #imm24

imm24 | | | |
b0 b23

Rdest | 00 | [ [
b0 8 b31

SETH Rdest, #imm16

|

b0 b15

Rdest | | | 00 ;| 00
bo 15 b3l

MV Rdest, Rsrc

Rsrc | | | |
b0 b31 |
|

Rdest | | |
b0 b31

MVTC Rsrc, CRdest

Rsrc | | | |
b0 b31 |
|

CRdest | | | |
b0 b31

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

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

« Signed 32 bits

LD24 Rsrc, #label
LD Rdest, @Rsrc

« Signed 16 bits

LD24 Rsrc, #label
LDH Rdest, @Rsrc

« Signed 8 bits

LD24 Rsrc, #label
LDB Rdest, @Rsrc

Memory Register
label | Rdest l
+ +0I +1 I +2 I +3 !0 : : : b31
label | Rdest l
+0I +1|+2l+3 /|00|00| I |

Determined by MSB

0: Positive number | FF | FF | | |
1: Negative number/

b0 b31

label |

+0 +1 +2

Determined by MSB
0: Positive number

+3

1: Negative number b0 b31
Figure 2.6.7 Transfer from Memory (Sighed) to Registers
(6) Transfer from memory (unsigned) to registers
Memory Register
* Unsigned 32 bits l
Rdest
LD24 Rsrc, #label label
LD Rdest, @Rsrc 1 l l l | |
+0 +1  +2 43 bo b31
« Unsigned 16 bits | l
label d
LD24 Rsrc, #label Raest
LDUH Rdest, @Rsrc T 0,0 ; |
+0 +1 +2 +3 b0 b31
* Unsigned 8 bits | l
label Rdest
LD24 Rsrc, #label 5 00 0
LDUB Rdest, @Rsrc | L | l l | |
+0 +1 +2 +3 b0 b31
Figure 2.6.8 Transfer from Memory (Unsigned) to Registers
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(7) Notes on data transfer

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

Data in registers Data in memory

* Word data (32 bits)

(RO-R15) +0 +1 +2 +3
| HH | HL | LH | LL > HH | HL | LH | LL
b0 b31 b0 b31

 Halfword data (16 bits)

(RO-R15) +0 +1 +2 +3
| | | a S | R a O | |
b0 bal b0 bi5
(RO-R15) +0 +1 +2 +3
| | | . | R | | a  C
b0 b31 b16 b31

* Byte data (8 bits)

(RO-R15) +0 +1 +2 +3
| | l | | - | | |

b0 b31 b0 b7

(RO-R15) +0 +1 +2 +3
| | | | | - | | |

b0 b31 b8 b15

(RO-R15) +0 +1 +2 +3
| | | | | - | | |

b0 b31 b16 b23
(RO-R15) +0 +1 +2 +3
| | | | | - | | |

) b31 b24 b31

Figure 2.6.9 Difference in Data Arrangements
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2 2.7 Supplementary Explanation for BSET, BCLR, LOCK and UNLOCK Instruction Execution

2.7 Supplementary Explanation for LOCK and UNLOCK Instruction Execution

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

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

* When LOCK bit = "0"

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

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

Control of the bus may be requested by devices other than the CPU in the following two cases:

» When DMA transfer is requested by the internal DMAC
* When HREQ# input is pulled low to request that the CPU be placed in a hold state

32176 Group Hardware Manual 14
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ADDRESS SPACE
3 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 bits, providing a linear address space of up to 4
Gbytes. The address space of the M32R consists of the following:

(1) User space

« Internal ROM area

« External extension area

« Internal RAM area

* SFR (Special Function Register) area

The 2 Gbytes from the address H'0000 0000 to the address H'7FFF FFFF comprise the user space.
Located in this space are the internal ROM area, an external extension area, the internal RAM area and
the SFR (Special Function Register) area (in which a set of internal peripheral 1/O registers exist). Of
these, the internal ROM and external extension areas are located differently depending on mode settings
as will be described later.

(2) System space

The 2 Gbytes from the address H’8000 0000 to the address H'FFFF FFFF comprise the system space.
This space is reserved for use by development tools such as an in-circuit emulator and debug monitor,
and cannot be used by the user.
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ADDRESS SPACE
3 3.2 Operation Modes

3.2 Operation Modes

The microcomputer is placed in one of the following modes depending on how CPU operation mode is set by
MODO and MODL1 pins. The operation mode used for rewriting the internal flash memory is described separately
in Section 6.5, “Programming the Internal Flash Memory.”

Table 3.2.1 Operation Mode Settings

MODO MOD1 MOD2 (Note 1) Operation mode (Note 2)
VSS VSS VSS Single-chip mode

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

- - VCCE Reserved (use inhibited)

Note 1: Connect VCCE and VSS to the VCCE input power supply and ground, respectively.
Note 2: For the operation mode used to rewrite the internal flash memory (FP = VCCE) which is not shown in the above table,
see Section 6.5, “Programming the Internal Flash Memory.”

The internal ROM and external extension areas are located differently depending on how operation mode is set.
(All other areas in the address space are located the same way.) The diagram below shows how the internal
ROM and external extension areas are mapped into the address space in each operation mode. (For flash
rewrite mode, see Section 6.5, “Programming the Internal Flash Memory.")
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ADDRESS SPACE
3 3.2 Operation Modes

External
Logical address Single chip Logical extension Processor
mode address mode mode
Hooooooo0 [ [T |~ T H'0000 0000
Internal ROM Internal ROM
(16 Mbytes) area area
___________ (512 Kbytes) H'.QQQ?..F.E'.:'.: (512 Kbytes) o CSO0 area
] H'0008 0000 (1 Mbytes)
16M byt Reserved area Reserved area
( ytes) | (512 Kbytes) (512 Kbytes)
H'000F FFFF
| N _“|H0oo010 0000 N .
N e N s
N 7 N 7
N CSO0 area N
User ) | AN (1 Mbytes) N
2 Gbytes 7 hS 7 N
space Ghost | I - |H001F FFFF 7 N
area in < {0026 5000
16-Mbyte N %
units ‘ N7
N CS1 area CS1 area
l PR (1 Mbytes) (1 Mbytes)
./‘ ‘\;
. ’ = [H002F FFFF
________________ | 5= — | H0030 0000 [F~. P ~Z -
(16 Mbytes) [ PR 13710 P I D Y
H'7EEF EFEE oo |H00400000 1% S
H8000 0000 B I T Pt I Py
‘ . H'0050 0000
| b . HOQO6F FFFF| . L e .
‘\_\ /,/-/' H'0070 0000 "~\_\ /,/-/' "‘\_\ /_/-"
O e 10077 R I P
SFR area |H00800000| SFR area SFR area
l (16 Kbytes) |H0080 3FFF| (16 Kbytes) [ | (16 Kbytes)
Internal RAM ~ [H'0080 4000 [ |rternal RAM Internal RAM
System \ area ’ area area
2 Gbytes (24 Kbytes) | H'008F 9FFF| (24 Kbytes) ___ |_(24 Kbytes)
H'0080 A00O
space \ Reserved area Reserved area Reserved area
Kbyt
(88 Kbytes) 10081 FFFF (88 Kbytes) (88 Kbytes)
~ S~ .-~ |Ho0820000 >~ 7 S 7
ISR (11113 o A I
l : F0084 0000 .
N S | HOOFDFFFR - L ) e
[~ -~ "|H'OOFE 0000 [ ~- P [~ P
HFFFF FFFF L oo | [
Notes: = CS0-CS2 areas: External extension areas of up to 2 Mbytes
—<"] :Indicates Ghost area. This area must not be used during programming intentionally.
Figure 3.2.1 Address Space of the M32176F4
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ADDRESS SPACE
3 3.2 Operation Modes

External
Logical address Single chip Logical extension Processor
mode address mode mode
Hooooo000 [ | [ | T H'0000 0000
Internal ROM Internal ROM
(16 Mbytes) area area
___________ (384 Kbytes) H'0005 FFFF (384 Kbytes) CSO area
] H'0006 0000 (1 Mbytes)
Reserved area Reserved area
(16M bytes) l (640 Kbytes) (640 Kbytes)
H'000F FFFF
N _“|Ho010 0000 N 7
. \‘\,/'/ CSO0 area \\/'/
User \ s " (1 Mbytes) 7 \'\.
2 Gbytes e N s .
space Shost L . [HootF FrFF b N
16-Mbyte N _|H0020 0000
units ‘ o7
N CS1 area CS1 area
l '/,’ \.\‘ (1 Mbytes) (1 Mbytes)
./ \;
. '/ = |H002F FFFF
________________ | F< —~|H0030 0000 [~<. P ~Z -
(16 Mbytes) [ P 1711 Py I PP
H'7EEF FEEE < _ - |Hoodo0000 >~ [t~
H8000 0000 I I e P! N ey
‘ H'0050 0000
| b R H'QO6F FFFF| . I I S S
"‘\_\ /_/-" H'0070 0000 "‘\_\ /,/-" "‘\_\ /,/-"
O N 11101 P I S
SFRarea |H00800000| SFR area SFR area
l (16 Kbytes) |Ho0080 3FFF| (16 Kbytes) [ | (16 Kbytes)
Interr;?‘la;?AM H'0080 4000 Interg?égAM Interg?‘l%l‘?AM
2 Gbytes System \ (24 Kbytes) | H'008F 9FFF| (24 Kbytes) [ [ (24 Kbytes)
s H'0080 A00O
pace \ Reserved area Reserved area Reserved area
8 Kbyt
(8 ytes) 10081 FFFF (88 Kbytes) (88 Kbytes)
| [T T|F00B20000 =S S
T T|moossFRREL T T LT T
\ : F#0084 0000
N e |wooroeerr .o L.
[~ -~ "|H'0OOFE 0000 [ ~- P [~ P
HFFFF FFFF L ooreee | [T
Notes: = CS0-CS2 areas: External extension areas of up to 2 Mbytes
* =< : Indicates Ghost area. This area must not be used during programming intentionally.
Figure 3.2.2 Address Space of the M32176F3
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ADDRESS SPACE
3 3.2 Operation Modes

External
Logical address Single chip Logical extension Processor
mode address mode mode
Hoooooooo[ [ |~~~ T H'0000 0000
Internal ROM Internal ROM
(16 Mbytes) area area
___________ (256 Kbytes) H'0003 FFFF (256 Kbytes) | csoarea
] H'0004 0000 (1 Mbytes)
Reserved area Reserved area
(16M bytes) | (768 Kbytes) (768 Kbytes)
H'000F FFFF
l AN .7|H'0010 0000 N i
N, R4 N, Re
N, R4 N, 7
\‘\/'/ CSO0 area \‘\/‘/
User | AN (1 Mbytes) N
2 Gbytes e N % N
space areah | "\ |HOO1F FFFF
16-Mbyte \.\‘ '/,/ H'0020 0000
units ‘ o7
N CS1 area CS1 area
l ‘/./ \\ (1 Mbytes) (1 Mbytes)
./ \.
. o ~-|H'002F FFFF
________________ l S _-7|H'0030 0000 |~ P AN P
(16 Mbytes) O P 0l D U P
H'7EFE FEFF ~.__- " |Hoos00000 [~ e
H'8000 0000 | o afmooar ERRRL T ) LT T
‘ . H'0050 0000
| b e H'006F FFFF|
"\\\ -~ |H'0070 0000 |
| L="" ™~ IHoorF FrFFL.- " oL :
SFR area |H00800000| SFR area SFR area
l (16 Kbytes) [H0080 3FFF| (16 Kbytes) | | (16 Kbytes)
Internal RAM H'0080 4000 Internal RAM Internal RAM
System \ area ’ area area
2 Gbytes (24 Kbytes) | H'008F 9FFF| (24 Kbytes) o (24 Kbytes)
H'0080 A000
space \ Reserved area Reserved area Reserved area
88 Kbytes
( ytes) 10081 FFFE (88 Kbytes) (88 Kbytes)
~ S~ _ -7 |Hoo0820000 [T~ 7 S T
o TsafmoossERRRL T ) LT T
\ : F0084 G060 .
N e lwooroerrr .| | .
[~ __-~"|H'00FE 0000 | ~-__ Phe [~ Phe
HFFFF FFFF L™ oorrerre T | [T
Notes: = CS0-CS2 areas: External extension areas of up to 2 Mbytes
~—<"] :Indicates Ghost area. This area must not be used during programming intentionally.

Figure 3.2.3 Address Space of the M32176F2
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ADDRESS SPACE
3 3.3 Internal ROM and External Extension Areas

3.3 Internal ROM and External Extension Areas

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

3.3.1 Internal ROM Area

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

Table 3.3.1 Internal ROM Allocation Address

Type Name Size Allocation Address

M32176F4 512 Kbytes H'0000 0000 to H'0007 FFFF
M32176F3 384 kbytes H’0000 0000 to H’'0005 FFFF
M32176F2 256 Kbytes H’0000 0000 to H’0003 FFFF

3.3.2 External Extension Area

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

The CS0# and CS1# signals are output corresponding to the address mapping of the external extension area.
The CS0# and CS1# signals are output for the CS0 and CS1 areas, respectively.

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

Operation Mode Address Mapping of External Extension Area
Single-chip mode None
External extension mode H’0010 0000 to H'001F FFFF (CSO area: 1 Mbyte)
H’0020 0000 to H'002F FFFF (CS1 area: 1 Mbyte) (Note 1)
Processor mode H’0000 0000 to H'000F FFFF (CSO area: 1 Mbyte) (Note 2)
H’0020 0000 to H'002F FFFF (CS1 area: 1 Mbyte) (Note 2)

Note 1: During external extension mode, a ghost (1 Mbyte) of the CS1 area appears in an area of H'0030 0000 through H'003F
FFFF.

Note 2: During processor mode, a ghost (1 Mbyte) of the CS0 area appears in an area of H'0010 0000 through H'001F FFFF
and a ghost (1 Mbyte) of the CS1 area appears in an area of H'0030 0000 through H'003F FFFF.
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3 3.4 Internal RAM and SFR Areas

3.4 Internal RAM and SFR Areas

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

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

Table 3.4.1 Internal RAM Allocation Address

Type Name Size Allocation Address

M32176F4 24 Kbytes H'0080 4000 to H'0080 9FFF
M32176F3 24 Kbytes H’0080 4000 to H'0080 9FFF
M32176F2 24 Kbytes H’0080 4000 to H'0080 9FFF

3.4.2 SFR (Special Function Register) Area

The addresses H'0080 0000 to H'0080 3FFFF comprise the SFR (Special Function Register) area. Located in
this area are the internal peripheral 1/0O registers.

H'0080 0000
SFR area
(16 Kbytes)
H'0080 3FFF
H'0080 4000 4
Virtual flash emulation areas
Internal RAM separated in 8- or 4-Kbyte units
(24 Kbytes) can be allocated here.
For details, see Section 6.6.
H'0080 9FFF v

Figure 3.4.1 Internal RAM and SFR (Special Function Register) Areas

32176 Group Hardware Manual 28
Rev.1.10 REJ09B0067-0110 Jun 20.06 RENESAS



ADDRESS SPACE

3 3.4 Internal RAM and SFR Areas
0 7 8 15 0 7 8 15
‘+O address ‘+1 address‘ ‘+O address ‘+1 address‘
H'0080 0000 H'0080 07EO
Flash control
Interrupt Controller H'0080 07F2
(ICu)
H'0080 007E
H'0080 0080
A/D Converter ~ L
H'0080 00EE I I~
H'0080 0100 —
Serial Interf: H0080 OFEO Multijunction
erial Interface
. MJT(TML1) timer (MJT)
H'0080 0146 H'0080 OFFE ‘
~ -~ H'0080 1000
H'0080 0180 Wait Controller CANO
~ -~ H'0080 11FE
H'0080 0200 ] A AL
MJT (common part) % o
H'0080 023E
H'0080 0240 H'0080 1400
MJT(TOP) Calll
H'0080 15FE
H'0080 02FE
H'0080 0300 " N
Multijunction ~Z ~Z
MJT(TIO) timer (MJT)
H'0080 03BE
H'0080 03C0 H'0080 3FFE
MJT(TMS)
H'0080 03D8
H'0080 03E0
MJT(TMLO)
H'0080 03FE
H'0080 0400 -
DMAC
H'0080 0478
H'0080 0700
Input/output port
H'0080 077F

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

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

SFR Area Register Map (1/22)

Address +0 address +1 address See
b0 b7 | b8 bl5 | pages
H'0080 0000 Interrupt Vector Register 5-5
(IVECT)
H'0080 0002 (Use inhibited area)
H'0080 0004 Interrupt Request Mask Register (Use inhibited area) 5-6
(IMASK)
H'0080 0006 SBI Control Register (Use inhibited area) 5-7
(SBICR)
| (Use inhibited area)
H'0080 0060 | CANO Transmit/Receive & Error Interrupt Control Register (Use inhibited area) 5-8
(ICANOCR)
H'0080 0062 (Use inhibited area)
H'0080 0064 (Use inhibited area)
H'0080 0066 (Use inhibited area) RTD Interrupt Control Register 5-8
(IRTDCR)
H'0080 0068 S102, 3 Transmit/Receive Interrupt Control Register DMAS5-9 Interrupt Control Register 5-8
(ISIO23CR) (IDMA59CR)
H'0080 006A (Use inhibited area)
H'0080 006C A/DO Conversion Interrupt Control Register SI00 Transmit Interrupt Control Register 5-8
(IADOCCR) (ISIO0TXCR)
H'0080 006E SI00 Receive Interrupt Control Register SI01 Transmit Interrupt Control Register 5-8
(ISIOORXCR) (ISIO1TXCR)
H'0080 0070 SI01 Receive Interrupt Control Register DMAO0-4 Interrupt Control Register 5-8
(ISIO1RXCR) (IDMA0O4CR)
H'0080 0072 MJT Output Interrupt Control Register 0 MJT Output Interrupt Control Register 1 5-8
(IMJTOCRO) (IMJTOCR1)
H'0080 0074 MJT Output Interrupt Control Register 2 MJT Output Interrupt Control Register 3 5-8
(IMJTOCR2) (IMJTOCR3)
H'0080 0076 MJT Output Interrupt Control Register 4 MJT Output Interrupt Control Register 5 5-8
(IMJTOCR4) (IMJTOCR5)
H'0080 0078 MJT Output Interrupt Control Register 6 MJT Output Interrupt Control Register 7 5-8
(IMJTOCRS6) (IMJTOCRY7)
H'0080 007A (Use inhibited area) MJT Input Interrupt Control Register 1 5-8
(IMJTICR1)
H'0080 007C MJT Input Interrupt Control Register 2 MJT Input Interrupt Control Register 3 5-8
(iIIMJTICR2) (IMJTICR3)
H'0080 007E MJT Input Interrupt Control Register 4 CANL1 Transmit/Receive & Error Interrupt Control Register 5-8
(IMJTICR4) (ICAN1CR)
H'0080 0080 A/DO Single Mode Register 0 A/DO Single Mode Register 1 11-14
(ADOSIMO) (ADOSIM1) 11-16
H'0080 0082 (Use inhibited area)
H'0080 0084 A/DO Scan Mode Register 0 A/DO Scan Mode Register 1 11-18
(ADOSCMO) (ADOSCM1) 11-20
H'0080 0086 | A/DO Disconnection Detection Assist Function Control Register A/DO Conversion Speed Control Register 11-23
(ADODDACR) (ADOCVSCR) 11-22
H'0080 0088 A/DO Successive Approximation Register 11-27
(ADOSAR)
H'0080 008A A/DO Disconnection Detection Assist Method Select Register 11-24
(ADODDASEL)
H'0080 008C A/DO Comparate Data Register 11-28
(ADOCMP)
H'0080 008E (Use inhibited area)
H'0080 0090 10-bit A/DO Data Register 0 11-29
(ADODTO)
H'0080 0092 10-bit A/DO Data Register 1 11-29
(ADODT1)
H'0080 0094 10-bit A/DO Data Register 2 11-29
(ADODT?2)
H'0080 0096 10-bit A/DO Data Register 3 11-29
(ADODT3)
H'0080 0098 10-bit A/DO Data Register 4 11-29
(ADODT4)
H'0080 009A 10-bit A/DO Data Register 5 11-29
(ADODT5)
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3

ADDRESS SPACE
3.4 Internal RAM and SFR Areas

SFR Area Register Map (2/22)

Address +0 address +1 address See
b0 b7 | b8 b15 | pages
H'0080 009C 10-bit A/DO Data Register 6 11-29
(ADODT®6)
H'0080 009E 10-bit A/DO Data Register 7 11-29
(ADODT7)
H'0080 00AO0 10-bit A/DO Data Register 8 11-29
(ADODTS8)
H'0080 00A2 10-bit A/DO Data Register 9 11-29
(ADODT9)
H'0080 00A4 10-bit A/DO Data Register 10 11-29
(ADODT10)
H'0080 00A6 10-bit A/DO Data Register 11 11-29
(ADODT11)
H'0080 00A8 10-bit A/DO Data Register 12 11-29
(ADODT12)
H'0080 00AA 10-bit A/DO Data Register 13 11-29
(ADODT13)
H'0080 00AC 10-bit A/DO Data Register 14 11-29
(ADODT14)
H'0080 00AE 10-bit A/DO Data Register 15 11-29
(ADODT15)
H'0080 00DO (Use inhibited area) 8-bit A/DO Data Register 0 11-30
(AD08DTO)
H'0080 00D2 (Use inhibited area) 8-bit A/DO Data Register 1 11-30
(AD08DT1)
H'0080 00D4 (Use inhibited area) 8-bit A/DO Data Register 2 11-30
(AD08DT2)
H'0080 00D6 (Use inhibited area) 8-bit A/DO Data Register 3 11-30
(AD08DT3)
H'0080 00D8 (Use inhibited area) 8-bit A/DO Data Register 4 11-30
(AD08DT4)
H'0080 O0DA (Use inhibited area) 8-bit A/DO Data Register 5 11-30
(AD08DTS5)
H'0080 00DC (Use inhibited area) 8-bit A/DO Data Register 6 11-30
(AD0O8DT6)
H'0080 00DE (Use inhibited area) 8-bit A/DO Data Register 7 11-30
(AD08DT7)
H'0080 OOEO (Use inhibited area) 8-bit A/DO Data Register 8 11-30
(AD08DTS)
H'0080 00E2 (Use inhibited area) 8-bit A/DO Data Register 9 11-30
(AD08DT9)
H'0080 O0E4 (Use inhibited area) 8-bit A/DO Data Register 10 11-30
(AD08DT10)
H'0080 O0OE6 (Use inhibited area) 8-bit A/DO Data Register 11 11-30
(AD08DT11)
H'0080 OOE8 (Use inhibited area) 8-bit A/DO Data Register 12 11-30
(AD08DT12)
H'0080 O0EA (Use inhibited area) 8-bit A/DO Data Register 13 11-30
(AD08DT13)
H'0080 O0EC (Use inhibited area) 8-bit A/DO Data Register 14 11-30
(AD08DT14)
H'0080 O0EE (Use inhibited area) 8-bit A/DO Data Register 15 11-30
(AD08DT15)
| (Use inhibited area)
H'0080 0100 S1023 Interrupt Request Status Register SI003 Interrupt Request Mask Register 12-9
(SI23STAT) (SIO3MASK) 12-10
H'0080 0102 SI003 Interrupt Request Source Select Register (Use inhibited area) 12-11
(SIO3SEL)
| (Use inhibited area)
H'0080 0110 SIO0 Transmit Control Register SIO0 Transmit/Receive Mode Register 12-13
(SOTCNT) (SOMOD) 12-14
H'0080 0112 SIO0 Transmit Buffer Register 12-17
(SOTXB)
H'0080 0114 SIO0 Receive Buffer Register 12-18
(SORXB)
H'0080 0116 SIO0 Receive Control Register SIO0 Baud Rate Register 12-19
(SORCNT) (SOBAUR) 12-21
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3

ADDRESS SPACE
3.4 Internal RAM and SFR Areas

SFR Area Register Map (3/22)

Address +0 address +1 address See
bo b7 | b8 bl5 | pages
H'0080 0118 SIO0 Special Mode Register (Use inhibited area) 12-23
(SOSMOD)
| (Use inhibited area)
H'0080 0120 SI01 Transmit Control Register SI101 Transmit/Receive Mode Register 12-13
(S1TCNT) (S1IMOD) 12-14
H'0080 0122 SI101 Transmit Buffer Register 12-17
(S1TXB)
H'0080 0124 SI01 Receive Buffer Register 12-18
(S1RXB)
H'0080 0126 SIO1 Receive Control Register S101 Baud Rate Register 12-19
(S1RCNT) (S1BAUR) 12-21
H'0080 0128 SI01 Special Mode Register (Use inhibited area) 12-23
(S1SMOD)
| (Use inhibited area)
H'0080 0130 S102 Transmit Control Register S102 Transmit/Receive Mode Register 12-13
(S2TCNT) (S2MOD) 12-14
H'0080 0132 S102 Transmit Buffer Register 12-17
(S2TXB)
H'0080 0134 S102 Receive Buffer Register 12-18
(S2RXB)
H'0080 0136 SI02 Receive Control Register SI02 Baud Rate Register 12-19
(S2RCNT) (S2BAUR) 12-21
| (Use inhibited area)
H'0080 0140 SI103 Transmit Control Register SI103 Transmit/Receive Mode Register 12-13
(S3TCNT) (S3MOD) 12-14
H'0080 0142 S103 Transmit Buffer Register 12-17
(S3TXB)
H'0080 0144 S103 Receive Buffer Register 12-18
(S3RXB)
H'0080 0146 SIO3 Receive Control Register S103 Baud Rate Register 12-19
(S3RCNT) (S3BAUR) 12-21
| (Use inhibited area)
H'0080 0180 Wait Cycles Control Register (Use inhibited area) 16-4
(WTCCR)
| (Use inhibited area)
H'0080 0200 (Use inhibited area) Clock Bus & Input Event Bus Control Register 10-13
(CKIEBCR)
H'0080 0202 Prescaler Register 0 Prescaler Register 1 10-9
(PRSO0) (PRS1)
H'0080 0204 Prescaler Register 2 Output Event Bus Control Register 10-9
(PRS2) (OEBCR) 10-14
| (Use inhibited area)
H'0080 0210 TCLK Input Processing Control Register 10-17
(TCLKCR)
H'0080 0212 TIN Input Processing Control Register O 10-18
(TINCRO)
H'0080 0214 (Use inhibited area)
H'0080 0216 (Use inhibited area)
H'0080 0218 TIN Input Processing Control Register 3 10-19
(TINCR3)
H'0080 021A TIN Input Processing Control Register 4 10-19
(TINCR4)
H'0080 021C (Use inhibited area)
H'0080 021E (Use inhibited area)
H'0080 0220 F/F Source Select Register 0 10-21
(FFSO0)
H'0080 0222 (Use inhibited area) F/F Source Select Register 1 10-22
(FFS1)
H'0080 0224 F/F Protect Register 0 10-23
(FFPO)
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3.4 Internal RAM and SFR Areas

SFR Area Register Map (4/22)

Address +0 address +1 address See
b0 b7 | b8 bl5 | pages
H'0080 0226 F/F Data Register 0 10-24
(FFDO)
H'0080 0228 (Use inhibited area) F/F Protect Register 1 10-23
(FFP1)
H'0080 022A (Use inhibited area) F/F Data Register 1 10-24
(FFD1)
| (Use inhibited area)
H'0080 0230 TOP Interrupt Control Register 0 TOP Interrupt Control Register 1 10-29
(TOPIRO) (TOPIR1)
H'0080 0232 TOP Interrupt Control Register 2 TOP Interrupt Control Register 3 10-31
(TOPIR2) (TOPIR3) 10-32
H'0080 0234 TIO Interrupt Control Register 0 TIO Interrupt Control Register 1 10-33
(TIOIRO) (TIOIRY) 10-34
H'0080 0236 TIO Interrupt Control Register 2 TMS Interrupt Control Register 10-35
(TIOIR2) (TMSIR) 10-36
H'0080 0238 TIN Interrupt Control Register 0 TIN Interrupt Control Register 1 10-37
(TINIRO) (TINIR1) 10-38
H'0080 023A (Use inhibited area)
H'0080 023C TIN Interrupt Control Register 4 TIN Interrupt Control Register 5 10-39
(TINIR4) (TINIRS5)
H'0080 023E TIN Interrupt Control Register 6 (Use inhibited area) 10-41
(TINIRG)
H'0080 0240 TOPO Counter 10-53
(TOPOCT)
H'0080 0242 TOPO Reload Register 10-54
(TOPORL)
H'0080 0244 (Use inhibited area)
H'0080 0246 TOPO Correction Register 10-55
(TOPOCC)
[ (Use inhibited area)
H'0080 0250 TOP1 Counter 10-53
(TOP1CT)
H'0080 0252 TOP1 Reload Register 10-54
(TOP1RL)
H'0080 0254 (Use inhibited area)
H'0080 0256 TOP1 Correction Register 10-55
(TOP1CC)
| (Use inhibited area)
H'0080 0260 TOP2 Counter 10-53
(TOP2CT)
H'0080 0262 TOP2 Reload Register 10-54
(TOP2RL)
H'0080 0264 (Use inhibited area)
H'0080 0266 TOP2 Correction Register 10-55
(TOP2CC)
| (Use inhibited area)
H'0080 0270 TOP3 Counter 10-53
(TOP3CT)
H'0080 0272 TOP3 Reload Register 10-54
(TOP3RL)
H'0080 0274 (Use inhibited area)
H'0080 0276 TOP3 Correction Register 10-55
(TOP3CC)
| (Use inhibited area)
H'0080 0280 TOP4 Counter 10-53
(TOPACT)
H'0080 0282 TOP4 Reload Register 10-54
(TOP4RL)
H'0080 0284 (Use inhibited area)
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ADDRESS SPACE
3.4 Internal RAM and SFR Areas

SFR Area Register Map (5/22)

Address +0 address +1 address See
b0 b7 | b8 bl5 | pages
H'0080 0286 TOP4 Correction Register 10-55
(TOP4CC)
| (Use inhibited area)
H'0080 0290 TOPS5 Counter 10-53
(TOP5CT)
H'0080 0292 TOPS5 Reload Register 10-54
(TOP5RL)
H'0080 0294 (Use inhibited area)
H'0080 0296 TOPS5 Correction Register 10-55
(TOP5CC)
H'0080 0298 (Use inhibited area)
H'0080 029A TOPO-5 Control Register 0 10-49
(TOPO5CRO)
H'0080 029C (Use inhibited area) TOPO-5 Control Register 1 10-49
(TOPO5CR1)
H'0080 029E (Use inhibited area)
H'0080 02A0 TOP6 Counter 10-53
(TOP6CT)
H'0080 02A2 TOP6 Reload Register 10-54
(TOP6RL)
H'0080 02A4 (Use inhibited area)
H'0080 02A6 TOPG6 Correction Register 10-55
(TOP6CC)
H'0080 02A8 (Use inhibited area)
H'0080 02AA TOPS6, 7 Control Register 10-51
(TOP67CR)
| (Use inhibited area)
H'0080 02B0 TOP7 Counter 10-53
(TOP7CT)
H'0080 02B2 TOP7 Reload Register 10-54
(TOP7RL)
H'0080 02B4 (Use inhibited area)
H'0080 02B6 TOP7 Correction Register 10-55
(TOP7CC)
| (Use inhibited area)
H'0080 02C0 TOP8 Counter 10-53
(TOPSCT)
H'0080 02C2 TOP8 Reload Register 10-54
(TOP8RL)
H'0080 02C4 (Use inhibited area)
H'0080 02C6 TOPS8 Correction Register 10-55
(TOP8CC)
| (Use inhibited area)
H'0080 02D0 TOP9 Counter 10-53
(TOPOCT)
H'0080 02D2 TOP9 Reload Register 10-54
(TOP9RL)
H'0080 02D4 (Use inhibited area)
H'0080 02D6 TOP9 Correction Register 10-55
(TOP9CC)
| (Use inhibited area)
H'0080 02EO0 TOP10 Counter 10-53
(TOP10CT)
H'0080 02E2 TOP10 Reload Register 10-54
(TOP10RL)
H'0080 02E4 (Use inhibited area)
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ADDRESS SPACE
3.4 Internal RAM and SFR Areas

SFR Area Register Map (6/22)

Address +0 address +laddress See
b0 b7 | b8 b15 | pages
H'0080 02E6 TOP10 Correction Register 10-55
(TOP10CC)
H'0080 02E8 (Use inhibited area)
H'0080 02EA TOP8-10 Control Register 10-52
(TOP810CR)
| (Use inhibited area)
H'0080 02FA TOPO0-10 External Enable Permit Register 10-56
(TOPEEN)
H'0080 02FC TOPO0-10 Enable Protect Register 10-56
(TOPPRO)
H'0080 02FE TOPO0-10 Count Enable Register 10-57
(TOPCEN)
H'0080 0300 TIOO Counter 10-87
(TIOOCT)
H'0080 0302 (Use inhibited area)
H'0080 0304 TIOO Reload 1 Register 10-89
(TIOORL1)
H'0080 0306 TIOO0 Reload 0/ Measure Register 10-88
(TIOORLO)
| (Use inhibited area)
H'0080 0310 TIO1 Counter 10-87
(TIO1CT)
H'0080 0312 (Use inhibited area)
H'0080 0314 TIO1 Reload 1 Register 10-89
(TIO1RL1)
H'0080 0316 TIO1 Reload 0/ Measure Register 10-88
(TIO1RLO)
H'0080 0318 (Use inhibited area)
H'0080 031A TIO0-3 Control Register 0 10-80
(TIO03CRO)
H'0080 031C (Use inhibited area) TIO0-3 Control Register 1 10-81
(TIO03CR1)
H'0080 031E (Use inhibited area)
H'0080 0320 TIO2 Counter 10-87
(TI02CT)
H'0080 0322 (Use inhibited area)
H'0080 0324 TIO2 Reload 1 Register 10-89
(TIO2RL1)
H'0080 0326 TIO2 Reload 0/ Measure Register 10-88
(TIO2RLO)
| (Use inhibited area)
H'0080 0330 TIO3 Counter 10-87
(TIO3CT)
H'0080 0332 (Use inhibited area)
H'0080 0334 TIO3 Reload 1 Register 10-89
(TIO3RL1)
H'0080 0336 TIO3 Reload 0/ Measure Register 10-88
(TIO3RLO)
| (Use inhibited area)
H'0080 0340 T104 Counter 10-87
(TIO4CT)
H'0080 0342 (Use inhibited area)
H'0080 0344 TIO4 Reload 1 Register 10-89
(TIO4RL1)
H'0080 0346 TIO4 Reload 0/ Measure Register 10-88
(TIO4RLO)
H'0080 0348 (Use inhibited area)
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ADDRESS SPACE
3.4 Internal RAM and SFR Areas

SFR Area Register Map (7/22)

Address +0 address +1 address See
b0 b7 | b8 bl5 | pages
H'0080 034A TIO4 Control Register TIO5 Control Register 10-82
(TIO4ACR) (TIO5CR) 10-84
| (Use inhibited area)
H'0080 0350 TIO5 Counter 10-87
(TIO5CT)
H'0080 0352 (Use inhibited area)
H'0080 0354 TIO5 Reload 1 Register 10-89
(TIO5RL1)
H'0080 0356 TIO5 Reload 0/ Measure Register 10-88
(TIO5RLO)
| (Use inhibited area)
H'0080 0360 TIO6 Counter 10-87
(TIOBCT)
H'0080 0362 (Use inhibited area)
H'0080 0364 TIO6 Reload 1 Register 10-89
(TIOBRL1)
H'0080 0366 TIO6 Reload 0/ Measure Register 10-88
(TIOBRLO)
H'0080 0368 (Use inhibited area)
H'0080 036A TIO6 Control Register TIO7 Control Register 10-85
(TIO6CR) (TIO7CR) 10-86
| (Use inhibited area)
H'0080 0370 TIO7 Counter 10-87
(TIO7CT)
H'0080 0372 (Use inhibited area)
H'0080 0374 TIO7 Reload 1 Register 10-89
(TIO7RL1)
H'0080 0376 TIO7 Reload 0/ Measure Register 10-88
(TIO7RLO)
| (Use inhibited area)
H'0080 0380 TIO8 Counter 10-87
(TIO8CT)
H'0080 0382 (Use inhibited area)
H'0080 0384 TIO8 Reload 1 Register 10-89
(TIO8RL1)
H'0080 0386 TIO8 Reload 0/ Measure Register 10-88
(TIO8RLO)
H'0080 0388 (Use inhibited area)
H'0080 038A TIO8 Control Register TIO9 Control Register 10-86
(TIO8CR) (TIO9CR) 10-87
| (Use inhibited area)
H'0080 0390 TIO9 Counter 10-87
(TIO9CT)
H'0080 0392 (Use inhibited area)
H'0080 0394 TIO9 Reload 1 Register 10-89
(TIO9RL1)
H'0080 0396 TIO9 Reload 0/ Measure Register 10-88
(TIO9RLO)
| (Use inhibited area)
H'0080 03BC TIO0-9 Enable Protect Register 10-90
(TIOPRO)
H'0080 03BE TIO0-9 Count Enable Register 10-91
(TIOCEN)
H'0080 03CO TMSO0 Counter 10-109
(TMSOCT)
H'0080 03C2 TMSO0 Measure 3 Register 10-109
(TMSOMR3)
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3.4 Internal RAM and SFR Areas

SFR Area Register Map (8/22)

Address +0 address +laddress See
bo b7 | b8 bl5| pages
H'0080 03C4 TMSO0 Measure 2 Register 10-109
(TMSOMR?2)
H'0080 03C6 TMSO0 Measure 1 Register 10-109
(TMSOMR1)
H'0080 03C8 TMSO0 Measure 0 Register 10-109
(TMSOMRO)
H'0080 03CA TMSO Control Register TMS1 Control Register 10-108
(TMSOCR) (TMS1CR)
| (Use inhibited area)
H'0080 03D0 TMS1 Counter 10-109
(TMS1CT)
H'0080 03D2 TMS1 Measure 3 Register 10-109
(TMS1MR3)
H'0080 03D4 TMS1 Measure 2 Register 10-109
(TMS1MR2)
H'0080 03D6 TMS1 Measure 1 Register 10-109
(TMS1IMR1)
H'0080 03D8 TMS1 Measure 0 Register 10-109
(TMS1MRO)
| (Use inhibited area)
H'0080 03EO TMLO Counter (Upper) 10-114
,,,,,,,,,,,,,,,,,,,,,,, (TMmeocte) L. ___ ]
H'0080 03E2 TMLO Counter (Lower) 10-114
(TMLOCTL)
| (Use inhibited area)
H'0080 03EA (Use inhibited area) TMLO Control Register 10-113
(TMLOCR)
| (Use inhibited area)
H'0080 03F0 TMLO Measure 3 Register (Upper) 10-115
. @MWOMR3H)
H'0080 03F2 TMLO Measure 3 Register (Lower) 10-115
(TMLOMR3L)
H'0080 03F4 TMLO Measure 2 Register (Upper) 10-115
. ________@™MwmR2s
H'0080 03F6 TMLO Measure 2 Register (Lower) 10-115
. _________G@awmomR2y) ]
H'0080 03F8 TMLO Measure 1 Register (Upper) 10-115
. ________@7mwomRi®
H'0080 O3FA TMLO Measure 1 Register (Lower) 10-115
(TMLOMR1L)
H'0080 03FC TMLO Measure 0 Register (Upper) 10-115
. ___________@MwWOMROY) ]
H'0080 O3FE TMLO Measure 0 Register (Lower) 10-115
(TMLOMROL)
H'0080 0400 DMAO-4 Interrupt Request Status Register DMAO-4 Interrupt Request Mask Register 9-18
(DMO4ITST) (DMO4ITMK) 9-19
| (Use inhibited area)
H'0080 0408 DMAS5-9 Interrupt Request Status Register DMAS5-9 Interrupt Request Mask Register 9-18
(DM59ITST) (DM59ITMK) 9-19
| (Use inhibited area)
H'0080 0410 DMAO Channel Control Register DMAO Transfer Count Register 9-6
(DMOCNT) (DMOTCT) 9-15
H'0080 0412 DMAO Source Address Register 9-13
(DMOSA)
H'0080 0414 DMAO Destination Address Register 9-14
(DMODA)
H'0080 0416 (Use inhibited area)
H'0080 0418 DMAGS Channel Control Register DMAGS Transfer Count Register 9-8
(DM5CNT) (DM5TCT) 9-15
H'0080 041A DMAS Source Address Register 9-13
(DM5SA)
H'0080 041C DMAGS Destination Address Register 9-14
(DM5DA)
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3.4 Internal RAM and SFR Areas

SFR Area Register Map (9/22)

Address +0 address +1 address See
b0 b7 | b8 bl5| pages
H'0080 041E (Use inhibited area)
H'0080 0420 DMA1 Channel Control Register DMA1 Transfer Count Register 9-6
(DM1CNT) (DM1TCT) 9-15
H'0080 0422 DMA1 Source Address Register 9-13
(DM1SA)
H'0080 0424 DMAL1 Destination Address Register 9-14
(DM1DA)
H'0080 0426 (Use inhibited area)
H'0080 0428 DMAG6 Channel Control Register DMAG6 Transfer Count Register 9-9
(DM6CNT) (DM6TCT) 9-15
H'0080 042A DMAG6 Source Address Register 9-13
(DM6SA)
H'0080 042C DMAG Destination Address Register 9-14
(DM6DA)
H'0080 042E (Use inhibited area)
H'0080 0430 DMAZ2 Channel Control Register DMAZ2 Transfer Count Register 9-7
(DM2CNT) (DM2TCT) 9-15
H'0080 0432 DMA2 Source Address Register 9-13
(DM2SA)
H'0080 0434 DMA2 Destination Address Register 9-14
(DM2DA)
H'0080 0436 (Use inhibited area)
H'0080 0438 DMA7 Channel Control Register DMA7 Transfer Count Register 9-9
(DM7CNT) (DM7TCT) 9-15
H'0080 043A DMA7 Source Address Register 9-13
(DM7SA)
H'0080 043C DMA7 Destination Address Register 9-14
(DM7DA)
H'0080 043E (Use inhibited area)
H'0080 0440 DMA3 Channel Control Register DMA3 Transfer Count Register 9-7
(DM3CNT) (DM3TCT) 9-15
H'0080 0442 DMAS3 Source Address Register 9-13
(DM3SA)
H'0080 0444 DMAZ3 Destination Address Register 9-14
(DM3DA)
H'0080 0446 (Use inhibited area)
H'0080 0448 DMA8 Channel Control Register DMAS8 Transfer Count Register 9-10
(DM8CNT) (DM8TCT) 9-15
H'0080 044A DMAS8 Source Address Register 9-13
(DM8SA)
H'0080 044C DMAS8 Destination Address Register 9-14
(DM8DA)
H'0080 044E (Use inhibited area)
H'0080 0450 DMA4 Channel Control Register DMA4 Transfer Count Register 9-8
(DM4CNT) (DM4TCT) 9-15
H'0080 0452 DMAA4 Source Address Register 9-13
(DM4SA)
H'0080 0454 DMA4 Destination Address Register 9-14
(DM4DA)
H'0080 0456 (Use inhibited area)
H'0080 0458 DMA9 Channel Control Register DMA9 Transfer Count Register 9-10
(DM9CNT) (DMITCT) 9-15
H'0080 045A DMA9 Source Address Register 9-13
(DM9SA)
H'0080 045C DMAO9 Destination Address Register 9-14
(DM9DA)
H'0080 045E (Use inhibited area)
H'0080 0460 DMAO Software Request Generation Register 9-12
(DMOSRI)
H'0080 0462 DMA1 Software Request Generation Register 9-12
(DM1SRI)
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b0 b7 | b8 bl15| pages
H'0080 0464 DMAZ2 Software Request Generation Register 9-12
(DM2SRI)
H'0080 0466 DMA3 Software Request Generation Register 9-12
(DM3SRI)
H'0080 0468 DMA4 Software Request Generation Register 9-12
(DM4SRI)
[ (Use inhibited area)
H'0080 0470 DMAGS Software Request Generation Register 9-12
(DM5SRI)
H'0080 0472 DMAG6 Software Request Generation Register 9-12
(DM6SRI)
H'0080 0474 DMA7 Software Request Generation Register 9-12
(DM7SRI)
H'0080 0476 DMAS8 Software Request Generation Register 9-12
(DM8SRI)
H'0080 0478 DMA9 Software Request Generation Register 9-12
(DMISRI)
| (Use inhibited area)
H'0080 0600 Dummy access area (Note 1) Dummy access area (Note 1) 3-31
H'0080 0602 Dummy access area (Note 1) Dummy access area (Note 1) 3-31
| (Use inhibited area)
H'0080 0700 PO Data Register P1 Data Register 8-7
(PODATA) (P1DATA)
H'0080 0702 P2 Data Register P3 Data Register 8-7
(P2DATA) (P3DATA)
H'0080 0704 P4 Data Register (Use inhibited area) 8-7
(PADATA)
H'0080 0706 P6 Data Register P7 Data Register 8-7
(P6DATA) (P7DATA)
H'0080 0708 P8 Data Register P9 Data Register 8-7
(PBDATA) (PODATA)
H'0080 070A P10 Data Register P11 Data Register 8-7
(P1ODATA) (P11DATA)
H'0080 070C P12 Data Register P13 Data Register 8-7
(P12DATA) (P13DATA)
H'0080 070E (Use inhibited area) P15 Data Register 8-7
(P15DATA)
H'0080 0710 (Use inhibited area) P17 Data Register 8-7
(P17DATA)
H'0080 0712 (Use inhibited area) (Use inhibited area)
H'0080 0714 (Use inhibited area) (Use inhibited area)
H'0080 0716 P22 Data Register (Use inhibited area) 8-7
(P22DATA)
| (Use inhibited area)
H'0080 0720 PO Direction Register P1 Direction Register 8-8
(PODIR) (P1DIR)
H'0080 0722 P2 Direction Register P3 Direction Register 8-8
(P2DIR) (P3DIR)
H'0080 0724 P4 Direction Register (Use inhibited area) 8-8
(P4DIR)
H'0080 0726 P6 Direction Register P7 Direction Register 8-8
(P6DIR) (P7DIR)
H'0080 0728 P8 Direction Register P9 Direction Register 8-8
(P8DIR) (P9DIR)
H'0080 072A P10 Direction Register P11 Direction Register 8-8
(P10DIR) (P11DIR)
H'0080 072C P12 Direction Register P13 Direction Register 8-8
(P12DIR) (P13DIR)
H'0080 072E (Use inhibited area) P15 Direction Register 8-8
(P15DIR)
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H'0080 0730 (Use inhibited area) P17 Direction Register 8-8
(P17DIR)
H'0080 0732 (Use inhibited area) (Use inhibited area)
H'0080 0734 (Use inhibited area) (Use inhibited area)
H'0080 0736 P22 Direction Register (Use inhibited area) 8-8
(P22DIR)
| (Use inhibited area)
H'0080 0744 (Use inhibited area) Port Input Special Function Control Register 8-15
(PICNT) 18-3
H'0080 0746 (Use inhibited area) P7 Operation Mode Register 8-9, 154
(P7MOD) 18-7
H'0080 0748 P8 Operation Mode Register P9 Operation Mode Register 8-9
(PBMOD) (POMOD) 8-10
H'0080 074A P10 Operation Mode Register P11 Operation Mode Register 8-10
(P10MOD) (P11MOD) 8-11
H'0080 074C P12 Operation Mode Register P13 Operation Mode Register 8-11
(P12MOD) (P13MOD) 8-12
H'0080 074E (Use inhibited area) P15 Operation Mode Register 8-12
(P15MOD)
H'0080 0750 (Use inhibited area) P17 Operation Mode Register 8-13
(P17MOD)
H'0080 0752 (Use inhibited area) (Use inhibited area)
H'0080 0754 (Use inhibited area) (Use inhibited area)
H'0080 0756 P22 Operation Mode Register (Use inhibited area) 8-13
(P22MOD)
| (Use inhibited area)
H'0080 0760 Port Group 0, 1 Input Level Setting Register Port Group 3 Input Level Setting Register 8-19
(PGO1LEV) (PG3LEV)
H'0080 0762 Port Group 4, 5 Input Level Setting Register Port Group 6, 7 Input Level Setting Register 8-19
(PG45LEV) (PG67LEV)
H'0080 0764 Port Group 8 Input Level Setting Register (Use inhibited area) 8-19
(PG8LEV)
H'0080 0766 (Use inhibited area) P7 Peripheral Function Select Register 8-14
(P7SMOD)
| (Use inhibited area)
H'0080 077A (Use inhibited area) RTD Write Function Disable Register 14-3
(WRRDIS)
| (Use inhibited area)
H'0080 077E (Use inhibited area) Bus Mode Control Register 15-5
(BUSMODC)
| (Use inhibited area)
H'0080 0786 Clock Control Register (Use inhibited area) 18-5
(CLKCR)
| (Use inhibited area)
H'0080 07EO Flash Mode Register Flash Status Register 6-7
(FMOD) (FSTAT) 6-8
H'0080 07E2 Flash Control Register 1 Flash Control Register 2 6-9
(FCNT1) (FCNT2) 6-10
H'0080 07E4 Flash Control Register 3 Flash Control Register 4 6-11
(FCNT3) (FCNT4) 6-13
H'0080 07E6 (Use inhibited area)
H'0080 O7E8 Virtual Flash L Bank Register 0 6-15
(FELBANKO)
H'0080 O7EA Virtual Flash L Bank Register 1 6-15
(FELBANK1)
| (Use inhibited area)
H'0080 07F0 Virtual Flash S Bank Register 0 6-16
(FESBANKO)
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H'0080 07F2 Virtual Flash S Bank Register 1 6-16
(FESBANK1)
| (Use inhibited area)
H'0080 OFEO TML1 Counter (Upper) 10-114
(TML1CTH)
H'0080 OFE2 TML1 Counter (Lower) 10-114
(TML1CTL)
| (Use inhibited area)
H'0080 OFEA (Use inhibited area) TML1 Control Register 10-113
(TML1CR)
| (Use inhibited area)
H'0080 OFFO TML1 Measure 3 Register (Upper) 10-116
. __________(™MumR3e) ]
H'0080 OFF2 TML1 Measure 3 Register (Lower) 10-116
(TML1IMRS3L)
H'0080 OFF4 TML1 Measure 2 Register (Upper) 10-116
. ____@mumraH)
H'0080 OFF6 TML1 Measure 2 Register (Lower) 10-116
(TML1IMR2L)
H'0080 OFF8 TML1 Measure 1 Register (Upper) 10-116
. ____amamrie
H'0080 OFFA TML1 Measure 1 Register (Lower) 10-116
(TML1IMR1L)
H'0080 OFFC TML1 Measure 0 Register (Upper) 10-116
o _______@muamroH)
H'0080 OFFE TML1 Measure 0 Register (Lower) 10-116
(TML1IMROL)
| (Use inhibited area)
H'0080 1000 CANO Control Register 13-15
(CANOCNT)
H'0080 1002 CANO Status Register 13-18
(CANOSTAT)
H'0080 1004 CANO Extended ID Register 13-21
(CANOEXTID)
H'0080 1006 CANO Configuration Register 13-22
(CANOCONF)
H'0080 1008 CANO Timestamp Count Register 13-24
(CANOTSTMP)
H'0080 100A CANO Receive Error Count Register CANO Transmit Error Count Register 13-25
(CANOREC) (CANOTEC)
H'0080 100C CANO Slot Interrupt Request Status Register 13-29
(CANOSLIST)
H'0080 100E (Use inhibited area)
H'0080 1010 CANO Slot Interrupt Request Mask Register 13-30
(CANOSLIMK)
H'0080 1012 (Use inhibited area)
H'0080 1014 CANO Error Interrupt Request Status Register CANO Error Interrupt Request Mask Register 13-31
(CANOERIST) (CANOERIMK) 13-32
H'0080 1016 CANO Baud Rate Prescaler CANO Cause of Error Register 13-26
(CANOBRP) (CANOEF) 13-45
H'0080 1018 CANO Mode Register CANO DMA Transfer Request Select Register 13-47
(CANOMOD) (CANODMARQ) 13-48
| (Use inhibited area)
H'0080 1028 CANO Global Mask Register Standard ID 0 CANO Global Mask Register Standard ID 1 13-49
(COGMSKSO0) (COGMSKS1)
H'0080 102A CANO Global Mask Register Extended ID 0 CANO Global Mask Register Extended ID 1 13-50
(COGMSKEDQ) (COGMSKE1)
H'0080 102C CANO Global Mask Register Extended ID 2 (Use inhibited area) 13-51
(COGMSKE?2)
H'0080 102E (Use inhibited area)
H'0080 1030 CANO Local Mask Register A Standard ID 0 CANO Local Mask Register A Standard ID 1 13-49
(COLMSKASO0) (COLMSKAS1)
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H'0080 1032 CANO Local Mask Register A Extended ID 0 CANO Local Mask Register A Extended ID 1 13-50
(COLMSKAEO) (COLMSKAE1)
H'0080 1034 CANO Local Mask Register A Extended ID 2 (Use inhibited area) 13-51
(COLMSKAE?2)
H'0080 1036 (Use inhibited area)
H'0080 1038 CANO Local Mask Register B Standard ID 0 CANO Local Mask Register B Standard ID 1 13-49
(COLMSKBSO0) (COLMSKBS1)
H'0080 103A CANO Local Mask Register B Extended ID 0 CANO Local Mask Register B Extended ID 1 13-50
(COLMSKBEDO) (COLMSKBE1)
H'0080 103C CANO Local Mask Register B Extended ID 2 (Use inhibited area) 13-51
(COLMSKBE?2)
H'0080 103E (Use inhibited area)
H'0080 1040 CANO Single Shot Mode Control Register 13-53
(CANOSSMODE)
H'0080 1042 (Use inhibited area)
H'0080 1044 CANO Single-Shot Interrupt Request Status Register 13-33
(CANOSSIST)
H'0080 1046 (Use inhibited area)
H'0080 1048 CANO Single-Shot Interrupt Request Mask Register 13-34
(CANOSSIMK)
| (Use inhibited area)
H'0080 1050 CANO Message Slot 0 Control Register CANO Message Slot 1 Control Register 13-54
(COMSLOCNT) (COMSLI1CNT)
H'0080 1052 CANO Message Slot 2 Control Register CANO Message Slot 3 Control Register 13-54
(COMSL2CNT) (COMSL3CNT)
H'0080 1054 CANO Message Slot 4 Control Register CANO Message Slot 5 Control Register 13-54
(COMSLACNT) (COMSL5CNT)
H'0080 1056 CANO Message Slot 6 Control Register CANO Message Slot 7 Control Register 13-54
(COMSL6CNT) (COMSL7CNT)
H'0080 1058 CANO Message Slot 8 Control Register CANO Message Slot 9 Control Register 13-54
(COMSLS8CNT) (COMSL9CNT)
H'0080 105A CANO Message Slot 10 Control Register CANO Message Slot 11 Control Register 13-54
(COMSL10CNT) (COMSL11CNT)
H'0080 105C CANO Message Slot 12 Control Register CANO Message Slot 13 Control Register 13-54
(COMSL12CNT) (COMSL13CNT)
H'0080 105E CANO Message Slot 14 Control Register CANO Message Slot 15 Control Register 13-54
(COMSL14CNT) (COMSL15CNT)
| (Use inhibited area)
H'0080 1100 CANO Message Slot 0 Standard ID 0 CANO Message Slot 0 Standard ID 1 13-58
(COMSLO0SIDO0) (COMSLO0SID1) 13-59
H'0080 1102 CANO Message Slot 0 Extended ID 0 CANO Message Slot 0 Extended ID 1 13-60
(COMSLOEIDO) (COMSLOEID1) 13-61
H'0080 1104 CANO Message Slot 0 Extended ID 2 CANO Message Slot 0 Data Length Register 13-62
(COMSLOEID2) (COMSLODLC) 13-63
H'0080 1106 CANO Message Slot 0 Data 0 CANO Message Slot 0 Data 1 13-64
(COMSLODTO) (COMSLODT1) 13-65
H'0080 1108 CANO Message Slot 0 Data 2 CANO Message Slot 0 Data 3 13-66
(COMSLODT2) (COMSLODT3) 13-67
H'0080 110A CANO Message Slot 0 Data 4 CANO Message Slot 0 Data 5 13-68
(COMSLODT4) (COMSLODTS5) 13-69
H'0080 110C CANO Message Slot 0 Data 6 CANO Message Slot 0 Data 7 13-70
(COMSLODT6) (COMSLODT?7) 13-71
H'0080 110E CANO Message Slot 0 Timestamp 13-72
(COMSLOTSP)
H'0080 1110 CANO Message Slot 1 Standard ID 0 CANO Message Slot 1 Standard ID 1 13-58
(COMSL1SIDO0) (COMSL1SID1) 13-59
H'0080 1112 CANO Message Slot 1 Extended ID 0 CANO Message Slot 1 Extended ID 1 13-60
(COMSL1EIDO) (COMSL1EID1) 13-61
H'0080 1114 CANO Message Slot 1 Extended ID 2 CANO Message Slot 1 Data Length Register 13-62
(COMSL1EID2) (COMSL1DLC) 13-63
H'0080 1116 CANO Message Slot 1 Data 0 CANO Message Slot 1 Data 1 13-64
(COMSL1DTO) (COMSL1DT1) 13-65
H'0080 1118 CANO Message Slot 1 Data 2 CANO Message Slot 1 Data 3 13-66
(COMSL1DT2) (COMSL1DT3) 13-67
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H'0080 111A CANO Message Slot 1 Data 4 CANO Message Slot 1 Data 5 13-68

(COMSL1DT4) (COMSL1DT5) 13-69

H'0080 111C CANO Message Slot 1 Data 6 CANO Message Slot 1 Data 7 13-70

(COMSL1DT®6) (COMSL1DT7) 13-71

H'0080 111E CANO Message Slot 1 Timestamp 13-72
(COMSLI1TSP)

H'0080 1120 CANO Message Slot 2 Standard ID 0 CANO Message Slot 2 Standard ID 1 13-58

(COMSL2SID0) (COMSL2SID1) 13-59

H'0080 1122 CANO Message Slot 2 Extended ID 0 CANO Message Slot 2 Extended ID 1 13-60

(COMSL2EIDO) (COMSL2EID1) 13-61

H'0080 1124 CANO Message Slot 2 Extended ID 2 CANO Message Slot 2 Data Length Register 13-62

(COMSL2EID2) (COMSL2DLC) 13-63

H'0080 1126 CANO Message Slot 2 Data 0 CANO Message Slot 2 Data 1 13-64

(COMSL2DTO0) (COMSL2DT1) 13-65

H'0080 1128 CANO Message Slot 2 Data 2 CANO Message Slot 2 Data 3 13-66

(COMSL2DT2) (COMSL2DT3) 13-67

H'0080 112A CANO Message Slot 2 Data 4 CANO Message Slot 2 Data 5 13-68

(COMSL2DT4) (COMSL2DT5) 13-69

H'0080 112C CANO Message Slot 2 Data 6 CANO Message Slot 2 Data 7 13-70

(COMSL2DT6) (COMSL2DT7) 13-71

H'0080 112E CANO Message Slot 2 Timestamp 13-72
(COMSL2TSP)

H'0080 1130 CANO Message Slot 3 Standard ID 0 CANO Message Slot 3 Standard ID 1 13-58

(COMSL3SIDO0) (COMSL3SID1) 13-59

H'0080 1132 CANO Message Slot 3 Extended ID 0 CANO Message Slot 3 Extended ID 1 13-60

(COMSL3EIDO) (COMSL3EID1) 13-61

H'0080 1134 CANO Message Slot 3 Extended ID 2 CANO Message Slot 3 Data Length Register 13-62

(COMSL3EID2) (COMSL3DLC) 13-63

H'0080 1136 CANO Message Slot 3 Data 0 CANO Message Slot 3 Data 1 13-64

(COMSL3DTO0) (COMSL3DT1) 13-65

H'0080 1138 CANO Message Slot 3 Data 2 CANO Message Slot 3 Data 3 13-66

(COMSL3DT2) (COMSL3DT3) 13-67

H'0080 113A CANO Message Slot 3 Data 4 CANO Message Slot 3 Data 5 13-68

(COMSL3DT4) (COMSL3DT5) 13-69

H'0080 113C CANO Message Slot 3 Data 6 CANO Message Slot 3 Data 7 13-70

(COMSL3DT6) (COMSL3DT7) 13-71

H'0080 113E CANO Message Slot 3 Timestamp 13-72
(COMSL3TSP)

H'0080 1140 CANO Message Slot 4 Standard ID 0 CANO Message Slot 4 Standard ID 1 13-58

(COMSL4SIDO0) (COMSL4SID1) 13-59

H'0080 1142 CANO Message Slot 4 Extended ID 0 CANO Message Slot 4 Extended ID 1 13-60

(COMSLA4EIDO) (COMSL4EID1) 13-61

H'0080 1144 CANO Message Slot 4 Extended ID 2 CANO Message Slot 4 Data Length Register 13-62

(COMSLA4EID2) (COMSL4DLC) 13-63

H'0080 1146 CANO Message Slot 4 Data 0 CANO Message Slot 4 Data 1 13-64

(COMSL4DTO) (COMSLA4DT1) 13-65

H'0080 1148 CANO Message Slot 4 Data 2 CANO Message Slot 4 Data 3 13-66

(COMSL4DT?2) (COMSL4DT3) 13-67

H'0080 114A CANO Message Slot 4 Data 4 CANO Message Slot 4 Data 5 13-68

(COMSL4DT4) (COMSLA4DT5) 13-69

H'0080 114C CANO Message Slot 4 Data 6 CANO Message Slot 4 Data 7 13-70

(COMSL4DTE6) (COMSLADT7) 13-71

H'0080 114E CANO Message Slot 4 Timestamp 13-72
(COMSLATSP)

H'0080 1150 CANO Message Slot 5 Standard ID 0 CANO Message Slot 5 Standard ID 1 13-58

(COMSL5SIDO0) (COMSL5SID1) 13-59

H'0080 1152 CANO Message Slot 5 Extended ID 0 CANO Message Slot 5 Extended ID 1 13-60

(COMSL5EIDO) (COMSL5EID1) 13-61

H'0080 1154 CANO Message Slot 5 Extended ID 2 CANO Message Slot 5 Data Length Register 13-62

(COMSL5EID2) (COMSL5DLC) 13-63

H'0080 1156 CANO Message Slot 5 Data 0 CANO Message Slot 5 Data 1 13-64

(COMSL5DTO) (COMSL5DT1) 13-65

H'0080 1158 CANO Message Slot 5 Data 2 CANO Message Slot 5 Data 3 13-66

(COMSL5DT?2) (COMSL5DT3) 13-67

H'0080 115A CANO Message Slot 5 Data 4 CANO Message Slot 5 Data 5 13-68

(COMSL5DT4) (COMSL5DT5) 13-69

H'0080 115C CANO Message Slot 5 Data 6 CANO Message Slot 5 Data 7 13-70

(COMSL5DT®6) (COMSL5DT7) 13-71

H'0080 115E CANO Message Slot 5 Timestamp 13-72
(COMSL5TSP)
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H'0080 1160 CANO Message Slot 6 Standard ID 0 CANO Message Slot 6 Standard ID 1 13-58

(COMSL6SIDO0) (COMSL6SID1) 13-59

H'0080 1162 CANO Message Slot 6 Extended ID 0 CANO Message Slot 6 Extended ID 1 13-60

(COMSLG6EIDO) (COMSL6EID1) 13-61

H'0080 1164 CANO Message Slot 6 Extended ID 2 CANO Message Slot 6 Data Length Register 13-62

(COMSL6EID2) (COMSL6DLC) 13-63

H'0080 1166 CANO Message Slot 6 Data 0 CANO Message Slot 6 Data 1 13-64

(COMSL6DTO) (COMSL6DT1) 13-65

H'0080 1168 CANO Message Slot 6 Data 2 CANO Message Slot 6 Data 3 13-66

(COMSL6DT?2) (COMSL6DT3) 13-67

H'0080 116A CANO Message Slot 6 Data 4 CANO Message Slot 6 Data 5 13-68

(COMSL6DT4) (COMSL6DT5) 13-69

H'0080 116C CANO Message Slot 6 Data 6 CANO Message Slot 6 Data 7 13-70

(COMSL6DT®6) (COMSL6DT7) 13-71

H'0080 116E CANO Message Slot 6 Timestamp 13-72
(COMSL6TSP)

H'0080 1170 CANO Message Slot 7 Standard ID 0 CANO Message Slot 7 Standard ID 1 13-58

(COMSL7SIDO0) (COMSL7SID1) 13-59

H'0080 1172 CANO Message Slot 7 Extended ID 0 CANO Message Slot 7 Extended ID 1 13-60

(COMSL7EIDO) (COMSL7EID1) 13-61

H'0080 1174 CANO Message Slot 7 Extended ID 2 CANO Message Slot 7 Data Length Register 13-62

(COMSL7EID2) (COMSL7DLC) 13-63

H'0080 1176 CANO Message Slot 7 Data 0 CANO Message Slot 7 Data 1 13-64

(COMSL7DTO) (COMSL7DT1) 13-65

H'0080 1178 CANO Message Slot 7 Data 2 CANO Message Slot 7 Data 3 13-66

(COMSL7DT2) (COMSL7DT3) 13-67

H'0080 117A CANO Message Slot 7 Data 4 CANO Message Slot 7 Data 5 13-68

(COMSL7DT4) (COMSL7DT5) 13-69

H'0080 117C CANO Message Slot 7 Data 6 CANO Message Slot 7 Data 7 13-70

(COMSL7DT6) (COMSL7DT7) 13-71

H'0080 117E CANO Message Slot 7 Timestamp 13-72
(COMSL7TSP)

H'0080 1180 CANO Message Slot 8 Standard ID 0 CANO Message Slot 8 Standard ID 1 13-58

(COMSL8SIDO0) (COMSL8SID1) 13-59

H'0080 1182 CANO Message Slot 8 Extended ID 0 CANO Message Slot 8 Extended ID 1 13-60

(COMSLS8EIDO0) (COMSLS8EID1) 13-61

H'0080 1184 CANO Message Slot 8 Extended ID 2 CANO Message Slot 8 Data Length Register 13-62

(COMSLB8EID2) (COMSL8DLC) 13-63

H'0080 1186 CANO Message Slot 8 Data 0 CANO Message Slot 8 Data 1 13-64

(COMSL8DTO) (COMSL8DT1) 13-65

H'0080 1188 CANO Message Slot 8 Data 2 CANO Message Slot 8 Data 3 13-66

(COMSL8DT2) (COMSL8DT3) 13-67

H'0080 118A CANO Message Slot 8 Data 4 CANO Message Slot 8 Data 5 13-68

(COMSL8DT4) (COMSL8DT5) 13-69

H'0080 118C CANO Message Slot 8 Data 6 CANO Message Slot 8 Data 7 13-70

(COMSL8DT6) (COMSL8DT7) 13-71

H'0080 118E CANO Message Slot 8 Timestamp 13-72
(COMSL8TSP)

H'0080 1190 CANO Message Slot 9 Standard ID 0 CANO Message Slot 9 Standard ID 1 13-58

(COMSL9SIDO0) (COMSL9SID1) 13-59

H'0080 1192 CANO Message Slot 9 Extended ID 0 CANO Message Slot 9 Extended ID 1 13-60

(COMSL9EIDO) (COMSL9EID1) 13-61

H'0080 1194 CANO Message Slot 9 Extended ID 2 CANO Message Slot 9 Data Length Register 13-62

(COMSL9EID2) (COMSL9DLC) 13-63

H'0080 1196 CANO Message Slot 9 Data 0 CANO Message Slot 9 Data 1 13-64

(COMSL9DTO) (COMSL9DT1) 13-65

H'0080 1198 CANO Message Slot 9 Data 2 CANO Message Slot 9 Data 3 13-66

(COMSL9DT?2) (COMSL9DT3) 13-67

H'0080 119A CANO Message Slot 9 Data 4 CANO Message Slot 9 Data 5 13-68

(COMSL9DT4) (COMSL9DT5) 13-69

H'0080 119C CANO Message Slot 9 Data 6 CANO Message Slot 9 Data 7 13-70

(COMSL9DT®6) (COMSL9DT7) 13-71

H'0080 119E CANO Message Slot 9 Timestamp 13-72
(COMSLITSP)
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H'0080 11A0 CANO Message Slot 10 Standard ID 0 CANO Message Slot 10 Standard ID 1 13-58

(COMSL10SIDO0) (COMSL10SID1) 13-59

H'0080 11A2 CANO Message Slot 10 Extended ID O CANO Message Slot 10 Extended ID 1 13-60

(COMSL10EIDO) (COMSL10EID1) 13-61

H'0080 11A4 CANO Message Slot 10 Extended ID 2 CANO Message Slot 10 Data Length Register 13-62

(COMSL10EID2) (COMSL10DLC) 13-63

H'0080 11A6 CANO Message Slot 10 Data 0 CANO Message Slot 10 Data 1 13-64

(COMSL10DTO0) (COMSL10DT1) 13-65

H'0080 11A8 CANO Message Slot 10 Data 2 CANO Message Slot 10 Data 3 13-66

(COMSL10DT?2) (COMSL10DT3) 13-67

H'0080 11AA CANO Message Slot 10 Data 4 CANO Message Slot 10 Data 5 13-68

(COMSL10DT4) (COMSL10DT5) 13-69

H'0080 11AC CANO Message Slot 10 Data 6 CANO Message Slot 10 Data 7 13-70

(COMSL10DT®6) (COMSL10DT7) 13-71

H'0080 11AE CANO Message Slot 10 Timestamp 13-72
(COMSL10TSP)

H'0080 11B0O CANO Message Slot 11 Standard ID 0 CANO Message Slot 11 Standard ID 1 13-58

(COMSL11SIDO0) (COMSL11SID1) 13-59

H'0080 11B2 CANO Message Slot 11 Extended ID 0 CANO Message Slot 11 Extended ID 1 13-60

(COMSL11EIDO) (COMSL11EID1) 13-61

H'0080 11B4 CANO Message Slot 11 Extended ID 2 CANO Message Slot 11 Data Length Register 13-62

(COMSL11EID2) (COMSL11DLC) 13-63

H'0080 11B6 CANO Message Slot 11 Data 0 CANO Message Slot 11 Data 1 13-64

(COMSL11DTO) (COMSL11DT1) 13-65

H'0080 11B8 CANO Message Slot 11 Data 2 CANO Message Slot 11 Data 3 13-66

(COMSL11DT2) (COMSL11DT3) 13-67

H'0080 11BA CANO Message Slot 11 Data 4 CANO Message Slot 11 Data 5 13-68

(COMSL11DT4) (COMSL11DT5) 13-69

H'0080 11BC CANO Message Slot 11 Data 6 CANO Message Slot 11 Data 7 13-70

(COMSL11DT6) (COMSL11DT7) 13-71

H'0080 11BE CANO Message Slot 11 Timestamp 13-72
(COMSL11TSP)

H'0080 11CO CANO Message Slot 12 Standard ID 0 CANO Message Slot 12 Standard ID 1 13-58

(COMSL12SIDO0) (COMSL12SID1) 13-59

H'0080 11C2 CANO Message Slot 12 Extended ID 0 CANO Message Slot 12 Extended ID 1 13-60

(COMSL12EIDO) (COMSL12EID1) 13-61

H'0080 11C4 CANO Message Slot 12 Extended ID 2 CANO Message Slot 12 Data Length Register 13-62

(COMSL12EID2) (COMSL12DLC) 13-63

H'0080 11C6 CANO Message Slot 12 Data 0 CANO Message Slot 12 Data 1 13-64

(COMSL12DTO) (COMSL12DT1) 13-65

H'0080 11C8 CANO Message Slot 12 Data 2 CANO Message Slot 12 Data 3 13-66

(COMSL12DT2) (COMSL12DT3) 13-67

H'0080 11CA CANO Message Slot 12 Data 4 CANO Message Slot 12 Data 5 13-68

(COMSL12DT4) (COMSL12DT5) 13-69

H'0080 11CC CANO Message Slot 12 Data 6 CANO Message Slot 12 Data 7 13-70

(COMSL12DT6) (COMSL12DT7) 13-71

H'0080 11CE CANO Message Slot 12 Timestamp 13-72
(COMSL12TSP)

H'0080 11D0 CANO Message Slot 13 Standard ID 0 CANO Message Slot 13 Standard ID 1 13-58

(COMSL13SIDO0) (COMSL13SID1) 13-59

H'0080 11D2 CANO Message Slot 13 Extended ID 0 CANO Message Slot 13 Extended ID 1 13-60

(COMSL13EIDO) (COMSL13EID1) 13-61

H'0080 11D4 CANO Message Slot 13 Extended ID 2 CANO Message Slot 13 Data Length Register 13-62

(COMSL13EID2) (COMSL13DLC) 13-63

H'0080 11D6 CANO Message Slot 13 Data 0 CANO Message Slot 13 Data 1 13-64

(COMSL13DTO0) (COMSL13DT1) 13-65

H'0080 11D8 CANO Message Slot 13 Data 2 CANO Message Slot 13 Data 3 13-66

(COMSL13DT?2) (COMSL13DT3) 13-67

H'0080 11DA CANO Message Slot 13 Data 4 CANO Message Slot 13 Data 5 13-68

(COMSL13DT4) (COMSL13DT5) 13-69

H'0080 11DC CANO Message Slot 13 Data 6 CANO Message Slot 13 Data 7 13-70

(COMSL13DT6) (COMSL13DT7) 13-71

H'0080 11DE CANO Message Slot 13 Timestamp 13-72
(COMSL13TSP)
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H'0080 11E0 CANO Message Slot 14 Standard ID 0 CANO Message Slot 14 Standard ID 1 13-58
(COMSL14SIDO0) (COMSL14SID1) 13-59
H'0080 11E2 CANO Message Slot 14 Extended ID O CANO Message Slot 14 Extended ID 1 13-60
(COMSL14EIDO) (COMSL14EID1) 13-61
H'0080 11E4 CANO Message Slot 14 Extended ID 2 CANO Message Slot 14 Data Length Register 13-62
(COMSL14EID2) (COMSL14DLC) 13-63
H'0080 11E6 CANO Message Slot 14 Data 0 CANO Message Slot 14 Data 1 13-64
(COMSL14DTO0) (COMSL14DT1) 13-65
H'0080 11E8 CANO Message Slot 14 Data 2 CANO Message Slot 14 Data 3 13-66
(COMSL14DT2) (COMSL14DT3) 13-67
H'0080 11EA CANO Message Slot 14 Data 4 CANO Message Slot 14 Data 5 13-68
(COMSL14DT4) (COMSL14DT5) 13-69
H'0080 11EC CANO Message Slot 14 Data 6 CANO Message Slot 14 Data 7 13-70
(COMSL14DT6) (COMSL14DT7) 13-71
H'0080 11EE CANO Message Slot 14 Timestamp 13-72
(COMSL14TSP)
H'0080 11F0 CANO Message Slot 15 Standard ID 0 CANO Message Slot 15 Standard ID 1 13-58
(COMSL15SIDO0) (COMSL15SID1) 13-59
H'0080 11F2 CANO Message Slot 15 Extended ID 0 CANO Message Slot 15 Extended ID 1 13-60
(COMSL15EIDO) (COMSL15EID1) 13-61
H'0080 11F4 CANO Message Slot 15 Extended ID 2 CANO Message Slot 15 Data Length Register 13-62
(COMSL15EID2) (COMSL15DLC) 13-63
H'0080 11F6 CANO Message Slot 15 Data 0 CANO Message Slot 15 Data 1 13-64
(COMSL15DTO0) (COMSL15DT1) 13-65
H'0080 11F8 CANO Message Slot 15 Data 2 CANO Message Slot 15 Data 3 13-66
(COMSL15DT2) (COMSL15DT3) 13-67
H'0080 11FA CANO Message Slot 15 Data 4 CANO Message Slot 15 Data 5 13-68
(COMSL15DT4) (COMSL15DT5) 13-69
H'0080 11FC CANO Message Slot 15 Data 6 CANO Message Slot 15 Data 7 13-70
(COMSL15DT6) (COMSL15DT7) 13-71
H'0080 11FE CANO Message Slot 15 Timestamp 13-72
(COMSL15TSP)
| (Use inhibited area)
H'0080 1400 CANL1 Control Register 13-15
(CANICNT)
H'0080 1402 CAN1 Status Register 13-18
(CAN1STAT)
H'0080 1404 CANL1 Extended ID Register 13-21
(CAN1EXTID)
H'0080 1406 CAN1 Configuration Register 13-22
(CAN1CONF)
H'0080 1408 CANL1 Timestamp Count Register 13-24
(CAN1ITSTMP)
H'0080 140A CANL1 Receive Error Count Register CANL1 Transmit Error Count Register 13-25
(CAN1REC) (CANITEC)
H'0080 140C CAN1 Slot Interrupt Request Status Register 13-29
(CAN1SLIST)
H'0080 140E (Use inhibited area)
H'0080 1410 CAN1 Slot Interrupt Request Mask Register 13-30
(CAN1SLIMK)
H'0080 1412 (Use inhibited area)
H'0080 1414 CANL1 Error Interrupt Request Status Register CANL1 Error Interrupt Request Mask Register 13-31
(CAN1ERIST) (CAN1ERIMK) 13-32
H'0080 1416 CAN1 Baud Rate Prescaler CANL1 Cause of Error Register 13-26
(CAN1BRP) (CAN1EF) 13-45
H'0080 1418 CAN1 Mode Register CAN1 DMA Transfer Request Select Register 13-47
(CAN1IMOD) (CAN1DMARQ) 13-48
| (Use inhibited area)
H'0080 1428 CAN1 Global Mask Register Standard ID 0 CAN1 Global Mask Register Standard ID 1 13-49
(C1GMSKSO0) (C1GMSKS1)
H'0080 142A CAN1 Global Mask Register Extended ID 0 CAN1 Global Mask Register Extended ID 1 13-50
(CI1GMSKEDO0) (C1GMSKEL)
H'0080 142C CANL1 Global Mask Register Extended ID 2 (Use inhibited area) 13-51
(C1GMSKEZ2)
H'0080 142E (Use inhibited area)
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H'0080 1430 CAN1 Local Mask Register A Standard ID 0 CANL1 Local Mask Register A Standard ID 1 13-49
(C1LMSKASO0) (C1LMSKAS1)
H'0080 1432 CAN1 Local Mask Register A Extended ID 0 CANL1 Local Mask Register A Extended ID 1 13-50
(C1LMSKAEO) (C1LMSKAE1)
H'0080 1434 CANL1 Local Mask Register A Extended ID 2 (Use inhibited area) 13-51
(CILMSKAE2)
H'0080 1436 (Use inhibited area)
H'0080 1438 CAN1 Local Mask Register B Standard ID 0 CAN1 Local Mask Register B Standard ID 1 13-49
(C1LMSKBS0) (C1LMSKBS1)
H'0080 143A CAN1 Local Mask Register B Extended ID 0 CANL1 Local Mask Register B Extended ID 1 13-50
(C1LMSKBEDO) (C1ILMSKBE1)
H'0080 143C CANL1 Local Mask Register B Extended ID 2 (Use inhibited area) 13-51
(C1LMSKBEZ2)
H'0080 143E (Use inhibited area)
H'0080 1440 CAN1 Single-Shot Mode Control Register 13-53
(CAN1SSMODE)
H'0080 1442 (Use inhibited area)
H'0080 1444 CANL1 Single-Shot Interrupt Request Status Register 13-33
(CAN1SSIST)
H'0080 1446 (Use inhibited area)
H'0080 1448 CAN1 Single-Shot Interrupt Request Mask Register 13-34
(CAN1SSIMK)
[ (Use inhibited area)
H'0080 1450 CAN1 Message Slot 0 Control Register CAN1 Message Slot 1 Control Register 13-54
(C1IMSLOCNT) (CIMSLICNT)
H'0080 1452 CAN1 Message Slot 2 Control Register CAN1 Message Slot 3 Control Register 13-54
(CIMSL2CNT) (CIMSL3CNT)
H'0080 1454 CAN1 Message Slot 4 Control Register CAN1 Message Slot 5 Control Register 13-54
(C1IMSLACNT) (C1IMSL5CNT)
H'0080 1456 CAN1 Message Slot 6 Control Register CAN1 Message Slot 7 Control Register 13-54
(CIMSL6CNT) (CIMSL7CNT)
H'0080 1458 CAN1 Message Slot 8 Control Register CAN1 Message Slot 9 Control Register 13-54
(C1IMSL8CNT) (C1IMSL9CNT)
H'0080 145A CAN1 Message Slot 10 Control Register CAN1 Message Slot 11 Control Register 13-54
(CIMSL10CNT) (CIMSL11CNT)
H'0080 145C CAN1 Message Slot 12 Control Register CAN1 Message Slot 13 Control Register 13-54
(CIMSL12CNT) (CIMSL13CNT)
H'0080 145E CAN1 Message Slot 14 Control Register CAN1 Message Slot 15 Control Register 13-54
(CIMSL14CNT) (CIMSL15CNT)
| (Use inhibited area)
H'0080 1500 CAN1 Message Slot 0 Standard ID 0 CAN1 Message Slot 0 Standard ID 1 13-58
(C1IMSLOSIDO) (C1IMSLOSID1) 13-59
H'0080 1502 CAN1 Message Slot 0 Extended ID 0 CAN1 Message Slot 0 Extended ID 1 13-60
(C1IMSLOEIDO) (CIMSLOEID1) 13-61
H'0080 1504 CAN1 Message Slot 0 Extended ID 2 CAN1 Message Slot 0 Data Length Register 13-62
(CIMSLOEID2) (C1IMSLODLC) 13-63
H'0080 1506 CAN1 Message Slot 0 Data 0 CAN1 Message Slot 0 Data 1 13-64
(C1IMSLODTO) (CIMSLODT1) 13-65
H'0080 1508 CAN1 Message Slot 0 Data 2 CAN1 Message Slot 0 Data 3 13-66
(C1IMSLODT2) (C1IMSLODT3) 13-67
H'0080 150A CAN1 Message Slot 0 Data 4 CAN1 Message Slot 0 Data 5 13-68
(C1IMSLODT4) (CIMSLODT5) 13-69
H'0080 150C CAN1 Message Slot 0 Data 6 CAN1 Message Slot 0 Data 7 13-70
(C1MSLODT®6) (CIMSLODT7) 13-71
H'0080 150E CAN1 Message Slot 0 Timestamp 13-72
(CIMSLOTSP)
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H'0080 1510 CAN1 Message Slot 1 Standard ID 0 CAN1 Message Slot 1 Standard ID 1 13-58

(C1IMSL1SIDO0) (C1IMSL1SID1) 13-59

H'0080 1512 CAN1 Message Slot 1 Extended ID 0 CAN1 Message Slot 1 Extended ID 1 13-60

(C1IMSL1EIDO) (CIMSL1EID1) 13-61

H'0080 1514 CAN1 Message Slot 1 Extended ID 2 CAN1 Message Slot 1 Data Length Register 13-62

(CIMSL1EID2) (C1IMSL1DLC) 13-63

H'0080 1516 CAN1 Message Slot 1 Data 0 CAN1 Message Slot 1 Data 1 13-64

(C1IMSL1DTO) (CAMSL1DT1) 13-65

H'0080 1518 CAN1 Message Slot 1 Data 2 CAN1 Message Slot 1 Data 3 13-66

(C1IMSL1DT2) (C1IMSL1DT3) 13-67

H'0080 151A CAN1 Message Slot 1 Data 4 CAN1 Message Slot 1 Data 5 13-68

(C1IMSL1DT4) (CAIMSL1DT5) 13-69

H'0080 151C CAN1 Message Slot 1 Data 6 CAN1 Message Slot 1 Data 7 13-70

(C1IMSL1DT®6) (CIMSL1DT7) 13-71

H'0080 151E CAN1 Message Slot 1 Timestamp 13-72
(CAIMSLITSP)

H'0080 1520 CAN1 Message Slot 2 Standard ID 0 CAN1 Message Slot 2 Standard ID 1 13-58

(C1IMSL2SIDO0) (C1IMSL2SID1) 13-59

H'0080 1522 CAN1 Message Slot 2 Extended ID 0 CAN1 Message Slot 2 Extended ID 1 13-60

(C1IMSL2EIDO) (C1IMSL2EID1) 13-61

H'0080 1524 CAN1 Message Slot 2 Extended ID 2 CAN1 Message Slot 2 Data Length Register 13-62

(CIMSL2EID2) (CAIMSL2DLC) 13-63

H'0080 1526 CAN1 Message Slot 2 Data 0 CAN1 Message Slot 2 Data 1 13-64

(C1IMSL2DTO0) (C1MSL2DT1) 13-65

H'0080 1528 CAN1 Message Slot 2 Data 2 CAN1 Message Slot 2 Data 3 13-66

(C1IMSL2DT2) (CIMSL2DT3) 13-67

H'0080 152A CAN1 Message Slot 2 Data 4 CAN1 Message Slot 2 Data 5 13-68

(C1IMSL2DT4) (C1IMSL2DT5) 13-69

H'0080 152C CAN1 Message Slot 2 Data 6 CAN1 Message Slot 2 Data 7 13-70

(C1IMSL2DT6) (CAIMSL2DT7) 13-71

H'0080 152E CAN1 Message Slot 2 Timestamp 13-72
(C1IMSL2TSP)

H'0080 1530 CAN1 Message Slot 3 Standard ID 0 CAN1 Message Slot 3 Standard ID 1 13-58

(C1IMSL3SIDO) (C1IMSL3SID1) 13-59

H'0080 1532 CAN1 Message Slot 3 Extended ID 0 CAN1 Message Slot 3 Extended ID 1 13-60

(C1IMSL3EIDO) (C1IMSL3EID1) 13-61

H'0080 1534 CAN1 Message Slot 3 Extended ID 2 CAN1 Message Slot 3 Data Length Register 13-62

(CIMSL3EID2) (CIMSL3DLC) 13-63

H'0080 1536 CAN1 Message Slot 3 Standard ID 0 CAN1 Message Slot 3 Standard 1D 1 13-64

(C1IMSL3DTO0) (C1MSL3DT1) 13-65

H'0080 1538 CAN1 Message Slot 3 Data 2 CAN1 Message Slot 3 Data 3 13-66

(C1IMSL3DT2) (CAIMSL3DT3) 13-67

H'0080 153A CAN1 Message Slot 3 Data 4 CAN1 Message Slot 3 Data 5 13-68

(C1IMSL3DT4) (CAIMSL3DT5) 13-69

H'0080 153C CAN1 Message Slot 3 Data 6 CAN1 Message Slot 3 Data 7 13-70

(C1IMSL3DT6) (C1IMSL3DT7) 13-71

H'0080 153E CAN1 Message Slot 3 Timestamp 13-72
(CAIMSL3TSP)

H'0080 1540 CAN1 Message Slot 4 Standard ID 0 CAN1 Message Slot 4 Standard ID 1 13-58

(C1IMSLA4SIDO) (C1IMSL4SID1) 13-59

H'0080 1542 CAN1 Message Slot 4 Extended ID 0 CAN1 Message Slot 4 Extended ID 1 13-60

(C1IMSLA4EIDO) (CIMSL4EID1) 13-61

H'0080 1544 CAN1 Message Slot 4 Extended ID 2 CAN1 Message Slot 4 Data Length Register 13-62

(CIMSLA4EID2) (C1MSL4DLC) 13-63

H'0080 1546 CAN1 Message Slot 4 Data 0 CAN1 Message Slot 4 Data 1 13-64

(C1IMSL4DTO) (CAIMSL4DT1) 13-65

H'0080 1548 CAN1 Message Slot 4 Data 2 CAN1 Message Slot 4 Data 3 13-66

(C1MSL4DT2) (C1MSL4DT3) 13-67

H'0080 154A CAN1 Message Slot 4 Data 4 CAN1 Message Slot 4 Data 5 13-68

(C1IMSL4DT4) (CAIMSLADTS5) 13-69

H'0080 154C CAN1 Message Slot 4 Data 6 CAN1 Message Slot 4 Data 7 13-70

(C1MSL4DT6) (C1IMSLA4DT7) 13-71

H'0080 154E CAN1 Message Slot 4 Timestamp 13-72
(CAIMSLATSP)
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3.4 Internal RAM and SFR Areas

SFR Area Register Map (20/22)

Address +0 address +1 address See

b0 b7| b8 b15 pages

H'0080 1550 CAN1 Message Slot 5 Standard ID 0 CAN1 Message Slot 5 Standard ID 1 13-58

(C1IMSL5SIDO) (C1MSL5SID1) 13-59

H'0080 1552 CAN1 Message Slot 5 Extended ID 0 CAN1 Message Slot 5 Extended ID 1 13-60

(C1IMSL5EIDO) (C1IMSL5EID1) 13-61

H'0080 1554 CAN1 Message Slot 5 Extended ID 2 CAN1 Message Slot 5 Data Length Register 13-62

(C1IMSL5EID?2) (C1MSL5DLC) 13-63

H'0080 1556 CAN1 Message Slot 5 Data 0 CAN1 Message Slot 5 Data 1 13-64

(CAIMSL5DTO) (CIMSL5DT1) 13-65

H'0080 1558 CAN1 Message Slot 5 Data 2 CAN1 Message Slot 5 Data 3 13-66

(C1IMSL5DT2) (C1IMSL5DT3) 13-67

H'0080 155A CAN1 Message Slot 5 Data 4 CAN1 Message Slot 5 Data 5 13-68

(CAIMSL5DT4) (CIMSL5DT5) 13-69

H'0080 155C CAN1 Message Slot 5 Data 6 CAN1 Message Slot 5 Data 7 13-70

(C1IMSL5DT6) (CIMSL5DT7) 13-71

H'0080 155E CAN1 Message Slot 5 Timestamp 13-72
(CIMSL5TSP)

H'0080 1560 CAN1 Message Slot 6 Standard ID 0 CAN1 Message Slot 6 Standard ID 1 13-58

(C1IMSL6SIDO0) (C1MSL6SID1) 13-59

H'0080 1562 CAN1 Message Slot 6 Extended ID 0 CAN1 Message Slot 6 Extended ID 1 13-60

(C1IMSL6EIDO) (C1IMSLG6EID1) 13-61

H'0080 1564 CAN1 Message Slot 6 Extended ID 2 CAN1 Message Slot 6 Data Length Register 13-62

(C1IMSL6EID2) (C1IMSL6DLC) 13-63

H'0080 1566 CAN1 Message Slot 6 Data 0 CAN1 Message Slot 6 Data 1 13-64

(C1IMSL6DTO) (C1MSL6DT1) 13-65

H'0080 1568 CAN1 Message Slot 6 Data 2 CAN1 Message Slot 6 Data 3 13-66

(CAIMSL6DT2) (CIMSL6DT3) 13-67

H'0080 156A CAN1 Message Slot 6 Data 4 CAN1 Message Slot 6 Data 5 13-68

(C1IMSL6DT4) (C1MSL6DTS5) 13-69

H'0080 156C CAN1 Message Slot 6 Data 6 CAN1 Message Slot 6 Data 7 13-70

(CAIMSL6DT6) (CIMSL6DT7) 13-71

H'0080 156E CAN1 Message Slot 6 Timestamp 13-72
(C1MSL6TSP)

H'0080 1570 CAN1 Message Slot 7 Standard ID 0 CAN1 Message Slot 7 Standard ID 1 13-58

(C1IMSL7SIDO0) (CIMSL7SID1) 13-59

H'0080 1572 CAN1 Message Slot 7 Extended ID 0 CAN1 Message Slot 7 Extended ID 1 13-60

(C1IMSL7EIDO) (CIMSL7EID1) 13-61

H'0080 1574 CAN1 Message Slot 7 Extended ID 2 CAN1 Message Slot 7 Data Length Register 13-62

(CIMSL7EID2) (CIMSL7DLC) 13-63

H'0080 1576 CAN1 Message Slot 7 Data 0 CAN1 Message Slot 7 Data 1 13-64

(CAIMSL7DTO) (CIMSL7DT1) 13-65

H'0080 1578 CAN1 Message Slot 7 Data 2 CAN1 Message Slot 7 Data 3 13-66

(CAIMSL7DT2) (CIMSL7DT3) 13-67

H'0080 157A CAN1 Message Slot 7 Data 4 CAN1 Message Slot 7 Data 5 13-68

(CAIMSL7DT4) (CIMSL7DTS5) 13-69

H'0080 157C CAN1 Message Slot 7 Data 6 CAN1 Message Slot 7 Data 7 13-70

(CAIMSL7DT6) (CIMSL7DT7) 13-71

H'0080 157E CAN1 Message Slot 7 Timestamp 13-72
(CAMSL7TSP)

H'0080 1580 CAN1 Message Slot 8 Standard ID 0 CAN1 Message Slot 8 Standard ID 1 13-58

(C1IMSL8SIDO0) (C1IMSL8SID1) 13-59

H'0080 1582 CAN1 Message Slot 8 Extended ID 0 CAN1 Message Slot 8 Extended ID 1 13-60

(C1IMSLB8EIDO) (C1IMSLS8EID1) 13-61

H'0080 1584 CAN1 Message Slot 8 Extended ID 2 CAN1 Message Slot 8 Data Length Register 13-62

(C1IMSLS8EID?2) (C1MSL8DLC) 13-63

H'0080 1586 CAN1 Message Slot 8 Data 0 CAN1 Message Slot 8 Data 1 13-64

(C1IMSL8DTO) (C1IMSL8DT1) 13-65

H'0080 1588 CAN1 Message Slot 8 Data 2 CAN1 Message Slot 8 Data 3 13-66

(C1IMSL8DT2) (C1MSL8DT3) 13-67

H'0080 158A CAN1 Message Slot 8 Data 4 CAN1 Message Slot 8 Data 5 13-68

(C1IMSL8DT4) (C1IMSL8DT5) 13-69

H'0080 158C CAN1 Message Slot 8 Data 6 CAN1 Message Slot 8 Data 7 13-70

(C1MSL8DT6) (C1IMSL8DT7) 13-71

H'0080 158E CAN1 Message Slot 8 Timestamp 13-72
(CAIMSL8TSP)
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SFR Area Register Map (21/22)

Address +0 address +1 address See

b0 b7 | b8 bl5| pages

H'0080 1590 CAN1 Message Slot 9 Standard ID 0 CAN1 Message Slot 9 Standard ID 1 13-58

(C1IMSL9SIDO0) (CIMSL9SID1) 13-59

H'0080 1592 CAN1 Message Slot 9 Extended ID 0 CAN1 Message Slot 9 Extended ID 1 13-60

(C1IMSL9EIDO) (C1IMSL9EID1) 13-61

H'0080 1594 CAN1 Message Slot 9 Extended ID 2 CAN1 Message Slot 9 Data Length Register 13-62

(CIMSL9EID2) (CAIMSL9DLC) 13-63

H'0080 1596 CAN1 Message Slot 9 Data 0 CAN1 Message Slot 9 Data 1 13-64

(C1IMSL9DTO) (C1IMSL9DT1) 13-65

H'0080 1598 CAN1 Message Slot 9 Data 2 CAN1 Message Slot 9 Data 3 13-66

(C1IMSL9DT2) (CIMSLIDT3) 13-67

H'0080 159A CAN1 Message Slot 9 Data 4 CAN1 Message Slot 9 Data 5 13-68

(C1IMSL9DT4) (C1IMSL9DT5) 13-69

H'0080 159C CAN1 Message Slot 9 Data 6 CAN1 Message Slot 9 Data 7 13-70

(C1IMSL9DT6) (CAIMSLIDT7) 13-71

H'0080 159E CAN1 Message Slot 9 Timestamp 13-72
(C1IMSLITSP)

H'0080 15A0 CAN1 Message Slot 10 Standard ID 0 CAN1 Message Slot 10 Standard ID 1 13-58

(C1IMSL10SIDO) (C1IMSL10SID1) 13-59

H'0080 15A2 CAN1 Message Slot 10 Extended ID O CAN1 Message Slot 10 Extended ID 1 13-60

(C1IMSL10EIDO) (C1IMSL10EID1) 13-61

H'0080 15A4 CAN1 Message Slot 10 Extended ID 2 CAN1 Message Slot 10 Data Length Register 13-62

(C1IMSL10EID2) (CIMSL10DLC) 13-63

H'0080 15A6 CAN1 Message Slot 10 Data 0 CAN1 Message Slot 10 Data 1 13-64

(C1IMSL10DTO) (CIMSL10DT1) 13-65

H'0080 15A8 CAN1 Message Slot 10 Data 2 CAN1 Message Slot 10 Data 3 13-66

(C1IMSL10DT2) (C1MSL10DT3) 13-67

H'0080 15AA CAN1 Message Slot 10 Data 4 CAN1 Message Slot 10 Data 5 13-68

(CIMSL10DT4) (C1IMSL10DT5) 13-69

H'0080 15AC CAN1 Message Slot 10 Data 6 CAN1 Message Slot 10 Data 7 13-70

(C1MSL10DT6) (C1MSL10DT7) 13-71

H'0080 15AE CAN1 Message Slot 10 Timestamp 13-72
(CIMSL10TSP)

H'0080 15B0 CAN1 Message Slot 11 Standard ID 0 CAN1 Message Slot 11 Standard ID 1 13-58

(C1IMSL11SIDO0) (C1IMSL11SID1) 13-59

H'0080 15B2 CAN1 Message Slot 11 Extended ID 0 CAN1 Message Slot 11 Extended ID 1 13-60

(CIMSL11EIDO) (CIMSL11EIDY) 13-61

H'0080 15B4 CAN1 Message Slot 11 Extended ID 2 CAN1 Message Slot 11 Data Length Register 13-62

(CIMSL11EID2) (C1IMSL11DLC) 13-63

H'0080 15B6 CAN1 Message Slot 11 Data 0 CAN1 Message Slot 11 Data 1 13-64

(CAIMSL11DTO) (CIMSL11DT1) 13-65

H'0080 15B8 CAN1 Message Slot 11 Data 2 CAN1 Message Slot 11 Data 3 13-66

(CIMSL11DT2) (C1IMSL11DT3) 13-67

H'0080 15BA CAN1 Message Slot 11 Data 4 CAN1 Message Slot 11 Data 5 13-68

(CIMSL11DT4) (CIMSL11DT5) 13-69

H'0080 15BC CAN1 Message Slot 11 Data 6 CAN1 Message Slot 11 Data 7 13-70

(C1IMSL11DT6) (C1IMSL11DT7) 13-71

H'0080 15BE CAN1 Message Slot 11 Timestamp 13-72
(CIMSL11TSP)

H'0080 15C0 CAN1 Message Slot 12 Standard ID 0 CAN1 Message Slot 12 Standard ID 1 13-58

(C1IMSL12SIDO0) (C1IMSL12SID1) 13-59

H'0080 15C2 CAN1 Message Slot 12 Extended ID O CAN1 Message Slot 12 Extended ID 1 13-60

(C1IMSL12EIDO) (C1IMSL12EID1) 13-61

H'0080 15C4 CAN1 Message Slot 12 Extended ID 2 CAN1 Message Slot 12 Data Length Register 13-62

(CIMSL12EID2) (CIMSL12DLC) 13-63

H'0080 15C6 CAN1 Message Slot 12 Data 0 CAN1 Message Slot 12 Data 1 13-64

(C1MSL12DTO) (C1MSL12DT1) 13-65

H'0080 15C8 CAN1 Message Slot 12 Data 2 CAN1 Message Slot 12 Data 3 13-66

(CIMSL12DT2) (C1IMSL12DT3) 13-67

H'0080 15CA CAN1 Message Slot 12 Data 4 CAN1 Message Slot 12 Data 5 13-68

(C1IMSL12DT4) (C1IMSL12DT5) 13-69

H'0080 15CC CAN1 Message Slot 12 Data 6 CAN1 Message Slot 12 Data 7 13-70

(CIMSL12DT6) (C1IMSL12DT7) 13-71

H'0080 15CE CAN1 Message Slot 12 Timestamp 13-72
(C1LMSL12TSP)
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3.4 Internal RAM and SFR Areas

SFR Area Register Map (22/22)

Address +0 address +1 address See
b0 b7 | b8 b15 pages
H'0080 15D0 CAN1 Message Slot 13 Standard ID 0 CAN1 Message Slot 13 Standard ID 1 13-58
(C1IMSL13SIDO0) (C1IMSL13SID1) 13-59
H'0080 15D2 CAN1 Message Slot 13 Extended ID 0 CAN1 Message Slot 13 Extended ID 1 13-60
(CIMSL13EIDO) (CIMSL13EID1) 13-61
H'0080 15D4 CAN1 Message Slot 13 Extended ID 2 CAN1 Message Slot 13 Data Length Register 13-62
(CIMSL13EID2) (C1MSL13DLC) 13-63
H'0080 15D6 CAN1 Message Slot 13 Data 0 CAN1 Message Slot 13 Data 1 13-64
(C1IMSL13DTO) (CIMSL13DT1) 13-65
H'0080 15D8 CAN1 Message Slot 13 Data 2 CAN1 Message Slot 13 Data 3 13-66
(C1IMSL13DT2) (C1IMSL13DT3) 13-67
H'0080 15DA CAN1 Message Slot 13 Data 4 CAN1 Message Slot 13 Data 5 13-68
(C1IMSL13DT4) (C1IMSL13DT5) 13-69
H'0080 15DC CAN1 Message Slot 13 Data 6 CAN1 Message Slot 13 Data 7 13-70
(C1IMSL13DT6) (C1IMSL13DT7) 13-71
H'0080 15DE CAN1 Message Slot 13 Timestamp 13-72
(C1MSL13TSP)
H'0080 15E0 CAN1 Message Slot 14 Standard ID 0 CAN1 Message Slot 14 Standard ID 1 13-58
(C1IMSL14SIDO0) (C1IMSL14SID1) 13-59
H'0080 15E2 CAN1 Message Slot 14 Extended ID 0 CAN1 Message Slot 14 Extended ID 1 13-60
(CIMSL14EIDO) (CIMSL14EID1) 13-61
H'0080 15E4 CAN1 Message Slot 14 Extended ID 2 CAN1 Message Slot 14 Data Length Register 13-62
(CIMSL14EID2) (CIMSL14DLC) 13-63
H'0080 15E6 CAN1 Message Slot 14 Data 0 CAN1 Message Slot 14 Data 1 13-64
(C1IMSL14DTO0) (C1MSL14DT1) 13-65
H'0080 15E8 CAN1 Message Slot 14 Data 2 CAN1 Message Slot 14 Data 3 13-66
(C1IMSL14DT2) (C1IMSL14DT3) 13-67
H'0080 15EA CAN1 Message Slot 14 Data 4 CAN1 Message Slot 14 Data 5 13-68
(C1IMSL14DT4) (C1MSL14DT5) 13-69
H'0080 15EC CAN1 Message Slot 14 Data 6 CAN1 Message Slot 14 Data 7 13-70
(C1IMSL14DT6) (C1IMSL14DT7) 13-71
H'0080 15EE CAN1 Message Slot 14 Timestamp 13-72
(C1IMSL14TSP)
H'0080 15F0 CAN1 Message Slot 15 Standard ID 0 CAN1 Message Slot 15 Standard ID 1 13-58
(CIMSL15SIDO) (C1IMSL15SID1) 13-59
H'0080 15F2 CAN1 Message Slot 15 Extended ID 0 CAN1 Message Slot 15 Extended ID 1 13-60
(C1IMSL15EIDO) (C1IMSL15EIDY) 13-61
H'0080 15F4 CAN1 Message Slot 15 Extended ID 2 CAN1 Message Slot 15 Data Length Register 13-62
(CIMSL15EID2) (C1IMSL15DLC) 13-63
H'0080 15F6 CAN1 Message Slot 15 Data 0 CAN1 Message Slot 15 Data 1 13-64
(C1MSL15DTO0) (C1MSL15DT1) 13-65
H'0080 15F8 CAN1 Message Slot 15 Data 2 CAN1 Message Slot 15 Data 3 13-66
(C1MSL15DT2) (C1MSL15DT3) 13-67
H'0080 15FA CAN1 Message Slot 15 Data 4 CAN1 Message Slot 15 Data 5 13-68
(CIMSL15DT4) (C1IMSL15DT5) 13-69
H'0080 15FC CAN1 Message Slot 15 Data 6 CAN1 Message Slot 15 Data 7 13-70
(C1MSL15DT6) (C1MSL15DT7) 13-71
H'0080 15FE CAN1 Message Slot 15 Timestamp 13-72
(CIMSL15TSP)
| (Use inhibited area)
H'0080 3FFE (Use inhibited area)

Notel. Address H'0080 0600 - H'0080 0603 are dummy areas.
When there is access to these areas, writing value is disabled and reading value is undefined.
In addition, it does not effect on the other SFR area by writing and reading out operation to dummy access area.

32176 Group Hardware Manual
Rev.1.10 REJ09B0067-0110 Jun 20.06

RENESAS

3-31



ADDRESS SPACE
3 3.5 EIT Vector Entry

3.5 EIT Vector Entry

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

0 31

H'0000 0000

H0000 0004 | N
I RI (Reset Interrupt) —

H'0000 0008

H'0000 000C B B

H'0000 0010

H'0000 0014 B N

H0000 0018 — SBI (System Break Interrupt) -

H'0000 001C B N

H'0000 0020

H'0000 0024 B N
I RIE (Reserved Instruction Exception) |

H'0000 0028

H'0000 002C B N

H'0000 0030

H'0000 0034 B N
— AE (Address Exception) —

H'0000 0038

H'0000 003C B ]

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 TRAPS8

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 1)

Note 1: When flash entry bit = 1 (flash E/W 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 of the microcomputer. This table has the
addresses shown below, at which the start addresses of interrupt handlers for the interrupt requests from
respective internal peripheral I/Os are set. For details, see Chapter 5, “Interrupt Controller.”

ICU Vector Table Memory Map (1/2)

Address +0 address +1 address
b0 b7 | b8 b15
H'0000 0094 MJT Input Interrupt 4 Handler Start Address (A0-A15)
H'0000 0096 MJT Input Interrupt 4 Handler Start Address (A16—A31)
H'0000 0098 MJT Input Interrupt 3 Handler Start Address (A0-A15)
H'0000 009A MJT Input Interrupt 3 Handler Start Address (A16—A31)
H'0000 009C MJT Input Interrupt 2 Handler Start Address (A0-A15)
H'0000 009E MJT Input Interrupt 2 Handler Start Address (A16—A31)
H'0000 00AO MJT Input Interrupt 1 Handler Start Address (AO—A15)
H'0000 00A2 MJT Input Interrupt 1 Handler Start Address (A16—A31)
H'0000 00A4
H'0000 O0A6
H'0000 00A8 MJT Output Interrupt 7 Handler Start Address (A0-A15)
H'0000 00AA MJT Output Interrupt 7 Handler Start Address (A16—A31)
H'0000 00AC MJT Output Interrupt 6 Handler Start Address (A0-A15)
H'0000 00AE MJT Output Interrupt 6 Handler Start Address (A16—-A31)
H'0000 00BO MJT Output Interrupt 5 Handler Start Address (A0-A15)
H'0000 00B2 MJT Output Interrupt 5 Handler Start Address (A16—A31)
H'0000 00B4 MJT Output Interrupt 4 Handler Start Address (A0-A15)
H'0000 00B6 MJT Output Interrupt 4 Handler Start Address (A16—A31)
H'0000 00B8 MJT Output Interrupt 3 Handler Start Address (A0-A15)
H'0000 00BA MJT Output Interrupt 3 Handler Start Address (A16—-A31)
H'0000 00BC MJT Output Interrupt 2 Handler Start Address (A0-A15)
H'0000 00BE MJT Output Interrupt 2 Handler Start Address (A16—A31)
H'0000 00CO MJT Output Interrupt 1 Handler Start Address (A0-A15)
H'0000 00C2 MJT Output Interrupt 1 Handler Start Address (A16—-A31)
H'0000 00C4 MJT Output Interrupt 0 Handler Start Address (A0-A15)
H'0000 00C6 MJT Output Interrupt 0 Handler Start Address (A16—A31)
H'0000 00C8 DMAO—4 Interrupt Handler Start Address (A0-A15)
H'0000 00CA DMAO0—4 Interrupt Handler Start Address (A16—A31)
H'0000 00CC SIO1 Receive Interrupt Handler Start Address (AO—A15)
H'0000 00CE SIO1 Receive Interrupt Handler Start Address (A16—-A31)
H'0000 00DO SI01 Transmit Interrupt Handler Start Address (AO—A15)
H'0000 00D2 SI01 Transmit Interrupt Handler Start Address (A16—-A31)
H'0000 00D4 SI00 Receive Interrupt Handler Start Address (AO—A15)
H'0000 00D6 SIO0 Receive Interrupt Handler Start Address (A16—A31)
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ICU Vector Table Memory Map (2/2)

Address +0 address +1 address
b0 b7 | b8 bi5

H'0000 00D8 SI00 Transmit Interrupt Handler Start Address (A0O—A15)

H'0000 O0ODA SIO0 Transmit Interrupt Handler Start Address (A16—A31)

H'0000 00DC A/DO Conversion Interrupt Handler Start Address (A0—A15)

H'0000 00DE A/DO Conversion Interrupt Handler Start Address (A16—A31)

H'0000 00EO

H'0000 00E2

H'0000 O0E4

H'0000 OOE6

H'0000 O0E8 DMAS5-9 Interrupt Handler Start Address (AO—A15)

H'0000 O0EA DMA5-9 Interrupt Handler Start Address (A16—A31)

H'0000 00EC S102, 3 Transmit/receive Interrupt Handler Start Address (AO—A15)

H'0000 OOEE S102, 3 Transmit/receive Interrupt Handler Start Address (A16—A31)

H'0000 00FO0 RTD Interrupt Handler Start Address (A0-A15)

H'0000 00F2 RTD Interrupt Handler Start Address (A16—A31)

H'0000 O0F4

H'0000 O0F6

H'0000 00F8

H'0000 00FA

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 CANO Transmit/receive & Error Interrupt Handler Start Address (A0O-A15)

H'0000 010E CANO Transmit/receive & Error Interrupt Handler Start Address (A16—A31)

H'0000 0110 CAN1 Transmit/receive & Error Interrupt Handler Start Address (A0-A15)

H'0000 0112 CANL1 Transmit/receive & Error Interrupt Handler Start Address (A16-A31)
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3.7 Notes on Address Space

* Virtual flash emulation function

The microcomputer has the function to map up to two 8-kbyte memory blocks of the internal RAM into areas of
the internal flash memory (L banks) that are divided in 8-kbyte units, as well as to map up to two 4-kbyte
memory blocks of the internal RAM into areas of the internal flash memory (S banks) that are divided in 4-kbyte
units. This function is referred to as the virtual flash emulation function. For details about this function, refer to
Section 6.6, “Virtual Flash Emulation Function.”

* Dummy access areas

Address H'0080 0600 - H'0080 0603 are dummy areas.
When there is access to these areas, writing value is disabled and reading value is undefined.
In addition, it does not effect on the other SFR area by writing and reading out operation to dummy access area.
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4.1 Outline of EIT

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

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

(2) Interrupt

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

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

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

— Interrupt (Interrupt) Reset Interrupt (RI)
E System Break Interrupt (SBI)
External Interrupt (EI)

—— Trap (Trap) —— Trap (TRAP)

Figure 4.1.1 Classification of EITs
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4.2 EIT Events

4.2.1 Exceptions

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

(2) Address Exception (AE)

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

4.2.2 Interrupts

(1) Reset Interrupt (RI)

Reset Interrupt (RI) is always accepted by entering the RESET# signal. The reset interrupt is assigned the
highest priority.

(2) System Break Interrupt (SBI)

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

(3) External Interrupt (EI)

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

4.2.3 Trap

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

32176 Group Hardware Manual 13
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4.3 EIT Processing Procedure

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

™ EIT request -
generated

Program execution restarted

Program suspended

Instruction|Instruction| Instruction Instruction| Instruction

A B c and EIT request p b
accepted - -
Instruction Instruction processing-completed
processing-canceled type (El, TRAP)
type (RIE, AE)
v
(Note 1)
pcoBPC Hardware preprocessin Hardware postprocessing | (B)PSW—>PSW
PSW —(B)PSW prep 9 postp 9 | Bpe P
User-created EIT handler
EIT vector [~ T
entry EIT handler except for SBI

BPC, PSW : General-purpose
Branch and general-purpose | :Processing: | registers, PSW and RTE
instruction registers are saved ! by handler: BPC are restored instruction
to the stack from the stack
: SBI .
(sBl) L (System Break ‘ Program te_rmmated
; ) or system is reset
i | Interrupt processing)
Note 1: (B)PSW indicates the BPSW field for the PSW register.
Figure 4.3.1 Outline of the EIT Processing Procedure
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When an EIT is accepted, the CPU branches to the EIT vector after hardware preprocessing (as will be described
later). The EIT vector has an entry address assigned for each EIT. This is where the BRA (branch) instruction for
the EIT handler (not the jump address itself) is written.

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

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

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

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

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

M32R/ECU
M32R CPU core
High
RESET# ] R, RI,
AE, RIE, TRAP
Priority
SB#C T SBlL, SBl,
~—” Interrupt
[ controller El El
. W v
peripheral : (ICu) Low
1/0Os
< IE flag
(PSW)

BPC register

[ Ispsw| psw| [ PCregister

PSW register

Figure 4.4.1 EIT Processing Mechanism
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4.5 Acceptance of EIT Events

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

Table 4.5.1 Acceptance of EIT Events

EIT Event Type of Processing Acceptance Timing Values Set in BPC Register

Reserved Instruction Instruction processing- During instruction execution PC value of the instruction that

Exception (RIE) canceled type generated RIE

Address Exception (AE)  Instruction processing- During instruction execution PC value of the instruction that
canceled type generated AE

Reset Interrupt (RI) Instruction processing- Each machine cycle Undefined value
aborted type

System Break Interrupt Instruction processing- Break in instructions PC value of the next instruction

(SBI) completed type (word boundary only)

External Interrupt (El) Instruction processing- Break in instructions PC value of the next instruction
completed type (word boundary only)

Trap (TRAP) Instruction processing- Break in instructions PC value of TRAP instruction + 4

completed type

4.6 Saving and Restoring the PC and PSW

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

(1) Hardware preprocessing when an EIT is accepted

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

BC - C
[2] Update the PSW register’s SM, IE and C bits
SM - Remains unchanged (RIE, AE, TRAP) or cleared to "0" (SBI, El, RI)
IE - Cleared to "0"
C - Cleared to "0"

[3] Save the PC register
BPC - PC

[4] Set the vector address in the PC register
Branches to the EIT vector and executes the branch (BRA) instruction written in it, thereby transferring
control to the user-created EIT handler.

(2) Hardware postprocessing when the RTE instruction is executed

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

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

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

[1] Saving the SM, IE and C bits [3] Saving the PC
BSM  « SM BPC « PC
BIE «~ IE
BC « C [4] Setting the vector address in the PC
PC < Vector address
[2] Updating the SM, IE and C bits
SM < Unchanged or 0
IE «~ 0
C «~ 0
[A] Restoring the SM, IE and C bits from the [B] Restoring the PC from the BPC register
backup field
SM < BSM The value stored in the BPC register
IE <~ BIE after executing the RTE instruction is
C < BC undefined.
The values stored in the BSM, BIE
and BC bits after executing the RTE
instruction are undefined.
PSW BPC PC
When EIT is accepted (1] (3]
- /7 /1
When RTE instruction \
is executed [A] [B]
BPSW field PSW field
0(MSB) 7 8 15 16 17 23 24 25 31(LSB)
PSW 0 000000000000000/ | 00000 | |]0o0000
BSM BIE BC SM IE C
Figure 4.6.1 Saving and Restoring the PC and PSW
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4.7 EIT Vector Entry

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

the EIT vector entry.

Table 4.7.1 EIT Vector Entry

Name Abbreviation Vector Address SM IE BPC

Reset Interrupt RI H'0000 0000 (Note 1) 0 Undefined

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

Interrupt

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

Exception

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

Trap TRAPO H'0000 0040 Unchanged 0 PC of TRAP instruction + 4
TRAP1 H'0000 0044 Unchanged 0 PC of TRAP instruction + 4
TRAP2 H'0000 0048 Unchanged 0 PC of TRAP instruction + 4
TRAP3 H'0000 004C Unchanged 0 PC of TRAP instruction + 4
TRAP4 H'0000 0050 Unchanged 0 PC of TRAP instruction + 4
TRAPS H'0000 0054 Unchanged 0 PC of TRAP instruction + 4
TRAP6 H'0000 0058 Unchanged 0 PC of TRAP instruction + 4
TRAP7 H'0000 005C Unchanged 0 PC of TRAP instruction + 4
TRAPS8 H'0000 0060 Unchanged 0 PC of TRAP instruction + 4
TRAP9 H'0000 0064 Unchanged 0 PC of TRAP instruction + 4
TRAP10 H'0000 0068 Unchanged 0 PC of TRAP instruction + 4
TRAP11 H'0000 006C Unchanged 0 PC of TRAP instruction + 4
TRAP12 H'0000 0070 Unchanged 0 PC of TRAP instruction + 4
TRAP13 H'0000 0074 Unchanged 0 PC of TRAP instruction + 4
TRAP14 H'0000 0078 Unchanged 0 PC of TRAP instruction + 4
TRAP15 H'0000 007C Unchanged 0 PC of TRAP instruction + 4

External Interrupt El H'0000 0080 (Note 2) 0 0 PC of the next instruction

Note 1: During boot mode, the CPU starts executing the boot program after exiting the reset state. For details, see Section

6.5, “Programming the Internal Flash Memory.”

Note 2: During flash E/W enable mode, this vector address is moved to the beginning of the internal RAM (address H’0080

4000). For details, see Section 6.5, “Programming the Internal Flash Memory.”
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4.8 Exception Processing

4.8.1 Reserved Instruction Exception (RIE)

[Occurrence Conditions]

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

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

[EIT Processing]

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

BSM SM
BIE - IE
BC < C

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

SM « Unchanged
IE - 0
C - 0

(3) Saving the PC

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

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

| +0 | +1 | +2 | +3 | | +0 | +1 | +2 | +3 |
Address )~ T Address )~ T
H'00 H'00
Return \ Return \
addrljass —» H'04 RIE occurred ‘ ader(Iess —» H'04 ‘ RIE occurred
H'08 H'08
H'0C H'0C
BPC |<4+H'04 BPC |4-H'06

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

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

(6) Returning from the EIT handler

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

32176 Group Hardware Manual 111
Rev.1.10 REJ09B0067-0110 Jun 20.06 RENESAS



EIT
4 4.8 Exception Processing

4.8.2 Address Exception (AE)

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

* Two low-order address bits accessed in the LDH, LDUH or STH instruction are ‘01’ or ‘11’
* Two low-order address bits accessed in the LD, ST, LOCK or UNLOCK instruction are ‘01,” ‘10’ or ‘11’

When an address exception occurs, memory access by the instruction that generated the exception is not
performed. If an external interrupt is requested at the same time an address exception is detected, it is the
address exception that is accepted.

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

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

(3) Saving the PC

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

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

| +0 | +1 | +2 | +3 | | +0 | +1 | +2 | +3 |
Address ") T Address )~ T
H'00 H'00
a%%tr%rgs —» H'04 AE occurred ‘ » H'04 ’ AE occurred
H'08 H'08
H'0C H'0C

| BPC |« H04 | BPC |« H'06

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

32176 Group Hardware Manual 112
Rev.1.10 REJ09B0067-0110 Jun 20.06 RENESAS



EIT
4 4.8 Exception Processing

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

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

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

4.9.1 Reset Interrupt (RI)

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

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

SM < 0
IE - 0
C - 0

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

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

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

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

register IE bit.

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

occurred.

[Occurrence Conditions]

A system break interrupt is accepted by a falling edge on SBI# input pin. (The system break interrupt

cannot be masked by the PSW register IE bit.)

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

break interrupt is accepted after the instruction is completed.

———>» Order in which instructions are executed

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

Figure 4.9.1 Timing at Which System Break Interrupt (SBI) is Accepted
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[EIT Processing]
(1) Saving SM, IE and C bits
The PSW register’'s SM, |IE and C bits are saved to the respective backup bits: BSM, BIE and BC.

BSM SM
BIE - IE
BC - C

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

SM < 0
IE - 0
C - 0

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

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

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

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

[Occurrence Conditions]

External interrupts are managed by the microcomputer’s internal interrupt controller based on interrupt
requests from each internal peripheral 1/0, and are sent to the CPU via the interrupt controller. The CPU
checks these interrupt requests at a break in instructions residing on word boundaries, and when an
interrupt request is detected and the PSW register IE flag = "1", accepts it as an external interrupt.

In no case will an external interrupt be activated immediately after executing a 16-bit instruction that starts
from a word boundary. (For 16-bit branch instructions, however, the interrupt is accepted immediately
after branching.)

——> Order in which instructions are executed
Address 1000 Address 1002 Address 1004 Address 1008
‘ 16-bit instruction‘ 16-bit instruction‘ 32-bit instruction ‘
@) X O @)
Interrupt may  Interrupt cannot  Interrupt may Interrupt may
be accepted be accepted  be accepted be accepted

Figure 4.9.2 Timing at Which External Interrupt (El) is Accepted
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[EIT Processing]
(1) Saving SM, IE and C bits
The PSW register’'s SM, |IE and C bits are saved to the respective backup bits: BSM, BIE and BC.

BSM SM
BIE - IE
BC - C

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

SM  ~ 0
IE - 0
C - 0

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

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

(5) Jumping from the EIT vector entry to the user-created handler
The CPU executes the BRA instruction written by the user at the address H'0000 0080 of the EIT vector
entry to jump to the start address of the user-created handler. At the beginning of the user-created EIT
handler, first save the BPC and PSW registers and the necessary general-purpose registers to the stack.
Also, save the accumulator as necessary.

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

4.10.1 Trap

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

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

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

(3) Saving the PC

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

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

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

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

H'04 [TRAP instruction‘ H'04 ‘TRAP instruction
R[> wos Reun b» wos
H'0C H'0C

| BPC [« 08 | BPC |« H0A

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

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

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

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

Table 4.11.1 Priority of EIT Events and How Returned from EIT

Priority EIT Event Type of Processing Values Set in BPC Register
1 (Highest) Reset Interrupt (RI) Instruction processing-aborted type Undefined
2 Address Exception (AE) Instruction processing-canceled type PC of the instruction that
generated AE
Reserved Instruction Instruction processing-canceled type PC of the instruction that
Exception (RIE) generated RIE
Trap (TRAP) Instruction processing-completed type TRAP instruction + 4
3 System Break Interrupt Instruction processing-completed type PC of the next instruction
(SBI)
4 External Interrupt (El) Instruction processing-completed type PC of the next instruction

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

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

IE =1
IE=0
RIE, AE, SBI, El or TRAP e
occurs singly = ¥
Return address A: [~
E=1_

v BPC register = Return address A

If IE = 0, no events but reset and
SBI are accepted.

RTE instruction

: EIT handler

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

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

IE=1

RIE, AE or TRAP and EI
occur simultaneously = L

Return address A:

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

RTE instruction

El is accepted next.
BPC register = Return address A

RTE instruction

: EIT handler

Figure 4.12.2 Processing of Events When RIE, AE or TRAP and EI Occur Simultaneously
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4.12 Example of EIT Processing

EIT vector entry

o ~o

g —~o

BRA instruction @

PC —BPC
PSW — (B)PSW
(Note 1)

Hardware
preprocessing

Program being
executed

/_\_/

jEITeventCz
, oceurs

(Note 1)

Hardwarg (B)PSW — PSW
postprocessing BPC —PC

(Other than SBI)

EIT handler

(SBI)

‘ Save BPC to the stack ‘
v

‘ Save PSW to the stack ‘
v

Save general-purpose
registers to the stack

I

Processing by
EIT handler

I

Restore general-purpose
registers from the stack

v

Restore PSW from the stack

!

Restore BPC from the stack

!

{ RTE )

d_/

System Break Interrupt
(SBI) processing

1

Program terminated
or system reset

d—/

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

Figure 4.12.3 Example of EIT Processing
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4.13 Notes on EIT

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

LD Rdest, @Rsrc+

ST Rsrcl, @-Rsrc2

ST Rsrcl, @+Rsrc2

If the above case applies, consider the fact that the register values become undefined when you design the processing
to be performed after executing said instructions. (If an address exception occurs, it means that the system has some
fatal fault already existing in it. Therefore, address exceptions must be used on condition that control will not be
returned from the address exception handler to the program that was being executed when the exception occurred.)
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5 5.1 Outline of the Interrupt Controller

5.1 Outline of the Interrupt Controller

The Interrupt Controller (ICU) manages maskable interrupts from internal peripheral 1/Os and a system break
interrupt (SBI). The maskable interrupts from internal peripheral 1/Os are sent to the M32R CPU as external
interrupts (EI).

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

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

Specifications of the Interrupt Controller are outlined below.

Table 5.1.1 Outline of the Interrupt Controller (ICU)

Item Specification

Interrupt request source  Maskable interrupt requests from internal peripheral 1/0s: 23 sources (Note 1)
System break interrupt request: 1 source (input from SBI# pin)

Priority management 8 priority levels including an interrupt-disabled state
(However, interrupts with the same priority level have their priorities resolved by fixed hardware
priority.)
Note 1: This is the number of interrupt requests divided into groups. There are actually a total of 123 interrupt request sources
when counted individually.
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5.1 Outline of the Interrupt Controller

SBI# [

Interrupt Controller (ICU)

System Break Interrupt (SBI)

request generated

» To the CPU core

(nonmaskable)
SBI Control Register S‘BIREQ
(SBICR) J
x SBI
o
Peripheral circuits
Edoe | roFa
Interrupt request Edge ILEVEL External Interrupt (El)

Interrupt request

Interrupt request

IREQH—

(Note 1)

Interrupt

m
eecsccsccsccscse o
«Q
[}

Level

IREQH—

control circuit

Interrupt

Level

control circuit

Interrupt

Level

control circuit

Priority resolved by interrupt priority levels set

Priority resolved by fixed hardware priority

request generated
(maskable)

Interrupt Vector Register
(IVECT)

NEW_IMASK

'

Interrupt Request Mask

W

Register (IMASK)

Interrupt Control Register

» To the CPU core

Note 1. Interrupt control circuit indicates Interrupt request status register and Interrupt request mask register
in each peripheral function.

Figure 5.1.1 Block Diagram of the Interrupt Controller

32176 Group Hardware Manual

Rev.1.10 REJ09B0067-0110 Jun 20.06

RENESAS

5-3



5

INTERRUPT CONTROLLER (ICU)
5.2 ICU Related Registers

5.2 ICU Related Registers

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

ICU Related Register Map

Address +0 address +1 address See pages
b0 b7| b8 b15
H'0080 0000 Interrupt Vector Register 5-5
(IVECT)
H'0080 0002 (Use inhibited area)
H'0080 0004 Interrupt Request Mask Register (Use inhibited area) 5-6
(IMASK)
H'0080 0006 SBI Control Register (Use inhibited area) 5-7
(SBICR)
| (Use inhibited area)
H'0080 0060 CANO Transmit/Receive & Error Interrupt Control Register (Use inhibited area) 5-8
(ICANOCR)
H'0080 0062 (Use inhibited area)
H'0080 0064 (Use inhibited area)
H'0080 0066 (Use inhibited area) RTD Interrupt Control Register 5-8
(IRTDCR)
H'0080 0068 S102,3 Transmit/Receive Interrupt Control Register DMA5-9 Interrupt Control Register 5-8
(ISI023CR) (IDMA59CR)
H'0080 006A (Use inhibited area)
H'0080 006C A/DO Conversion Interrupt Control Register SI00 Transmit Interrupt Control Register 5-8
(IADOCCR) (ISIO0TXCR)
H'0080 006E S100 Receive Interrupt Control Register SI01 Transmit Interrupt Control Register 5-8
(ISIOORXCR) (ISIO1TXCR)
H'0080 0070 S101 Receive Interrupt Control Register DMAO-4 Interrupt Control Register 5-8
(ISIO1RXCR) (IDMA04CR)
H'0080 0072 MJT Output Interrupt Control Register 0 MJT Output Interrupt Control Register 1 5-8
(IMJTOCRO) (IMJTOCR1)
H'0080 0074 MJT Output Interrupt Control Register 2 MJT Output Interrupt Control Register 3 5-8
(IMJTOCR2) (IMJTOCR3)
H'0080 0076 MJT Output Interrupt Control Register 4 MJT Output Interrupt Control Register 5 5-8
(IMJTOCR4) (IMJTOCR5)
H'0080 0078 MJT Output Interrupt Control Register 6 MJT Output Interrupt Control Register 7 5-8
(IMJTOCREG6) (IMJTOCRY)
H'0080 007A (Use inhibited area) MJT Input Interrupt Control Register 1 5-8
(IMJTICR1)
H'0080 007C MJT Input Interrupt Control Register 2 MJT Input Interrupt Control Register 3 5-8
(IMJTICR2) (IMJTICR3)
H'0080 007E MJT Input Interrupt Control Register 4 CANL1 Transmit/Receive & Error Interrupt Control Register 5-8
(IMJTICR4) (ICAN1CR)
32176 Group Hardware Manual -
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5.2.1 Interrupt Vector Register

Interrupt Vector Register (IVECT) <Address: H'0080 0000>
b0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 b15
IVECT
? | ? | ? | ? | ? | ? | ? | ? | ? | ? | ? | ? | ? | ? | ? | ?

<Upon exiting reset: Undefined>

b Bit Name Function R W
0-15 IVECT When an interrupt request is accepted, the 16-low-order R N
16 low-order bits of ICU vector table address bits of the ICU vector table address for the accepted

interrupt request source are stored in this register.

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

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

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

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

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

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

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

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

Notes: ¢« Do not read the Interrupt Vector Register (IVECT) in the EIT handler unless interrupts are dis-
abled (PSW register IE bit = "0"). In the EIT handler, furthermore, read the Interrupt Request
Mask Register (IMASK) first before reading the IVECT register.
« To reenable interrupts (by setting the IE bit to "1") after reading the Interrupt Vector Register
(IVECT), perform a dummy access to the internal memory, etc. before reenabling interrupts. (The
ICU vector table readout in the El handler processing example in Figure 5.5.2 Typical Handler
Operation for Interrupts from Internal Peripheral I/O is an access to the internal ROM and, there-
fore, does not require adding a dummy access.)
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5.2.2 Interrupt Request Mask Register

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

<Upon exiting reset: H'07>

b Bit Name Function R W

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

5-7 IMASK 000: Disable maskable interrupts R W
Interrupt request mask bit 001: Accept interrupts with priority level 0

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

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

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

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

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

Notes: « Do not write to the Interrupt Request Mask Register (IMASK) unless interrupts are disabled
(PSW register IE bit ="0").
» To reenable interrupts (by setting the IE bit to "1") after writing to the Interrupt Request Mask
Register (IMASK), perform a dummy access to the internal memory, etc. before reenabling inter-
rupts.

(1) Write to the Interrupt Request Mask Register (IMASK)

(2) Perform a dummy access to the internal memory and SFR once or more
(3) Issue one or more instructions (Note 1)

(4) Enable interrupts (by setting the IE bit to "1")

Note 1: Any instructions other than NOP that does not require clock cycles (one that is automati-
cally inserted by the assembler for alignment adjustment: instruction code H'F000).
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5.2.3 SBI (System Break Interrupt) Control Register

SBI (System Break Interrupt) Control Register (SBICR)

<Address: H'0080 0006>

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

SBI request bit

1: SBI requested

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

The System Break Interrupt (SBI) is an interrupt request generated by a falling edge on the SBI# signal input

pin.

When a falling edge on the SBI# signal input pin is detected and this bit is set to "1", a system break interrupt

(SBI) request is generated to the CPU.
This bit cannot be set to "1" in software, it can only be cleared.

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

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

Notes: « Unless this bit is set to "1", do not perform the above clearing operation.
« If falling edge is inputted to SBI# pin again, system break is not occurred while SBI request bit is

setto"1."
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5.2.4 Interrupt Control Registers

CANO Transmit/Receive & Error Interrupt Control Register (ICANOCR)
RTD Interrupt Control Register (IRTDCR)

S102,3 Transmit/Receive Interrupt Control Register (ISIO23CR)
DMAS5-9 Interrupt Control Register (IDMA59CR)

A/DO Conversion Interrupt Control Register (IADOCCR)

SIO0 Transmit Interrupt Control Register (ISIOOTXCR)

SI00 Receive Interrupt Control Register (ISIOORXCR)

S101 Transmit Interrupt Control Register (ISIO1TXCR)

S101 Receive Interrupt Control Register (ISIO1RXCR)

DMAO0-4 Interrupt Control Register (IDMAO4CR)

MJT Output Interrupt Control Register 0 (IMJTOCRO)

MJT Output Interrupt Control Register 1 (IMJTOCR1)

MJT Output Interrupt Control Register 2 (IMJTOCR2)

MJT Output Interrupt Control Register 3 (IMJTOCR3)

MJT Output Interrupt Control Register 4 (IMJTOCR4)

MJT Output Interrupt Control Register 5 (IMJTOCR5)

MJT Output Interrupt Control Register 6 (IMJTOCRG6)

MJT Output Interrupt Control Register 7 (IMJTOCR7)

MJT Input Interrupt Control Register 1 (IMJTICR1)

MJT Input Interrupt Control Register 2 (IMJTICR2)

MJT Input Interrupt Control Register 3 (IMJTICR3)

MJT Input Interrupt Control Register 4 (IMJTICRA4)

CAN1 Transmit/Receive & Error Interrupt Control Register (ICAN1CR)

<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:

H’0080 0060>
H’0080 0067>
H’0080 0068>
H’0080 0069>
H’0080 006C>
H'0080 006D>
H’0080 O06E>
H’0080 O06F>
H’0080 0070>
H’0080 0071>
H’0080 0072>
H’0080 0073>
H’0080 0074>
H’0080 0075>
H’0080 0076>
H’0080 0077>
H’0080 0078>
H’0080 0079>
H’0080 007B>
H’0080 007C>
H’0080 007D>
H'0080 007E>
H’0080 007F>
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INTERRUPT CONTROLLER (ICU)

5 5.2 ICU Related Registers
b0 1 2 3 4 5 6 b7
(b8 9 10 11 12 13 14 b15)
IREO ILEVEL
0 | 0 | 0 0 0 1 | 1 | 1

<Upon exiting reset: H'07>

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

3 IREQ <Edge recognized type> R W
(11) Interrupt request bit At read

0: Interrupt not requested

1: Interrupt requested

At write

0: Clear interrupt request

1: Generate interrupt request

<Level-recognized type> R O
At read

0: Interrupt not requested

1: Interrupt requested

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

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

010: Interrupt priority level 2
011: Interrupt priority level 3
100: Interrupt priority level 4
101: Interrupt priority level 5
110: Interrupt priority level 6
111: Interrupt priority level 7 (interrupt disabled)

(1) IREQ (Interrupt Request) bit (Bit 3 or 11)

When an interrupt request from some internal peripheral 1/0 occurs, the corresponding IREQ (Interrupt
Request) bit is set to "1."

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

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

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

Interrupt request from
each internal peripheral I/O

Data bus

b3 or b1l

IREQ| Set

Set/clear

b5-7 or b13-15
\ 3

FIF

Reset
IVECT read 37
IMASK write

Interrupt enabled

Clear
A
ILEVEL N Interrupt priority | Set El
(levels 0-7) - resolving circuit FIF — To the CPU core

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

Interrupt request from each :
group internal peripheral /0O =

Group interrupt

Data bus

Read Read-only circuit
/ y

N, b3orbill

\b5-7 or b13-15 3

o) —
\I ‘
Reset

IVECT read 5)—

IMASK write

Interrupt enabled

Clear
v
ILEVEL N{ Interrupt priority| Set El
(levels 0-7) 1~ resolving circuit F/F — To the CPU core

Figure 5.2.2 Configuration of the Interrupt Control Register (Level-recognized Type)

(2) ILEVEL (Interrupt Priority Level) (Bits 5-7 or bits 13—-15)

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

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

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

are accepted.

Table 5.2.1 ILEVEL Settings and Accepted IMASK Values

ILEVEL values set

IMASK values at which interrupts are accepted

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

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

Not accepted (interrupts disabled)

32176 Group Hardware Manual
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5 5.3 Interrupt Request Sources in Internal Peripheral I/O

5.3 Interrupt Request Sources in Internal Peripheral 1/0

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

Table 5.3.1 Interrupt Request Sources in Internal Peripheral 1/0

Interrupt Request Sources Contents Number of ICU Type of Input
Input Sources Source ( Note 1)
A/DO conversion interrupt request ~ A/DO converter’'s scan mode one-shot operation, 1 Edge-recognized
single mode or comparate mode completed

SIOO0 transmit interrupt request SIOO0 transmission-completed or transmit buffer empty interrupt 1 Edge-recognized
SIOO receive interrupt request SIO0 reception-completed or receive error interrupt 1 Edge-recognized
SIO1 transmit interrupt request SIO1 transmission-completed or transmit buffer empty interrupt 1 Edge-recognized
SIO1 receive interrupt request SIO1 reception-completed or receive error interrupt 1 Edge-recognized
SI02,3 transmit/receive interrupt SI02,3 reception-completed or receive error interrupt, 4 Level-recognized
request transmission-completed or transmit buffer empty interrupt

RTD interrupt request RTD interrupt generation command 1 Edge-recognized
DMA transfer interrupt request O DMAO—4 transfer completed 5 Level-recognized
DMA transfer interrupt request 1 DMAS5-9 transfer completed 5 Level-recognized
CANO transmit/receive & error CANO transmission or reception completed, CANO errorpassive, 35 Level-recognized
interrupt request CANO error bus-off, CANO bus error, CANO single shot

CANL1 transmit/receive & error CANL1 transmission or reception completed, CANL1 error passive, 35 Level-recognized
interrupt request CANL error bus-off, CAN1 bus error, CAN1 single shot

MJT output interrupt request 7 MJT output interrupt rgroup 7 (TMSO0, TMS1 output) 2 Level-recognized
MJT output interrupt request 6 MJT output interrupt rgroup 6 (TOP8, TOP9 output) 2 Level-recognized
MJT output interrupt request 5 MJT output interrupt rgroup 5 (TOP10 output) 1 Edge-recognized
MJT output interrupt request 4 MJT output interrupt rgroup 4 (TIO4—TIO7 outputs) 4 Level-recognized
MJT output interrupt request 3 MJT output interrupt rgroup 3 (TIO8, TIO9 outputs) 2 Level-recognized
MJT output interrupt request 2 MJT output interrupt rgroup 2 (TOPO-TOPS5 outputs) 6 Level-recognized
MJT output interrupt request 1 MJT output interrupt rgroup 1 (TOP6,TOP7 outputs) 2 Level-recognized
MJT output interrupt request O MJT output interrupt rgroup 0 (TIO0-TIO3 outputs) 4 Level-recognized
MJT input interrupt request 4 MJT input interrupt group 4 (TIN3 input) 1 Level-recognized
MJT input interrupt request 3 MJT input interrupt group 3 (TIN20-TIN23 inputs) 4 Level-recognized
MJT input interrupt request 2 MJT input interrupt group 2 (TIN16—TIN19 inputs) 4 Level-recognized
MJT input interrupt request 1 MJT input interrupt group 1 (TINO input) 1 Level-recognized

Note 1: ICU type of input source
» Edge-recognized: Interrupt requests are generated on a falling edge of the interrupt signal supplied to the ICU.
* Level-recognized: Interrupt requests are generated when the interrupt signal supplied to the ICU is held low. For this
type of interrupt, the ICU’s Interrupt Control Register IRQ bit cannot be set or cleared in software.
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5.4 ICU Vector Table

The ICU vector table is used to set the start addresses of interrupt handlers for each internal peripheral 1/0. The

23-source interrupt requests are assigned the following vector table addresses.

Table 5.4.1 ICU Vector Table Addresses

Priority  Interrupt Request Source ICU Vector Table Addresses Number of Input Source
Input Source Type (Note 1)

High MJT input interrupt 4 (TIN3 input) H'0000 0094 — H'0000 0097 1 Level-recognized
A MJT input interrupt 3 (TIN20-23 input) H'0000 0098 — H'0000 009B 4 Level-recognized
MJT input interrupt 2 (TIN16-19 input) H'0000 009C — H'0000 009F 4 Level-recognized

MJT input interrupt 1 (TINO input) H'0000 00A0 — H'0000 00A3 1 Level-recognized

MJT output interrupt 7 (TMSO0,1 output) H'0000 00A8 — H'0000 00AB 2 Level-recognized

MJT output interrupt 6 (TOP8,9 output) H'0000 O0AC—-H'0000 00AF 2 Level-recognized

MJT output interrupt 5 (TOP10 output) H'0000 00BO — H'0000 00B3 1 Edge-recognized

MJT output interrupt 4 (T104—7 output) H'0000 00B4 — H'0000 00B7 4 Level-recognized

MJT output interrupt 3 (T108,9 output) H'0000 00B8 — H'0000 00BB 2 Level-recognized

MJT output interrupt 2 (TOP0-5 output) H'0000 00BC — H'0000 00BF 6 Level-recognized

MJT output interrupt 1 (TOPS6,7 output) H'0000 00CO — H'0000 00C3 2 Level-recognized

MJT output interrupt 0 (TIO0-3 output) H'0000 00C4 — H'0000 00C7 4 Level-recognized
DMAO—4 interrupt H'0000 00C8 — H'0000 00CB 5 Level-recognized

SIO1 receive interrupt H'0000 00CC — H'0000 00CF 1 Edge-recognized

SIO1 transmit interrupt H'0000 00DO — H'0000 00D3 1 Edge-recognized

SIO0 receive interrupt H'0000 00D4 — H'0000 00D7 1 Edge-recognized

SIOO0 transmit interrupt H'0000 00D8 — H'0000 00DB 1 Edge-recognized

A/DO conversion interrupt H'0000 00DC — H'0000 O0ODF 1 Edge-recognized
DMAS5-9 interrupt H'0000 O0E8 — H'0000 OOEB 5 Level-recognized

S102,3 transmit/receive interrupt H'0000 OOEC — H'0000 00EF 4 Level-recognized

RTD interrupt H'0000 O0FO0 — H'0000 00F3 1 Edge-recognized

v CANO transmit/receive & error interrupt H'0000 010C — H'0000 010F 35 Level-recognized
Low CAN1 transmit/receive & error interrupt H'0000 0110 — H'0000 0113 35 Level-recognized

Note 1: ICU type of input source

« Edge-recognized: Interrupt requests are generated on a falling edge of the interrupt signal supplied to the ICU.
« Level-recognized: Interrupt requests are generated when the interrupt signal supplied to the ICU is held low. For
this type of interrupt, the ICU’s Interrupt Control Register IRQ bit cannot be set or cleared in software.
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5 5.5 Description of Interrupt Operation

5.5 Description of Interrupt Operation

5.5.1 Acceptance of Internal Peripheral I/O Interrupts

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

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

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

3) The ILEVEL and IMASK values are compared.

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

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

1) 2) 3)
Resolve priority - .
Interrupt according to Resolve 'pnonty Compare with Accept '”‘e_”“p‘
requested > Interrupt Priority —> accordingto [—> IMASK value —> if PSW register
or not Level (ILEVEL) hardware priority IE bit = 1
(ILEVEL settings) Can be accepted
Level 3 : : Level 3 '  when IMASK = 4-7
eve : . Level : :
MJT input interrupt request 4 . Requested : : —
Level 4 | 3
MJT output interrupt request 3 : Requested |
. : : Hardware
MJT output interrupt request 2 Level 5 . Requested > fixed priority
Level3 | ! Level 3 3
MJT output interrupt request 1 . Requested : >
Level 1 :
DMAO-4 interrupt request —— g Notrequested :
Level3 | Level 3 5
A/DO conversion interrupt request : Requested - »
Figure 5.5.1 Example of Priority Resolution when Accepting Interrupt Requests
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5 5.5 Description of Interrupt Operation

Table 5.5.1 ILEVEL Settings and Accepted IMASK Values

ILEVEL values set 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 (interrupts disabled)
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5 5.5 Description of Interrupt Operation

5.5.2 Processing by Internal Peripheral I/O Interrupt Handlers

(1) Branching to the interrupt handler

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

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

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

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

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

[3] Reading the Interrupt Vector Register (IVECT)

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

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

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

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

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

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

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

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

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

[6] Enabling multiple interrupts
To enable another higher priority interrupt while processing the accepted interrupt (i.e., enabling mul-
tiple interrupts), set the PSW register IE bit to "1".
Note: « There are precautions to be take when reenabling interrupts (by setting the IE bit to "1") after
writing the Interrupt Mask Register (IMASK). For details, see the Section 5.2.2, "Interrupt
MASK Register."
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5 5.5 Description of Interrupt Operation

[7] Branching to the internal peripheral I/O interrupt handler
Branch to the start address of the interrupt handler that was read out in [5].

[8] Processing in the internal peripheral 1/O interrupt handler
[9] Disabling interrupts
Clear the PSW register IE bit to "0" to disable interrupts.

[10] Restoring the Interrupt Request Mask Register (IMASK)
Restore the Interrupt Request Mask Register that was saved to the stack in [2].

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

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

(3) Identifying the source of the interrupt request generated

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

(4) Enabling multiple interrupts

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

Note: « Before enabling multiple interrupts, read the Interrupt Vector Register (IVECT) and then the
ICU vector table, as shown in Figure 5.5.2, “Typical Handler Operation for Interrupts from
Internal Peripheral 1/0O.”
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El (External Interrupt)
vector entry
N (7

H'0000 0080 |BRA instruction@®

El (External Interrupt)
~ A ~ handler

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

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

. Read and save Interrupt
PO [2] | Request Mask Register
. ; (IMASK) to the stack
° Interrupt

o < generated v

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

<

o (Note 2)
. :

L]

L]

L]

A

H'0080 0004

¥

Read and overwrite

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

T~ (Note 3)

; v

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

! H'0000 0094 " gTierrupt handier

start address

[6] Set PSW register IE bit to 1 | (Note 4) M
(Note 5)

7 H'0000 0113

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

Hardware postprocessing l
when RTE instruction i ¢
i exec‘uted Interrupt Interrupt

(Note 1) handler handler [8]

' }
v

9 Clear PSW register
[ ] IE bit to 0

¥
Restore Interrupt Request
[1O] Mask Register (IMASK)
from the stack

’

Restore general-purpose
registers from the stack

—

(Note 4)

(Note 2)

[11] ' [1] to [12]: Processing of EI
by interrupt handler

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

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

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

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

Note 5: To reenable interrupts (by setting the IE bit to 1) after reading the Interrupt Vector Register (IVECT),
perform a dummy access to the internal memory, etc. before reenabling interrupts. In the example here,
there is no need to add a dummy access because the ICU vector table is read after reading the IVECT register.
Similarly, to reenable interrupts (by setting the IE bit to 1) after writing to the Interrupt Request Mask Register
(IMASK), there are precautions to be taken when reenabling interrupts (by setting the IE bit to "1") after writing
the Interrupt Mask Register (IMASK). For details, see the section 5.5.2 "Interrupt Mask Register."

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

5.6.1 Acceptance of SBI

System Break Interrupt (SBI) is an emergency interrupt which is used when power outage is detected or a fault
condition is notified by an external watchdog timer. The system break interrupt is accepted anytime upon
detection of a falling edge on the SBI# signal input pin no matter how the PSW register IE bit is set, and cannot
be masked. If falling edge is inputted to SBI# pin again, system break is not occured while SBI request bit is set
to"1."

5.6.2 SBI Processing by Handler

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

SBI (System Break Interrupt)
vector entry

N N

H'0000 0010 BRA instruction@-f ------------------ooo oo .
© SBI (System Break Interrupt)

o i : handler
A :
v
P being _
roe%(r:gtezmg/ ’ Processing to shut
T~ down the system
(Note 1)

<——— SBI generated

Shut down or
reset the system

/\_/

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

Figure 5.6.1 Typical SBI Operation
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6 6.1 Outline of the Internal Memory

6.1 Outline of the Internal Memory

The 32176 internally contains the following types of memory:
* 24-Kbyte RAM
* 512-Kbyte, 384-Kbyte or 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

Item Specification

Size 24 Kbytes

Location address H’0080 4000 to H’0080 9FFF
Wait insertion Operates with zero wait states

Internal bus connection Connected by 32-bit bus

Dual port By using the Real-Time Debugger (RTD), data can be read (monitored) or written to any area of
the internal RAM via serial communication from external devices independently of the CPU. (See
Chapter 14, “Real-Time Debugger.”)

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

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

6.3 Internal Flash Memory

Specifications of the internal flash memory are shown below.

Table 6.3.1 Specifications of the Internal Flash Memory

Item Specification

Size M32176F4: 512 Kbytes
M32176F3: 384 Kbytes
M32176F2: 256 Kbytes

Location address M32176F4: H'0000 0000 to H'0007 FFFF
M32176F3: H'0000 0000 to H'0005 FFFF
M32176F2: H'0000 0000 to H'0003 FFFF

Wait insertion Operates with zero wait state

Durability Standard product : 100 times
10000 (10k) times rewritable : 4-Kbyte block (Note 2) : 10000 (10Kk) times
-product (Note 1) : Other blocks : 1000 (1k) times

Internal bus connection Connected by 32-bit bus

Other Virtual flash emulation function is incorporated. (See Section 6.6, “Virtual Flash Emulation Function.”)

Note 1: The 10000 (10k) times rewritable product is offered as an optional item. For details about it, please contact your
nearest office of Renesas or its distributor.

Note 2: Block 1: H’0000 2000 to H’'0000 2FFF
Block 2: H'0000 3000 to H’0000 3FFF

32176 Group Hardware Manual 5.2
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6 6.3 Internal Flash Memory

Internal flash memory area of the M32176F4 (512 Kbytes)

H'0000 0000 Y 7
H'0000 1FFF 8KB | Blocko
H'0000 2000
H'0000 2FFF 4KB Block 1
H'0000 3000 )
H'0000 3FFF 4KB } Block 2
H'0000 4000 Unequal blocks
H'0000 5FFF 8KB | Biock3
H'0000 6000 X
H'0000 8000 X
H'0000 FFFF 32KB | Blocks ‘
H'0001 0000 5 Y
64KB Block 6
H'0001 FFFF i
H'0002 0000 3
64KB Block 7
H'0002 FFFF !
H'0003 0000 %
64KB Block 8
H'0003 FFFF i
H'0004 0000 1 Equal blocks
64KB Block 9
H'0004 FFFF !
H'0005 0000 3
64KB Block 10
H'0005 FFFF !
H'0006 0000 %
64KB Block 11
H'0006 FFFF !
H'0007 0000 3
64KB Block 12
H'0007 FFFF
N, A4 A\ 2

Figure 6.3.1 Block Configuration of the M32176F4’s Internal Flash Memory
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6 6.3 Internal Flash Memory
Internal flash memory area of the M32176F 3 (384 Kbytes)
H'0000 0000 % 1
H'0000 1FFF 8KkB 4 Blocko
H'0000 2000
H'0000 2FFF 4KB | Block 1
H'0000 3000 1
H'0000 3FFF 4KB y Block?
H'0000 4000 1 Unequal blocks
H'0000 5FFF 8KB | Block3
~H'0000 6000 £
H'0000 7FFF 8KB Block 4
H'0000 8000 4
H'0000 FEEE 32KB ! Block 5 ‘
H'0001 0000 $ 3
64KB Block 6
H'0001 FFFF v
H'0002 0000 I
64KB Block 7
H'0002 FFFF !
H'0003 0000 t
64KB Block 8
H'0003 FFFF v
H'0004 0000 1 Equal blocks
64KB Block 9
H'0004 FFFF il
H'0005 0000 1
64KB Block 10
H'0005 FFFF ! Y

Figure 6.3.2 Block Configuration of the M32176F3's Internal Flash Memory
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Internal flash memory area of the M32176F2 (256 Kbytes)

H'0000 0000 4 *
H'0000 1FFF 8KB y Dlock0
H'0000 2000
H'0000 3000 %
H'0000 3FFF 4KB ; Block 2
H'0000 4000 I Unequal blocks
H'0000 6000 %
Block 4
H'0000 7FFF 8KB oc
H'0000 8000 4
H'0000 FFFF 32KB | Blocks !
H'0001 0000 + *
64KB Block 6
H'0001 FFFF v
| A
H'0002 0000 Equal blocks
64KB Block 7
H'0002 FFFF v
H'0003 0000 *
64KB Block 8
H'0003 FFFF y v

Figure 6.3.3 Block Configuration of the M32176F2’s Internal Flash Memory
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6.4 Registers Associated with the Internal Flash Memory

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

Internal Flash Memory Related Register Map

Address +0 address +1 address See pages
b0 b7| b8 bl5
H'0080 07EO Flash Mode Register Flash Status Register 6-7
(FMOD) (FSTAT) 6-8
H'0080 07E2 Flash Control Register 1 Flash Control Register 2 6-9
(FCNT1) (FCNT2) 6-10
H'0080 07E4 Flash Control Register 3 Flash Control Register 4 6-11
(FCNT3) (FCNT4) 6-13
H'0080 O7E6 (Use inhibited area)
H'0080 O7ES8 Virtual Flash L Bank Register 0 6-15
(FELBANKO)
H'0080 O7EA Virtual Flash L Bank Register 1 6-15
(FELBANK1)
| (Use inhibited area)
H'0080 07F0 Virtual Flash S Bank Register 0 6-16
(FESBANKO)
H'0080 07F2 Virtual Flash S Bank Register 1 6-16
(FESBANK1)
32176 Group Hardware Manual -
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6.4.1 Flash Mode Register

Flash Mode Register (FMOD)

<Address: H'0080 07E0>

b0 1 2 3 4 5 6 b7
FAENS FPMOD
0 | 0 0 1 0 0 0 ?
<Upon exiting reset: H'1?>
b Bit Name Function R W
0-2 No function assigned. Fix to "0" 0
3 FAENS 0: Flash access disabled R -
Flash access enable status bit 1: Flash access enabled
4-6 No function assigned. Fix to "0" 0
7 FPMOD 0: FP pin ="L" R -
External FP pin status bit 1: FP pin ="H"

(1) FAENS (Flash Access Enable Status) bit (Bit 3)

The FAENS bit shows whether access to the flash memory is enabled or disabled. When the flash memory
is reset by the FRESET bit in Flash Control Register 4 (FCNT4) or accessed for programming/erasing, this
bit is cleared to "0", resulting in the flash memory being disabled against access. When the flash memory
becomes ready for access, this bit is set to "1." However, it requires up to 20us for FAENS bit to be "1" from
"0" after exiting Flash reset by FRESET bit or executing programming and erasing operation for Flash

memory.

(2) FPMOD (External FP Pin Status) bit (Bit 7)

The FPMOD is a status bit which indicates the FP (Flash Protect) pin status.
The internal flash memory is enabled for programming and erasing operation only when FPMOD = "1", and
is protected against programming and erasing operation when FPMOD = "0".

32176 Group Hardware Manual
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6.4 Registers Associated with the Internal Flash Memory

6.4.2 Flash Status Register

Flash Status Register (FSTAT)

<Address: H'0080 07E1>

b8 9 10 11 12 13 14 b15
FBUSY ERASE | WRERR FESQ1 FESQ2
1 0 0 0 0 0 0 0
<Upon exiting reset: H'80>
b Bit Name Function R W
8 FBUSY 0: Being programmed or erased R -
Flash busy bit 1: Ready state
9 No function assigned. Fix to "0". 0
10 ERASE 0: Erase normally operating or teminated R -
Erase status confirmation bit 1: Erase error occurred
11 WRERR 0: Programming normally operating or terminated R -
Write status confirmation bit 1: Programming error occurred
12 No function assigned. Fix to "0". 0 O
13 FESQ1 o _
Reserved bit
14 FESQ2 ? -
Reserved bit
15 No function assigned. Fix to "0". 0 O

Flash Status Register (FSTAT) consists of the following status bits that indicate the operation condition of the
flash memory.

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

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

(2) ERASE (Erase Status Confirmation) bit (Bit 10)

The ERASE bit is used to determine after execution of processing whether the erasing operation performed
on the flash memory resulted in an error. When ERASE ="0", it means that the erasing operation terminated
normally; when ERASE = "1", the erasing operation terminated in an error. Also, this bit is set to "1" when
invalid command is issued.

(3) WRERR (Write Status Confirmation) bit (Bit 11)

The WRERR bit is used to determine after completion of processing whether the programming operation
performed on the flash memory resulted in an error. When WRERR = "0", it means that the programming
operation terminated normally; when WRERR = "1", the programming operation terminated in an error.
Also, this bit is set to "1" when invalid command is issued.

Note: « Except when programming/erasing processing on the flash memory is forcibly terminated, do
not manipulate the FRESET bit in Flash Control Register 4 (FCNT4) while the FBUSY bit ="0"

(programming/erasure in progress).

32176 Group Hardware Manual
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6.4.3 Flash Control Registers

Flash Control Register 1 (FCNT1) <Address: H'0080 07E2>
b0 1 2 3 4 5 6 b7
FENTRY FEMMOD
0 0 | 0 0 0 | 0 0 0

<Upon exiting reset: H'00>

b Bit Name Function R W

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

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

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

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

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

(1) FENTRY (Flash E/W Enable Mode Entry) bit (Bit 3)

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

To set the FENTRY bit to "1", write "0" and then "1" to the FENTRY bit in succession while the FP pin = "H". To
clear the FENTRY bit, check to see that the Flash Status Register (FSTAT) FBUSY bit = "1" (ready), issue Read
Array commands (or Flash memory reset by FRESET hit), make sure that FAENS bit = "1", and then write "0" to
the FENTRY bit.

Note that the following operations cannot be performed while programming or erasing the internal flash
memory (FSTAT register FBUSY bit = "0"). If one of these operations is attempted, the FENTRY bit is
cleared to "0" in hardware.

1) Writing "0" to the FENTRY bit
2) Entering a "L" level signal to the FP pin
3) Entering a "L" level signal to the RESET# pin

When running a program resident in the internal flash memory while the FENTRY bit = "0", the EI vector
entry is located at the address H’0000 0080 of the internal flash memory. When running the flash write/
erase program in the RAM while the FENTRY bit = "1", the El vector entry is located at the address H'0080
4000 of the RAM, allowing the flash programming/erasing operation to be controlled using interrupts.

Table 6.4.1 Changes of the El Vector Entry by FENTRY

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

(2) FEMMOD (Virtual Flash Emulation Mode) bit (Bit 7)

The FEMMOD bit controls entry to virtual flash emulation mode. Virtual flash emulation mode is entered by
setting the FEMMOD bit to "1" while the FENTRY bit = "0". (For details, see Section 6.6, “Virtual Flash
Emulation Function.”)

32176 Group Hardware Manual 5o
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Flash Control Register 2 (FCNT2) <Address: H'0080 07E3>
b8 9 10 11 12 13 14 b15
FLOCKS FPROT
0 | 0 | 0 0 0 | 0 | 0 0

<Upon exiting reset: H'00>

b Bit Name Function R W

8-10 No function assigned. Fix to "0". 0 O

11 FLOCKS 0: Memory area read mode R(Note 1)
Lock bit read mode select bit 1: Register read mode

12-14 No function assigned. Fix to "0". 0 O

15 FPROT 0: Protection by lock bit effective R(Note 1)
Lock bit protect control bit 1: Protection by lock bit invalidated

Note 1: It can be accessed for write only during the Flash E/W entry mode (FENTRY bit = "1").

(1) FLOCKS (Lock Bit Read Mode Select) bit (Bit 11)

The FLOCKS bit is used to select a method for reading out the lock bit status. When the FLOCKS bit = "0",
the internal flash memory is placed in memory area read mode, so that it is possible to inspect the lock bit
status by issuing command data H'7171 to any address of the flash memory and then reading the last even
address of the target block. When the FLOCKS hit = "1", the internal flash memory is placed in register read
mode, so that it is possible to inspect the lock bit status by first issuing command data H'7171 and H’'DODO
to any address of the target block in succession and then, when the FBUSY bit is set to "1", by reading the
FLOCKST bit in Flash Control Register 4.

The FLOCKS bit can only be accessed for write when the FENTRY bit = "1".

If one of the following operations is attempted, the FLOCKS bit is cleared to "0".

1) Writing "0" to the FLOCKS bit

2) Entering a "L" level signal to the FP pin

3) Clearing the FENTRY bit to "0"

4) Entering a "L" level signal to the RESET# pin

(2) FPROT (Lock Bit Protect Control) bit (Bit 15)

The FPROT bit controls invalidation of the internal flash memory protection by a lock bit (protection against
programming/erasing operation). Protection of the internal flash memory is invalidated by setting the
FPROT bit to "1", so that any blocks protected by a lock bit can now be programmed or erased.

To set the FPROT bit to "1", write "0" and then "1" to the FPROT bit in succession while the FENTRY bit =
"1". To clear the FPROT bit to "0", write "0" to the FPROT bit.

If one of the following operations is attempted, the FPROT bit is cleared to "0".

1) Writing "0" to the FPROT bit

2) Entering a "L" level signal to the FP pin

3) Clearing the FENTRY bit to "0"

4) Entering a "L" level signal to the RESET# pin
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NO

| FENTRY =1 |

FPROT is not set to 1 if a write cycle
to any other area occurs during this time.

FENTRY =1
YES

o

I}

'_

£

a v

. | FPROT =0
N

Y FPROT = 1

= A

I

'_

£

il

Figure 6.4.1 Protection Unlocking Flow

Flash Control Register 3 (FCNT3)

<Address: H'0080 07E4>

b0 1 2 3 4 5 6 b7
FBSYCK FPBSYCK
o , o | o 1 o , o | o 1 y
<Upon exiting reset: H'11>
b Bit Name Function R W
0-2 No function assigned. Fix to "0". 0
3 FBSYCK 0: Command accepted normally R -
Busy check bit 1: Command not accepted normally
4-6 No function assigned. Fix to "0". 0 O
7 FPBSYCK 0: Command accepted normally R -

Prebusy check bit

1: Command not accepted normally

Flash Control Register 3 (FCNT3) is used when developing an internal flash memory write/erase program to
check whether commands have been accepted normally. This register does not need to be used for a program
that has been verified to be able to operate properly.

(1) FBSYCK (Busy Check) bit (Bit 3)

The FBSYCK bhit is used to check whether a 2-cycle command (confirmation command H'DODO or a command
that requires write data) issued to the flash memory during flash E/W enable mode has been accepted nor-
mally. If the FBSYCK bit is found to be "0" after issuing a command in the second cycle (confirmation command
H'DODO or write data), it means that the command in the second cycle has been accepted normally. Con-
versely, if the FBSYCK bit is found to be "1", it means that the command in the second cycle has not been

accepted normally.

In addition to the above, the FBSYCK bit is set to "1" in the following cases:

1) When a command in the first cycle of
2) When the FRESET bit ="1"

2-cycle commands has been accepted

3) When input on RESET# pin is pulled "L"
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(2) FPBSYCK (Prebusy Check) bit (Bit 7)

The FPBSYCK bit is used to check whether a 2-cycle command (confirmation command H'DODO or a
command that requires write data) issued to the flash memory during flash E/W enable mode has been
accepted normally. If the FPBSYCK bit is found to be "0" after issuing a command in the first cycle, it means
that the command in the first cycle has been accepted normally. Conversely, if the FPBSYCK bit is found to
be "1", it means that the command in the first cycle has not been accepted normally.

In addition to the above, the FPBSYCK bit is set to "1" in the following cases:

1) When in a ready state (FBUSY = "H" after a command in the second cycle has been accepted)
2) When the Clear Status Register command is issued

3) When the FRESET bit = "1"

4) When input on RESET# pin is pulled "L"

( START )

v

| Write a first-cycle command |

NO
FPBSYCK ="0"

YES

A 4
| Write a second-cycle command or data |

v

| ‘ Operation starts ‘ |

4—

NO
FBSYCK ="0" >
YES
i
NO
FBUSY ="1"
YES
<>
v
v YES Write the Clear
Status Register
| Check FSTAT for program error | Processing forcibly command H'5050
terminated
< ad
A 4
END

Figure 6.4.2 Method to Confirm the Command Acceptance by Checking FCNT3
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Flash Control Register 4 (FCNT4) <Address: H'0080 07E5>
b8 9 10 11 12 13 14 b15
FLOCKST FRESET
0 | 0 | 0 0 0 | 0 | 0 0

<Upon exiting reset: H'00>

b Bit Name Function R W

8-10 No function assigned. Fix to "0". 0 O

11 FLOCKST 0: Protected (Note 1)—
Lock bit status bit 1: Unprotected

12-14 No function assigned. Fix to "0". 0 O

15 FRESET 0: No operation R W
Flash reset bit 1: Reset

Note 1. Under setting FLOCKS bit of the flash control register 2 as "1" (register read mode), only the reading out value becomes
effective after issuing read rock bit status command. The reading out value is undefined after issuing that read rock bit status
command under setting FLOCKS bit as "0" (memory area read mode) and that other internal flash control command.

(1) FLOCKST (Lock Bit Status) bit (Bit 11)

The FLOCKST bit is used to read the lock bit status. If the FLOCKST bit = "0", it means that the relevant
memory block is protected. If the FLOCKST bit = "1", it means that the relevant memory block is not pro-
tected.

Confirmation of the lock bit status by the FLOCKST bit is possible when the FLOCKS bit = "1". In this case,
the lock bit status can be checked by first issuing command data H'7171 and H'DODO to any address of the
target block in succession and then, when the FBUSY bit is set to "1", by reading the FLOCKST bhit.

(2) FRESET (Flash Reset) bit (Bit 15)

The FRESET bit controls forcible termination of the internal flash memory programming/erasing operation,
initialization (to H'80) of each status bit in the Flash Status Register (FSTAT), and initialization of the
FPBSYCK bit in Flash Control Register 3 (FCNT3).

Setting the FRESET bit to "1" forcibly terminates programming/erasing operation and initializes each status
bit in the FSTAT (to H'80) and the FPBSYCK bit in FCNT3. Make sure FRESET is held high (= "1") for at
least 10 ps during a flash reset.

After a flash reset, the internal flash memory is disabled against access until the FAENS bit is set to "1".
The FRESET bit is effective only when the FENTRY bit = "1". Unless the FENTRY bit = "1", settings made
to the FRESET bit are ignored. Make sure the FRESET bit = "0" while programming or erasing the flash
memory.
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| FENTRY =0 |

| FENTRY = 1 |

!

Program/erase
the flash memory

l

Error found

NO

v

YES ) )
Programming/erasing
operation terminated normally
|  FRESET=1 |
10ps wait

(by hardware timer
or software timer)

|

| FRESET=0 |

»
La

b 4

FMOD register
FAENS = 1?

Program/erase
the flash memory

Figure 6.4.3 Example of FRESET Bit 1 (Initializing Flash Status Register 2)

Flash programming/erasing operation has timed out

Forcibly terminate

FRESET =1

v

10us wait
(by hardware timer
or software timer)

FMOD register
FAENS =12

YES

Figure 6.4.4 Example of FRESET Bit 2 (Forcibly Terminating Programming/Erasing Operation)
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6.4.4 Virtual Flash L Bank Registers

Virtual Flash L Bank Register 0 (FELBANKO) <Address: H'0080 07E8>
Virtual Flash L Bank Register 1 (FELBANK1) <Address: H'0080 O07EA>

bo 1 2 3 4 5 6 7 8 9 10 11 12 13 14 bils5

MOD
ENL LBANKAD

ol o |l o J o | O | 0o | O | O o _Jl o J1 o 1l o 1 o 1 o | O | O

<Upon exiting reset: H'0000>

b Bit Name Function R W

0 MODENL 0: Disable virtual flash emulation function R W
Virtual flash emulation L enable bit 1: Enable virtual flash emulation function

1-7 No function assigned. Fix to "0". 0 O

8-14 LBANKAD Start address A12—-A18 of the relevant L bank R W

L bank address bit

15 No function assigned. Fix to "0". 0 O

Note: » These registers must always be accessed in halfwords.

(1) MODENL (Virtual Flash Emulation L Enable) bit (Bit 0)

The MODENL bit can be set to "1" after entering virtual flash emulation mode (by setting the FEMMOD bit to
"1" while the FENTRY bit = "0"). This causes the virtual flash emulation function to be enabled for the L bank
area selected by the LBANKAD bits.

(2) LBANKAD (L Bank Address) bits (Bits 8-14)

The LBANKAD bits are provided for selecting one of the L banks that are separated every 8 Kbytes. Use
these LBANKAD bits to set the seven bits A12—A18 (b8 corresponds to the address A12, and b14 corre-
sponds to the address A18) of the 32-bit start address of the desired L bank.

Note: « For details, see Section 6.6, “Virtual Flash Emulation Function.”

32176 Group Hardware Manual o1t
Rev.1.10 REJ09B0067-0110 Jun 20.06 RENESAS



INTERNAL MEMORY
6 6.4 Registers Associated with the Internal Flash Memory

6.4.5 Virtual Flash S Bank Registers

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

bo 1 2 3 4 5 6 7 8 9 10 11 12 13 14 bls

“E"ﬁg SBANKAD
o | O | 0 |] O | O | O | O | O 0O | 0 | 0 | 0O | 0 | 0 | 0 [ O

<Upon exiting reset: H'0000>

b Bit Name Function R W

0 MODENS 0: Disable virtual flash emulation function R W
Virtual flash emulation S enable bit 1: Enable virtual flash emulation function

1-7 No function assigned. Fix to "0". 0 O

8-15 SBANKAD Start address A12—-A19 of the relevant S bank R W

S bank address bit
Note: « These registers must always be accessed in halfwords.

(1) MODENS (Virtual Flash Emulation S Enable) bit (Bit 0)

The MODENS bit can be set to "1" after entering virtual flash emulation mode (by setting the FEMMOD bit
to "1" while the FENTRY bit = "0"). This causes the virtual flash emulation function to be enabled for the S

bank area selected by the SBANKAD bits.

(2) SBANKAD (S Bank Address) bits (Bits 8—15)

The SBANKAD bits are provided for selecting one of the S banks that are separated every 4 Kbytes. Use
these SBANKAD bits to set the eight bits A12—A19 (b8 corresponds to the address A12, and b15 corre-
sponds to the address A19) of the 32-bit start address of the desired S bank.

Note: « For details, see Section 6.6, “Virtual Flash Emulation Function.”
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6.5 Programming the Internal Flash Memory

6.5.1 Outline of Internal Flash Memory Programming

To program or erase the internal flash memory, there are following two methods to choose depending on the
situation:

(1) When the flash write/erase program does not exist in the internal flash memory
(2) When the flash write/erase program already exists in the internal flash memory

For (1), set the FP pin = "H", MODO = "H" and MOD1 = "L" to enter boot mode. In this case, the CPU starts
running the boot program immediately after reset.

The boot program transfers the flash write/erase program into the internal RAM. After the transfer, jump to a
location in the RAM and use the RAM-resident program to set the Flash Control Register 1 (FCNT1) FENTRY
bit to "1" to make the internal flash memory ready for programming/erasing operation (i.e., placed in boot mode
+ flash E/W enable mode).

When the above is done, use the flash write/erase program that has been transferred into the internal RAM to
program or erase the internal flash memory.

For (2), set the FP pin = "H", MODO ="L" and MOD1 = "L" to enter single-chip mode. Transfer the flash write/
erase program from the internal flash memory in which it has been prepared into the internal RAM. After the
transfer, jump to the RAM and use the program transferred into the RAM to set the Flash Control Register 1
(FCNT1) FENTRY bit to "1" to make the internal flash memory ready for programming/erasing operation (i.e.,
placed in single-chip mode + flash E/W enable mode).

When the above is done, use the flash write/erase program that has been transferred into the internal RAM to
program or erase the internal flash memory. Or flash E/W enable mode can be entered from external extension
mode by setting the FP pin = "H", MODO = "L" and MOD1 ="H."

During flash E/W enable mode (FP pin = 1, FENTRY = 1), the EIT vector entry for External Interrupt (El) is
relocated to the start address (H’0080 4000) of the internal RAM. During normal mode, it is located in the flash
area (H'0000 0080).

To use an external interrupt (El) in flash E/W enable mode, write at the beginning of the internal RAM an
instruction for branching to the external interrupt (EI) handler that has been transferred into the internal RAM.
Furthermore, because the IVECT register which is read out in the external interrupt (El) handler has stored in
it the flash memory address of the ICU vector table, make sure the ICU vector table to be used during flash E/
W enable mode is prepared in the internal RAM so that the value of the IVECT register will be converted into
the internal RAM address of the ICU vector table (for example, by adding an offset) before performing branch
processing.

When started by boot mode, internal RAM value is indefinite after started by boot mode in order to "Flash
writing/erasing program" is transferred to internal RAM.
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H'0000 0000

H'0080 3FFF
H'0080 4000

H'00FF FFFF

Flash E/W enable mode
(FENTRY =1)

Internal ROM area

N

Internal RAM

N

A

H'0000 0000
El vector entry H'0080 3FFF
(H'0080 4000) H'0080 4000

H'00FF FFFF

Normal mode
(FENTRY =0)

Internal ROM area

i¢—  El vector entry
(H'0000 0080)

N

Internal RAM

N

Figure 6.5.1 El Vector Entry during Flash E/W Enable Mode
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(1) When the flash write/erase program does not exist in the internal flash memory

In this case, the boot program is used to program or erase the internal flash memory. To transfer the write
data, use SIO1 in clock-synchronized serial interface or clock-asynchronized serial interface mode.

To program or erase the internal flash memory using a flash programmer, follow the procedure described below.

<Step 1>

« Initial state (Flash write/erase program nonexistent
FP=LorH MODl1=L MODO=L RESET#=L in the internal flash memory)

Internal RAM CPU
Boot
Flash program
SIo1
External device (e.qg., flash programmer)
M32R/ECU
<Step 2>
« Set the FP pin "H", MODO pin "H" and MODL1 pin "L" to
FP=H MODl1=L MODO=H RESET#=H place the flash memory in boot mode + flash E/W enable
mode.
I? I? I? I? » Deassert reset signal and start up with the boot program.
) « Transfer the flash write/erase program into the internal RAM. (Note 1)
Flash write/ « Jump to the flash write/erase program in the internal RAM.
Internal RAM erase CPU
program
Boot
Flash program
SIo1
External device (e.qg., flash programmer)
M32R/ECU

<Step 3>

« Using the flash write/erase program in the internal RAM,
FP=H MODl1=L MODO=H RESET#=H

set the Flash Control Register 1 (FCNT1) FENTRY bit to 1.
I? I? I? I? « Program or erase the internal flash memory using the flash
write/erase program.
- * When finished, set the MODO "L" and jump to the internal
Flash write/ flash memory or apply a reset to enter normal mode.
Internal RAM erase «-p| CPU
program
Flash Boot
memory Flash write program
data
m: Write data
M32R/ECU

External device (e.g., flash programmer)

Note 1. When started by boot mode, internal RAM value is indefinite after started by boot mode in order to
"Flash writing/ erasing program” is transferred to internal RAM.

Figure 6.5.2 Procedure for Programming/Erasing the Internal Flash Memory (when the flash write/erase
program does not exist in it)
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RESET# pin

POWER ON

v

Reset signal deasserted
(Boot program starts)

Mode
selected

v

Reset signal deasserted

Mode
selected

MODO pin

MOD1 pin

FP pin

FENTRY bit

Settings by the
boot program

3
/
3

| Flash programming/erasing
i by the boot program
-

Figure 6.5.3 Internal Flash Memory Write/Erase Timing (when the flash write/erase program does not exist in it)
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(2) When the flash write/erase program already exists in the internal flash memory

In this case, the flash write/erase program prepared in the internal flash memory is used to program or erase
the internal flash memory.

For programming/erasing operation here, use the internal peripheral circuits in the manner suitable for the
programming system. (All resources of the internal peripheral circuits such as the data bus, serial interface
and ports can be used.)

The following shows an example for programming or erasing the internal flash memory by using SIOO in
single-chip mode.

<Step 1>
« Initial state (Flash write/erase program existing in the internal
FP=LorH MODl=L MODO-=L flash memory) . ) o
F F F * An ordinary program in the internal flash memory is being executed.

Internal RAM CPU

Flash write/
erase SI00 :
program Write data

External device

M32R/ECU
<Step 2>
« Set the FP pin "H", MOD1 pin "L" and MODO pin "L" to place
FP=H MODl1=L MODO=L the flash memory in single-chip + flash E/W enable mode.
|? |? |? « After determining the FP pin and MODL1 pin levels, transfer the
flash write/erase program from the internal flash memory area
into the internal RAM. (Note 1)
Flash write/ | 4 « Jump to the flash write/erase program in the internal RAM.
Internal RAM erase CPU
program

Flash )
memory SIo0 Write data

External device

M32R/ECU
<Step 3>
« Using the flash write/erase program in the internal RAM,
FP=H MOD1=L MODO=L set the Flash Control Register 1 (FCNT1) FENTRY bit to 1.
I? F F « Program or erase the internal flash memory using the flash
write/erase program in the internal RAM.
] « When finished, jump to the program in the flash memory or apply
Flash write/ a reset to enter normal mode.
Internal RAM erase <P CcpuU
program
Flash
memory Flash write
data i
SI00 Write data
External device

M32R/ECU

Note 1. When started by boot mode, internal RAM value is indefinite after started by boot mode in order to
"Flash writing/ erasing program" is transferred to internal RAM.

Figure 6.5.4 Procedure for Programming/Erasing the Internal Flash Memory (when the flash write/erase
program already exists in it)
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Flash rewrite Flash mode Flash mode
starts turned on turned off

v

RESET#pin "H" or "L" /, !
MODO pin "L" | l
MOD1 pin "H"or"L" (single-chif) or external ektension)

FP pin "H"or"L"

+
i
i

FENTRY bit

Flash programming/erasing by
the flash write/erase program

PP

I ! I
Flash write/erase program ' '
transferred into the RAM

Figure 6 .5.5 Internal Flash Memory Write/Erase Timing (when the flash write/erase program already exists in it)
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6.5.2 Controlling Operation Modes during Flash Programming

The microcomputer’s operation mode is set by MODO, MOD1 and Flash Control Register 1 (FCNT1) FENTRY
bit. The table below lists operation modes that may be used when programming or erasing the internal flash
memory.

Table 6.5.1 Operation Modes Set during Flash Programming/erasing
FP MODO MOD1 FENTRY (Note 1) Operation Mode

Reset Vector Entry El Vector Entry

0 0 0 0 Single-chip mode Start address of internal Flash area
0 0 0 flash memory (H'0000 0080)
(H'0000 0000)
0 1 0 0 Processor mode Start address of external External area
area
(H'0000 0000) (H'0000 0080)
0 1 External extension Start address of internal Flash area
mode flash memory (H'0000 0080)
(H'0000 0000)
1 0 0 1 Single-chip mode Start address of internal Beginning of internal RAM
+ flash E/W enable flash memory (H'0080 4000)
(H'0000 0000)
1 1 0 0 Boot mode Boot program startup Flash area
address (H'0000 0080)
1 1 0 1 Boot mode + flash Boot program startup Beginning of internal RAM
E/W enable address (H'0080 4000)
1 0 1 1 External extension Start address of internal Beginning of internal RAM
mode + flash E/W flash memory (H'0080 4000)
enable (H'0000 0000)
- 1 1 - Use inhibited - -

Note 1: Indicates the Flash Control Register 1 (FCNT1) FENTRY bit status (- denotes “Don’t care”). However, if FP ="0",

writing "1" to FENTRY only results in it cleared to "0".

Note 2: Always make sure the MOD2 pin is connected low (= 0) to ground (GND).
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(1) Flash E/W enable mode

Flash E/W enable mode is a mode in which the internal flash memory can be programmed or erased. In
flash E/W enable mode, no programs can be executed in the internal flash memory. Therefore, the neces-
sary program must be transferred into the internal RAM before entering flash E/W enable mode, so that it
can be executed in the internal RAM.

(2) Entering flash E/W enable mode

Flash E/W enable mode can only be entered when operating in single-chip, external extension or boot
mode. Furthermore, it is only when the FP pin = "H" and the Flash Control Register 1 (FCNT1) FENTRY bit
="1" that flash E/W enable mode can be entered. Flash E/W enable mode cannot be entered when operat-
ing in processor mode or the FP pin = "L."

(3) Detecting the MODO and MODL1 pin levels

The MODO and MOD1 pin levels ("H" or "L") can be known by checking the P8 Data Register (Port Data
Register, H'0080 0708) MODODT and MOD1DT bits.

P8 Data Register (P8DATA)

<Address: H'0080 0708>

b0 1 2 3 4 5 6 b7
MODODT|MOD1DT| P82DT | P83DT | P84DT | P85DT | P86DT | P87DT
? ? ? ? ? ? ? ?
<Upon exiting reset: Undefined>
b Bit Name Function R W
0 MODODT 0: MODO pin ="L" R -
MODO data bit 1: MODO pin ="H"
1 MODI1DT 0: MOD1 pin ="L" R -
MODL1 data bit 1: MOD1 pin ="H"
2 P82DT At read R W
Port P82 data bit Depends on how the Port Direction Register is set
3 P83DT « If direction bit = "0" (input mode)
Port P83 data bit 0: Port input pin = "L"
4 P84DT 1: Port input pin = "H"
Port P84 data bit « If direction bit = "1" (output mode) (Note 1)
5 P85DT 0: Port output latch = "0" / Port pin level = "L"
Port P85 data bit 1: Port output latch ="1" / Port pin level = "H"
6 P86DT At write
Port P86 data bit Write to the port output latch
7 P87DT

Port P87 data bit

Note 1: To select the port data to read, use the Port Input Special Function Control Register’s port input data select bit (PISEL).

32176 Group Hardware Manual

Rev.1.10 REJO9B0067-0110 Jun 20.06

RENESAS

6-24



INTERNAL MEMORY
6 6.5 Programming the Internal Flash Memory

C START >

v

Enter one of the following modes:
* Single-chip mode

» Boot mode

» External extension mode

Check
MODO/1 and FP pin
levels(Note2)

Transfer the flash write/erase program
into the internal RAM

Set the FENTRY bit in the Flash Control Register Switched to the flash write/erase
(FCNT1) to "0"

program

A

Set the FENTRY bit of Flash Control Register
(FCNT1) to "1"

- Go to flash E/W enable mode

Wait for 1us
(using a hardware or software timer)

Execute flash wirte/erase command and
various read commands (Note 1)

Switching to normal mode process
(Note 3)

Switched to normal mode

v

Jump to the flash memory or apply reset

A

END

Note 1: For details about each command, see Section 6.6.3, "Procedure for Programming/Erasing
the Internal Flash Memory."

Note 2: Checked by FPMOD bit in FMOD register and MODODT and MOD1DT bits in P8DATA register

Note 3: For details about the procedure for switching process to normal mode, see Figure 6.5.7
" Procedure for switching to nomal mode."

Figure 6.5.6 Procedure for Entering Flash E/W Enable Mode
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Note2:

Note3:

Note4:

Note: -

( START >

v

Execute flash write/erase command
and various read commands

FBUSY bit = 1
(Note 2)

YES

Issue read array command or
reset flash memory by the FRESET

A

FAENS bit =1
(Note 3)

YES

Set the FENTRY bit of the Flash
Control Register (FCNT1) to "0"

Wait for more than 4 CPUCLK cycles (Note 4)

v

Jump to the flash memory or apply reset

END

the Internal Flash Memory."

If it is checked that the value of FBUSY bit in Flash Status Register (FSTAT) is "1" after executing the
command in flash E/W enable mode, it is not necessary to check that the value of FBUSY bit is "1".

If flash memory reset by FRESET bit in Flash Control Register 4 (FCNT4) is not executed, it is not
necessary to check that the value of FAENS bit in Flash Mode Register (FMOD) is "1".

Insert any instructions for more than 4 CPUCLK waits other than NOP that do not require clock cycles

(one that is automatically inserted by the assembler for alignment adjustment: instruction code H'F000).
When switching to normal mode by entering a "L" level signal to the RESET# pin in flash E/W enable mode,
enter the signal to the RESET# pin after checking that the value of FBUSY bit is "1"(ready).

— Switched to normal mode

Note1: For details about each command, see Section 6.6.3, "Procedure for Programming/Erasing

Figure 6.5.7 Procedure for switching to normal mode
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6.5.3 Procedure for Programming/Erasing the Internal Flash Memory

To program or erase the internal flash memory, set up chip mode to enter flash E/W enable mode and execute the
flash write/erase program in the internal RAM into which it has been transferred from the internal flash memory.

In flash E/W enable mode, because the internal flash memory cannot be accessed for read as in normal mode,
no programs present in it can be executed. Therefore, the flash write/erase program must be made available in
the internal RAM before entering flash E/W enable mode. Once flash E/W enable mode is entered into, only
flash command and no other commands can be used to access the internal flash memory.

To access the internal flash memory in flash E/W enable mode, issue commands for the internal flash memory
address to be operated on. The table below lists the commands that can be issued in flash E/W enable mode.

Note: « During flash E/W enable mode, the internal flash memory cannot be accessed for read or write
wordwise.

Table 6.5.2 Commands in Flash E/W Enable Mode

Command Name Issued Command Data
Read Array command H'FFFF
Halfword Program command H'4040
Lock Bit Program command H'7777
Block Erase command H'2020
Clear Status Register command H'5050
Read Lock Bit Status command H'7171
Verify command (Note 1) H'DODO

Note 1: » This command must be issued immediately after the Lock Bit Program, Block Erase or Read Lock Bit Status
command. If the Lock Bit Program, Block Erase or Read Lock Bit Status command is followed by other than the
Verify (H'DODO) command, the Lock Bit Program, Block Erase or Read Lock Bit Status command is not executed

normally and terminated in error.

(1) Read Array command

Writing the Read Array command (H'FFFF) to any address of the internal flash memory places it in read
mode. Then read the desired flash memory address, and the content of that address will be read out.
Before exiting flash E/W enable mode, always be sure to execute the Read Array command.

C START D
!

Write the Read Array command (H'FFFF)
to any address of the internal flash memory

l

Read the desired flash memory address

Figure 6.5.8 Read Array
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(2) Halfword Program command

The internal flash memory is programmed a halfword at a time, each halfword consisting of 2 bytes. To
program the flash memory, write the Program command (H'4040) to any address of the internal flash
memory and then the program data to the address to be programmed.

The protected flash memory blocks cannot be accessed for write by the Halfword Program command.

Halfword programming is automatically performed by the internal control circuit, and whether the Halfword
Program command has finished can be known by checking the Flash Status Register FBUSY bit. While the
FBUSY bit = "0", the next programming cannot be performed.

( START )

»

A

Write the Halfword Program command
(H'4040) to any address of
the internal flash memory

y

Write the program data to the internal flash
memory address to be programmed

v

Internal flash memory is programmed
by Halfword Program

v

Wait for 1 ps
(using a hardware or software timer)

<
<

NO
FBUSY bit = 1
YES
TIME OUT?
Confirm the result of execution 600 ps (Note 2)
of the programming process
To next halfword (Note 1) l YES

Forcibly terminated

NO

Last address?

YES

<

v

END

Note 1: Check Flash Status Register (FSTAT) ERASE bit (for the erase status) and WRERR bit (for the write status).
Note 2: It is the TIME OUT period of 4K-byte block, which is 10k times rewritable product. The TIME OUT period of
Other blocks and standard products (Flash rewrite durability: 100 times) is 200ps.

Figure 6.5.9 Halfword Program
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(3) Lock Bit Program command

The internal flash memory can be protected against programming/erasing operation one block at a time.
The Lock Bit Program command is provided for protecting the flash memory blocks.

Write the Lock Bit Program command (H'7777) to any address of the internal flash memory. Next, write the
Verify command (H'DODO) to the last even address of the flash memory block to be protected, and this
memory block is thereby protected against programming/erasing operation. To remove protection, use the
Flash Control Register 2 (FCNT2) FPROT bit to invalidate protection by a lock bit and erase the flash
memory block whose protection is to be removed. (The content of that memory block is also erased.)

Lock bit programming is automatically performed by the internal control circuit, and whether the Lock Bit
Program command has finished can be known by checking the Flash Status Register (FSTAT) FBUSY bit.
While the FBUSY bit = "0", the next programming cannot be performed.

The table below lists the target flash memory blocks and their addresses to be specified when writing the
Verify command data.

Table 6.5.3 M32176F4 Target Blocks and Specified Addresses

Target Block Specified Address

H'0000 1FFE

H'0000 2FFE

H'0000 3FFE

H'0000 5FFE

H'0000 7FFE

H'0000 FFFE

H'0001 FFFE

H'0002 FFFE

H'0003 FFFE

© 0 N OO UMW |IN|FL|O

H'0004 FFFE

[EnY
o

H'0005 FFFE

[ERN
[N

H'0006 FFFE

[EnY
N

H'0007 FFFE

Table 6.5.4 M32176F3 Target Blocks and Specified Addresses

Target Block Specified Address

H'0000 1FFE

H'0000 2FFE

H'0000 3FFE

H'0000 5FFE

H'0000 7FFE

H'0000 FFFE

H'0001 FFFE

H'0002 FFFE

H'0003 FFFE

O OINfOoO |~ W|N|L| O

H'0004 FFFE

(I
o

H'0005 FFFE
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Table 6.5.5 M32176F2 Target Blocks and Specified Addresses
Target Block Specified Address
H'0000 1FFE
H'0000 2FFE
H'0000 3FFE
H'0000 5FFE
H'0000 7FFE
H'0000 FFFE
H'0001 FFFE
H'0002 FFFE
H'0003 FFFE

N |~ WIN| L, |O

C START )

Write the Lock Bit Program command
(H'7777) to any address of the
internal flash memory

A 4

Write the Verify command (H'DODO)

to the last even address of the flash
memory block to be protected

A4

Lock bit is programmed
by Lock Bit Program

l

Wait for 1 s
(using a hardware or software timer)

Y

N
FBUSY bit =1 °

YES

TIME OUT?
600 ps (Note 2

Confirm the result of execution
of the programming process
(Note 1)

Forcibly terminated

A

END

Note 1: Check Flash Status Register (FSTAT) ERASE bit (for the erase status) and WRERR bit (for the write status).
Note 2: It is the TIME OUT period of 4K-byte block, which is 10k times rewritable product. The TIME OUT period of
Other blocks and standard products (Flash rewrite durability: 100 times) is 200us.

Figure 6.5.10 Lock Bit Program

32176 Group Hardware Manual 530
Rev.1.10 REJ09B0067-0110 Jun 20.06 RENESAS



6

INTERNAL MEMORY

6.5 Programming the Internal Flash Memory

(4) Block Erase command

The Block Erase command erases the content of the internal flash memory one block at a time. To perform
this operation, write the command data (H'2020) to any address of the internal flash memory. Next, write the
Verify command (H’'DODO) to the last even address of the flash memory block to be erased (see Tables

6.5.3, 6.5.4 and 6.5.5, “M32176 Target Blocks and Specified Addresses”).

The protected flash memory blocks cannot be erased by the Block Erase command.

Block erase operation is automatically performed by the internal control circuit, and whether the Block Erase
command has finished can be known by checking the Flash Status Register (FSTAT) FBUSY bit. (See
Section 6.4.2, “Flash Status Registers.”) While the FBUSY bit = "0", the next block erase operation cannot

be performed.

START

Write the Block Erase command
(H'2020) to any address of the

internal flash memory

Write the Verify command (H'DODO) to
the last even address of the flash
memory block to be erased

A 4

Internal flash memory contents
are erased by the Block Erase

command

l

Wait for 1 ys

(using a hardware or software timer)

<

b 4

NO
FBUSY bit = 1
YES
TIME OUT?
8 s (Note 2
Confirm the result of execution l YES
of the erase process
(Note 1) Forcibly terminated
A
END

Note 1: Check Flash Status Register (FSTAT) ERASE bit (for the erase status) and WRERR bit (for the write status).
Note 2: It is the TIME OUT period of 4K-byte block, which is 10k times rewritable product. The TIME OUT period of
Other blocks and standard products (Flash rewrite durability: 100 times) is 6s.

Figure 6.5.11 Block Erase
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(7) Clear Status Register command

The Clear Status Register command clears the Flash Status Register (FSTAT) ERASE (erase status), and
WRERR (write status) bits to "0". Write the command data (H'5050) to any address of the internal flash
memory, and Flash Status Register is thereby initialized. Also, issue the Clear Status Register command,
and Flash Status Register 3 (FCNT3) is initialized.

If an error occurs when programming or erasing the flash memory and the Flash Status Register (FSTAT)
ERASE (erase status) or WRERR (write status) bit is set to "1", the next programming or erasing operation
cannot be executed unless each status bit is cleared to "0".

C START )

A

Write the Clear Status Register command (H'5050)
to any address of the internal flash memory

END

Figure 6.5.12 Clear Status Register
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(8) Read Lock Bit Status command

The Read Lock Bit Status command is provided for checking whether a flash memory block is protected
against programming/erasing operation. The method for reading lock bit can be chosen from the following
depends on the setting for Flash Control Register 2 (FCNT2) FLOCKS (Lock bit read mode select) bit.

1) Memory area read mode (FLOCKS bit = 0)
Write the command data (H'7171) to any address of the internal flash memory. Next, read the last even
address of the flash memory block to be checked (see Tables 6.5.3, 6.5.4 and 6.5.5, “M32176 Target
Blocks and Specified Addresses”), and the read data shows whether the target block is protected.
If the FLBST (lock bit) in the read data is "0", it means that the target memory block is protected. If the
FLBST (lock hit) is "1", it means that the target memory block is not protected.

Lock Bit Status Register (FLBST)

b0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 bils
FLBST

?2 0?2 0?2 0?2 4?2 3?2 2?2 0?2 2 ? ?2 0?2 4?2 4?2?22
<Upon exiting reset: Undefined>
b Bit Name Function R W
0-8 No function assigned. ? 0
9 FLBST 0: Protected R -
Lock bit 1: Not protected
10-15 No function assigned. ? 0

The Lock Bit Status Register is a read-only register, which is included for each memory block independently of
one another. To read this register, Flash Control Register 2 (FCNT2) FLOCKS bit must be set to "0".

¢ START )

A
Write the Read Lock Bit Status command
(H'7171) to any address of the
internal flash memory

v
Read the last even address of the
flash memory block to be checked

v
END

Figure 6.5.13 Read Lock Bit Status (Memory Area Read Mode)
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2) Register read mode (FLOCKS bit = 1)

Write the command data (H'7171) to any address of the target block. Next, write the verify command
data (H'DODO), and the Flash Control Register 4 (FCNT4) FLOCKST (Lock Bit Status) bit shows
whether the target block is protected.

C START >

Write the Read Lock Bit Status
command (H'7171) to any address
of the block to be read

Write the Verify command (H'DODO)
to any address of the block

<
<

Y

NO
FBUSY bit =1

YES

<

Confirm the Lock bit status bit YES
(Note 1)
Forcibly terminated
END

Note 1: Check Flash Status Register 4 (FSTAT4) FLOCKST bit.

Figure 6.5.14 Read Lock Bit Status (Register Read Mode)

The following describes how to write to the lock bit.

a) To clear the lock bit to "0" (flash protected)
Issue the Lock Bit Program command (H'7777) to the memory block to be protected.

b) To set the lock bit to "1" (flash unprotected)
After setting the FPROT bit in Flash Control Register 2 to 1 (protection by lock bit disabled), use the Block
Erase command (H'2020) to erase the memory block to be unprotected.
The lock bit cannot be set to "1" directly by writing to it.

c) Lock bit status when reset
Because the lock bit is a nonvolatile bit, it remains unaffected when the microcomputer is reset or powered
off.
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6.5.4 Flash Programming Time (Reference)
The following shows the time needed to program internal flash memory for reference.

(1) M32176F4

[1] Time required for transfer by SIO (for a transfer data size of 512 Kbytes)
1/57,600 bps x 1 (frame) x 11 (number of bits transferred) x 512 KB = approx. 100.1 [s]

[2] Time required for programming the flash memory
512 KB / 2-byte x 25 us = approx. 6.6 [s]

[3] Time required for erasing the entire area
0.3 s x 5 (blocks) + 0.5 s x 1 (block) + 0.8 s x 7 (blocks) = 7.6 [s]

[4] Total flash programming time (entire 512 Kbytes area)
When communicating at 57,600 bps via UART, the flash programming time can be ignored because it
is very short compared to the serial communication time. Therefore, the total flash programming time
can be calculated using the equation below.

[1] + [3] = approx. 108 [s]
If the transfer time can be ignored by speeding up the serial communication or by other means, the
fastest programming time possible can be calculated using the equation below.

[2] + [3] = approx. 15 [s]

(2) M32176F3

1) Time required for transfer by SIO (for a transfer data size of 384 Kbytes)
1/57,600 bps x 1 (frame) x 11 (number of bits transferred) x 384 KB = approx. 75.1 [s]

2) Time required for programming the flash memory
384 KB / 2-byte x 25 ps = approx. 4.9 [s]

3) Time required for erasing the entire area
0.3 s x 5 (blocks) + 0.5 s x 1 (block) + 0.8 s x 5 (blocks) = 6 [s]

4) Total flash programming time (entire 384 Kbytes area)
When communicating at 57,600 bps via UART, the flash programming time can be ignored because it
is very short compared to the serial communication time. Therefore, the total flash programming time
can be calculated using the equation below.

[1] + [3] = approx. 82 [s]

If the transfer time can be ignored by speeding up the serial communication or by other means, the
fastest programming time possible can be calculated using the equation below.

[2] + [3] = approx. 11 [s]
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(3) M32176F2

1) Time required for transfer by SIO (for a transfer data size of 256 Kbytes)
1/57,600 bps x 1 (frame) x 11 (number of bits transferred) x 256 KB = approx. 50.1 [s]

2) Time required for programming the flash memory
256 KB / 2-byte x 25 ps = approx. 3.3 [s]

3) Time required for erasing the entire area
0.3 s x 5 (blocks) + 0.5 s x 1 (block) + 0.8 s x 3 (blocks) = 4.4 [s]

4) Total flash programming time (entire 256 Kbytes area)
When communicating at 57,600 bps via UART, the flash programming time can be ignored because it
is very short compared to the serial communication time. Therefore, the total flash programming time
can be calculated using the equation below.

[1] + [3] = approx. 55 [s]

If the transfer time can be ignored by speeding up the serial communication or by other means, the
fastest programming time possible can be calculated using the equation below.

[2] + [3] = approx. 8 [s]
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6.6 Virtual Flash Emulation Function

The microcomputer has the function to map 8-Kbyte memory blocks of the internal RAM (max. 2 blocks) into
areas (L banks) of the internal flash memory that are divided in 8-Kbyte units and to map 4-Kbyte memory blocks
of the internal RAM (max. 2 blocks) into areas (S banks) of the internal flash memory that are divided in 4-Kbyte
units. This functions is referred to as the Virtual Flash Emulation Function.

This function allows the data located in 4-Kbyte or 8-Kbyte blocks of the internal RAM to be changed with the
contents of internal flash memory at the addresses specified by the Virtual Flash Bank Register. That way, the
relevant internal RAM data can read out by reading the content of internal flash memory.

For applications that require modifying the contents of internal flash memory (e.g., data table) during operation,
this function enables dynamic data modification by modifying the relevant internal RAM data.

The internal RAM blocks allocated for virtual flash emulation can be accessed for read and write the same way as in
usual internal RAM.

This function, when used in combination with the microcomputer’s internal Real-Time Debugger (RTD), allows
the data table, etc. created in the internal flash memory to be referenced or rewritten from the outside, thereby
facilitating data table tuning from an external device.

Note: « Before programming/erasing the internal flash memory, always be sure to exit this virtual flash
emulation mode.

H'0080 4000
RAM bank L block 0
(FELBANKO)
8 Kbytes
H'0080 5FFF
H'0080 6000 RAM bank S block 0
(FESBANKO)
H'0080 6FFF 4 Kbytes
H'0080 7000 RAM bank S block 1
(FESBANK1)
H'0080 7FFF 4 Kbytes
H'0080 8000
RAM bank L block 1
(FELBANK1)
8 Kbytes
H'0080 9FFF

Figure 6.6.1 Internal RAM Bank Configuration of the M32176
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6.6.1 Virtual Flash Emulation Area

The following shows the internal flash memory areas in which the Virtual Flash Emulation Function is appli-
cable.

Using the Virtual Flash L Bank Register (FELBANKO, FELBANK1), select one among all L banks of internal
flash memory that are divided in 8-Kbyte units (by setting the seven start address hits A12—-A18 of the desired
L bank in the Virtual Flash L Bank Register LBANKAD bits). Then set the Virtual Flash L Bank Register’s flash
emulation L enable bit (MODENL) to "1", and the selected L bank area will be replaced with 8-Kbyte blocks of
the internal RAM, up to two blocks in all.

Using the Virtual Flash S Bank Register (FESBANKO, FESBANK1), select one among all S banks of internal
flash memory that are divided in 4-Kbyte units (by setting the eight start address bits A12—-A19 of the desired S
bank in the Virtual Flash S Bank Register SBANKAD bits). Then set the Virtual Flash S Bank Register’s flash
emulation S enable bit (MODENS) to "1", and the selected S bank area will be replaced with 4-Kbyte blocks of
the internal RAM, up to two blocks in all.

Two 8-Kbyte units L banks and two 4-Kbyte units S banks, total of four banks (maximum), can be selected.

Notes: ¢ If the same bank area is set in two or more Virtual Flash Bank Registers and each register’s flash
emulation enable bit is enabled, the bank is assigned the corresponding internal RAM area (8-
Kbyte or 4-Kbyte) according to the priority given below.

FELBANKO > FESBANKO > FESBANK1 > FELBANK1

« During virtual flash emulation mode, RAM can be accessed for read and write from the internal
RAM area and the virtual flash set area.

* Before reading any virtual flash area after setting the Flash Control Register 1 virtual flash emu-
lation mode bit to "1", be sure that there must be an interval of at least three clocks (CPU clocks).

» Before reading any virtual flash area after setting the Virtual Flash Bank Register (L bank and S
bank registers) virtual flash emulation enable bit and bank address bits, be sure that there must
be an interval of at least three clocks (CPU clocks).
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H'0000 0000

H'0000 2000

H'0000 4000

<Internal flash>

L bank 0
(8 Kbytes)

L bank 1
(8 Kbytes)

L bank 2
(8 Kbytes)

<Internal RAM>

8 Kbytes

H'0080 4000
H'0080 6000

4 Kbytes

H'0080 7000

4 Kbytes

/\/ '
o 8 Kbytes | 110080 8000

H'0007 CO00 [ L bank 62
(8 Kbytes) |y

H'0007 EOOO L bank 63
(8 Kbytes)

Notes: « If the same bank area is set in two or more Virtual Flash Bank Registers and each register's flash emulation
enable bit is enabled, the bank is assigned the corresponding internal RAM area in order of priority:
FELBANKO > FESBANKO > FESBANK1 > FELBANK1.

« If any 8-Kbyte area (L bank) specified by the Virtual Flash L Bank Registers 0 and 1 is accessed,
its corresponding internal RAM area is accessed. During virtual flash emulation mode, RAM can be accessed
for read and write from both the internal RAM area and the virtual flash set area.

Figure 6.6.2 M32176F4 Virtual Flash Emulation Area divided in 8-Kbyte units

<Internal flash>
H'0000 0000 S bank 0
(4 Kbytes) 7

H'0000 1000 S bank 1
(4 Kbytes)

H'0000 2000 S bank 2

<Internal RAM>

(4 Kbytes) H'0080 4000
: 8 Kbytes
& ST 4Koyes | 100806000
: . 4 Kbytes H'0080 7000
H'0080 8000
8 Kbytes
&
H'0007 EO0O S bank 126
(4 Kbytes) 7
H'0007 FO00 S bank 127
(4 Kbytes)

Notes: ¢ If the same bank area is set in two or more Virtual Flash Bank Registers and each register's flash emulation
enable bit is enabled, the bank is assigned the corresponding internal RAM area in order of priority:
FELBANKO > FESBANKO > FESBANK1 > FELBANK1.

« If any 4-Kbyte area (S bank) specified by the Virtual Flash S Bank Registers 0 and 1 is accessed,
its corresponding internal RAM area is accessed. During virtual flash emulation mode, RAM can be accessed
for read and write from both the internal RAM area and the virtual flash set area.

Figure 6.6.3 M32176F4 Virtual Flash Emulation Area divided in 4-Kbyte units
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<Internal flash>

H'0000 0000 Ao
(8 Kbytes)
H'0000 2000 L bank 1
(8 Kbytes) 8 Kbytes .
H'0000 4000 L bank 2 H'0080 6000
8 Kbyt
(6 Kbytes) 4Koytes | 110080 7000
i 4 Kbytes

o H'0080 8000

<Internal RAM>

H'0080 4000

8 Kbytes

H'0005 C000 [ L bank 46
(8 Kbytes) |y

H'0005 EO00 L bank 47
(8 Kbytes)

Notes: ¢ If the same bank area is set in two or more Virtual Flash Bank Registers and each register's flash emulation
enable bit is enabled, the bank is assigned the corresponding internal RAM area in order of priority:
FELBANKO > FESBANKO > FESBANK1 > FELBANK1.

« If any 8-Kbyte area (L bank) specified by the Virtual Flash L Bank Registers 0 and 1 is accessed,
its corresponding internal RAM area is accessed. During virtual flash emulation mode, RAM can be accessed
for read and write from both the internal RAM area and the virtual flash set area.

Figure 6.6.4 M32176F3 Virtual Flash Emulation Area divided in 8-Kbyte units

<Internal flash>
H'0000 0000 S bank 0
(4 Kbytes)

H'0000 1000 S bank 1
(4 Kbytes)

H'0000 2000 S bank 2

<Internal RAM>

(4 Kbytes) H'0080 4000
: 8 Kbytes
L ZKbyies | H'0080 6000
/_\/ A
: A Lkoyes | H'0080 7000
H'0080 8000
8 Kbytes
%
H'0005 E000 [~ bank 64
(4 Kbytes)
H'0005 FO00 | S bank 95
(4 Kbytes)

Notes: « If the same bank area is set in two or more Virtual Flash Bank Registers and each register's flash emulation
enable bit is enabled, the bank is assigned the corresponding internal RAM area in order of priority:
FELBANKO > FESBANKO > FESBANK1 > FELBANK1.

« If any 4-Kbyte area (S bank) specified by the Virtual Flash S Bank Registers 0 and 1 is accessed,
its corresponding internal RAM area is accessed. During virtual flash emulation mode, RAM can be accessed
for read and write from both the internal RAM area and the virtual flash set area.

Figure 6.6.5 M32176F3 Virtual Flash Emulation Area divided in 4-Kbyte units
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<Internal flash>

H'0000 0000 L bank 0
(8 Kbytes)
H'0000 2000 L bank 1
(8 Kbytes) 8 Kbytes
H'0000 4000 L bank 2 A H'0080 6000
(8 Kbytes) 4 Kbytes ,

: 4 Kbytes H'0080 7000

/_\/ '
o 8 Kbytes | H'0080 8000

<Internal RAM>

H'0080 4000

&:

(8 Kbytes)

H'0003 EO00O L bank 31
(8 Kbytes)

H'0003 CO00 [ L pank 30 i

Notes: « If the same bank area is set in two or more Virtual Flash Bank Registers and each register's flash emulation
enable bit is enabled, the bank is assigned the corresponding internal RAM area in order of priority:
FELBANKO > FESBANKO > FESBANK1 > FELBANK1.

« If any 8-Kbyte area (L bank) specified by the Virtual Flash L Bank Registers 0 and 1 is accessed,
its corresponding internal RAM area is accessed. During virtual flash emulation mode, RAM can be accessed
for read and write from both the internal RAM area and the virtual flash set area.

Figure 6.6.6 M32176F2 Virtual Flash Emulation Area divided in 8-Kbyte units

<Internal flash>
H'0000 0000 S bank 0
(4 Kbytes)

H'0000 1000 S bank 1
(4 Kbytes)

H'0000 2000 S bank 2
(4 Kbytes)

<Internal RAM>

H'0080 4000
8 Kbytes

2Kbytes | H'0080 6000
4Koytes | H'0080 7000

H'0080 8000

8 Kbytes

H'0003 EO00 S bank 62
(4 Kbytes)

H'0003 FO00 S bank 63
(4 Kbytes)

Notes: ¢ If the same bank area is set in two or more Virtual Flash Bank Registers and each register's flash emulation
enable bit is enabled, the bank is assigned the corresponding internal RAM area in order of priority:
FELBANKO > FESBANKO > FESBANK1 > FELBANK1.

« If any 4-Kbyte area (S bank) specified by the Virtual Flash S Bank Registers 0 and 1 is accessed,
its corresponding internal RAM area is accessed. During virtual flash emulation mode, RAM can be accessed
for read and write from both the internal RAM area and the virtual flash set area.

Figure 6.6.7 M32176F2 Virtual Flash Emulation Area divided in 4-Kbyte units

32176 Group Hardware Manual o1
Rev.1.10 REJ09B0067-0110 Jun 20.06 RENESAS



INTERNAL MEMORY
6.6 Virtual Flash Emulation Function

))

L bank Start address of bank Values set in L bank
in flash memory address (LBANKAD) bit
L bank 0 H'0000 0000 H'00
(Note 1)
L bank 1 H'0000 2000 H'02
(Note 1)
L bank 2 H'0000 4000 H'04
(Note 1)
L bank 62 H'0007 C000 H'7C
(Note 1)
H'0007 E000 '
L bank 63 (Noto 1) H7E

Note 1: Set the seven start address bits A12-A18 of each L bank of internal flash memory that is divided in 8-Kbyte units
in the Virtual Flash L Bank Register's L bank address (LBANKAD) bits.

Figure 6.6.8 Values Set in the M32176F4’s Virtual Flash Bank Register when divided in 8-Kbyte units

))

S bank Start address of bank Values set in S bank
in flash memory address (SBANKAD) bit
S bank 0 H'0000 0000 H'00
(Note 1)
S bank 1 H'0000 1000 H'01
(Note 1)
S bank 2 H'0000 2000 H'02
(Note 1)
S bank 126 H'0007 E000 H'7E
(Note 1)
H'0007 F .
S bank 127 0007 F000 H7F
(Note 1)

Note 1: Set the eight start address bits A12-A19 of each S bank of internal flash memory that is divided in 4-Kbyte units
in the Virtual Flash S Bank Register's S bank address (SBANKAD) bits.

Figure 6.6.9 Values Set in the M32176F4’s Virtual Flash Bank Register when divided in 4-Kbyte units

32176 Group Hardware Manual

Rev.1.10 REJO9B0067-0110 Jun 20.06

RENESAS 6-42



INTERNAL MEMORY
6.6 Virtual Flash Emulation Function

L bank Start address of bank Values set in L bank
in flash memory address (LBANKAD) bit
L bank 0 H'0000 0000 H'00
(Note 1)
L bank 1 H'0000 2000 H'02
(Note 1)
L bank 2 H'0000 4000 H'04
(Note 1)
Lbank 46 |  H0002.€000 H'5C
(Note 1)
H'0005 E000
— H'SE
L bank 47 (Note 1)
Note 1: Set the seven start address bits A12-A18 of each L bank of internal flash memory that is divided in 8-Kbyte units
in the Virtual Flash L Bank Register's L bank address (LBANKAD) bits.

Figure 6.6.10 Values Set in the M32176F3’s Virtual Flash Bank Register when divided in 8-Kbyte units

S bank Start address of bank Values set in S bank
in flash memory address (SBANKAD) bit
Sbanko |  H0000.0000 H'00
(Note 1)
Sbank1 |  H0000.1000 H01
(Note 1)
Sbank2 |  H0000.2000 H'02
(Note 1)
S bank 94 H'0005 E000 H'5E
(Note 1)
H'0005 F000 '
S bank 95 (Nots 1) H'SF

Note 1: Set the eight start address bits A12-A19 of each S bank of internal flash memory that is divided in 4-Kbyte units
in the Virtual Flash S Bank Register's S bank address (SBANKAD) bits.

Figure 6.6.11 Values Set in the M32176F3’s Virtual Flash Bank Register when divided in 4-Kbyte units
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L bank Start address of bank Values set in L bank
in flash memory address (LBANKAD) bit
L bank 0 H0000 0000 H'00
(Note 1)
L bank 1 H'0000 2000 H'02
(Note 1)
(Note 1)
Lbank 30 |  H0003.C000 H'3C
(Note 1)
H'0003 E000 '
oE H'3E
L bank 31 (Note 1) 3

Note 1: Set the seven start address bits A12-A18 of each L bank of internal flash memory that is divided in 8-Kbyte units
in the Virtual Flash L Bank Register's L bank address (LBANKAD) bits.

Figure 6.6.12 Values Set in the M32176F2’s Virtual Flash Bank Register when divided in 8-Kbyte units

S bank Start address of bank Values set in S bank
in flash memory address (SBANKAD) bit
S bank 0 H'0000 0000 H'00
(Note 1)
S bank 1 H'0000 1000 H'01
(Note 1)
H'0000 2000 '
S bank 2 (Nots 1) H'02
S bank 62 H'0003 E000 H'3E
(Note 1)
H'0003 FO00 '
S bank 63 (Note 1) H'3F

Note 1: Set the eight start address bits A12-A19 of each S bank of internal flash memory that is divided in 4-Kbyte units
in the Virtual Flash S Bank Register's S bank address (SBANKAD) bits.

Figure 6.6.13 Values Set in the M32176F2’s Virtual Flash Bank Register when divided in 4-Kbyte units
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6.6.2 Entering Virtual Flash Emulation Mode

To enter virtual flash emulation mode, set the Flash Control Register 1 (FCNT1) FEMMOD bit by writing "1".
After entering virtual flash emulation mode, set the Virtual Flash 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 9FFF) can be
accessed the same way as in usual internal RAM.

( Settings start >

l

Write flash data to RAM

l

Enter virtual flash emulation mode
FEMMOD « 1

l

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

l

( Settings completed )

Figure 6.6.14 Virtual Flash Emulation Mode Sequence
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6.6 Virtual Flash Emulation Function

6.6.3 Application Example of Virtual Fla

sh Emulation Mode

By using two RAM areas that have been set in the same flash area by the Virtual Flash Emulation Function, the
data in the flash memory can be replaced successively.

(1) Operation when reset

Flash memory

Bank xx Initial value

4— Replace area

RAM block O

4— Data write to RAMO

RAM block 1

(2) Programming operation using RAM blo

ck 0

Flash memory

Replaced
Bank xx Initial value 4—| RAM block 0 |
Bank xx specified
]
RAM block 0
RAM block 1 4— Data write to RAM1

(3) Programming operation switched from

RAM block 0 to RAM block 1

Flash memory

Replaced
Bank xx Initial value «| RAMblock0 | | RAMbock1 |
Bank xx specified Bank xx specified
RAM block 0 (settings invalid)
RAM block 1

Figure 6.6.15 Application Example of Virtual Flash

Emulation Mode (1/2)
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(4) Programming operation using RAM block 1

Flash memory

Replaced
Bank xx Initial value { RAM block 1 |
Bank xx specified
RAM block 0 4— Data write to RAMO
RAM block 1

(5) Programming operation switched from RAM block 1 to RAM block 0

Flash memory

Replaced

Bank xx Initial value «—|  RAMblock0 | [  RAMblock1 |
Bank xx specified Bank_ XX specif_ied
RAM block 0 (settings invalid)
RAM block 1 ‘
(6) Goto (2)

Note: Enclosed in I:] are the valid area.

Figure 6.6.16 Application Example of Virtual Flash Emulation Mode (2/2)
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6.7 Connecting to a Serial Programmer (CSIO Mode)

For the internal flash memory to be rewritten in boot mode + flash E/W enable mode by using a general-purpose
serial programmer, several pins on the microcomputer must be processed to make them suitable for the serial
programmer, as shown below.

Table 6.7.1 Processing Microcomputer Pins before Using a Serial Programmer

Pin Name Pin No. Function Remark
SCLKI1 71 Transfer clock input Pull high
RXD1 70 Serial data input (received data) Pull high
TXD1 69 Serial data output (transmit data)
P84 68 Transmit/receive enable output Pull high
FP 94 Flash memory protect Pull high
MODO 92 Operation mode 0 Connect to the main power supply
MOD1 93 Operation mode 1 Connect to ground
MOD2 123 Operation mode 2 Connect to ground
s | o [peen s o ondnd
XIN 4 Clock input
XOUT 5 Clock output
SBI# 77 System Break interrupt (SBI) input Pull high or low
VREFO 42 Sg;i:::re voltage input for A/D Connect to the main power supply
AVCCO 43 Analog power supply Connect to the main power supply
AVSSO0 60 Analog ground Connect to ground
VDDE 108 RAM backup power supply Connect to the main power supply
VCCE 20, 65, 95, 132 Main power supply 5V +/-10% or 3.3V +/- 10%
EXCVCC 61, 137 :i](;nir:](teg:rs]at?)sgvr:ea:l Scl?;);;itance for IC\Iaes:CtitOO:)e grounded to earth via
EXCVDD 73 izngic&spzﬁeerrni IC():Fz;’tlr;amtance for l;l:s;jctii)ot)e grounded to earth via
EXCOSC- 6 Connects external capacitance for Need to be grounded to earth via
VCC the oscillator power supply capacitor
VSS 3, 21, 62, 72, 96, 138 [Ground ov
JTRST 111 JTAG reset input Pull low (0-100 kQ)

Notes ¢ Pin processing is not required for those that are not listed above.
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The diagram below shows an example of a user system configuration which has had a serial programmer con-
nected. After the user system is powered on, the serial programmer writes to the internal flash memory in clock-
synchronized serial mode. No communication problems associated with the oscillator frequency may occur. If
the system uses any pins that are to be connected to a serial programmer, care must be taken to prevent adverse
effects on the system when a serial programmer is connected. Note that the serial programmer uses the ad-
dresses H'0000 0084 through H’0000 0093 as an area in which to check the ID for flash memory protection. If the
internal flash memory needs to be protected, set any ID in this area.

User system board
Connect to the VCCE (5 or 3.3 V)
power supply rail
©
VCCE
VDDE
AVCCO
. VREFO
Main power supply
Connect to the
VCCE (5 or 3.3V)
power supply rail — EXCOSC-VCC
& —— Excvcce
b ——| EXCVDD
. Connector
Flash programmer signals ===
Mai I
(for reference) O
RxD (input) O P85/TXD1
TxD (output) O P86/RXD1
SCLKO (output) O P87/SCLKI1/SCLKO1
BUSY (input) —O— T ——& | P84/SCLKIO/SCLKOO
MODO (output) MODO
FP (output) O FP
RESET (output) RESET#
GND (common) O VSS
AVSS0O
0OSC-VSS
To system circuit ————— | MOD1
| MOD2
Set microcomputer ———————— —\W—1 JTRST
operating conditions 2kQ
777
—] XIN
L]
*— XOUT
777 (Note 1) SBI#
32176

Note 1: SBI# must be fixed "H" or "L" to ensure that no interrupts will be generated.
Notes: « Turn on the power for the user system before writing to the internal flash memory.
« If P84-P87 are used in the system circuit, connection to a serial programmer must be taken into consideration.
* SBI# must be fixed "H" or "L" to ensure that no interrupts will be generated.
* The pullup resistance values of P84, P86 and P87 must be selected to suit the system design condition.
* The typical pullup resistance values of P84, P86 and P87 are 4.7 to 10 KQ.
* The status of any other ports that are not shown here will not affect flash memory programming.
» Make sure the mode setting pin/power supply voltages do not fluctuate to prevent unintended changes of modes
while rewriting the internal flash memory.

Figure 6.7.1 Pin Connection Diagram
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6

6.8 Connecting to a Serial Programmer (UART Mode)

For the internal flash memory to be rewritten in boot mode + flash E/W enable mode by using a general-purpose
serial programmer, several pins on the microcomputer must be processed to make them suitable for the serial

programmer, as shown below.

Table 6.8.1 Processing Microcomputer Pins before Using a Serial Programmer for 32176 (UART Mode)

Pin Name Pin No. Function Remark
SCLKI1 71 SIO mode selection Pull low ("L" level input)
RXD1 70 Serial data input (received data) Pull high
TXD1 69 Serial data output (transmit data)
P84 68 General-purpose port input 'F\:(ljltl llfge: :ruslr;ﬁ’ Il;VAVRT mode
FP 94 Flash memory protect Pull high
MODO 92 Operation mode 0 Connect to the main power supply
MOD1 93 Operation mode 1 Connect to ground
MOD2 123 Operation mode 2 Connect to ground
RESET# 91 Reset
XIN 4 Clock input
XOouT 5 Clock output
SBI# 77 System Break interrupt (SBI) input Pull high or low
VREFO 42 Sg:;?:re voltage input for A/D Connect to the main power supply
AVCCO 43 Analog power supply Connect to the main power supply
AVSSO0 60 Analog ground Connect to ground
VDDE 108 RAM backup power supply Connect to the main power supply
VCCE 20, 65, 95, 132 Main power supply 5V +/-10% or 3.3V +/- 10%
EXCVCC 61, 137 tchznir::'—:;::iatlaztgvr:earl Sc:LzI:\pp;};‘;itance for l(:lae;:ctii)ot)e grounded to earth via
EXCVDD 73 ;Zn;ic&spiﬁeerrni F;:Icc';\li)/acr[ance for lglae;:ctif)of)e grounded to earth via
e I o e
VSS 3,21, 62, 72, 96, 138 |Ground ov
JTRST 111 JTAG reset input Pull low (0-100 k Q)

Note « Pin processing is not required for those that are not listed above.
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6 6.8 Connecting to A Serial Programmer (UART Mode)

The diagram below shows an example of a user system configuration which has had a serial programmer con-
nected. After the user system is powered on, the serial programmer writes to the internal flash memory in clock-
asynchronous serial mode (UART mode). No communication problems associated with the oscillator frequency
may occur. If the system uses any pins that are to be connected to a serial programmer, care must be taken to
prevent adverse effects on the system when a serial programmer is connected. Note that the serial programmer
uses the addresses H'0000 0084 through H’0000 0093 as an area in which to check the ID for flash memory
protection. If the internal flash memory needs to be protected, set any ID in this area.

User system board

Connect to the VCCE (5 or 3.3 V)
power supply rail

VCCE
VDDE
AVCCO
VREFO

Main power supply
Connect to the
VCCE (5 or 3.3V)

power Supp'g‘" —— EXcosc-vce
I Excvce
%

1 EXCVDD
) Connector
Flash programmer signals B =

Main power supply
(for reference)

RxD (input)

P85/TXD1
P86/RXD1
P87/SCLKI1/SCLKO1
P84/SCLKI0/SCLKOO
MODO
FP
RESET#
GND (common) O VSS
§ AVSS0
MOD1
To system circuit —————— | MOD2

| —W\— JTRST

Set microcomputer
777
— XIN
L]
——| XOouT
7

operating conditions
(Note 1)

TxD (output)

Mode selection
(output)

000 O

SBI#
32176

Note 1: SBI# must be fixed "H" or "L" to ensure that no interrupts will be generated.
Notes: » Turn on the power for the user system before writing to the internal flash memory.
« If P84-P87 are used in the system circuit, connection to a serial programmer must be taken into consideration.
* The pullup/pulldown resistance values of P84, P86, P87, FP and MODO must be selected to suit the system design condition.
* The typical pullup/pulldown resistance values of P84, P86, P87, FP and MODO are 4.7 to 10 KQ.
* The status of any other ports that are not shown here will not affect flash memory programming.
» Make sure the mode setting pin/power supply voltages do not fluctuate to prevent unintended changes of modes
while rewriting the internal flash memory.

Figure 6.8.1 Pin Connection Diagram (UART Mode)
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6.9 Internal Flash Memory Protect Function

The internal flash memory has the following four types of protect functions to prevent it from being inadvertently
rewritten or illegally copied, programmed or erased.

(1) Flash memory protect ID

When using a tool to program/erase the internal flash memory such as a general-purpose programmer or
emulator, the ID entered by a tool and the ID stored in the internal flash memory are collated. Unless the correct
ID is entered, the internal flash memory cannot be read out, programmed nor erased. (For some tools, tool
execution is enabled after erasing the entire flash memory area, and the internal flash memory becomes
accessible for write.)

(2) Protection by FP pin

The internal flash memory is protected in hardware against programming/erasing operation by pulling the FP
(Flash Protect) pin "L" level. For systems that do not require rewriting flash memory or systems in which flash
reprogramming is prohibited as in the case of automotive applications, make sure the FP pin is fixed "L" level
except when programming or erasing the internal flash memory. Furthermore, because the FP pin level can be
known by reading the Flash Mode Register (FMOD)’s FPMOD (external FP pin status) bit in the flash write/
erase program, the internal flash memory can also be protected in software. For systems that do not require
protection by setting external pins, the FP pin may be fixed high to simplify the operation to program/erase the
internal flash memory. However, to prevent the flash memory from being inadvertently rewritten by an erratic
operation in software, use the protection by a lock bit described in (4) below.

When programming/erasing via JTAG, the flash memory can be programmed or erased regardless of the pin
state because the FP pin is controlled internally within the chip.

(3) Protection by FENTRY bit

Flash E/W enable mode cannot be entered into unless the Flash Control Register 1 (FCNT1)'s FENTRY (flash
mode entry) bit is set to "1". To set the FENTRY bit to "1", write "0" and then "1" in succession while the FP pin
is high.

(4) Protection by alock bit

Any block of internal flash memory can be protected by setting the lock bit provided for it to "0". That memory
block is disabled against programming/erasing operation.
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6.10 Notes on the Internal RAM

The following describes notes on the internal RAM

* When started by boot mode, internal RAM value is indefinite after started by boot mode in order to "Flash
writing/erasing program" is transferred to internal RAM.

6.11 Notes on the Internal Flash Memory
The following describes precautions to be taken when programming/erasing the internal flash memory.

* When the internal flash memory is programmed or erased, a high voltage is generated internally. Because
mode transitions during programming/erasing operation may cause the chip to break down, make sure the
mode setting pin/power supply voltages do not fluctuate to prevent unintended changes of modes.

« If the system uses any pins that are to be used by a general-purpose programming/erasing tool, care must be
taken to prevent adverse effects on the system when the tool is connected.

« If the internal flash memory needs to be protected while using a general-purpose programming/erasing tool, set
any ID in the flash memory protect ID verification area (H’0000 0084 to H'0000 0093).

« If the internal flash memory does not need to be protected while using a general-purpose programming/erasing
tool, fill the entire flash memory protect ID verification area (H’'0000 0084 to H’'0000 0093) with H'FF.

« If the Flash Status Register (FSTAT)’s each error status is to be cleared (initialized to H'80) by resetting the
Flash Control Register 4 (FCNT4) FRESET bit, check to see that the Flash Status Register (FSTAT) FBUSY bit
="1" (ready) before clearing the error status.

* Before resetting the Flash Control Register 1 (FCNT1) FENTRY bit from "1" to "0", check to see that the Flash
Status Register (FSTAT) FBUSY bit = "1" (ready).

« Do not clear the FENTRY bit if the Flash Control Register 1 (FCNT1) FENTRY bit = "1" and the Flash Status
Register (FSTAT) FBUSY bit = "0" (being programmed or erased).

« When programming/erasing via JTAG, the flash memory can be programmed or erased regardless of the pin
state because the FP pin is controlled internally within the chip.
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RESET
7.1 Outline of Reset

7.1 QOutline of Reset

The microcomputer is reset by applying a "L" level signal to the RESET# input pin. The microcomputer is gotten
out of a reset state by releasing the RESET# input back high, upon which the reset vector entry address is set in
the Program Counter (PC) and the CPU starts executing from the reset vector entry.

7.2 Reset Operation

When a "L" level signal in width of more than 200 ns (a duration needed for noise cancellation) is applied to the
RESET# pin, the microcomputer enters a reset state. At this time, the internal circuits (including the CPU) are
reset. (For details about the pin state when reset, see Table 1.4.1, “Pin Assignments”)
When the RESET# input is returned "H", the internal circuits get out of a reset state 512-513 BCLK periods after

that.

RESET# O—

Noise Canceller

Flip-flop

Counter

S
R

OVF

—— Internal circuit reset signal

I

Figure 7.2.1 Reset Circuit

RESET# pin

Reset signal (internal signal)

Duration needed for

—Pp

+—

noise cancellation: 200ns (Note 1)

Extended for a duration during which
the RESET# input is held low

A

~_
lg %2

»'
»

past the noise canceller :

Internal circuit reset signal ;
(internal signal) ;

Note 1: If the low level duration of the reset signal is less than 200 ns, it is cancelled by the noise canceller.

S S—

~_
~

~_
A~

))
(

))
C(

512-513BCLK :

v

))
(

Figure 7.2.2 Reset Sequence
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7 7.2 Reset Operation

7.2.1 Reset at Power-on

When powering on the microcomputer, hold the RESET# signal input pin "L" level until the rated power supply
voltage is reached and the microcomputer’s internal x4 clock generator becomes oscillating stably.

7.2.2 Reset during Operation

To reset the microcomputer during operation, hold the RESET# signal input pin "L" level for more than 200 ns.

7.2.3 Reset Vector Relocation during Flash Programming

When the microcomputer is reset after entering boot mode, the reset vector entry address is moved to the boot
program startup address. The boot program starts running after the reset state is deasserted. For details, see
Section 6.5, “Programming the Internal Flash Memory.”
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7.3 Internal State Immediately after Exiting Reset

The table below lists the internal state of the microcomputer immediately after it has gotten out of a reset state.
For details about the initial register state of each internal peripheral I/O, see each section in this manual in which
the relevant internal peripheral 1/0 is described.

Table 7.3.1 Internal State Immediately after Exiting Reset

Register State after Reset

PSW (CRO) B'0000 0000 0000 0000 ??00 000? 0000 0000 (BSM, BIE, BC bits = undefined)
CBR (CR1) H'0000 0000 (C bits = 0)

SPI (CR2) Undefined

SPU (CR3) Undefined

BPC (CR6) Undefined

PC H'0000 0000 (Executed beginning with the address H'0000 0000) (Note 1)
RO0-R15 Undefined

ACC (accumulator)

Undefined

RAM

Undefined when reset at power-on. (However, if the RAM is gotten out of reset after
returning from backup mode, it retains the content it had before being reset.)

Note 1: When in boot mode, the CPU executes the boot program.

7.4 Things to Be Considered after Exiting Reset

* Input/output ports

After exiting the reset state, the microcomputer’s input/output ports are disabled against input in order to pre-
vent current from flowing through the port. To use any ports in input mode, set the Port Input Special Function
Control Register (PICNT) PIENO bit to enable them for input. For details, see Section 8.3, “Input/Output Port

Related Registers.”
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8 8.1 Outline of Input/Output Ports

8.1 Outline of Input/Output Ports

The 32176 has a total of 96 input/output ports from P0-P13, P15, P17 and P22 (except P5, which is reserved for
future use). These input/output ports can be used as input or output ports by setting the respective direction
registers.

Each input/output port is a dual-function or triple-function pin, sharing the pin with other internal peripheral 1/0 or
external extension bus signal line. Pin functions are selected depending on the current operation mode or by
setting the input/output port operation mode registers. (If any internal peripheral 1/0 has still another function, it is
also necessary to set the register provided for that peripheral 1/0.)

The microcomputer also has a port input function enable bit that can be used to prevent current from flowing into
the input ports. This helps to simplify the software and hardware processing to be performed immediately after
reset or during flash programming. Note that before any ports can be used in input mode, this port input function

enable bit must be set accordingly.
The input/output ports are outlined below.

Table 8.1.1 Outline of Input/Output Ports

Iltem

Specification

Number of ports

Total 96 ports

PO : PO0O-PO7 (8 ports)
P1 : P10-P17 (8 ports)
P2 : P20-P27 (8 ports)
P3 : P30-P37 (8 ports)
P4 : P41-P47 (7 ports)
P6 : P61-P63 (3 ports)
P7 : P70-P77 (8 ports)
P8 : P82—P87 (6 ports)
P9 : P93-P97 (5 ports)
P10 : P100-P107 (8 ports)
P11 : P110-P117 (8 ports)
P12 : P124-P127 (4 ports)
P13 : P130-P137 (8 ports)
P15 : P150, P153 (2 ports)
P17 : P174, P175 (2 ports)
P22 : P220, P221, P225 (3 ports)

Port function

The input/output ports can individually be set for input or output mode using the direction control register
provided for each input/output port. (However, P221 is a CAN input-only port.)

Pin function Shared with peripheral I/O or external extension signals to serve dual-functions (or shared with two or
more peripheral I/0 functions to serve triple-functions)

Pin function PO-P4, P225: Depends on the CPU operation mode (that is set by MODO and MODL1 pins).

selection P6—P22: As set by each input/output port’s operation mode register.

(However, peripheral 1/0 pin functions are selected by peripheral 1/O registers.)

Note: « P5, P14, P16, P18-P21 are nonexist.
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8.2 Selecting Pin Functions

Each input/output port serves dual functions sharing the pin with other internal peripheral I/O or external exten-
sion bus signal line (or triple functions sharing the pin with two or more peripheral I/O functions). Pin functions are
selected depending on the current operation mode or by setting the input/output port operation mode registers.

P0-P4 and P225, when the CPU is set to operate in external extension mode or processor mode, all are switched
to serve as signal pins for external access. The CPU operation mode is determined depending on how the MODO
and MOD1 pins are set (see the table below).

Table 8.2.1 CPU Operation Modes and PO—P4 and P225 Pin Functions

MODO MOD1 Operation Mode P0O-P4 and P225 Pin Function
VSS VSS Single-chip mode Input/output port pin

VSS VCCE External extension mode External extension signal pin
VCCE VSS Processor mode

VCCE VCCE Reserved (use inhibited) -

Note: « VCCE and VSS are connected to main power supply and GND, respectively.

Each input/output port has their functions switched between input/output port pins and internal peripheral I/O
pins by setting the respective port operation mode registers. If any internal peripheral I/O has two or more pin
functions, use the register provided for that peripheral 1/0 to select the desired pin function.

Note that FP and MOD1 pin settings during internal flash memory programming do not affect the pin functions.
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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 ‘
P1 ‘ DB8 ‘ DB9 ‘ DB10 ‘ DB11 ‘ DB12 ‘ DB13 ‘ DB14 ‘ DB15 ‘
CPU operation
mode settings P2 ‘ A23 ‘ A24 ‘ A25 ‘ A26 ‘ A27 ‘ A28 ‘ A29 ‘ A30 ‘
(Note 1)
P3 ‘ A15 ‘ A16 ‘ A17 ‘ A18 ‘ A19 ‘ A20 ‘ A21 ‘ A22 ‘
BLWH#/ BHW#/
P4 ‘ BLE# ‘ BHE# ‘ RD# ‘ CS0# ‘ CS1# ‘ A13 ‘ A14 ‘
—
(Reserved) PS5
[I—
. f—
P6 ‘ (P61) ‘ (P62) ‘ (P63) | oo
P7 BCLK/ WAIT# HREQ# | HACK# RTDTXD/ | RTDRXD/ | RTDACK/ | RTDCLK/
WR# TXD3(Note 2)| RXD3(Note 2| CTX1(Note 2 CRX1(Note 2
MODO MOD1 SCLKI0/ SCLKI1/
P8 (Note3) | (Note 3) ‘ TXDo ‘ RXDO ‘ SCLKOO ‘ TXD1 ‘ RXD1 ‘ SCLKO1 ‘
P9 l TO16 ‘ TO17 ‘ TO18 ‘ TO19 ‘ TO20 ‘
P10‘ TO8 ‘ TO9 ‘ TO10 ‘ TO1M ‘ TO12 ‘ TO13 ‘ TO14 ‘ TO15 ‘
P11 ‘ TOO ‘ TO1 ‘ TO2 ‘ TO3 ‘ TO4 ‘ TO5 ‘ TO6 ‘ TO7 ‘
P12 | ' ‘ TCLKO ‘ TCLK1 ‘ TCLK2 ‘ TCLK3 ‘
TIN19 ‘ TIN20 ‘ TIN21 ‘ TIN22 ‘ TIN23 ‘
Input/output
port operation
mode setting
TIN3 ‘
P16
P17 ‘ TXD2 ‘ RXD2 ‘
P18 |
P19
P20
P21
A12
P22 ‘ CTX0 ‘ CRX0 ‘ i ot

Note 1: The pin function changes depending on the setting for MODO and MOD1 pins.

Note 2: These are triple-function pins. Their desired output function must be selected using the port peripheral function select register.
Note 3: These ports cannot be used for input/output port function. The SBI#, MODO and MOD1 pin input levels can be read from these ports.

Note: « P5, P14, P16, P18, P19, P20 and P21 are not provided.

Figure 8.2.1 Input/Output Ports and Pin Function Assignments
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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 included in the microcomputer consists of the port data register, port
direction register and port operation mode register.
Note that P5 is reserved for future use. The tables below show an input/output port related register map.

Input/Output Port Related Register Map (1/2)

Address +0 address +1 address See pages
b0 b7 | b8 b15
H'0080 0700 PO Data Register P1 Data Register 8-7
(PODATA) (P1DATA)
H'0080 0702 P2 Data Register P3 Data Register 8-7
(P2DATA) (P3DATA)
H'0080 0704 P4 Data Register (Use inhibited area) 8-7
(PADATA)
H'0080 0706 P6 Data Register P7 Data Register 8-7
(P6DATA) (P7DATA)
H'0080 0708 P8 Data Register P9 Data Register 8-7
(PBDATA) (PODATA)
H'0080 070A P10 Data Register P11 Data Register 8-7
(P1ODATA) (P11DATA)
H'0080 070C P12 Data Register P13 Data Register 8-7
(P12DATA) (P13DATA)
H'0080 070E (Use inhibited area) P15 Data Register 8-7
(P15DATA)
H'0080 0710 (Use inhibited area) P17 Data Register 8-7
(P17DATA)
H'0080 0712 (Use inhibited area) (Use inhibited area)
H'0080 0714 (Use inhibited area) (Use inhibited area)
H'0080 0716 P22 Data Register (Use inhibited area) 8-7
(P22DATA)
[ (Use inhibited area)
H'0080 0720 PO Direction Register P1 Direction Register 8-8
(PODIR) (P1DIR)
H'0080 0722 P2 Direction Register P3 Direction Register 8-8
(P2DIR) (P3DIR)
H'0080 0724 P4 Direction Register (Use inhibited area) 8-8
(P4DIR)
H'0080 0726 P6 Direction Register P7 Direction Register 8-8
(P6DIR) (P7DIR)
H'0080 0728 P8 Direction Register P9 Direction Register 8-8
(P8DIR) (PODIR)
H'0080 072A P10 Direction Register P11 Direction Register 8-8
(P10DIR) (P11DIR)
H'0080 072C P12 Direction Register P13 Direction Register 8-8
(P12DIR) (P13DIR)
H'0080 072E (Use inhibited area) P15 Direction Register 8-8
(P15DIR)
H'0080 0730 (Use inhibited area) P17 Direction Register 8-8
(P17DIR)
H'0080 0732 (Use inhibited area) (Use inhibited area)
H'0080 0734 (Use inhibited area) (Use inhibited area)
H'0080 0736 P22 Direction Register (Use inhibited area) 8-8
(P22DIR)
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INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

Input/Output Port Related Register Map (2/2)

Address +0 address +1 address See pages
b0 b7 | b8 b15
H'0080 0744 (Use inhibited area) Port Input Special Function Control Register 8-15
(PICNT)
H'0080 0746 (Use inhibited area) P7 Operation Mode Register 8-9
(P7MOD)
H'0080 0748 P8 Operation Mode Register P9 Operation Mode Register 8-9
(P8MOD) (POMOD) 8-10
H'0080 074A P10 Operation Mode Register P11 Operation Mode Register 8-10
(P10MOD) (P11MOD) 8-11
H'0080 074C P12 Operation Mode Register P13 Operation Mode Register 8-11
(P12MOD) (P13MOD) 8-12
H'0080 074E (Use inhibited area) P15 Operation Mode Register 8-12
(P15MOD)
H'0080 0750 (Use inhibited area) P17 Operation Mode Register 8-13
(P17MOD)
H'0080 0752 (Use inhibited area) (Use inhibited area)
H'0080 0754 (Use inhibited area) (Use inhibited area)
H'0080 0756 P22 Operation Mode Register (Use inhibited area) 8-13
(P22MOD)
| (Use inhibited area)
H'0080 0760 Port Group 0,1 Input Level Setting Register Port Group 3 Input Level Setting Register 8-19
(PGO1LEV) (PG3LEV)
H'0080 0762 Port Group 4,5 Input Level Setting Register Port Group 6,7 Input Level Setting Register 8-19
(PGA5LEV) (PG67LEV)
H'0080 0764 Port Group 8 Input Level Setting Register (Use inhibited area) 8-19
(PG8BLEV)
H'0080 0766 (Use inhibited area) P7 Peripheral Function Select Register 8-14
(P7SMOD)
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INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

8.3.1 Port Data Registers

PO Data Register (PODATA)
P1 Data Register (P1DATA)
P2 Data Register (P2DATA)
P3 Data Register (P3DATA)
P4 Data Register (P4DATA)
P6 Data Register (P6DATA)
P7 Data Register (P7DATA)
P8 Data Register (P8DATA)
P9 Data Register (PO9DATA)
P10 Data Register (P10DATA)
P11 Data Register (P11DATA)
P12 Data Register (P12DATA)
P13 Data Register (P13DATA)
P15 Data Register (P15DATA)
P17 Data Register (P17DATA)
P22 Data Register (P22DATA)

<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:

H’0080 0700>
H’0080 0701>
H’0080 0702>
H’0080 0703>
H’0080 0704>
H’0080 0706>
H’0080 0707>
H’0080 0708>
H’0080 0709>
H’0080 070A>
H’0080 070B>
H'0080 070C>
H’0080 070D>
H'0080 070F>
H’0080 0711>
H’0080 0716>

b0 1 2 3 4 5 6 b7
(b8 9 10 11 12 13 14 b15)
PnODT Pn1DT Pn2DT Pn3DT Pn4DT Pn5DT Pn6DT Pn7DT
? ? ? ? ? ? ? ?
n = 0-13, 15, 17, 22 (not including P5)
<Upon exiting reset: Undefined>
b Bit Name Function R W
0(b8) PnODT (Port PnO data bit) <At read> R W
1(b9) Pn1DT (Port Pnl data bit) Depends on how the Port Direction Register is set
2(b10) Pn2DT (Port Pn2 data bit) If direction bit = "0" (input mode)
3(b11) Pn3DT (Port Pn3 data bit) 0: Port input pin = "L"
4(b12) Pn4DT (Port Pn4 data bit) 1: Port input pin = "H"
5(b13) Pn5DT (Port Pn5 data bit) If direction bit = "1" (output mode) (Note 1)
6(b14) Pn6DT (Port Pné data bit) 0: Port output latch = "0" / Port pin level = "L"
7(b15) Pn7DT (Port Pn7 data bit) 1: Port output latch = "1" / Port pin level = "H"
<At write>
Write to the port output latch
Note 1: To select the port data to read, use the Port Input Special Function Control Register’s port input data select bit (PISEL).
Notes: * Following bits are not provided (read as "0", writing has no effect):

P40, P60, P65-P67, P90-P92, P120—P123, P151, P152, P154-P157, P170-P173, P176, P177, P222—-P224, P226, P227
« The SBI# pin level can be read out by reading the P64DT bit. Writing to the P64DT bit has no effect.

« The MODO and MODL1 pin levels can be read out by reading the P80DT and P81DT bits, respectively. Writing to the P8ODT
and P81DT bits has no effect.

« P221 is an input-only port. Writing to the P221DT bit has no effect.
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INPUT/OUTPUT PORTS AND PIN FUNCTIONS
8.3 Input/Output Port Related Registers

8.3.2 Port Direction Registers

PO Direction Register (PODIR)
P1 Direction Register (P1DIR)
P2 Direction Register (P2DIR)
P3 Direction Register (P3DIR)
P4 Direction Register (P4DIR)
P6 Direction Register (P6DIR)
P7 Direction Register (P7DIR)
P8 Direction Register (P8DIR)
P9 Direction Register (P9DIR)
P10 Direction Register (P10DIR)
P11 Direction Register (P11DIR)
P12 Direction Register (P12DIR)
P13 Direction Register (P13DIR)
P15 Direction Register (P15DIR)
P17 Direction Register (P17DIR)
P22 Direction Register (P22DIR)

<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:
<Address:

H’0080 0720>
H’0080 0721>
H’0080 0722>
H’0080 0723>
H’0080 0724>
H’0080 0726>
H’0080 0727>
H’0080 0728>
H’0080 0729>
H’0080 072A>
H'0080 072B>
H'0080 072C>
H’0080 072D>
H'0080 072F>
H'0080 0731>
H’0080 0736>

b0 1 2 3 4 5 6 b7
(b8 9 10 11 12 13 14 b15)
PnODIR | Pnl1DIR | Pn2DIR | Pn3DIR | Pn4DIR | Pn5DIR | Pn6DIR | Pn7DIR
0 0 0 0 0 0 0 0
n = 0-13, 15, 17, 22 (not including P5)
<Upon exiting reset: H'00>
b Bit Name Function R W
0(b8) PnODR (Port PnO direction bit) 0: Input mode R W
1(b9) Pn1DR (Port Pnl direction bit) 1: Output mode
2(b10) Pn2DR (Port Pn2 direction bit)
3(b11) Pn3DR (Port Pn3 direction bit)
4(b12) Pn4DR (Port Pn4 direction bit)
5(b13) Pn5DR (Port Pn5 direction bit)
6(b14) Pn6DR (Port Pn6 direction bit)
7(b15) Pn7DR (Port Pn7 direction bit)

Notes: « Following bits are not provided (read as 0, writing has no effect):

P40, P60, P64—-P67, P80, P81, P90-P92, P120-P123, P151, P152, P154-P157, P170-P173, P176, P177, P221,

P222--P224, P226, P227
« All ports are set for input mode upon exiting the reset state.
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8 8.3 Input/Output Port Related Registers

8.3.3 Port Operation Mode Registers

P7 Operation Mode Register (P7MOD) <Address: H'0080 0747>
b8 9 10 11 12 13 14 b15

P70MOD | P71IMOD | P72MOD | P73MOD | P74MOD | P75MOD | P76MOD | P77MOD
0 0 0 0 0 0 0 0

<Upon exiting reset: H'00>

b Bit Name Function R W

8 P70MOD 0: P70 R W
Port P70 operation mode bit (Note 2) 1: BCLK/WR#

9 P71MOD 0: P71 R W
Port P71 operation mode bit 1: WAIT#

10 P72MOD 0: P72 R W
Port P72 operation mode bit 1: HREQ#

11 P73MOD 0: P73 R W
Port P73 operation mode bit 1: HACK#

12 P74MOD 0: P74 R W
Port P74 operation mode bit 1: RTDTXD/TXD3 (Note 1)

13 P75MOD 0: P75 R W
Port P75 operation mode bit 1: RTDRXD/RXD3 (Note 1)

14 P76MOD 0: P76 R W
Port P76 operation mode bit 1: RTDACK/CTX1 (Note 1)

15 P77MOD 0: P77 R W

=

: RTDCLK/CRX1 (Note 1)
Note 1: These functions are selected using the P7 Peripheral Function Select Register.

Port P77 operation mode bit

Note 2: When BUSMOD bit of the BUSMODC register is set to 1 (byte enable separate mode) in the external extension mode,
regardless of setting P7MOD register , P70/BCLK/WR# pin becomes a pin to output WR# signal.

P8 Operation Mode Register (P8MOD) <Address: H'0080 0748>
b0 1 2 3 4 5 6 b7
P82MOD | P83MOD | P84MOD | P85MOD | P86MOD | P87MOD
0 .0 0 0 0 0 0 0

<Upon exiting reset: H'00>

b Bit Name Function R W

0,1 No function assigned. Fix to "0". 0 O

2 P82MOD 0: P82 R W
Port P82 operation mode bit 1: TXDO

3 P83MOD 0: P83 R W
Port P83 operation mode bit 1: RXDO

4 P84MOD 0: P84 R W
Port P84 operation mode bit 1: SCLKIO/SCLKOO

5 P85MOD 0: P85 R W
Port P85 operation mode bit 1: TXD1

6 P86MOD 0: P86 R W
Port P86 operation mode bit 1: RXD1

7 P87MOD 0: P87 R W
Port P87 operation mode bit 1: SCLKI1/SCLKO1

Note: ¢ Ports P80 and P81 are nonexistent.
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8.3 Input/Output Port Related Registers

P9 Operation Mode Register (P9MOD)

<Address: H'0080 0749>

b8 9 10 11 12 13 14 b15
P93MOD | P94MOD | P95MOD | P96MOD | P97MOD
0 0 | 0 0 0 0 0 0
<Upon exiting reset: H'00>
b Bit Name Function R W
8-10 No function assigned. Fix to "0". 0
11 P93MOD 0: P93 R W
Port P93 operation mode bit 1: TO16
12 P94MOD 0: P94 R W
Port P94 operation mode bit 1: TO17
13 P95MOD 0: P95 R W
Port P95 operation mode bit 1: TO18
14 P96MOD 0: P96 R W
Port P96 operation mode bit 1: TO19
15 P97MOD 0: P97 R W
Port P97 operation mode bit 1: TO20
Note: » Ports P90—P92 are nonexistent.
P10 Operation Mode Register (P1LOMOD) <Address: H'0080 074A>
b0 1 2 3 4 5 6 b7
P100MOD | P101MOD | P102MOD | P103MOD | P104MOD | P105MOD | P106MOD | P107MOD
0 0 0 0 0 0 0 0
<Upon exiting reset: H'00>
b Bit Name Function R W
0 P100MOD 0: P100 R W
Port P100 operation mode bit 1: TO8
1 P101MOD 0: P101 R W
Port P101 operation mode bit 1: TO9
2 P102MOD 0: P102 R W
Port P102 operation mode bit 1: TO10
3 P103MOD 0: P103 R W
Port P103 operation mode bit 1: TO11
4 P104MOD 0: P104 R W
Port P104 operation mode bit 1: TO12
5 P105MOD 0: P105 R W
Port P105 operation mode bit 1: TO13
6 P106MOD 0: P106 R W
Port P106 operation mode bit 1: TO14
7 P107MOD 0: P107 R W
Port P107 operation mode bit 1: TO15
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Rev.1.10 REJ09B0067-0110 Jun 20.06
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8.3 Input/Output Port Related Registers

P11 Operation Mode Register (P11MOD)

<Address: H'0080 074B>

b8 9 10 11 12 13 14 b15
P110MOD | P111MOD | P112MOD | P113MOD | P114MOD | P115MOD | P116MOD | P117MOD
0 0 0 0 0 0 0 0
<Upon exiting reset: H'00>
b Bit Name Function W
8 P110MOD 0: P110 w
Port P110 operation mode bit 1: TOO
9 P111MOD 0: P111 R W
Port P111 operation mode bit 1: TO1
10 P112MOD 0: P112 R W
Port P112 operation mode bit 1: TO2
11 P113MOD 0: P113 R W
Port P113 operation mode bit 1: TO3
12 P114MOD 0: P114 R W
Port P114 operation mode bit 1: TO4
13 P115MOD 0: P115 R W
Port P115 operation mode bit 1: TOS
14 P116MOD 0: P116 R W
Port P116 operation mode bit 1: TO6
15 P117MOD 0: P117 R W
Port P117 operation mode bit 1: TO7
P12 Operation Mode Register (P12MOD) <Address: H'0080 074C>
b0 1 2 3 4 5 6 b7
P124MOD | P125MOD | P126MOD | P127MOD
o , o , o , o 0 0 0 0
<Upon exiting reset: H'00>
b Bit Name Function R W
0-3 No function assigned. Fix to "0". 0
4 P124MOD 0: P124 R W
Port P124 operation mode bit 1: TCLKO
5 P125MOD 0: P125 R W
Port P125 operation mode bit 1: TCLK1
6 P126MOD 0: P126 R W
Port P126 operation mode bit 1: TCLK2
7 P127MOD 0: P127 R W
Port P127 operation mode bit 1: TCLK3
Note:  Ports P120-P123 are nonexistent.
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INPUT/OUTPUT PORTS AND PIN FUNCTIONS

8 8.3 Input/Output Port Related Registers
P13 Operation Mode Register (P13MOD) <Address: H'0080 074D>
b8 9 10 11 12 13 14 b15
P130MOD | P131MOD | P132MOD | P133MOD | P134MOD | P135MOD | P136MOD | P137MOD
0 0 0 0 0 0 0 0

<Upon exiting reset: H'00>

b Bit Name Function R W

8 P130MOD 0: P130 R W
Port P130 operation mode bit 1: TIN16

9 P131MOD 0: P131 R W
Port P131 operation mode bit 1: TIN17

10 P132MOD 0: P132 R W
Port P132 operation mode bit 1: TIN18

11 P133MOD 0: P133 R W
Port P133 operation mode bit 1: TIN19

12 P134MOD 0: P134 R W
Port P134 operation mode bit 1: TIN20

13 P135MOD 0: P135 R W
Port P135 operation mode bit 1: TIN21

14 P136MOD 0: P136 R W
Port P136 operation mode bit 1: TIN22

15 P137MOD 0: P137 R W
Port P137 operation mode bit 1: TIN23

P15 Operation Mode Register (P15MOD) <Address: H'0080 074F>

b8 9 10 11 12 13 14 b15
P150MOD P153MOD
0 0o | o 0 o , 0o |, 0o | o
<Upon exiting reset: H'00>

b Bit Name Function R W

8 P150MOD 0: P150 R W
Port P150 operation mode bit 1: TINO

9,10 No function assigned. Fix to "0". 0 O

11 P153MOD 0: P153 R W
Port P153 operation mode bit 1: TIN3

12-15 No function assigned. Fix to "0". 0 O

Note : « Ports P151, P152 and P154-P157 are nonexistent.
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P17 Operation Mode Register (P17MOD)

<Address: H'0080 0751>

b8 9 10 11 13 14 b15
P174MOD | P175MOD
o | o0 | o | o 0 0o | o0
<Upon exiting reset: H'00>
b Bit Name Function R W
8-11 No function assigned. Fix to "0". 0
12 P174MOD 0: P174 R W
Port P174 operation mode bit 1: TXD2
13 P175MOD 0: P175 R W
Port P175 operation mode bit 1: RXD2
14, 15 No function assigned. Fix to "0". 0 O

Notes: ¢ Ports P170-P173, P176 and P177 are nonexistent.

P22 Operation Mode Register (P22MOD)

<Address: H'0080 0756>

b0 1 2 3 5 6 b7
P220MOD

0 0 | 0 | 0 | | 0 | 0 | 0

<Upon exiting reset: H'00>
b Bit Name Function R W
0 pP220MOD 0: P220 R W
Port P220 operation mode bit 1: CTX0
1-7 No function assigned. Fix to "0". 0 O
Note 1: Port P221 is a CAN input-only pin.
Note 2: The pin function for P225 changes depending on the MODO and MOD1pin settings.
Note 3: Ports P222—P224, P226 and P227 are nonexistent.
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8

8.3.4 Port Peripheral Function Select Register

P7 Peripheral Function Select Register (P7SMOD)

<Address: H'0080 0767>

b8 9 10 11 12 13 14 b15
P74SMOD | P75SMOD | P76SMOD | P77SMOD
0 | 0 | 0 | 0 0 0 0 0
<Upon exiting reset: H'00>
b Bit Name Function R W
8-11 No function assigned. Fix to "0". 0
12 P74SMOD 0: RTDTXD R W
Port P74 peripheral function select bit 1: TXD3
13 P75SMOD 0: RTDRXD R W
Port P75 peripheral function select bit 1: RXD3
14 P76SMOD 0: RTDACK R W
Port P76 peripheral function select bit 1: CTX1
15 P77SMOD 0: RTDCLK R W
Port P77 peripheral function select bit 1. CRX1

The P7 Peripheral Function Select Register is used to select a peripheral function when the corresponding bit

in the P7 Operation Mode Register = "1".

To use this register, first rewrite it when the P7 Operation Mode Register = "0", and then set the P7 Operation
Mode Register to "1" to enable peripheral functions.
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8.3.5 Port Input Special Function Control Register

Port Input Special Function Control Register (PICNT) <Address: H'0080 0745>

b8 9 10 11 12 13 14 b15

XSTAT PISEL | PIENO
0 | 0 | o 0 0o | o 0 0
<Upon exiting reset: H'00>
b Bit Name Function R W
8-10 No function assigned. Fix to "0". 0 O
11 XSTAT 0: XIN oscillating R (Note 1)
XIN oscillation status bit 1: XIN inactive
12,13 No function assigned. Fix to "0". 0 O
14 PISEL 0: Content of port output latch R W
Port input data select bit 1: Port pin level
15 PIENO 0: Disable input R W
Port input enable bit 1: Enable input

Note 1: Only writing "0" is effective. Writing "1" has no effect; the bit retains the value it had before the write.

(1) XSTAT (XIN oscillation status) bit (Bit 11)
1) Conditions under which XSTAT is set to "1"

XSTAT is set to "1" upon detecting that XIN oscillation has stopped. When XIN remains at the same level for
a predetermined time (3 BCLK periods up to 4 BCLK periods), XIN oscillation is assumed to have stopped.
When operating normally, XIN changes state ("H" or "L") once every BCLK period.

2) Conditions under which XSTAT is cleared to "0"

XSTAT is cleared to "0" by a system reset or by writing "0". If XSTAT is cleared at the same time it is set in
(1) above, the former has priority. Writing "1" to XSTAT is ignored.

3) Method for using XSTAT to detect XIN oscillation stoppage

Because the M32R/ECU internally contains a PLL, the internal clock remains active even when XIN oscilla-
tion has stopped.

By reading XSTAT without clearing it never once after reset, it is possible to know whether XIN has ever
stopped since the reset signal was deasserted. Similarly, by reading XSTAT after clearing it by writing "0",
it is possible to know the current oscillating status of XIN. However, there must be an interval of at least 10
BCLK periods (20 CPU clock periods) between read and write.

Pay attention about processing when XSTAT bit is set to "1," make double check after clearing XSTAT bit
etc.
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(1) To know whether XIN oscillation has ever stopped after being reset

Read XSTAT

(2) To know the current status of XIN oscillation

Write XSTAT =0

Wait before inspecting XSTAT

Wait for 20 CPU
clock periods or more

Read XSTAT

Note. Pay attention about processing when XSTAT bit is set to "1," make double check after clearing
XSTAT bit etc.

Figure 8.3.1 Procedure for Setting XSTAT

(2) PISEL (Port input data select) bit (Bit 14)

When the Port Direction Register is set for output, this bit selects the target data to be read from the Port
Data Register. At this time, this bit is unaffected by the Port Operation Mode Register.

Table 8.3.1 PISEL Bit Settings and the Target Data To Be Read from the Port Data Register

Direction Register PISEL Settings Target Data to Be Read
0 (input) 0/1 Port pin level
1 (output) 0 Port output latch
1 Port pin level
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(3) PIENO (Port input enable) bit (Bit 15)

This bit is used to prevent current from flowing into the port input pins.

Because the input/output ports are disabled against input after reset, if any ports need to be used in input
mode they must be enabled for input by setting this bit to "1".

When disabled against input, the input/output ports are in a state equivalent to a situation where the pin has
a "L" level input applied. Consequently, if a peripheral input function is selected for any port while disabled
against input by using the Port Operation Mode Register, the port may operate unexpectedly due to the "L"

level input on it.

The following shows the procedure for selecting a peripheral input function.

(1) Enable the port for input when its pin level is valid ("H" or "L")
(2) Select a function using the port operation mode bit

During boot mode, the pins shared with serial interface functions are enabled for input and can therefore be
protected against current flowing in from the pins other than serial interface functions during flash program-
ming by clearing PIENO.
The table below lists the pins that can be controlled by the PIENO bit in each operation mode.

Table 8.3.2 Pins Controllable by PIENO Bit

Mode Name Controllable Pins Uncontrolled Pins
P00-PO7, P10-P17, P20-P27 P221, FP, SBI#, MODO, MOD1, MOD2, RESET#
P30-P37, P41-P47, P61-P63

Single-chip P70-P77, P82—-P87, P93-P97

P100-P107, P110-P117, P124-P127
P130-P137, 150, P153, P174, P175
P220, P225

External extension
Microprocessor

P61-P63, P70-P77, P82-P87
P93-P97, P100-P107, P110-P117
P124-P127, P130-P137

P150, P153, P174, P175, P220

PO0-PO7, P10-P17

P20-P27, P30-P37

P41-P47, P221, P225

FP, SBI#, MODO, MOD1, MOD2, RESET#

Boot
(single-chip)

P0O0-PO7, P10-P17, P20-P27
P30-P37, P41-P47, P61-P63

P67, P70-P77, P93-P97
P100-P107, P110-P117, P124-P127

P130-P137, P150, P153, P220, P225

P82-P87, P174, P175
P221, FP, SBI#, MODO, MOD1, MOD2, RESET#
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8.4 Port Input Level Switching Function

The port input level switching function allows the port threshold to be switched to one of three voltage levels (with or
without Schmitt as selected) in units of the following port group. This can be set to the following registers in units of group.

Group 0: PO0-P07, P10-P17, P20-P27, P30-P37, P41-P47, P70-P73, P225
Group 1: P82-P87, P174-P177

Group 3: P93-P97, P110-P117

Group 4: P124-P127

Group 5: P61-P63, SBI#

Group 6: P74-P77, P100-P107

Group 7: P220, P221

Group 8: P130-P137, P150-P153

Port input

—0.7VCCE VT+
Schmitt

+—{ 0.5VCCE | TE )

t 0.35VCCE}|

Threshold

Input function enable

PIENO

VTnSEL

4{Standard input level for each peripheral function pin

Peripheral function
input

WFnSEL

Figure 8.4.1 Port Level Switching Function
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Port Group 0,1 Input Level Setting Register (PGO1LEV)

<Address: H'0080 0760>

b0 1 2 3 4 5 6 b7
WFOSEL | PTOSEL | VTOSELO | VTOSEL1 | WF1SEL | PT1SEL | VT1SELO | VT1SEL1
0 0 0 1 0 0 0 1
Port Group 3 Input Level Setting Register (PG3LEV) <Address: H'0080 0761>
b8 9 10 11 12 13 14 b15
WF3SEL | PT3SEL | VT3SELO | VT3SEL1
0o | 0 | o | o 0 0 0 1
Note: « The PG3LEV register bits 8—11 have no functions assigned.
Port Group 4,5 Input Level Setting Register (PG45LEV) <Address: H'0080 0762>
b0 1 2 3 4 5 6 b7
WF4SEL | PT4SEL | VT4SELO | VT4SEL1 | WF5SEL | PT5SEL | VT5SELO | VT5SEL1
0 0 0 1 0 0 0 1
Port Group 6,7 Input Level Setting Register (PG67LEV) <Address: H'0080 0763>
b8 9 10 11 12 13 14 b15
WF6SEL | PT6SEL | VT6SELO | VT6SEL1 | WF7SEL | PT7SEL | VT7SELO | VT7SEL1
0 0 0 1 0 0 0 1
Port Group 8 Input Level Setting Register (PG8LEV) <Address: H'0080 0764>
b0 1 2 3 4 5 6 b7
WF8SEL | PT8SEL | VT8SELO | VT8SEL1
0 0 0 1 0 L 0 L 0 L 0

Note: « The PG8LEV register bits 4—7 have no functions assigned.

<Upon exiting reset: :H'11, H'01, H'10> (Note 2)

b Bit Name Function R W
0(8) WFnSEL (Note 1) 0: Select standard input for each pin R W
Group n dual-function input select bit 1: Select threshold switching function
1-3 PTnSEL 000 : Input CMOS, Select 0.35VCCE R W
(9-11) (Group n port input select bit ) 001 : Input CMOS, Select 0.50VCCE
VTnSELO, VTnSEL1 010 : Input CMOS, Select 0.70VCCE
(Group n input threshold select bit) 011 : Settings inhibited
100 : Schmitt input , VT += 0.50VCCE, VT -= 0.35VCCE
101 : Settings inhibited
110 : Schmitt input , VT += 0.70VCCE, VT -= 0.35VCCE
111 : Schmitt input , VT += 0.70VCCE, VT -= 0.50VCCE
4(12) WFnSEL (Note 1) 0: Select standard input for each pin R W
Group n dual-function input select bit 1: Select threshold switching function
5-7 PTnSEL 000 : Input CMOS, Select 0.35VCCE R W
(13 -15) (Group n port input select bit) 001 : Input CMOS, Select 0.50VCCE
VTnSELO, VTnSEL1 010 : Input CMOS, Select 0.70VCCE
(Group n input threshold select bit) 011 : Settings inhibited
100 : Schmitt input , VT += 0.50VCCE, AVT -= 0.35VCCE
101 : Settings inhibited
110 : Schmitt input , VT += 0.70VCCE, AVT -= 0.35VCCE
111 : Schmitt input , VT += 0.70VCCE, AVT -= 0.50VCCE

Note 1.When the multipurpose port function pin is selected (Set bit corresponding Px operation mode register(PxMOD) to "0".),
setting value for WFnSEL is invalid and threshold switch function is effective.

Note 2. Upon exiting reset, VTnSEL1 bit value is "1" and the other bit is set to "0" .
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8.5 Port Peripheral Circuits

Figures 8.5.1 through 8.5.5 show the peripheral circuit diagrams of the input/output ports described in the pre-
ceding pages.

P00-P07(DB0-DB7)

P10-P17(DB8-DB15) Direction register }7
P20-P27(A23-A30) ‘{

P30-P37(A15-A22)

P41(BLW#/BLE#) Data bus —»—{ Port output latch } TW
P42(BHW#/BHE#) 91;@4

P43(RD#) |
P44(CS0#)

P45(CS1#) <l (Note 1)
PA6-PATATS-ATY s o
P61-P63 ~J (Star?dard:
P225(A12) eripheral TTL

Input function
enable

ﬁ Direction register }

P83(RXDO0) <
P86(RXD1) ‘ D w
P124-P127(TCLKO-TCLK3) Data bus 7% Port output latch [ I

P130-P137(TIN16-TIN23) )
P150, P153(TINO, TIN3)

~

~J

P175(RXD2)

TA

(Note 1)

# Operation mode register }7
Port level
switching function [—

(Standard: —
peripheral schmitt)

Peripheral function input (Note 2)

Input function |
enable

Note 1: For details about the port level switching function, see Section 8.4, "Port Input Level Switching Function."
Note 2: "H" level is entered to the peripheral function input when it is set to the general-purpose port in the
operation mode register.
Notes: * During external extension and processor modes, PO0-P07, P10-P17, P20-P27, P30-P37, P41-P47, and P225
are external bus interface control signal pins, but their functional description in this block diagram is omitted.
 The circle denotes a pin.
» The symbol —<— denotes a parasitic diode. Make sure the voltage applied to each pin does not exceed the
VCCE voltage.
* The input capacitance of each pin is approximately 10 pF.

Figure 8.5.1 Port Peripheral Circuit Diagram (1)
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(Note 1)

Port level

SBI# Data bus switching function

P221/CRX0 (Standard:
peripheral schmitt)

SBI# , CRXO (Note 2)

PT2(HREQH#) # Direction register }
Data bus 7% Port output latch }
T £
~
Operation mode register }—< (Note 1)
% Port level
switching function —
HREQ# L b—— " (Standard: |
peripheral schmitt)
Input function |
enable
P71(WAIT#) # Direction register %

O
Data bus 7% Port output latch } I

I Z%
~J
# Operation mode register (Note 1)
Port level
switching function [—
WAIT# (Note 2) (Standard: L
peripheral schmitt)
Input function |

enable

Note 1: For details about the port level switching function, see Section 8.4, "Port Input Level Switching Function."
Note 2: "H" level is entered to the peripheral function input when it is set to the general-purpose port in the
operation mode register.
Notes: ¢ The circle denotes a pin.
» The symbol —«— denotes a parasitic diode. Make sure the voltage applied to each pin does not exceed the
VCCE voltage.
* The input capacitance of each pin is approximately 10 pF.

Figure 8.5.2 Port Peripheral Circuit Diagram (2)
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8 8.5 Port Peripheral Circuits
P70(BCLK/WR#)
P73(HACK#) % Direction register I—
P82(TXDO0) .
P85(TXD1) T—D*—I_D—q
P93-P97(TO16-T020) Data bus —% Port output latch I k
P100-P107(TO8-TO15) L 4>O\:j:)—{
P110-P117(TO0-TO7) ,47
P174(TXD2) <l
P220(CTXO0) (Note 1)
ljl Port level
AN switching function
'(Standard: ]
%Operation mode registerlib eripheral schmi
Peripheral function output '|>—

Input function

P84(SCLKI0,SCLKOO)
P87(SCLKI1,SCLKO1) { Direction registerI

Data bus —% Port output latch I

—]

o (&Y
F

’—|Operation mode registerl

- UART/CSIO
function select bit

| | Internal/external
clock select bit (Note 1

SCLKOI output pa rits
function
SCLKIi input (Note 2) (Standard: [

peripheral [
Input function
enable

schmitt)

Note 1: For details about the port level switching function, see Section 8.4, "Port Input Level Switching Function."
Note 2: "H" level is entered to the peripheral function input when it is set to the general-purpose port in the
operation mode register.
Notes: * The circle denotes a pin.
* The symbol —f<— denotes a parasitic diode. Make sure the voltage applied to each pin does not exceed the
VCCE voltage.
* The input capacitance of each pin is approximately 10 pF.

Figure 8.5.3 Port Peripheral Circuit Diagram (3)
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P75(RTDRXD/RXD3) ‘{ Direction register E

P77(RTDCLK/CRX1) ﬂ—‘w
Data bus 7% Port output latch } I

%Operation mode register}i

|| P7 peripheral function |

i

select register
(Note 1)
Peripheral function input 1 (Note 2) OG: | SWitCTl?r:;I?L\JIF?(I)ﬁOH L
Standard: ]
Peripheral function input 2 (Note 2) @@= peri(ph:rrlalasrchmitt)
enable
P74(RTDTXD/TXD3) ﬁ Direction register }»
P76(RTDACK/CTX1) rDigy—D_#
Data bus 7% Port output latch } E
~ (Note 1)
Port level
switching function —
~ (Standard: ]
| no peripheral input)|
’{Operation mode register[ Input function
enable
L | P7 peripheral function

select register

Peripheral function output 1

Yﬁ. Yﬁ
Y

Peripheral function output 2

Note 1: For details about the port level switching function, see Section 8.4, "Port Input Level Switching Function."
Note 2: "H" level is entered to the peripheral function input when it is set to the general-purpose port in the
operation mode register.
Notes: * The circle denotes a pin.
» The symbol —<— denotes a parasitic diode. Make sure the voltage applied to each pin does not exceed the
VCCE voltage.
* The input capacitance of each pin is approximately 10 pF.

Figure 8.5.4 Port Peripheral Circuit Diagram (4)

32176 Group Hardware Manual 523
Rev.1.10 REJ09B0067-0110 Jun 20.06 RENESAS



INPUT/OUTPUT PORTS AND PIN FUNCTIONS
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MODO i
MODA MODO, MOD1, FP <]c a@ 9)
FP
RESET#

XIN RESET#, XIN, JTRST o< @ O
JTRST i
JTDI i
JTCK JTDI, JTCK, JTMS <] O
JTMS i
JTDO JTDO {\/L E O
VCCI
VCCE VCCI, VCCE, VDD, O
VDD AVCCO
AVCCO
CEZIPOO—W ADOINO-15, VREFO, i O
XOUT xout i
Notes: * The circle denotes a pin.

» The symbol —<— denotes a parasitic diode. Make sure the voltage applied to each pin does not exceed the

VCCE voltage.
* The input capacitance of each pin is approximately 10 pF.

Figure 8.5.5 Port Peripheral Circuit Diagram (5)
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8.6 Notes on Input/Output Ports

* When using input/output ports in output mode

Because the value of the Port Data Register is undefined when exiting the reset state, the Port Data Register
must have its initial value set in it before the Port Direction Register can be set for output. Conversely, if the Port
Direction Register is set for output before setting data in the Port Data Register, the Port Data Register outputs
an undefined value until any data is written into it.

» About the port input disable function

Because the input/output ports are disabled against input after reset, they must be enabled for input by setting
the Port Input Enable (PIENO) bit to "1" before their input functions can be used.

When disabled against input, the input/output ports are in a state equivalent to a situation where the pin has a
"L" level input applied. Consequently, if a peripheral input function is selected for any port while disabled
against input by using the Port Operation Mode Register, the port may operate unexpectedly due to the "L"
level input on it.

e About the peripheral function input when it is set to the general purpose port

In the pin for both peripheral function input and general-purpose port, "H" level is entered to the peripheral
function input when it is set to the general-purpose port in the operation mode register. Therefore, when "L"
level is entered to the peripheral function input pin, edge signal is entered to the peripheral function input at
manipulating operation mode register.
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DMAC
9.1 Outline of the DMAC

9.1 Outline of the DMAC

The microcomputer internally contains a 10-channel DMAC (Direct Memory Access Controller). It allows data to
be transferred at high speed between internal peripheral 1/0s, between internal RAM and internal peripheral 1/O, or
between internal RAMSs, as initiated by a software trigger or requested from an internal peripheral 1/0.

Table 9.1.1 Outline of the DMAC

Item

Description

Number of channels

10 channels

Transfer request sources

« Software trigger

* Request from internal peripheral 1/0s: A/D converter, multijunction timer, serial interface (reception
completed, transmit buffer empty) or CAN

« DMA channels can be cascaded (Note 1)

Maximum number of
times transferred

256 times

Transferable address

space

* 64 Kbytes (address space from H'0080 0000 to H’0080 FFFF)
« Transfers between internal peripheral 1/0s, between internal RAM and internal peripheral 1/0, and
between internal RAMs are supported.

Transfer data size

16 or 8 bits

Transfer method

Single transfer DMA (control of the internal bus is relinquished for each transfer performed), dual-
address transfer

Transfer mode

Single transfer mode

Direction of transfer

One of three modes can be selected for the source and destination:
 Address fixed

* Address incremental

« Ring buffered

Channel priority

DMAO > DMA1 > DMA2 > DMA3 > DMA4 > DMA5 > DMA6 > DMA7 > DMAS > DMA9
(Priority is fixed)

Maximum transfer rate

13.3 Mbytes per second (when internal peripheral clock BCLK = 20 MHz)

Interrupt request

Group interrupt request can be generated when each transfer count register underflows.

Transfer area

64 Kbytes from H’0080 0000 to H'0080 FFFF

Note 1: The DMA channels can be cascaded in the manner described below.
« Start DMA transfer on DMA1 upon completion of one DMA transfer on DMAO
« Start DMA transfer on DMA2 upon completion of one DMA transfer on DMA1
« Start DMA transfer on DMAO upon completion of one DMA transfer on DMA2
« Start DMA transfer on DMA4 upon completion of one DMA transfer on DMA3
« Start DMA transfer on DMAG6 upon completion of one DMA transfer on DMA5
« Start DMA transfer on DMA7 upon completion of one DMA transfer on DMAG
« Start DMA transfer on DMA5 upon completion of one DMA transfer on DMA7
« Start DMA transfer on DMA9 upon completion of one DMA transfer on DMAS8
« Start DMA transfer on DMA5 upon completion of all DMA transfers on DMAO (upon underflow of the transfer count

register)
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9.1 Outline of the DMAC

Input event bus
3210

(Note 1)
TIN18S

(Note 1)
TINOS

(Note 1)
TIN19S

(Note 1)
TIN20S

Output event bus

3210

Note 1: Indicates edge select output at the timer input pin.

0123
(Note 2) A/DO conversion
completed
TIO8_udf
- S udf
DMAO end
—
S
Software start I DMA1 udf
end
! IH 1
-
Software start S udf
:L» DMA2
end
- ]
(Note 2) SI00_TXD
(Note g) f:?|o1_Rt><|?t s "
oftware stal u
DMA3
end
i — T
(Note 2) SIO0_RXD s o
f
Software start DMA4 u DMAO—4
end interrupt
PO
-—
Software start
Note 2 —18 udf
(Note 2) SI02_RXD DMAS5
L end T
(Note 2) CANO_S0/S15 —— s
(Note2) _ SIO1_TXD — DMAG udf
Software start L end T
(Note 2) CANO_S1/S14 o
(Note 2) S102_TXD u
Software start DMA7 end
(Note 2) CAN1_SO/S154T
(Note 2) SIO3_RXD —
Software start S DMAS udf
_J end T
(Note 2) CAN1_S1/S14 é >—>
(Note2)  SIO3_TXD udf
Software start DMA9 DMA5-9
end interrupt
0123

Note 2: Indicates an input signal from each peripheral circuit.

Figure 9.1.1 Block Diagram of the DMAC
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9.2 DMAC Related Registers

The diagram below shows a memory map of the DMAC related registers.

DMAC Related Register Map (1/2)

Address +0 address +1 address See pages
b0 b7 |b8 b15
H'0080 0400 DMAO0-4 Interrupt Request Status Register DMAO0-4 Interrupt Request Mask Register 9-18
(DMO4ITST) (DMO4ITMK) 9-19
| (Use inhibited area)
H'0080 0408 DMAS5-9 Interrupt Request Status Register DMAS5-9 Interrupt Request Mask Register 9-18
(DM59ITST) (DM59ITMK) 9-19
| (Use inhibited area)
H'0080 0410 DMAO Channel Control Register DMAO Transfer Count Register 9-6
(DMOCNT) (DMOTCT) 9-15
H'0080 0412 DMAO Source Address Register 9-13
(DMOSA)
H'0080 0414 DMAO Destination Address Register 9-14
(DMODA)
H'0080 0416 (Use inhibited area)
H'0080 0418 DMAS5 Channel Control Register DMAS Transfer Count Register 9-8
(DM5CNT) (DM5TCT) 9-15
H'0080 041A DMAS Source Address Register 9-13
(DM5SA)
H'0080 041C DMAGS Destination Address Register 9-14
(DM5DA)
H'0080 041E (Use inhibited area)
H'0080 0420 DMA1 Channel Control Register DMAL1 Transfer Count Register 9-6
(DM1CNT) (DM1TCT) 9-15
H'0080 0422 DMA1 Source Address Register 9-13
(DM1SA)
H'0080 0424 DMAL1 Destination Address Register 9-14
(DM1DA)
H'0080 0426 (Use inhibited area)
H'0080 0428 DMAG6 Channel Control Register DMAG6 Transfer Count Register 9-9
(DM6CNT) (DM6TCT) 9-15
H'0080 042A DMAG6 Source Address Register 9-13
(DM6SA)
H'0080 042C DMAG Destination Address Register 9-14
(DM6DA)
H'0080 042E (Use inhibited area)
H'0080 0430 DMAZ2 Channel Control Register DMAZ2 Transfer Count Register 9-7
(DM2CNT) (DM2TCT) 9-15
H'0080 0432 DMAZ2 Source Address Register 9-13
(DM2SA)
H'0080 0434 DMA2 Destination Address Register 9-14
(DM2DA)
H'0080 0436 (Use inhibited area)
H'0080 0438 DMA7 Channel Control Register DMA7 Transfer Count Register 9-9
(DM7CNT) (DM7TCT) 9-15
H'0080 043A DMA7 Source Address Register 9-13
(DM7SA)
H'0080 043C DMA7 Destination Address Register 9-14
(DM7DA)
H'0080 043E (Use inhibited area)
32176 Group Hardware Manual -
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DMAC Related Register Map (2/2)

Address +0 address +1 address See pages
b0 b7| b8 bl5
H'0080 0440 DMA3 Channel Control Register DMAZ3 Transfer Count Register 9-7
(DM3CNT) (DM3TCT) 9-15
H'0080 0442 DMA3 Source Address Register 9-13
(DM3SA)
H'0080 0444 DMAZ3 Destination Address Register 9-14
(DM3DA)
H'0080 0446 (Use inhibited area)
H'0080 0448 DMAS8 Channel Control Register DMAS8 Transfer Count Register 9-10
(DM8CNT) (DM8TCT) 9-15
H'0080 044A DMA8 Source Address Register 9-13
(DM8SA)
H'0080 044C DMAS8 Destination Address Register 9-14
(DM8DA)
H'0080 044E (Use inhibited area)
H'0080 0450 DMAA4 Channel Control Register DMA4 Transfer Count Register 9-8
(DMACNT) (DM4TCT) 9-15
H'0080 0452 DMA4 Source Address Register 9-13
(DM4SA)
H'0080 0454 DMAA4 Destination Address Register 9-14
(DM4DA)
H'0080 0456 (Use inhibited area)
H'0080 0458 DMA9 Channel Control Register DMA9 Transfer Count Register 9-10
(DMICNT) (DM9ITCT) 9-15
H'0080 045A DMA9 Source Address Register 9-13
(DM9SA)
H'0080 045C DMAZ9 Destination Address Register 9-14
(DM9DA)
H'0080 045E (Use inhibited area)
H'0080 0460 DMAO Software Request Generation Register 9-12
(DMOSRI)
H'0080 0462 DMA1 Software Request Generation Register 9-12
(DM1SRI)
H'0080 0464 DMAZ2 Software Request Generation Register 9-12
(DM2SRI)
H'0080 0466 DMA3 Software Request Generation Register 9-12
(DM3SRI)
H'0080 0468 DMA4 Software Request Generation Register 9-12
(DM4SRI)
| (Use inhibited area)
H'0080 0470 DMAS Software Request Generation Register 9-12
(DM5SRI)
H'0080 0472 DMAG6 Software Request Generation Register 9-12
(DM6SRI)
H'0080 0474 DMA7 Software Request Generation Register 9-12
(DM7SRI)
H'0080 0476 DMAS8 Software Request Generation Register 9-12
(DM8SRI)
H'0080 0478 DMA9 Software Request Generation Register 9-12
(DMISRI)
32176 Group Hardware Manual -
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9.2.1 DMA Channel Control Registers

DMAO Channel Control Register (DMOCNT)

<Address: H'0080 0410>

b0 1 2 3 4 5 6 b7
MDSELO| TREQFO REQSLO TENLO | TSZSLO | SADSLO | DADSLO
0 0 0 | 0 0 0 0 0
<Upon exiting reset: H'00>

b Bit Name Function R W

0 MDSELO 0: Normal mode R W
DMAO transfer mode select bit 1: Ring buffer mode

1 TREQFO 0: Transfer not requested R(Note 1)
DMAO transfer request flag bit 1: Transfer requested

2,3 REQSLO 00: Software start or one DMA2 transfer completed R W
DMAO transfer request source select bit 01: A/DO conversion completed

10: MJT (TIO8_udf)
11: MJT (input event bus 2)

4 TENLO 0: Disable transfer R W
DMAO transfer enable bit 1: Enable transfer

5 TSZSLO 0: 16 bits R W
DMAO transfer size select bit 1: 8 bits

6 SADSLO 0: Fixed R W
DMAO source address direction select bit 1: Increment

7 DADSLO 0: Fixed R W
DMAO destination address direction select bit 1: Increment

Note 1: Only writing "0" is effective. Writing "1" has no effect; the bit retains the value it had before the write.

DMA1 Channel Control Register (DM1CNT)

<Address: H'0080 0420>

b0 1 2 3 4 5 6 b7
MDSEL1 | TREQF1 REQSL1 TENL1 | TSZSL1 | SADSL1 | DADSL1
0 0 0 | 0 0 0 0 0
<Upon exiting reset: H'00>

b Bit Name Function R W

0 MDSEL1 0: Normal mode R W
DMAL transfer mode select bit 1: Ring buffer mode

1 TREQF1 0: Transfer not requested R(Note 1)
DMAL1 transfer request flag bit 1: Transfer requested

2,3 REQSL1 00: Software start R W
DMAL transfer request source select bit 01: MJT (output event bus 0)

10: Settings inhibited
11: One DMAO transfer completed

4 TENL1 0: Disable transfer R W
DMAL transfer enable bit 1: Enable transfer

5 TSZSL1 0: 16 bits R W
DMAL transfer size select bit 1: 8 bits

6 SADSL1 0: Fixed R W
DMAL1 source address direction select bit 1: Increment

7 DADSL1 0: Fixed R W
DMAL1 destination address direction select bit 1: Increment

Note 1: Only writing "0" is effective. Writing "1" has no effect; the bit retains the value it had before the write.
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DMAZ2 Channel Control Register (DM2CNT) <Address: H'0080 0430>
b0 1 2 3 4 5 6 b7
MDSEL2| TREQF2 REQSL2 TENL2 | TSZSL2 | SADSL2 | DADSL2
0 0 o | o0 0 0 0 0

<Upon exiting reset: H'00>

b Bit Name Function R W

0 MDSEL2 0: Normal mode R W
DMA2 transfer mode select bit 1: Ring buffer mode

1 TREQF2 0: Transfer not requested R(Note 1)
DMAZ2 transfer request flag bit 1: Transfer requested

2,3 REQSL2 00: Software start R W
DMA2 transfer request source select bit 01: MJT (output event bus 1)

10: MJT (TIN18S)
11: One DMAL transfer completed

4 TENL2 0: Disable transfer R W
DMAZ2 transfer enable bit 1: Enable transfer

5 TSZSL2 0: 16 bits R W
DMA2 transfer size select bit 1: 8 bits

6 SADSL2 0: Fixed R W
DMAZ2 source address direction select bit 1: Increment

7 DADSL2 0: Fixed R W
DMAZ2 destination address direction select bit 1: Increment

Note 1: Only writing "0" is effective. Writing "1" has no effect; the bit retains the value it had before the write.

DMA3 Channel Control Register (DM3CNT) <Address: H'0080 0440>
b0 1 2 3 4 5 6 b7
MDSEL3| TREQF3 REQSL3 TENL3 | TSZSL3 | SADSL3 | DADSL3
0 0 o | o0 0 0 0 0

<Upon exiting reset: H'00>

b Bit Name Function R W

0 MDSEL3 0: Normal mode R W
DMAZ3 transfer mode select bit 1: Ring buffer mode

1 TREQF3 0: Transfer not requested R(Note 1)
DMAZ3 transfer request flag bit 1: Transfer requested

2,3 REQSL3 00: Software start R W
DMAZ3 transfer request source select bit 01: SIO0_TXD (transmit buffer empty)

10: SIO1_RXD (reception completed)
11: MJT (TINOS)

4 TENL3 0: Disable transfer R W
DMAB3 transfer enable bit 1: Enable transfer

5 TSZSL3 0: 16 bits R W
DMAS transfer size select bit 1: 8 bits

6 SADSL3 0: Fixed R W
DMAS3 source address direction select bit 1: Increment

7 DADSL3 0: Fixed R W
DMAS3 destination address direction select bit 1: Increment

Note 1: Only writing "0" is effective. Writing "1" has no effect; the bit retains the value it had before the write.
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DMA4 Channel Control Register (DM4CNT) <Address: H'0080 0450>
b0 1 2 3 4 5 6 b7
MDSEL4 | TREQF4 REQSL4 TENL4 | TSZSL4 | SADSL4 | DADSL4
0 0 o | o0 0 0 0 0

<Upon exiting reset: H'00>

b Bit Name Function R W
0 MDSEL4 0: Normal mode R W
DMAA4 transfer mode select bit 1: Ring buffer mode
1 TREQF4 0: Transfer not requested R(Note 1)
DMAA4 transfer request flag bit 1: Transfer requested
2,3 REQSL4 00: Software start R W
DMAA4 transfer request source select bit 01: One DMAS transfer completed
10: SIO0_RXD (reception completed)
11: MJT (TIN19S)
4 TENL4 0: Disable transfer R W
DMAA4 transfer enable bit 1: Enable transfer
5 TSZSL4 0: 16 bits R W
DMAA4 transfer size select bit 1: 8 bits
6 SADSL4 0: Fixed R W
DMA4 source address direction select bit 1: Increment
7 DADSL4 0: Fixed R W
DMAA4 destination address direction select bit 1: Increment
Note 1: Only writing "0" is effective. Writing "1" has no effect; the bit retains the value it had before the write.
DMAS5 Channel Control Register (DM5CNT) <Address: H'0080 0418>
b0 1 2 3 4 5 6 b7
MDSEL5 | TREQF5 REQSL5 TENL5 | TSZSL5 | SADSL5 | DADSL5
0 0 0 | 0 0 0 0 0
<Upon exiting reset: H'00>
b Bit Name Function R W
0 MDSEL5 0: Normal mode R W
DMAS transfer mode select bit 1: Ring buffer mode
1 TREQF5 0: Transfer not requested R(Note 1)
DMAS transfer request flag bit 1: Transfer requested
2,3 REQSL5 00: Software start or one DMA7 transfer completed R W
DMAS transfer request source select bit 01: All DMAO transfers completed
10: SIO2_RXD (reception completed)
11: MJT (TIN20S)
4 TENLS5 0: Disable transfer R W
DMAS transfer enable bit 1: Enable transfer
5 TSZSL5 0: 16 hits R W
DMAS transfer size select bit 1: 8 bits
6 SADSL5 0: Fixed R W
DMAGS source address direction select bit 1: Increment
7 DADSL5 0: Fixed R W
DMAGS destination address direction select bit 1: Increment
Note 1: Only writing "0" is effective. Writing "1" has no effect; the bit retains the value it had before the write.
9-8
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DMAG6 Channel Control Register (DM6CNT) <Address: H'0080 0428>
b0 1 2 3 4 5 6 b7
MDSEL6 | TREQF6 REQSL6 TENL6 | TSZSL6 | SADSL6 | DADSL6
0 0 0 ) 0 0 0 0

<Upon exiting reset: H'00>

b Bit Name Function R W

0 MDSEL6 0: Normal mode R W
DMAG transfer mode select bit 1: Ring buffer mode

1 TREQF6 0: Transfer not requested R(Note 1)
DMAG transfer request flag bit 1: Transfer requested

2,3 REQSL6 00: Software start R W
DMAG transfer request source select bit 01: SIO1_TXD (transmit buffer empty)

10: CAN (CANO_S0/S15)
11: One DMAS transfer completed

4 TENL6 0: Disable transfer R W
DMAG6 transfer enable bit 1: Enable transfer

5 TSZSL6 0: 16 bits R W
DMAG transfer size select bit 1: 8 bits

6 SADSL6 0: Fixed R W
DMAG source address direction select bit 1: Increment

7 DADSL6 0: Fixed R W
DMAG destination address direction select bit 1: Increment

Note 1: Only writing "0" is effective. Writing "1" has no effect; the bit retains the value it had before the write.

DMA7 Channel Control Register (DM7CNT) <Address: H'0080 0438>
b0 1 2 3 4 5 6 b7
MDSEL7 | TREQF7 REQSL7 TENL7 | TSZSL7 | SADSL7 | DADSL7
0 0 0 | o 0 0 0 0

<Upon exiting reset: H'00>

b Bit Name Function R W

0 MDSEL7 0: Normal mode R W
DMAT7 transfer mode select bit 1: Ring buffer mode

1 TREQF7 0: Transfer not requested R(Note 1)
DMAT7 transfer request flag bit 1: Transfer requested

2,3 REQSL7 00: Software start R W
DMAT7 transfer request source select bit 01: SI02_TXD (transmit buffer empty)

10: CAN (CANO_S1/S14)
11: One DMAG transfer completed

4 TENL7 0: Disable transfer R W
DMAT7 transfer enable bit 1: Enable transfer

5 TSZSL7 0: 16 bits R W
DMAY transfer size select bit 1: 8 bits

6 SADSL7 0: Fixed R W
DMAY source address direction select bit 1: Increment

7 DADSL7 0: Fixed R W
DMA7 destination address direction select bit 1: Increment

Note 1: Only writing "0" is effective. Writing "1" has no effect; the bit retains the value it had before the write.
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DMAS8 Channel Control Register (DM8CNT) <Address: H'0080 0448>
b0 1 2 3 4 5 6 b7
MDSELS8 | TREQF8 REQSLS TENL8 | TSZSL8 | SADSL8 | DADSL8
0 0 o | o0 0 0 0 0

<Upon exiting reset: H'00>

b Bit Name Function R W

0 MDSELS8 0: Normal mode R W
DMAB transfer mode select bit 1: Ring buffer mode

1 TREQF8 0: Transfer not requested R(Note 1)
DMAS8 transfer request flag bit 1: Transfer requested

2,3 REQSLS8 00: Software start R W
DMAB transfer request source select bit 01: MJT (input event bus 0)

10: SIO3_RXD (reception completed)
11: CAN (CAN1_S0/S15)

4 TENLS8 0: Disable transfer R W
DMAB8 transfer enable bit 1: Enable transfer

5 TSZSL8 0: 16 bits R W
DMAB transfer size select bit 1: 8 bits

6 SADSLS8 0: Fixed R W
DMAS8 source address direction select bit 1: Increment

7 DADSLS8 0: Fixed R W
DMAS8 destination address direction select bit 1: Increment

Note 1: Only writing "0" is effective. Writing "1" has no effect; the bit retains the value it had before the write.

DMA9 Channel Control Register (DM9CNT) <Address: H'0080 0458>
b0 1 2 3 4 5 6 b7
MDSEL9 | TREQF9 REQSL9 TENL9 | TSZSL9 | SADSL9 | DADSL9
0 0 0 | 0 0 0 0 0

<Upon exiting reset: H'00>

b Bit Name Function R W

0 MDSEL9 0: Normal mode R W
DMAZ9 transfer mode select bit 1: Ring buffer mode

1 TREQF9 0: Transfer not requested R(Note 1)
DMAO9 transfer request flag bit 1: Transfer requested

2,3 REQSL9 00: Software start R W
DMAO9 transfer request source select bit 01: SIO3_TXD (transmit buffer empty)

10: CAN (CAN1_S1/S14)
11: One DMAS transfer completed

4 TENL9 0: Disable transfer R W
DMAZQ transfer enable bit 1: Enable transfer

5 TSZSL9 0: 16 bits R W
DMAOJ transfer size select bit 1: 8 bits

6 SADSL9 0: Fixed R W
DMAJ9 source address direction select bit 1: Increment

7 DADSL9 0: Fixed R W
DMAJ9 destination address direction select bit 1: Increment

Note 1: Only writing "0" is effective. Writing "1" has no effect; the bit retains the value it had before the write.
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The DMA Channel Control Register consists of the bits to select DMA transfer mode on each channel, set the
DMA transfer request flag, select the cause or source of DMA request and enable DMA transfer, as well as
those to set the transfer size and the source/destination address directions.

(1) MDSELnN (DMAnN Transfer Mode Select) bit (Bit 0)

When performing DMA transfer in single transfer mode, this bit selects normal mode or ring buffer mode. Setting
this bit to "0" selects normal mode and setting it to "1" selects ring buffer mode.

In ring buffer mode, transfer begins from the transfer start address and after performing transfers 32 times,
control is returned back to the transfer start address, from which transfer operation is repeated. In this case, the
Transfer Count Register counts in free-run mode, during which time transfer operation is continued until the
transfer enable bit is reset to "0" (to disable transfer). In ring buffer mode, no interrupt is generated at completion
of DMA transfer.

(2) TREQFn (DMAN Transfer Request Flag) bit (Bit 1)

This flag indicates if there are DMA transfer requests for each channel. This bit is set to "1", when DMA
transfer requests are occurred in spite of TENLn bit setting value and then after completing transmission it
is cleared to "0."

And when write "0" to this bit, it clear DMA transfer requests occurred. When write "1", it keeps value which
before writing.

If a new DMA transfer request occurs on a channel for which the DMA transfer request flag has already
been set to "1", the next DMA transfer request is not accepted until the transfer being performed on that
channel is completed.

(3) REQSLn (DMAnN Transfer Request Source Select) bits (Bits 2—3)

These bits select the cause or source of DMA transfer request on each DMA channel.

(4) TENLn (DMAnN Transfer Enable) bit (Bit 4)

When setting this bit to "1" (enable transfer), DMA transfer is enable and when all transmissions are com-
pleted (underflow of transfer count register), it is "0" cleared. And when DMA transfer request is already
occurred and set to transfer enable, DMA transfer starts immediately so that make sure not to do that.
When setting this bit to "0" (disable transfer), DMA transfer is disable. However, if a transfer request has
already been accepted, transfers on that channel are not disabled until after the requested transfer is com-
pleted.

(5) TSZSLn (DMAnN Transfer Size Select) bit (Bit 5)
This bit selects the number of bits to be transferred in one DMA transfer operation (the unit of one transfer).
The unit of one transfer is 16 bits when TSZSL ="0" or 8 bits when TSZSL ="1".

(6) SADSLn (DMAnN Source Address Direction Select) bit (Bit 6)
This bit selects the direction in which the source address changes. This mode can be selected from two
choices: Address fixed or Address incremental.

(7) DADSLNn (DMAnN Destination Address Direction Select) bit (Bit 7)

This bit selects the direction in which the destination address changes. This mode can be selected from two
choices: Address fixed or Address incremental.
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9.2.2 DMA Software Request Generation Registers

DMAO Software Request Generation Register (DMOSRI) <Address: H'0080 0460>
DMAL1 Software Request Generation Register (DM1SRI) <Address: H'0080 0462>
DMAZ2 Software Request Generation Register (DM2SRI) <Address: H’'0080 0464>
DMA3 Software Request Generation Register (DM3SRI) <Address: H’'0080 0466>
DMA4 Software Request Generation Register (DM4SRI) <Address: H'0080 0468>
DMAS5 Software Request Generation Register (DM5SRI) <Address: H'0080 0470>
DMAG Software Request Generation Register (DM6SRI) <Address: H'0080 0472>
DMAY Software Request Generation Register (DM7SRI) <Address: H'0080 0474>
DMAS8 Software Request Generation Register (DM8SRI) <Address: H’'0080 0476>
DMA9 Software Request Generation Register (DM9SRI) <Address: H’0080 0478>
b0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 b15
DMOSRI-DMISRI
K T T S A N A T T N A T S N A T T A A B A N
<Upon exiting reset: Undefined>
b Bit Name Function R W
0-15 DMOSRI-DM9SRI DMA transfer request is generated by writing any ? W

DMA software request generation data to these bits.

Note: » This register may be accessed in either bytes or halfwords.

The DMA Software Request Generation Register is used to generate DMA transfer requests in software. A
DMA transfer request can be generated by writing any data to this register when “Software start” has been

selected for the cause of DMA request.

(1) DMOSRI-DM9SRI (DMA Software Request Generation)

A software DMA transfer request is generated by writing any data to this register in halfword (16 bits) or in
byte (8 bits) beginning with an even or odd address when “Software start” is selected as the cause of DMA
transfer request (by setting the DMAn Channel Control Register bits 2—-3 to ‘00’).
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9.2.3 DMA Source Address Registers

DMAO Source Address Register (DMOSA)
DMAL1 Source Address Register (DM1SA)
DMA2 Source Address Register (DM2SA)
DMAS3 Source Address Register (DM3SA)
DMA4 Source Address Register (DM4SA)
DMADS Source Address Register (DM5SA)
DMA®G6 Source Address Register (DM6SA)
DMAY Source Address Register (DM7SA)
DMAS8 Source Address Register (DM8SA)
DMA9 Source Address Register (DM9SA)

b0 1 2 3 4 5 6 7 8 9 10 11 12

<Address: H'0080 0412>
<Address: H'0080 0422>
<Address: H'0080 0432>
<Address: H'0080 0442>
<Address: H'0080 0452>
<Address: H'0080 041A>
<Address: H'0080 042A>
<Address: H'0080 043A>
<Address: H'0080 044A>
<Address: H'0080 045A>

13 14 Dbils5

DMOSA-DM9YSA

? ? ?

<Upon exiting reset: Undefined>

b Bit Name Function

R W

0-15 DMOSA-DMA9SA

DMA source address

Source address bits A16—-A31
(AO-A15 are fixed to H'0080)

R W

Note: » This register must always be accessed in halfwords.

The DMA Source Address Register is used to set the source address of DMA transfer in such a way that bit 0
and bit 15 correspond to A16 and A31, respectively. Because this register is comprised of a current register,

the values read from this register are always the current value.

When DMA transfer finishes (i.e., the Transfer Count Register underflows), the value in this register if “Address
fixed” is selected, is the same source address that was set in it before the DMA transfer began; if “Address
incremental” is selected, the value in this register 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 accessed in bytes, the value in this register is undefined.

(1) DMOSA-DM9SA (Source Address A16-A31)

Set this register to specify the source address of DMA transfer in the SFR area or internal RAM space from

the address H’0080 0000 to the address H'0080 FFFF.

The 16 high-order source address bits (AO—A15) are always fixed to H’'0080. Use this register to set the 16
low-order source address bits (with bit O corresponding to the source address A16, and bit 15 correspond-

ing to the source address A31).
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9.2.4 DMA Destination Address Registers

DMADO Destination Address Register (DMODA) <Address: H'0080 0414>
DMAL1 Destination Address Register (DM1DA) <Address: H'0080 0424>
DMAZ2 Destination Address Register (DM2DA) <Address: H'0080 0434>
DMAZ3 Destination Address Register (DM3DA) <Address: H'0080 0444>
DMA4 Destination Address Register (DM4DA) <Address: H'0080 0454>
DMADS Destination Address Register (DM5DA) <Address: H'0080 041C>
DMAG Destination Address Register (DM6DA) <Address: H’'0080 042C>
DMAY Destination Address Register (DM7DA) <Address: H'0080 043C>
DMAS Destination Address Register (DM8DA) <Address: H'0080 044C>
DMA9 Destination Address Register (DM9DA) <Address: H'0080 045C>
b0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 bl5

DMODA-DM9DA
2?2 4?2 4?2 4?2 4?2 42 4?2 42?2 4?2 4?2 | ? 2?2 1?2 |2 |°?

<Upon exiting reset: Undefined>

b Bit Name Function R W
0-15 DMODA-DM9DA Destination address bits A16—A31 R W
DMA destination address (AO-A15 are fixed to H’'0080)

Note: » This register must always be accessed in halfwords

The DMA Destination Address Register is used to set the destination address of DMA transfer in such a way
that bit 0 and bit 15 correspond to A16 and A31, respectively. Because this register is comprised of a current
register, the values read from this register are always the current value.

When DMA transfer finishes (i.e., the Transfer Count Register underflows), the value in this register if “Address
fixed” is selected, is the same source address that was set in it before the DMA transfer began; if “Address
incremental” is selected, the value in this register 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 accessed in bytes, the value in this register is undefined.

(1) DMODA-DM9DA (Destination Address bits A16—-A31)

Set this register to specify the destination address of DMA transfer in the SFR area or internal RAM space
from the address H'0080 0000 to the address H'0080 FFFF.

The 16 high-order destination address bits (A0O—A15) are always fixed to H'0080. Use this register to set the
16 low-order destination address bits (with bit O corresponding to the destination address A16, and bit 15
corresponding to the destination address A31).
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9.2.5 DMA Transfer Count Registers

DMAO Transfer Count Register (DMOTCT) <Address: H'0080 0411>
DMA1 Transfer Count Register (DM1TCT) <Address: H’'0080 0421>
DMAZ2 Transfer Count Register (DM2TCT) <Address: H'0080 0431>
DMAS3 Transfer Count Register (DM3TCT) <Address: H'0080 0441>
DMA4 Transfer Count Register (DM4TCT) <Address: H'0080 0451>
DMAS Transfer Count Register (DM5TCT) <Address: H'0080 0419>
DMAG Transfer Count Register (DM6TCT) <Address: H'0080 0429>
DMAY Transfer Count Register (DM7TCT) <Address: H'0080 0439>
DMAS8 Transfer Count Register (DM8TCT) <Address: H'0080 0449>
DMA9 Transfer Count Register (DM9TCT) <Address: H'0080 0459>

b8 9 10 11 12 13 14 b15

DMOTCT-DMOTCT
? | ? L2 T L2 ? L2 ?

<Upon exiting reset: Undefined>

b Bit Name Function R W
8-15 DMOTCT-DMOTCT DMA transfer count R W
DMA transfer count (Has no effect during 32-channel ring buffer mode)

The DMA Transfer Count Register is used to set the number of times data is transferred on each channel.
However, the value in this register has no effect 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 values read from this register are always the current value.
(However, if the register is read in a cycle immediately after transfer, the value obtained is one that was stored
in the count register before the transfer began.) When transfer finishes, this count register underflows and the
value read from it is H'FF.

When transfer is enabled, this register is protected in hardware and cannot be accessed for write.

During ring buffer mode, the register counts down in free-run mode and continues counting until transfer is
disabled. No interrupt is generated at underflow.

If any cascaded channel exists, each time one DMA transfer (byte or halfword) is completed or when all trans-
fers on a channel are completed (i.e., the transfer count register underflows), transfer on the cascaded channel
starts.
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9.2.6 DMA Interrupt Related Registers

The DMA interrupt related registers are used to control the interrupt request signals sent from the DMAC to the
Interrupt Controller.

(1) Interrupt request status bit

This status bit is used to determine whether there is an interrupt request. When an interrupt request occurs,
this bit is set in hardware (cannot be set in software). The status bit is cleared by writing "0". Writing "1" has
no effect; the bit retains the status it had before the write. Because this status bit is unaffected by the
interrupt request mask bit, it can be used to inspect the operating status of peripheral functions.

In interrupt handling, make sure that within the grouped interrupt request status, only the status bit for the
interrupt request that has been serviced is cleared. If the status bit for any interrupt request that has not
been serviced is cleared, the pending interrupt request is cleared simultaneously with its status bit.

(2) Interrupt request mask bit

This bit is used to disable unnecessary interrupt requests within the grouped interrupt request. Set this bit to "0"
to enable interrupt requests or "1" to disable interrupt requests.

® Group interrupt

Interrupt request from
each peripheral function

Set
Data = 0 v Interrupt request status
clear
Data bus F/F
FIF — To the Interrupt
: Controller
Interrupt request enabled

Figure 9.2.1 Interrupt Request Status and Mask Registers
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® Example for clearing interrupt request status

Interrupt request status

Initial state — | 0 0 0

Interrupt request

Eventoccurson bit6 —» | 0 0 . 0 //

Write to the interrupt request status ! ! ! ! !
A
| | | | |
| | | | |

b4 5 6 b7

1]/1,0]1 | 1 0.0

T *— Only bit 6 cleared

Bit 4 data retained

@ Program example

« To clear the Interrupt Request Status Register 0 (ISTREG) interrupt request status 1, ISTAT1 (0x02 bit)

ISTREG = 0xfd; /* Clear ISTAT1 (0x02 bit) only */

To clear an interrupt request status, always be sure to write "1" to all other interrupt request status bits. At this time,
avoid using a logic operation like the one shown below. Because it requires three step-ISTREG read, logic operation
and write, if another interrupt request occurs between the read and write, status may be inadvertently cleared.

X ISTREG &= 0xfd; /* Clear ISTAT1 (0x02 bit) only */

Interrupt request status

b4 5 6 b7
Eventoccurson bit6 —» | 0 0 . 0

e
I o | o [l o
B E

Event occurs on bit 4 —» . 0| 1/|o0 l Clear bit 6 (AND'ing with 1101)
I
| | | | |
| | | | |
| | | | |

T +— Only bit 6 cleared

Bit 4 also cleared

Figure 9.2.2 Example for Clearing Interrupt Request Status
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DMAO—-4 Interrupt Request Status Register (DM04ITST) <Address: H'0080 0400>
b0 1 2 3 4 5 6 b7
DMITST4 | DMITST3 | DMITST2 | DMITST1 | DMITSTO
0o | 0o | o 0 0 0 0 0

<Upon exiting reset: H'00>

Bit Name Function R W

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

DMITST4 (DMA4 interrupt request status bit) 0: Interrupt not requested R(Note 1)

DMITST2 (DMA2 interrupt request status bit)
DMITST1 (DMAL interrupt request status bit)

DMITSTO (DMAO interrupt request status bit)
Note 1: Only writing "0" is effective. Writing "1" has no effect; the bit retains the value it had before the write.

b
0
3
4 DMITST3 (DMAS interrupt request status bit) 1: Interrupt requested
5
6
7

DMAS5-9 Interrupt Request Status Register (DM59ITST) <Address: H'0080 0408>
b0 1 2 3 4 5 6 b7
DMITST9 | DMITST8 | DMITST7 | DMITST6 | DMITST5
0 | 0 | 0 0 0 0 0 0

<Upon exiting reset: H'00>

Bit Name Function R W

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

DMITST9 (DMAS interrupt request status bit) 0: Interrupt not requested R(Note 1)

DMITST7 (DMAY interrupt request status bit)
DMITST6 (DMAG interrupt request status bit)

DMITSTS (DMAS interrupt request status bit)
Note 1: Only writing "0" is effective. Writing "1" has no effect; the bit retains the value it had before the write.

b
0
3
4 DMITST8 (DMAS interrupt request status bit) 1: Interrupt requested
5
6
7

The Interrupt Request Status Register helps to know the status of interrupt requests on each channel. If the
DMAn interrupt request status bit (n = 0-9) is set to "1", it means that a DMA interrupt request on the correspond-
ing channel has been generated.

(1) DMITSTn (DMAnN Interrupt Request Status) bit (n = 0-9)

[Setting the DMAR interrupt request status bit]
This bit is set in hardware, and cannot be set in software.

[Clearing the DMAnN interrupt request status bit]
This bit is cleared by writing "0" in software.

Note: « The DMAnN interrupt request status bit cannot be cleared by writing "0" to the DMA Interrupt
Control Register’s “interrupt request bit” included in the Interrupt Controller.

When writing to the DMA Interrupt Request Status Register, make sure only the bits to be cleared are set to "0"
and all other bits are set to "1". Those bits that have been set to "1" are unaffected by writing in software and
retain the value they had before the write.
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DMAO0—4 Interrupt Request Mask Register (DM04ITMK) <Address: H'0080 0401>
b8 9 10 11 12 13 14 b15
DMITMK4|DMITMK3|DMITMK2 | DMITMK1 |DMITMKO
0 | 0 | 0 0 0 0 0 0

<Upon exiting reset: H'00>

b Bit Name Function R W
8-10 No function assigned. Fix to "0". 0 O
11 DMITMK4 (DMA4 interrupt request mask bit) 0: Enable interrupt request R W
12 DMITMK3 (DMAZ3 interrupt request mask bit) 1: Mask (disable) interrupt request
13 DMITMK2 (DMAZ2 interrupt request mask bit)
14 DMITMK1 (DMAL1 interrupt request mask bit)
15 DMITMKO (DMAO interrupt request mask bit)
DMA5-9 Interrupt Request Mask Register (DM59ITMK) <Address: H'0080 0409>

b8 9 10 11 12 13 14 b15

DMITMK9| DMITMK8|DMITMK7 |DMITMK6 | DMITMK5
0 | 0 | 0 0 0 0 0 0
<Upon exiting reset: H'00>

b Bit Name Function R W
8-10 No function assigned. Fix to "0". 0 O
11 DMITMK9 (DMAZ9 interrupt request mask bit) 0: Enable interrupt request R W
12 DMITMK8 (DMAS interrupt request mask bit) 1: Mask (disable) interrupt request
13 DMITMK?7 (DMAY interrupt request mask bit)
14 DMITMK6 (DMAG interrupt request mask bit)
15 DMITMKS5 (DMAS interrupt request mask bit)

The DMA Interrupt Request Mask Register is used to mask interrupt requests on each DMA channel.

(1) DMITMKn (DMAnR Interrupt Request Mask) bit (n = 0-9)

Setting the DMAn interrupt request mask bit to "1" masks the interrupt requests on DMAn channel. How-
ever, if an interrupt request occurs, the DMAn interrupt request status bit is always set to "1" irrespective of
the contents of this mask register.
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DMO4ITST (H'0080 0400)
DMO4ITMK (H'0080 0401)

DMA4UDFj
Data bus DMITST4 5-source inputs
b3 FIF
DMITMK4 (Level) » DMA transfer interrupt request 0
DMA3UDFj
DMITST3
b4
DMITMK3
b12
DMA2UDFj
DMITST2
b5 F/F
DMITMKZ
b13 F/F
DMA1UDFj
b6
g r&
|
bida [ ]
L
DMAOUDF
b7
@ r&
|
b5 [ e |
L
Figure 9.2.3 Block Diagram of DMA Transfer Interrupt Request 0
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DMS59ITST (H'0080 0408)
DMS59ITMK (H'0080 0409)

DMAQUDFﬁv
Data bus DMITST9 5-source inputs
b3 FIF 1)
DMITMK9 (Level) » DMA transfer interrupt request 1
DMA8UDFﬁv
DMITSTS8
b4
DMITMK8
b12
DMA7UDFj
DMITST?
bS  [rF |
DMITMK7
b13
DMAGUDFj
DMITSTG
b6 [ pr |
DMITMK6
bl4
DMASUDFj
DMITST5
b7 [ pF |
DMITMKS
b15 F/F

Figure 9.2.4 Block Diagram of DMA Transfer Interrupt Request 1
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9.3 Functional Description of the DMAC

9.3.1 DMA Transfer Request Sources

For each DMA channel (channels 0-9), DMA transfer can be requested from two or more sources. There are
various causes or sources of DMA transfer request, so that DMA transfer can be started by a request from
some internal peripheral 1/0O, started in software by a program, or can be started upon completion of one
transfer or all transfers on another DMA channel (cascade mode).

The causes or sources of DMA transfer requests are selected using the transfer request source select bits
REQSLn on each channel (DMAn Channel Control Register bits 2 and 3). The tables below list the causes or
sources of DMA transfer requests on each channel.

Table 9.3.1 DMA Transfer Request Sources and Generation Timings on DMAO

REQSLO DMA Transfer Request Source DMA Transfer Request Generation Timing

0 O Software start or one DMA2 When any data is written to the DMAO Software Request Generation Register
transfer completed (software start) or when one DMAZ2 transfer is completed (cascade mode)

0 1 A/DO conversion completed When A/DO conversion is completed

10 MJT (T108_udf) When MJT TIO8 underflows

11 MJT (input event bus 2) When MJT input event bus 2 signal is generated

Table 9.3.2 DMA Transfer Request Sources and Generation Timings on DMA1

REQSL1 DMA Transfer Request Source DMA Transfer Request Generation Timing

0 O Software start When any data is written to the DMA1 Software Request Generation Register
0 1 MJT (output event bus 0) When MJT output event bus 0 signal is generated

1 0 Settings inhibited -

11 One DMAQO transfer completed When one DMAQO transfer is completed (cascade mode)
Table 9.3.3 DMA Transfer Request Sources and Generation Timings on DMA2

REQSL2 DMA Transfer Request Source DMA Transfer Request Generation Timing

0 0 Software start When any data is written to the DMA2 Software Request Generation Register
0 1 MJT (output event bus 1) When MJT output event bus 1 signal is generated

1 0 MJT (TIN18S) When MJT TIN18 input signal is generated (edge select output)

11 One DMA1 transfer completed When one DMAL1 transfer is completed (cascade mode)

32176 Group Hardware Manual
Rev.1.10 REJ09B0067-0110 Jun 20.06

RENESAS 9-22



9

DMAC
9.3 Functional Description of the DMAC

Table 9.3.4 DMA Transfer Request Sources and Generation Timings on DMA3

REQSL3 DMA Transfer Request Source DMA Transfer Request Generation Timing

0 0 Software start When any data is written to the DMA3 Software Request Generation Register
0 1 SIO0_TXD (transmit buffer empty) When SIOO0 transmit buffer is empty

1 0 SI01_RXD (reception completed) When SIO1 reception is completed

11 MJT (TINOS) When MJT TINO input signal is generated (edge select output)
Table 9.3.5 DMA Transfer Request Sources and Generation Timings on DMA4

REQSL4 DMA Transfer Request Source DMA Transfer 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 DMAB transfer is completed (cascade mode)

10 SI00_RXD (reception completed) When SIOO reception is completed

11 MJT (TIN19S) When MJT TIN19 input signal is generated (edge select output)
Table 9.3.6 DMA Transfer Request Sources and Generation Timings on DMA5

REQSL5 DMA Transfer Request Source DMA Transfer Request Generation Timing

0 O Software start or one DMA7 When any data is written to the DMA5 Software Request Generation Register

transfer completed (software start) or when one DMAY transfer is completed (cascade mode)
0 All DMAQO transfers completed When all DMAO transfers are completed (cascade mode)
0 S102_RXD (reception completed) When SIO2 reception is completed

1 MJT (TIN20S) When MJT TIN20 input signal is generated (edge select output)

Table 9.3.7 DMA Transfer Request Sources and Generation Timings on DMAG6

REQSL6 DMA Transfer Request Source DMA Transfer Request Generation Timing

0 0 Software start When any data is written to the DMAG6 Software Request Generation Register
0 1 SIO1_TXD (transmit buffer empty) When SIO1 transmit buffer is empty

10 CAN (CANO_SO0/S15) CANO: when slot 0 transmission failed or slot 15 transmission/reception completed
11 One DMAS transfer completed When one DMAGS transfer is completed (cascade mode)
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Table 9.3.8 DMA Transfer Request Sources and Generation Timings on DMA7

REQSL7 DMA Transfer Request Source DMA Transfer Request Generation Timing

0 0 Software start When any data is written to the DMA7 Software Request Generation Register
0 1 SI02_TXD (transmit buffer empty) When SIO2 transmit buffer is empty

1 0 CAN (CANO_S1/S14) CANO: when slot 1 transmission failed or slot 14 transmission/reception completed
11 One DMAG transfer completed When one DMAG transfer is completed (cascade mode)
Table 9.3.9 DMA Transfer Request Sources and Generation Timings on DMAS8

REQSLS8 DMA Transfer Request Source DMA Transfer Request Generation Timing

00 Software start When any data is written to the DMA8 Software Request Generation Register
0 1 MJT (input event bus 0) When MJT input event bus 0 signal is generated

10 S103_RXD (reception completed) When SIO3 reception is completed

11 CAN (CAN1_S0/s15) CANL1: when slot 0 transmission failed or slot 15 transmission/reception completed

Table 9.3.10 DMA Transfer Request Sources and Generation Timings on DMA9

REQSL9 DMA Transfer Request Source DMA Transfer Request Generation Timing

0 0 Software start When any data is written to the DMA9 Software Request Generation Register
0 1 SIO3_TXD (transmit buffer empty) When SIO3 transmit buffer is empty

10 CAN (CAN1_S1/S14) CANL1: when slot 1 transmission failed or slot 14 transmission/reception completed
11 One DMAS8 transfer completed When one DMAS8 transfer is completed (cascade mode)
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9.3.2 DMA Transfer Processing Procedure

Shown below is an example of how to control DMA transfer in cases when performing transfer on DMAO.

DMA transfer
processing starts

Setting interrupt
controller-related
registers

Set the interrupt controller's
DMAO-4 Interrupt Control Register

I

Set DMAO Channel Control Register

v

Set DMAO-4 Interrupt Request Status Register

v

Set DMAO-4 Interrupt Request Mask Register

Setting .
DMAC-related Set DMAO Source Address Register

registers ¢

Set DMAO Destination Address Register

v

Set DMAO Count Register

v

Set DMAO Channel Control Register

v

DMA transfer starts as requested by

Starting DMA transfer internal peripheral I/O

v

Transfer count register underflows

DMA transfer ¢

completed
Interrupt request generated

DMA operation
completed

-- « Interrupt request enabled

-- « Source address of transfer

« Interrupt priority level

« Transfers disabled

« Interrupt request status
bits cleared

 Destination address of transfer

* Number of times DMA transfer
is performed

 Transfer mode, request source,
transfer size, address direction
and transfer enable

Figure 9.3.1 Example of a DMA Transfer Processing Procedure
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9.3.3 Starting DMA

Use the DMAN Channel Control Register (DMNCNT) REQSL (DMA transfer request source select) bit to set the
cause or source of DMA transfer request. To enable DMA, set the TENL (DMA transfer enable) bit to "1". DMA
transfer begins when the specified cause or source of DMA transfer request becomes effective after setting the
TENL (DMA transfer enable) bit to "1".

Note: « If the transfer request source selected by the REQSL (DMA transfer request source select) bit is
MJT (TIN input signal), the time required for DMA transfer to begin after detecting the rising or
falling or both edges of the TIN input signal is three cycles (150 ns when the internal peripheral
clock = 20 MHz) at the shortest. Or, depending on the preceding or following bus usage condition,
up to six cycles (300 ns when the internal peripheral clock = 20 MHz) may be required. (However,
this applies when the external bus, HOLD and the LOCK instruction all are unused.)

To ensure that changes of the TIN input signal state will be detected correctly, make sure the TIN input
signal is held active for a duration of more than 7tc (BCLK)/2. (For details, see Chapter 21 ELECTRI-
CAL CHARACTERISTICS.)

9.3.4 DMA Channel Priority

DMAO has the highest priority. The priority of this and other channels is shown below.

DMAO > DMA1 > DMA2 > DMA3 > DMA4 > DMA5 > DMAG6 > DMA7 > DMAS8 > DMA9
This order of priority is fixed. Channel priority is resolved every transfer cycle (i.e., every three DMA buy
cycles), and the channel with the highest priority among those that are requesting a DMA transfer is selected.

9.3.5 Gaining and Releasing Control of the Internal Bus

For any channel, control of the internal bus is gained and released in “single transfer DMA” mode. In single
transfer DMA, the DMAC gains control of the internal bus (in one peripheral clock cycle) when DMA transfer
request is accepted and after executing one DMA transfer (in one read and one write peripheral clock cycle),
returns bus control to the CPU. The diagram below shows the operation in single transfer DMA.

Requested  Gained Requested  Gained Requested  Gained

Internal bus arbitration
(requests from the DMAC)

A : A : A
Released Released Released
Internal bus i ; : i ;
v v v
One DMA transfer One DMA transfer One DMA transfer
R: Read
W: Write

Figure 9.3.2 Gaining and Releasing Control of the Internal Bus

32176 Group Hardware Manual 926
Rev.1.10 REJ09B0067-0110 Jun 20.06 RENESAS



DMAC
9 9.3 Functional Description of the DMAC

9.3.6 Transfer Units

Use the TSZSL (DMA transfer size select) bit to set for each channel the number of bits (8 or 16 bits) to be
transferred in one DMA transfer.

9.3.7 Transfer Counts

Use the DMA Transfer Count Register to set transfer counts for each channel. Transfer can be performed up to
256 times. The value of the DMA Transfer Count Register is decremented by one every time one transfer unit
is transferred. In ring buffer mode, the DMA Transfer Count Register operates in free-run mode, with the value
set in it ignored.

9.3.8 Address Space

The address space in which data can be transferred by DMA is 64 Kbytes of SFR area or internal RAM space
(H'0080 0000 through H'0080 FFFF) for both source and destination. To set the source and destination addresses
on each DMA channel, use the DMA Source Address Register and DMA Destination Address Register.

9.3.9 Transfer Operation

(1) Dual-address transfer

Irrespective of the size of transfer unit, data is transferred in two bus cycles, one for source read access and
one for destination write access. (The transfer data is taken into the DMAC'’s internal temporary register
before being transferred.)

(2) Bus protocol and bus timing

Because the bus interface is shared with the CPU, DMA transfer is performed with the same bus protocol
and the same bus timing as when peripheral modules are accessed by the CPU.

(3) Transfer rate

Transfer is performed using a total of three peripheral clock cycles, one cycle to gain control of the bus and
one read and one write cycle to perform one transfer. Therefore, the maximum transfer rate is calculated by
the equation below:

1
1/f(BCLK) x 3 cycles

Maximum transfer rate [bytes per second] = 2 bytes x
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(4) Address count direction and address changes

The direction in which the source and destination addresses are counted as transfer proceeds (“Address
fixed” or “Address incremental”) is set for each channel using the SADSL (source address direction select)
and DADSL (destination address direction select) bits.

When the transfer size is 16 bits, the address is incremented by two for each DMA transfer performed; when
the transfer size is 8 bits, the address is incremented by one.

Table 9.3.11 Address Count Direction and Address Changes

Address Count Direction Transfer Unit Address Change for One DMA
Address fixed 8 bits 0

16 bits 0
Address incremental 8 bits +1

16 bits +2

(5) Transfer count value

The transfer count value is decremented one at a time, irrespective of the size of transfer unit (8 or 16 bits).

(6) Transfer byte positions

When the transfer unit is 8 bits, the LSB of the address register is effective for both source and destination.
(Therefore, in addition to data transfers between even addresses or between odd addresses, data may be
transferred from even address to odd address or vice versa.)

When the transfer unit is 16 bits, the LSB of the address register (= bit 15) is ignored, and data are always
transferred in two bytes aligned to the 16-bit bus.

The diagram below shows the valid byte positions in DMA transfer.

<When transfer size = 8 bits> <When transfer size = 16 bits>
+0 +1 +0 +1
b0 b7 b8 b15 b0 b7 b8 b15
T
Source 8 bits 8 hits 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, transfer begins from the transfer start address and after performing
transfers 32 times, control returns to the transfer start address, from which transfer operation is repeated. In
this case, however, the five low-order bits of the ring buffer start address must always be B’00000 (if transfer
size = 16 bits, the six low-order bits must be B’000000).

The following describes how addresses are incremented in ring buffer mode.

[1] When the transfer size is 8 bits
The 27 high-order bits of the transfer start address are fixed, and the five low-order bits are
incremented by one at a time. When as transfer proceeds the five low-order bits reach B'11111, they
are recycled to B'00000 by the next increment operation, thus returning to the start address again.

[2] When the transfer size is 16 bits
The 26 high-order bits of the transfer start address are fixed, and the six low-order bits are incremented
by two at a time. When as transfer proceeds the six low-order bits reach B'111110, they are recycled to
B’000000 by the next increment operation, thus returning to the start address again.

If the source address has been set to be incremented, it is the source address that recycles to the start
address; if the destination address has been set to be incremented, it is the destination address that re-
cycles to the start address. If both source and destination addresses have been set to be incremented, both
addresses recycle to the start address. However, the start address on either side must have their five low-
order bits initially set to B’'00000 (if transfer size = 16 bits, the six low-order bits must be B’000000).

During ring buffer mode, the transfer count register is ignored. Once DMA operation starts, the counter operates
in free-run mode, and the transfer continues until the transfer enable bit is cleared to "0" (to disable transfer).

<When transfer size = 8 bits> <When 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
I I I I

31 H'0080 101E 31 H'0080 103C

32 H'0080 101F 32 H'0080 103E
) { { {

1 H'0080 1000 1 H'0080 1000
2 H'0080 1001 2 H'0080 1002
I I

Figure 9.3.4 Example of How Addresses Are Incremented in 32-channel Ring Buffer Mode
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9.3.10 End of DMA and Interrupt

In normal mode, DMA transfer is terminated by an underflow of the transfer count register. When transfer
finishes, the transfer enable bit is cleared to "0" and transfers are thereby disabled. Also, an interrupt request is
generated at completion of transfer. However, if interrupt requests on any channel have been masked by the
DMA Interrupt Request Mask Register, no interrupt requests are generated on that channel.

During ring buffer mode, the transfer count register operates in free-run mode, and transfer continues until the
transfer enable bit is cleared to "0" (to disable transfer). In this case, therefore, no interrupt requests are
generated at completion of DMA transfer. Nor are these DMA transfer-completed interrupt requests are gener-
ated even when transfer in ring buffer mode is terminated by clearing the transfer enable bit.

9.3.11 Each Register Status after Completion of DMA Transfer

When DMA transfer is completed, the status of the source and destination address registers becomes as
follows:
(1) Address fixed

» The values set in the address registers before DMA transfer started remain intact (fixed).

(2) Address incremental

« For 8-bit transfer, the values of the address registers are the last transfer address + 1.
* For 16-bit transfer, the values of the address registers are the last transfer address + 2.

The transfer count register at completion of DMA transfer is in an underflow state (H'FF). Therefore, before
another DMA transfer can be performed, the transfer count register must be set newly again, except when
trying to perform transfers 256 times (H'FF).
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9.4 Notes on the DMAC

* About writing to the DMAC related registers

Because DMA transfer involves exchanging data via the internal bus, the DMAC related registers basically can
only be accessed for write immediately after reset or when transfer is disabled (transfer enable bit = "0"). When
transfer is enabled, do not write to the DMAC related registers, except the DMA transfer enable bit, the transfer
request flag and the DMA Transfer Count Register that is protected in hardware. This is a precaution necessary
to ensure stable DMA operation.

The table below lists the registers that can or cannot be accessed for write.

Table 9.4.1 DMAC Related Registers That Can or Cannot Be Accessed for Write

Status Transfer Transfer DMA interrupt Other DMAC
enable bit request flag related registers related registers

Transfer enabled Can be accessed Can be accessed Can be accessed Cannot be accessed

Transfer disabled Can be accessed Can be accessed Can be accessed Can be accessed

Even for registers that can exceptionally be written to while transfer is enabled, the following conditions must be
observed:

(1) DMA Channel Control Register transfer enable bit and transfer request flag

For all other bits than transfer enable bit and transfer request flag in this register, be sure to write the same
data that those bits had before the write. Note, however, that only writing "0" is effective for the transfer
request flag.

(2) DMA Transfer Count Register

When transfer is enabled, this register is protected in hardware, so that any data rewritten to it is ignored.

(3) Rewriting the DMA source and DMA destination addresses on different channels by DMA transfer

Although this operation means accessing the DMAC related registers while DMA is enabled, there is no
problem. Note, however, that no data can be transferred by DMA to the DMAC related registers on the
currently active channel itself.

« Manipulating the DMAC related registers by DMA transfer

When manipulating the DMAC related registers by means of DMA transfer (e.g., reloading the DMAC related
registers with the initial values by DMA transfer), do not write to the DMAC related registers on the currently
active channel through that channel. (If this precaution is neglected, device operation cannot be guaranteed.)
It is only the DMAC related registers on other channels that can be rewritten by means of DMA transfer. (For
example, the DMAn Source Address and DMAnN Destination Address Registers on channel 1 can be rewritten
by DMA transfer through channel 0.)

* About the DMA Interrupt Request Status Register

When clearing the DMA Interrupt Request Status Register, be sure to write "1" to all bits, except those to be

cleared. Writing "1" to any bits in this register has no effect, so that they retain the data they had before the
write.
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* About the stable operation of DMA transfer

To ensure the stable operation of DMA transfer, never rewrite the DMAC related registers, except the channel
control register’s transfer enable bit, unless transfer is disabled. One exception is that even when transfer is

enabled, the DMA Source Address and DMA Destination Address Registers can be rewritten by DMA transfer
from one channel to another.
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10.1 Outline of Multijunction Timers

The multijunction timers (abbreviated MJT) have input event and output event buses. Therefore, in addition to
being used as a single unit, the timers can be internally connected to each other. This capability allows for highly
flexible timer configuration, making it possible to meet various application needs. It is because the timers are
connected to the internal event buses at multiple points that they are called the “multijunction” timers.

The 32176 has four types of MJT as listed in the table below, providing a total of 37-channel timers.

Table 10.1.1 Outline of MJT

Name Type No. of Channels Description
TOP Output-related 11 One of three output modes can be selected by software.
(Timer 16-hit timer <With correction function>
Output) (down-counter) « Single-shot output mode
« Delayed single-shot output mode
<Without correction function>
« Continuous output mode
TIO Input/output-related 10 One of three input modes or four output modes can be selected
(Timer 16-bit timer by software.
Input (down-counter) <Input modes>
Output) * Measure clear input mode
* Measure free-run input mode
» Noise processing input mode
<Output modes without correction function>
* PWM output mode
* Single-shot output mode
« Delayed single-shot output mode
« Continuous output mode
TMS Input-related 8 16-bit input measure timer
(Timer 16-bit timer
Measure (up-counter)
Small)
TML Input-related 8 32-bit input measure timer
(Timer 32-bit timer
Measure (up-counter)
Large)
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Table 10.1.2 Interrupt Generation Functions of MJT

Signal Name MJT Interrupt Request Source Source of Interrupt Request No. of ICU Input Sources
IRQO TIO0-3 output MJT output interrupt O 4
IRQ1 TOPG6, TOP7 output MJT output interrupt 1 2
IRQ2 TOPO-5 output MJT output interrupt 2 6
IRQ3 TIO8, TIO9 output MJT output interrupt 3 2
IRQ4 TIO4—7 output MJT output interrupt 4 4
IRQ5 TOP10 output MJT output interrupt 5 1
IRQ6 TOPS8, TOP9 output MJT output interrupt 6 2
IRQ7 TMSO0, TMS1 output MJT output interrupt 7 2
IRQ9 TINO input MJT input interrupt 1 1
IRQ10 TIN16-TIN19 input MJT input interrupt 2 4
IRQ11 TIN20-TIN23 input MJT input interrupt 3 4
IRQ12 TIN3 input MJT input interrupt 4 1

Table 10.1.3 DMA Transfer Request Generation by MJT

Corresponding DMAC Channel No. DMA Transfer Request Source
DMAO TIO8_udf

Input event bus 2
DMA1 Output event bus 0
DMA2 Output event bus 1

TIN18 input signal (TIN18S)
DMA3 TINO input signal (TINOS)
DMA4 TIN19 input signal (TIN19S)
DMAS5 TIN20 input signal (TIN20S)
DMAS8 Input event bus 0

Table 10.1.4 A/D Conversion Start Request by MJT

Signal Name A/D Conversion Start Request Source A/D Converter

ADOTRG Input event bus 2, Can be input to A/DO conversion start trigger
input event bus 3,
output event bus 3, TIN23
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PRS0
BCLK/2 PRS1
oo

\O <
o \O <
5o ~— (s
IRQ4
TCLK1 (P125) O—| TCLK1S] s lok Ll
| \ enjcap 110 5 udf | | s [-{FIF16-0 TO 16 (P93)
S
IRQ4
TCLK2 (P126) O—{ TCLK2S] s Mok e
L] \ enicap TIO 6 udf | S| [FIF17-0TO 17 (P94)
s ‘
ﬂ;‘_l IRQ4
LS ok enjcap TIO7 udf} r -~ S—{F/F18—0O TO 18 (P95)
s ‘
= DMAQ
i ‘ {:IRQS
| S ok enjcap TIO 8 udf | T ———SI[F/IF19-0 TO 19 (P96)
'**4‘:‘8 oMo
I*IRQG
['s ok enjcap TIO 9 udf} F/F20—O TO 20 (P97)
Is
3210 3210 0123
: Prescalers : Output flip-flop : Selector

Notes: « IRQO-7 and IRQ9-12 denote interrupt signals, of which the same number represents the same group of
interrupts. (See Table 10.1.2)
* ADOTRG denotes trigger signal to the A/DO converter. (See Table 10.1.4)

Figure 10.1.1 Block Diagram of MJT (1/3)

32176 Group Hardware Manual Tod
Rev.1.10 REJ09B0067-0110 Jun 20.06 RENESAS



MULTIJUNCTION TIMERS
10 10.1 Outline of Multijunction Timers

Clock bus Input event bus Output event bus
3210 3210 0123
oo IRQ7
TCLK3 (P127) O—{TCLK3S E ok TMS 0 ovf >
cap3 cap2 cap1 cap0
@ I
o]
[s]
5o
Sp——clk TMS 1 o
R cap3 cap2 cap1 cap0
Q10
TIN16 (P130) O—{ TIN16S |—* s—A
IRQ10
TIN17 (P131) O— TIN17S |—* sk
IRQ10
TIN18 (P132) O—{ TINT8S |-+ ’ sk
DMA2
IRQ10
TIN19 (P133) O—| TIN19S |—¢4— s
DMA4
BCLK/2 @_L
DMAS clk T™MLO
IRQ1 cap3 cap2 cap1 cap0
TIN20 (P134) O—{ TIN20S |-+—— s
IRQ11
TIN21 (P135) <>—| TIN21S . |S
IRQ11
TIN22 (P136) O—i TIN22S ”l;; ‘js
TIN23 (P137) O—| TIN23S T_f' [sk—""— ADOTRG
ADOTRG (to A/DO converter)
(to A/DO converter) >
BCLK/2 [sF—ck TML 1
cap3  cap2 cap1 cap0
ral I
A
'S}
[s]
s
» ADOTRG (to A/DO converter)
» ADOTRG (to A/DO converter)
3210 3210 0123
Notes: < IRQO0-7 and IRQ9-12 denote interrupt signals, of which the same number represents the same group of
interrupts. (See Table 10.1.2)
+ ADOTRG denotes trigger signal to the A/DO converter. (See Table 10.1.4)

Figure 10.1.2 Block Diagram of MJT (2/3)
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MULTIJUNCTION TIMERS
10.1 Outline of Multijunction Timers

Input event bus
3210

A/DO conversion completed

Output event bus
012

3210

08_udf s udf
DMAO end
Software start: —
—Aj ; —
—
s udf
Software start DMA1
L end
! L |
—
(Note 1) Software start S DMA2 udf
TIN18S(P132) L] 3 end
~ —‘
SI00_TXD —— |
SIO1_RXD — of
(Note 1) — u
TINOS(P150) Software start — DMA3
i —‘
( SI00_RXD —| s "
Note 1) Software start u
TIN19S(P133) — DMA4 end Rmﬁ’,ﬁs
-—
-—
Software start
— s
(Note 1) $102_RXD ——] udf
TIN20S(P134) N DMA5
—
CANO_S0/S15 — s of
SIO1_TXD — u
Software start DMAG6 end
i —‘
CANO_S1/814 of
SI02_TXD u
Software start DMA7 end
CAN1_S0/s15——] |
SIO3_RXD —
Software start S DMAS udf
L] end
~ —‘
CAN1_S1/S14 ___|
SI03_TXD—— S udf
Software start — DMA9 DMAS5-9
L end interrupts

Note 1. Indicates edge select output at the timer input pin.

0123

Figure 10.1.3 Block Diagram of MJT (3/3)
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MULTIJUNCTION TIMERS
10 10.2 Common Units of Multijunction Timers

10.2 Common Units of Multijunction Timers
The common units of MJT include the following:

 Prescaler Unit

 Clock Bus and Input/Output Event Bus Control Unit
* Input Processing Control Unit

« Output Flip-flop Control Unit

« Interrupt Control Unit

32176 Group Hardware Manual - z NS 10-7
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MULTIJUNCTION TIMERS

10.2 Common Units of Multijunction Timers

10.2.1 MJT Common Unit Register Map

The table below shows a common unit register map of MJT.

MJT Common Unit Register Map

Address +0 address +1 address See pages|
b0 b7| b8 b15
H'0080 0200 (Use inhibited area) Clock Bus & Input Event Bus Control Register 10-13
(CKIEBCR)
H'0080 0202 Prescaler Register 0 Prescaler Register 1 10-9
(PRSO0) (PRS1)
H'0080 0204 Prescaler Register 2 Output Event Bus Control Register 10-9
(PRS2) (OEBCR) 10-14
| (Use inhibited area)
H'0080 0210 TCLK Input Processing Control Register 10-17
(TCLKCR)
H'0080 0212 TIN Input Processing Control Register 0 10-18
(TINCRO)
H'0080 0214 (Use inhibited area)
H'0080 0216 (Use inhibited area)
H'0080 0218 TIN Input Processing Control Register 3 10-19
(TINCR3)
H'0080 021A TIN Input Processing Control Register 4 10-19
(TINCR4)
H'0080 021C (Use inhibited area)
H'0080 021E (Use inhibited area)
H'0080 0220 F/F Source Select Register 0 10-21
(FFS0)
H'0080 0222 (Use inhibited area) F/F Source Select Register 1 10-22
(FFS1)
H'0080 0224 F/F Protect Register 0 10-23
(FFPO)
H'0080 0226 F/F Data Register 0 10-24
(FFDO)
H'0080 0228 (Use inhibited area) F/F Protect Register 1 10-23
(FFP1)
H'0080 022A (Use inhibited area) F/F Data Register 1 10-24
(FFD1)
| (Use inhibited area)
H'0080 0230 TOP Interrupt Control Register 0 TOP Interrupt Control Register 1 10-29
(TOPIRO) (TOPIR1)
H'0080 0232 TOP Interrupt Control Register 2 TOP Interrupt Control Register 3 10-31
(TOPIR2) (TOPIR3) 10-32
H'0080 0234 TIO Interrupt Control Register O TIO Interrupt Control Register 1 10-33
(TIOIRO) (TIOIR1) 10-34
H'0080 0236 TIO Interrupt Control Register 2 TMS Interrupt Control Register 10-35
(TIOIR2) (TMSIR) 10-36
H'0080 0238 TIN Interrupt Control Register 0 TIN Interrupt Control Register 1 10-37
(TINIRO) (TINIR1) 10-38
H'0080 023A (Use inhibited area)
H'0080 023C TIN Interrupt Control Register 4 TIN Interrupt Control Register 5 10-39
(TINIR4) (TINIR5)
H'0080 023E TIN Interrupt Control Register 6 (Use inhibited area) 10-41
(TINIR6)
32176 Group Hardware Manual -
P RENESANS 10-8
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10 10.2 Common Units of Multijunction Timers

10.2.2 Prescaler Unit

The Prescalers PRS0-2 are an 8-bit counter, which generates clocks supplied to each timer (TOP, TIO, TMS
and TML) from the internal peripheral clock (BCLK) divided by 2 (10 MHz when f(BCLK) = 20 MHz).

The values of prescaler registers are initialized to H'00 upon exiting the reset state. When the set value of any
prescaler register is rewritten, the prescaler starts operating with the new value at the same time it has
underflowed.

Values H'00 to H'FF can be set in the prescaler register. The prescaler’s divide-by ratio is given by the equation
below:

1
prescaler set value + 1

Prescaler divide-by ratio =

Prescaler Register 0 (PRSO0) <Address: H'0080 0202>
Prescaler Register 1 (PRS1) <Address: H'0080 0203>
Prescaler Register 2 (PRS2) <Address: H'0080 0204>
b0 1 2 3 4 5 6 b7
(b8 9 10 11 12 13 14 b15)
PRSO0-PRS2
0 | 0 | 0 | 0 | 0 | 0 | 0 | 0

<Upon exiting reset: H'00>

b Bit Name Function R W
0-7 PRS0, PRS2 Set the prescaler divide-by value R W
(8-15) PRS1

Prescaler

Prescaler Registers 0—2 start counting after exiting the reset state.
If the prescaler register is accessed for read during operation, the value written into it, not the current count, is
read out.

32176 Group Hardware Manual - z NS 10-9
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10.2 Common Units of Multijunction Timers

10.2.3 Clock Bus and Input/Output Event Bus Control Unit

(1) Clock bus

The clock bus is provided for supplying clock to each timer, and is comprised of four lines of clock bus 0-3.
Each timer can use these clock bus signals as clock input signals. The table below lists the signals that can
be fed into the clock bus.

Table 10.2.1 Acceptable Clock Bus Signals

Clock Bus Acceptable Signal
3 TCLKO input
2 Internal prescaler (PRS2) or TCLK3 input
1 Internal prescaler (PRS1)
0 Internal prescaler (PRSO0)

(2) Input event bus

The input event bus is provided for supplying a count enable signal or measure capture signal to each timer,
and is comprised of four lines of input event bus 0-3. Each timer can use these input event bus signals as
enable (or capture) input. Furthermore, they can also be used as request signals to start A/D conversion or

DMA transfer.

The table below lists the signals that can be fed into the input event bus.

Table 10.2.2 Connectable (Acceptable) Input Event Bus Signals

Input Event Bus

Connectable (Acceptable) Signal (Note 1)

3

TIN3 input, output event bus 2 or TIO7 underflow signal

2 TINO input
1 TIO6 underflow signal
0 TIO5 underflow signal

Note 1: For the destination (output) to which the input event bus signals are connected, see Figure 10.1.1, “Block Diagram of MJT.”

(3) Output event bus

The output event bus has the underflow signal from each timer connected to it, and is comprised of four
lines of output event bus 0—3. Output event bus signals are connected to output flip-flops, and output event
buses 3, 0 and 1 can be connected to the A/DO converter, DMA channel 1 and DMA channel 2, respectively.
Furthermore, output event bus 2 can be connected to input event bus 3.

The table below lists the signals that can be connected to the output event bus.

Table 10.2.3 Connectable (Acceptable) Output Event Bus Signals

Input Event Bus

Connectable (Acceptable) Signal (Note 1)

3

TOPS8, TIO3, TIO4 or TIO8 underflow signal

2 TOP9 or TIO2 underflow signal
1 TOP7 or TIO1 underflow signal
0 TOPG6 or TIOO underflow signal

Note 1: For the destination (output) to which the output event bus signals are connected, see Figure 10.1.1, “Block Diagram of MJT.”

Note that the signals from each timer to the output event bus (and TIO5, 6 signals to the input event bus) are
generated with the timing shown in Table 10.2.4, and not the timing at which signals are output from the
timer to the output flip-flop.

32176 Group Hardware Manual
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10 10.2 Common Units of Multijunction Timers

Table 10.2.4 Timing at Which Signals are Generated to the Output Event Bus by Each Timer

Timer Mode Timing at which signals are generated to the output event bus

TOP Single-shot output mode When the counter underflows
Delayed single-shot output mode When the counter underflows
Continuous output mode When the counter underflows

TIO(Note 1) Measure clear input mode When the counter underflows
Measure free-run input mode When the counter underflows
Noise processing input mode When the counter underflows
PWM output mode When the counter underflows
Single-shot output mode When the counter underflows
Delayed single-shot output mode When the counter underflows
Continuous output mode When the counter underflows

TMS (16-bit measure input) No signals generated

TML (32-bit measure input) No signals generated

Note 1: TIO5,6 output an underflow signal to the input event bus.

32176 Group Hardware Manual - z NS 10-11
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10.2 Common Units of Multijunction Timers

Clock bus

Input event bus

3210 3210

TCLKO (P124) O p

TINO (P150) O—{ TINOS |00

TIN3 (P153) O—| TIN3S |00

Output event bus
0123

TOP

udf }—o\o—«

TOP

TOP

TOP

TIO

TIO

TIO

TIO

TIO

PRS0 00
BCLK/2 PRS1 oo
pear oo
TCLK3 (P127) O—| TCLK3S}|—0 0+
3210 3210

: Prescaler

: Selector

TIO

TIO

He=
udf } >
udf }»—»

TIO

TIO

0123

Figure 10.2.1 Conceptual Diagram of the Clock Bus and Input/Output Event Bus
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MULTIJUNCTION TIMERS

10

The Clock Bus and Input/Output Event Bus Control Unit has the following registers:

* Clock Bus & Input Event Bus Control Register (CKIEBCR)
* Output Event Bus Control Register (OEBCR)

Clock Bus & Input Event Bus Control Register (CKIEBCR) <Address: H’'0080 0201>
b8 9 10 11 12 13 14 b15
IEB3S IEB2S IEB1S IEBOS CKB2S
0 | 0 0 .0 0 0 0 0

<Upon exiting reset: H'00>

10.2 Common Units of Multijunction Timers

b Bit Name Function R W
8,9 IEB3S 0X: Select external input 3 (TIN3) R W
Input event bus 3 input select bit 10: Select output event bus 2
11: Select TIO7 output
10,11 IEB2S 00: Select external input O (TINO) R W
Input event bus 2 input select bit 01: Does not use input event bus 2

10: Does not use input event bus 2
11: Does not use input event bus 2

12 IEB1S 0: Does not use input event bus 1 R W
Input event bus 1 input select bit 1: Select TIO6 output

13 IEBOS 0: Does not use input event bus 0 R W
Input event bus 0 input select bit 1: Select TIO5 output

14 No function assigned. Fix to "0". 0 O

15 CKB2S 0: Select prescaler 2 R W
Clock bus 2 input select bit 1: Select external clock 3 (TCLK3)

The CKIEBCR register is used to select the clock source (external input or prescaler) supplied to the clock bus
and the count enable/capture signal (external input or output event bus) supplied to the input event bus.

32176 Group Hardware Manual
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10.2 Common Units of Multijunction Timers

Output Event Bus Control Register (OEBCR)

<Address: H'0080 0205>

b8 9 10 11 12 13 14 b15
OEB3S OEB2S OEB1S OEBOS
0 0 0 0 0 0 0 0
<Upon exiting reset: H'00>
b Bit Name Function R W
8,9 OEB3S 00: Select TOP8 output w
Output event bus 3 input select bit 01: Select TIO3 output
10: Select TIO4 output
11: Select TIO8 output
10 No function assigned. Fix to "0". 0 O
11 OEB2S 0: Select TOP9 output R W
Output event bus 2 input select bit 1: Select TIO2 output
12 No function assigned. Fix to "0". 0 O
13 OEB1S 0: Select TOP7 output R W
Output event bus 1 input select bit 1: Select TIO1 output
14 No function assigned. Fix to "0". 0 O
15 OEBOS 0: Select TOP6 output R W

Output event bus 0 input select bit

1: Select TIOO0 output

The OEBCR register is used to select the timer (TOP or TIO) whose underflow signal is supplied to the output
event bus.

10.2.4 Input Processing Control Unit

The Input Processing Control Unit processes TCLK and TIN input signals to the MJT. In TCLK input process-
ing, it selects the source of TCLK signal, and for external input, it selects the active edge (rising or falling or

both) or level ("H" or "L") of the signal, at which to generate the clock signal supplied to the clock bus.

In TIN input processing, the unit selects the active edge (rising or falling or both) or level ("H" or "L") of the
signal, at which to generate the enable, measure or count source signal for each timer or the signal supplied to
each event bus.

Following input processing registers are included:

* TLCK Input Processing Control Register (TCLKCR)
* TIN Input Processing Control Register 0 (TINCRO)
« TIN Input Processing Control Register 3 (TINCR3)
 TIN Input Processing Control Register 4 (TINCR4)

32176 Group Hardware Manual
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10 10.2 Common Units of Multijunction Timers

(1) Functions of TCLK Input Processing Control Registers

ltem Function
BCLK/2
BCLK/2
.~
countclock — L LT LT LU UL UL L
Rising edge
o . N e S
Count clock ﬂ ﬂ
Falling edge
TCLK m
Count clock ﬂ ﬂ
Both edges
TCLK m
Count clock ﬂ ﬂ ﬂ ﬂ
L level
TCLK 4‘ ‘ !
BCLK/2 | |
- 1 1
Count clock [ L] R RN
H level
TCLK 4‘ ; |
. BCLK/2 1
e |
countelock — | LI LT LT LT L UL
32176 Group Hardware Manual REN ESNS 10-15
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(2) Functions of TIN Input Processing Control Registers

Item Function
Rising edge
SV S — R —
Internal edge ﬂ ﬂ
signal
Falling edge
Wy e
Internal edge ﬂ ﬂ
signal
Both edges
Internal edge ﬂ ﬂ ﬂ ﬂ
signal
L level
Prescalgr oqtpﬁut period or TCLK i%nput period
Imernatodge 7] [ pipinEuip i S
H level
TIN 4‘ ! ’7
Pre§calgr output periocﬁd or TCLK input period
Lo | |
mernatedge [ [T pigh
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10.2 Common Units of Multijunction Timers

TLCK Input Processing Control Register (TCLKCR)

bo 1 2 3 4 5 6 7 8 9

<Address: H'0080 0210>

10 11 12 13 14 bils

TCLK3S TCLK2S
0 1 0 0 | 0 0 0O |1 0 1 0 0 0

TCLK1S TCLKOS
| 0 | 0 0 | 0 0 | 0

<Upon exiting reset: H'0000>

b Bit Name Function R W
0,1 No function assigned. Fix to "0". 0 O
2,3 TCLK3S 00: BCLK/2 R W
TCLK3 input processing select bit 01: Rising edge
10: Falling edge
11: Both edges
4 No function assigned. Fix to "0". 0 O
5-7 TCLK2S 000: Disable input R W
TCLK2 input processing select bit 001: Rising edge
010: Falling edge
011: Both edges
100: L level
101: L level
110: H level
111: H level
8 No function assigned. Fix to "0". 0
9-11 TCLK1S 000: Disable input R W
TCLKZ1 input processing select bit 001: Rising edge
010: Falling edge
011: Both edges
100: L level
101: L level
110: H level
111: H level
12,13 No function assigned. Fix to "0". 0
14,15 TCLKOS 00: BCLK/2 R W
TCLKO input processing select bit 01: Rising edge
10: Falling edge
11: Both edges
Note: « This register must always be accessed in halfwords.
32176 Group Hardware Manual 10-17
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TIN Input Processing Control Register 0 (TINCRO) <Address: H'0080 0212>

b0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Dbil5

TIN4S TIN3S TIN2S TIN1S TINOS
o [ 0 ;] O, 0 | O[O | 0 [ O 0 ; O 0 | O 0 | O 0 | O

<Upon exiting reset: H'0000>

b Bit Name Function R W

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

1-3 TIN4S Fix to "0". 0O O
Reserved bit

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

5-7 TIN3S 000: Disable input R W
TIN3 input processing select bit 001: Rising edge

010: Falling edge
011: Both edges

100: L level
101: L level
110: H level
111: H level
8,9 No function assigned. Fix to "0". 0 O
10,11 TIN2S Fix to "0". 0 o0
Reserved bit
12,13 TIN1S Fix to "0". 0 O
Reserved bit
14,15 TINOS 00: Disable input R W
TINO input processing select bit 01: Rising edge

10: Falling edge
11: Both edges

Note: * This register must always be accessed in halfwords.
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TIN Input Processing Control Register 3 (TINCR3) <Address: H'0080 0218>

b0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 bils
TIN19S TIN18S TIN17S TIN16S TIN15S TIN14S TIN13S TIN12S

0O | O 0 | O 0 | O 0 | O 0 | O 0 | O 0 | O 0 | O

<Upon exiting reset: H'0000>
b Bit Name Function R W
0,1 TIN19S (TIN19 input processing select bit) 00: Disable input R W
2,3 TIN18S (TIN18 input processing select bit) 01: Rising edge
4,5 TIN17S (TIN17 input processing select bit) 10: Falling edge
6,7 TIN16S (TIN16 input processing select bit) 11: Both edges
8,9 TIN15S (Reserved bit) Fix to "0". 0 O

10,11 TIN14S (Reserved bit)
12,13 TIN13S (Reserved bit)

14, 15 TIN12S (Reserved bit)
Note: « This register must always be accessed in halfwords.

TIN Input Processing Control Register 4 (TINCR4) <Address: H'0080 021A>

b0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 bil5

TIN33S TIN32S TIN31S TIN30S TIN23S TIN22S TIN21S TIN20S
0 | 0 0O | O 0 | O 0 | O 0 | 0 0O | 0 0 | O 0 | O

<Upon exiting reset: H'0000>

b Bit Name Function R W
0,1 TIN33S (Reserved bit) Fix to "0". 0 O
2,3 TIN32S (Reserved bit)

4,5 TIN31S (Reserved bit)

6,7 TIN30S (Reserved bit)

8,9 TIN23S (TIN23 input processing select bit) 00: Disable input R W
10,11 TIN22S (TIN22 input processing select bit) 01: Rising edge

12,13 TIN21S (TIN21 input processing select bit) 10: Falling edge

14, 15 TIN20S (TIN20 input processing select bit) 11: Both edges

Note: « This register must always be accessed in halfwords.
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10.2.5 Output Flip-flop Control Unit

The Output Flip-flop Control Unit controls the flip-flops (F/F) provided for each timer. Following flip-flop control
registers are included:

« F/F Source Select Register 0 (FFSO0)
* F/F Source Select Register 1 (FFS1)
* F/F Protect Register 0 (FFPO)

« F/F Protect Register 1 (FFP1)

» F/F Data Register 0 (FFDO)

» F/F Data Register 1 (FFD1)

The timing at which signals are generated to the output flip-flop by each timer are shown in Table 10.2.5. (Note
that this timing is different from one at which signals are output from the timer to the output event bus.)

10.2.5 Timing at Which Signals Are Generated to the Output Flip-Flop by Each Timer

Timer Mode Timing at which signals are generated to the output flip-flop
TOP Single-shot output mode When counter is enabled or underflows
Delayed single-shot output mode When counter underflows

Continuous output mode When counter is enabled or underflows
TIO Measure clear input mode When counter underflows

Measure free-run input mode When counter underflows

Noise processing input mode When counter underflows

PWM output mode When counter is enabled or underflows

Single-shot output mode When counter is enabled or underflows

Delayed single-shot output mode When counter underflows

Continuous output mode When counter is enabled or underflows
TMS (16-bit measure input) No signals generated
TML (32-bit measure input) No signals generated

L%P] F/F source selection (FFn) Port operation mode register (PnMOD)
udf o FIF
Output event bus 0 © Internal edge signal
Outputeventbus 1 — |0 O
Output event bus 2 o
Output event bus 3 — O
P +F/Fn output data (FDn)
Data bus —»| F/F L~ (] Ton
Output control (ON/OFF)
WR

F/F protect (FPn)

Data bus > F/F

Figure 10.2.2 Configuration of the F/F Output Circuit Table
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F/F Source Select Register 0 (FFS0)

<Address: H'0080 0220>

Rev.1.10 REJ09B0067-0110 Jun 20.06
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b0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 bi15
FF15|FF14 |FF13|FF12 |FF11 FF10 FF9 FF8 FF7 | FF6
0 | 0 | O 0 0 0 0 0 0 | 0 0 | 0 0 | O 0 0
<Upon exiting reset: H'0000>
b Bit Name Function R W
0-2 No function assigned. Fix to "0". 0 O
3 FF15 0: TIO4 output R W
F/F15 source select bit 1: Output event bus 0
4 FF14 0: TIO3 output R W
F/F14 source select bit 1: Qutput event bus 0
5 FF13 0: TIO2 output R W
F/F13 source select bit 1: Output event bus 3
6 FF12 0: TIO1 output R W
F/F12 source select bit 1: Output event bus 2
7 FF11 0: TIOO output R W
F/F11 source select bit 1: Output event bus 1
8,9 FF10 00: TOP10 output R W
F/F10 source select bit 01: TOP10 output
10: Output event bus 0
11: Output event bus 1
10, 11 FF9 00: TOP9 output R W
F/F9 source select bit 01: TOP9 output
10: Output event bus 0
11: Output event bus 1
12,13 FF8 00: TOP8 output R W
F/F8 source select bit 01: Output event bus 0
10: Output event bus 1
11: Output event bus 2
14 FF7 0: TOP7 output R W
F/F7 source select bit 1: Qutput event bus 0
15 FF6 0: TOPG6 output R W
F/F6 source select bit 1: Output event bus 1
Note: « This register must always be accessed in halfwords.
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F/F Source Select Register 1 (FFS1)

<Address: H'0080 0223>

b8 9 10 11 12 13 14 b15
FF19 FF18 FF17 FF16
0 | 0 0 | 0 0 | 0 0 | 0
<Upon exiting reset: H'0000>
b Bit Name Function R W
8,9 FF19 00: TIO8 output R W
F/F19 source select bit 01: TIO8 output
10: Output event bus 0
11: Output event bus 1
10, 11 FF18 00: TIO7 output R W
F/F18 source select bit 01: TIO7 output
10: QOutput event bus 0
11: Output event bus 1
12,13 FF17 00: TIO6 output R W
F/IF17 source select bit 01: TIO6 output
10: Output event bus 0
11: Output event bus 1
14,15 FF16 00: TIO5 output R W
F/F16 source select bit 01: Output event bus 0

10:
11:

Output event bus 1
Output event bus 3

These registers select the signal source for each output F/F (flip-flop). This signal source can be chosen to be

a signal from the internal output bus or an underflow output from each timer.
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F/F Protect Register 0 (FFPO)

b0

1

2

3

4

5 6

10

11

12

13

14

b15

FP15
0

FP14

FP13

FP12
0

FP11

FP10| FP9

FP8 | FP7 | FP6

FP5

FP4

FP3

FP2

FP1

FPO

<Address: H'0080 0224>

<Upon exiting reset: H'0000>

Bit Name

Function

R

W

FP15 (F/F15 protect bit)

FP14 (F/F14 protect bit)

FP13 (F/F13 protect bit)

FP12 (F/F12 protect bit)

FP11 (F/F11 protect bit)

FP10 (F/F10 protect bit)

FP9 (F/F9 protect bit)

FP8 (F/F8 protect bit)

FP7 (F/F7 protect bit)

© |0 | N|ojoa |~ |W N |+ |O|T

FP6 (F/F6 protect bit)

-
o

FP5 (F/F5 protect bit)

=
[

FP4 (F/F4 protect bit)

=
N

FP3 (F/F3 protect bit)

=
w

FP2 (F/F2 protect bit)

[N
N

FP1 (F/F1 protect bit)

15

FPO (F/FO protect bit)

0: Enable write to F/F output bit

1: Disable write to F/F output bit

R

w

Note: « This register must always be accessed in halfwords.

F/F Protect Register 1 (FFP1)

<Address: H'0080 0229>

b8 9 10 11 12 13 14 b15
FP20 FP19 FP18 FP17 FP16
0 | 0 | 0 0 0 0 0 0
<Upon exiting reset: H'00>
b Bit Name Function R W
8-10 No function assigned. Fix to "0". 0 O
11 FP20 (F/F20 protect bit) 0: Enable write to F/F output bit R W
12 FP19 (F/F19 protect bit) 1: Disable write to F/F output bit
13 FP18 (F/F18 protect bit)
14 FP17 (F/F17 protect bit)
15 FP16 (F/F16 protect bit)

These registers enable or disable write to each output F/F (flip-flop). If write to any output F/F is disabled,
writing to the corresponding F/F data register has no effect.
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F/F Data Register 0 (FFDO) <Address: H'0080 0226>

b0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 bils

FD15|FD14|FD13|FD12|FD11|FD10| FD9 | FD8 | FD7 | FD6 | FD5 | FD4 | FD3 | FD2 | FD1 | FDO
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

<Upon exiting reset: H'0000>

Bit Name Function R W
FD15 (F/F15 output data bit) 0: F/F output data =0 R W
FD14 (F/F14 output data bit) 1: F/F output data = 1

FD13 (F/F13 output data bit)

FD12 (F/F12 output data bit)

FD11 (F/F11 output data bit)

FD10 (F/F10 output data bit)

FD9 (F/F9 output data bit)

FD8 (F/F8 output data bit)

FD7 (F/F7 output data bit)

FD6 (F/F6 output data bit)

FD5 (F/F5 output data bit)

FD4 (F/F4 output data bit)

FD3 (F/F3 output data bit)

FD2 (F/F2 output data bit)

FD1 (F/F1 output data bit)

15 FDO (F/FO output data bit)

Note: « This register must always be accessed in halfwords.

© |0 | N0 |~ |W N |+ |O|T

=
o

=
[

Juny
N

=
w

[N
N

F/F Data Register 1 (FFD1) <Address: H'0080 022B>
b8 9 10 11 12 13 14 b15
FD20 FD19 FD18 FD17 FD16
0 L0 L0 0 0 0 0 0

<Upon exiting reset: H'00>

b Bit Name Function R W
8-10 No function assigned. Fix to "0". 0 O
11 FD20 (F/F20 output data bit) 0: F/F output data =0 R W
12 FD19 (F/F19 output data bit) 1: F/F output data = 1

13 FD18 (F/F18 output data bit)

14 FD17 (F/F17 output data bit)

15 FD16 (F/F16 output data bit)

These registers are used to set the data for each output F/F (flip-flop). Although the F/F outputs normally
change state depending on timer outputs, the F/F outputs can be set to 1 or cleared to 0 as necessary by
writing to this register. The F/F data register can only be operated on when the F/F protect register described
previously is enabled for write.
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10.2.6 Interrupt Control Unit

The Interrupt Control Unit controls the interrupt request signals output to the Interrupt Controller by each timer.
Following timer interrupt control registers are provided for each timer:

* TOP Interrupt Control Register 0 (TOPIRO0)
* TOP Interrupt Control Register 1 (TOPIR1)
* TOP Interrupt Control Register 2 (TOPIR2)
« TOP Interrupt Control Register 3 (TOPIR3)
« TIO Interrupt Control Register 0 (TIOIRO0)

* TIO Interrupt Control Register 1 (TIOIR1)

* TIO Interrupt Control Register 2 (TIOIR2)

* TMS Interrupt Control Register (TMSIR)

* TIN Interrupt Control Register 0 (TINIRO)

* TIN Interrupt Control Register 1 (TINIR1)

* TIN Interrupt Control Register 4 (TINIR4)
 TIN Interrupt Control Register 5 (TINIR5)

« TIN Interrupt Control Register 6 (TINIR6)

For interrupts which have only one interrupt source in the interrupt vector table, no interrupt control registers
are included in the timer, and the interrupt status flags are automatically managed within the Interrupt Control-
ler. The relevant timer interrupt is the following.

(For details, see Chapter 5, “Interrupt Controller.”)

*« TOP10 MJT Output Interrupt 5 (IRQ5)
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For interrupts which have two or more interrupt sources in the interrupt vector table, interrupt control registers
are included, with which to control interrupt requests and determine interrupt input. Therefore, the status flags
in the Interrupt Controller only serve as a bit to determine interrupt requests from interrupt-enabled sources and
cannot be accessed for write.

(1) Interrupt request status bit

This status bit is used to determine whether there is an interrupt request. When an interrupt request occurs,
this bit is set in hardware (cannot be set in software). The status bit is cleared by writing "0". Writing "1" has
no effect; the bit retains the status it had before the write. Because this status bit is unaffected by the
interrupt mask bit, it can be used to inspect the operating status of peripheral functions.

In interrupt handling, make sure that within the grouped interrupt request status, only the status bit for the
interrupt request that has been serviced is cleared. If the status bit for any interrupt request that has not
been serviced is cleared, the pending interrupt request is cleared simultaneously with its status bit.

(2) Interrupt mask bit

This bit is used to disable unnecessary interrupts within the grouped interrupt. Set this bit to "0" to enable
interrupts or "1" to disable interrupts.

® Group interrupt

Timer or TIN input
interrupt request

Set

Data = 0 + Interrupt request status

clear
Data bus > F/F

To the Interrupt

F/F Controller

Interrupt enabled

Figure 10.2.3 Interrupt Request Status and Mask Registers
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@ Example for clearing interrupt request status

Interrupt request status

b4 5 6 b7

Initial state —_— 0 0 0 0

Interrupt request
Event occursonbit6 —w | 0 | 0 . 0 //

Write to the interrupt request status ; ; ; ; !
A
| | | | |
| | | | |

b4 5 6 b7

T 11101 :‘I0.0

T S Only bit 6 cleared

Bit 4 data retained

® P