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Notice

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

2. 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.

3. 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.

4. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.
Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from such alteration,
modification, copy or otherwise misappropriation of Renesas Electronics product.

5. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The
recommended applications for each Renesas Electronics product depends on the product’s quality grade, as indicated below.
“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual

equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots etc.
“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-

crime systems; and safety equipment etc.
Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems, surgical implantations etc.), or may cause serious property
damages (nuclear reactor control systems, military equipment etc.). 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 for which it is not intended. 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 which the product is not intended by Renesas
Electronics.

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

7. 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 systems manufactured by you.

8. 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.

9.  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. You should not use Renesas
Electronics products or 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. When exporting the Renesas Electronics
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.

10. It is the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise places
the product with a third party, to notify such third party in advance of the contents and conditions set forth in this document,
Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of
Renesas Electronics products.

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

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

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

owned subsidiaries.

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

(2012.4)
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General Precautions on Handling of Product

1. Treatment of NC Pins

Note:

Do not connect anything to the NC pins.

The NC (not connected) pins are either not connected to any of the internal circuitry or are
used as test pins or to reduce noise. If something is connected to the NC pins, the
operation of the LSI is not guaranteed.

2. Treatment of Unused Input Pins

Note:

Fix all unused input pins to high or low level.

Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
are in their open states, intermediate levels are induced by noise in the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note:

When power is first supplied, the product's state is undefined.

The states of internal circuits are undefined until full power is supplied throughout the
chip and a low level is input on the reset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing while it is in this
undefined state. For those products which have a reset function, reset the LSI immediately
after the power supply has been turned on.

4. Prohibition of Access to Undefined or Reserved Addresses

Note:

Access to undefined or reserved addresses is prohibited.

The undefined or reserved addresses may be used to expand functions, or test registers
may be allocated to these addresses. Do not access these registers; the system's operation
is not guaranteed if they are accessed.

5. Reading from/Writing to Reserved Bit of Each Register

Note:

Treat the reserved bit of register used in each module as follows except in cases where the
specifications for values which are read from or written to the bit are provided in the
description.

The bit is always read as 0. The write value should be O or one, which has been read
immediately before writing.

Writing the value, which has been read immediately before writing has the advantage of
preventing the bit from being affected on its extended function when the function is
assigned.
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Configuration of This Manual

This manual comprises the following items:

General Precautions on Handling of Product
Configuration of This Manual

Preface

Contents

Overview

SNl S e

Description of Functional Modules
e CPU and System-Control Modules
e On-Chip Peripheral Modules

The configuration of the functional description of each module differs according to the
module. However, the generic style includes the following items:

i) Feature

ii) Input/Output Pin
iii) Register Description
iv) Operation

v) Usage Note

When designing an application system that includes this LSI, take notes into account. Each section
includes notes in relation to the descriptions given, and usage notes are given, as required, as the
final part of each section.

7. List of Registers
8. Electrical Characteristics
9. Appendix

10. Main Revisions and Additions in this Edition (only for revised versions)

The list of revisions is a summary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locations in this
manual.

11. Index
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Preface

This LSI is an RISC (Reduced Instruction Set Computer) microcontroller that includes a Renesas
original RISC CPU as its core, and the peripheral functions required to configure a system.

Target Users: This manual was written for users who will be using this LSI in the design of
application systems. Target users are expected to understand the fundamentals of
electrical circuits, logical circuits, and microcontrollers.

Objective: ~ This manual was written to explain the hardware functions and electrical
characteristics of this LSI to the target users.
Refer to the SH-2A, SH2A-FPU Software Manual for a detailed description of the
instruction set.

Notes on reading this manual:

e In order to understand the overall functions of the chip

Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions and electrical characteristics.

e In order to understand the details of the CPU's functions
Read the SH-2A, SH2A-FPU Software Manual.
e In order to understand the details of a register when its name is known

Read the index that is the final part of the manual to find the page number of the entry on the
register. The addresses, bits, and initial values of the registers are summarized in section 31,
List of Registers.
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Examples

The notation used for register names, bit names, numbers, and symbols in this manual is
described below.

(1) Registers
The style (register name)_(channel number) is used in cases where the same or a
similar function is implemented on more than one channel.
Example: CMCSR_0

Bits

When bit names are given in this manual, the higher-order bits are to the left and the
lower-order bits are to the right.

Example: CKS1, CKSO

@

-

(3) Numbers
Binary numbers are given as B'xxxx, hexadecimal are given as H'xxxx, and decimal
are given as Xxxx.

Examples: B'11 or 11, H'EFAO, 1234

=z

(4

=

Symbols
An overbar is added to the names of active-low signals.
Example: WDTOVF

(4) 0]

14.2.2 Compare Match Control/Status Register_0, _{ (CMCSR_0,)CMCSR_1)

CMCSR indicates compar: ation, enables or disables interrupts, and selects the counter
t clock.Generation of @ WDTOVF sjgna i initializes the TCNT value to 0.

14.3.1 Interval Count Operation

‘When an internal clock is selected with the(CKS1 and CKSO)bits in CMCSR and the STR bit in
2

CMSTR is set to 1, CMCNT starts incremenfing usj ¢ selected clock. When the values in

CMCNT and the compare match constant register ((MCOR) match, CMCNT is cleared to H'0000
and the CMF flag in CMCSR is set to 1. When the ¢KS1 and CKSO bits are set t€B'0D)at this time,
a f/4 clock is selected.

Rev. 0.50, 10/04, page 416 of 914

RENESAS

(] 3)

Note: The bit names and sentences in the above figure are examples, and have nothing to do
with the contents of this manual.
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e Notation in bit figures and tables describing arrangements of bits
Each register description includes a figure that illustrates the arrangement of bits and a table
that describes the meanings of settings in the bits.

(1) Bit
Indicates the bit number.
In the case of a 32-bit register, the bits are arranged in order from 31 to 0, and in the case
of a 16-bit register, the bits are arranged in the order from 15 to 0.

(2) Bit Name
The short form of the name of the bit or bit field within the register.
When the individual bits of bit fields have to be clearly indicated, notation allowing this is
included (e.g., ASID[3:0]).
A reserved bit is indicated by —.
Instead of a bit name, a blank is used for some bits, such as those of timer counters.
(3) Initial Value
Indicates the value of each bit after a power-on reset, i.e., the initial value.
0: Initial value is 0
1: Initial value is 1
—: Initial value is undefined
(4) RIW
Indicates whether each bit is readable or writable, or either writing to or reading from the bit is
prohibited.
The notation is as follows:
R/W: Bit or field is readable and writable.
R/(W): Bit or field is readable and writable.
However, writing is only performed to clear the flag.
R: Bit or field is readable and writable.
However, "R" is indicated for all reserved bits. When writing to the bit is required, write
the value stated in the bit table or the initial value.
W: Bit or field is readable and writable.
However, only the value in the bit table is guaranteed when reading from the bit.

Description
Describes the function enabled by setting the bit.

G

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

| | ( ASID ) | - | - | - | - | - | - | Q | ACMP[2:0] | IFE |
Initial value: 0 0 0 0 1 0 0 0 0 0 0 0 0 0
R/W: H RW RW | RW R/W RW RW RW RW RW RW RW RW RW
() @ @® ) ®)
it Bi{ Name nitial Value R/W Description
- R Reserved
(This bit is always read as 0. The write value should always be 0.)
14to 11( ASID 000 R/W  Address Identifier
Enables or disables the pin function.

10 - o) ( R ) Reserved

This bit is always read as 0.

9 - 1 R Reserved
This bit is always read as 1.

Note: The bit names and sentences in the above figure are examples, and have nothing to do with the contents of this
manual.

All trademarks and registered trademarks are the property of their respective owners.
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SH72546R Section 1 Overview

Section 1 Overview

1.1 SH72546R Features

The SH72546R is a single-chip microcontroller featuring an original Renesas RISC (reduced
instruction set computer) SH-2A-type CPU core along with integrated peripheral functions
essential to system configuration.

This CPU brings the user the ability to set up high-performance systems with strong functionality
at less expense than was achievable with previous microcontrollers, and is even able to handle
real-time control applications requiring high-speed characteristics. Superscalar architecture and a
Harvard cache architecture further improve the CPU’s characteristics and performance.

The SH-2A has a 32-bit RISC architecture, and features upward compatibility with the SH-2E
core at the object code level. Furthermore, the new instructions added to the instruction set for the
existing SH-2E core contribute to higher speeds of execution and greater code efficiency.

On-chip peripheral functions essential to system configuration on this LSI include a floating point
unit (FPU), large-capacity ROM and RAM, a direct memory access controller (DMAC), timers, an
automotive direct memory access controller (A-DMAC), a Renesas serial peripheral interface
(RSPI), an user break controller (UBC), an advanced user debugger I (AUD-II), an advanced
timer unit III (ATU-III), a serial communications interface (SCI), a controller area network
interface (RCAN-TL1), an A/D converter (ADC), an interrupt controller (INTC), and I/O ports.

This LSI also includes functions for external access control that allow the direct connection of
various external memory modules and peripheral devices, and has the potential to greatly reduce
system costs.

The on-chip ROM of this LSI takes the form of flexible zero turn-around time (F-ZTAT) memory,
i.e. flash memory. Flash memory can be reprogrammed and erased by software. This allows the
user to reprogram the chip while it is mounted on the board.

The features of this LSI are listed in table 1.1.

Note: F-ZTAT is a trademark of Renesas Electronics Corporation.

RO1UHO0235EJ0200 Rev. 2.00
Apr 01,2014 leNESAS
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SH72546R

Table1.1 SH72546R Features
Item Features
CPU ¢ Original Renesas SuperH architecture

Upwardly compatible with SH-1, SH-2, and SH-2E cores on the object
code level

32-bit internal data bus

General-register architecture

Sixteen 32-bit general registers

Four 32-bit control registers

Four 32-bit system registers

Register banks for fast interrupt response

RISC-type instruction set (upward-compatible with SH-2E Series)
Instruction length: 16-bit basic instructions for improved code efficiency,
and 32-bit instructions for improved performance and ease of use
Load-store architecture

Delayed branch instructions

Instruction set based on C language

Superscalar architecture allowing simultaneous execution of two
instructions, including FPU

Instruction execution time: Max. 2 instructions/cycle

Address space: 4 Gbytes

On-chip multiplier

Five-stage pipeline

Harvard architecture

Page 2 of 1824
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Iltem Features

Floating-point unit e  On-chip floating-point coprocessor
(FPU) e Supports single-precision (32 bits) and double-precision (64 bits)
e Supports IEEE 754-compliant data types and exceptions
e Two rounding modes: Round to Nearest and Round to Zero
¢ Handling of denormalize numbers: Truncation to zero
¢ Floating-point registers
Sixteen 32-bit floating-point registers
(single-precision x 16 words or double-precision x 8 words)
Two 32-bit floating-point system registers
e Supports FMAC (multiply and accumulate) instruction
e Supports FDIV (division) and FSQRT (square root) instructions
e Supports FLDIO/FLDI1 (load constant 0/1) instructions
e Instruction execution times

Latency (FMAC/FADD/FSUB/FMUL): 3 cycles (single-precision), 8cycles
(double-precision)

Pitch (FMAC/FADD/FSUB/FMUL): 1 cycle (single-precision), 6cycles
(double-precision)

Note: FMAC is supported for single-precision only.
o Five-stage pipeline
e Selectable exception generation when gNaN or + input

RO1UHO0235EJ0200 Rev. 2.00
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Iltem Features

Operating modes o

Operating modes
Single-chip mode

8/16-bit bus extended mode
— On-chip ROM enabled
— On-chip ROM disabled
On-board programming mode
Boot mode

User boot mode

User program mode
Processing states

Reset state

Program execution state
Exception handling state
Power-down modes

Sleep mode

Hardware standby mode
Module standby mode

Clock pulse
generator (CPG)

On-chip oscillation circuit (Maximum operating frequency: 200 MHz)
Two types of clock generation

Internal clock (200 MHz max)

Peripheral clock (40 MHz max)

Internal/peripheral clocks multiplied by the on-chip PLL

x4, xB, x8, or x10 can be selected for the internal clock multiplication by
setting the MD_CLKO/1 pins.

x1 or x2 can be selected for the peripheral clock multiplication by setting
the MD_CLKP pin.

Input clock frequency: 16 to 20 MHz

Interrupt controller
(INTC)

Nine external interrupt pins (NMI and IRQO to IRQ7)
Fifteen software interrupts with priority levels 1 to 15
Sixteen programmable priority levels

Page 4 of 1824
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Iltem

Features

User break
controller (UBC)

e 4 channels

e Generates an interrupt when the CPU, DMAC, or A-DMAC generates a
bus cycle with specified conditions. (Interrupt can be masked.)

e Generates a trigger pulse output (UBCTRG) on satisfaction of a break
condition (the pulse width is selectable as 1, 2, 4, or 8 P¢ cycles)

Pulse width of 1 P¢ cycle is only available when x1 multiplication has been
set for the peripheral clock

Bus state
controller (BSC)

e Supports external memory accesses (SRAM and ROM directly
connectable)

e 8/16-bit bus

e 3.3-V bus interface

¢ 16-Mbyte address space divided into four areas, with the following
parameters settable for each area:
Bus size: 8 or 16 bits
Number of wait cycles
Chip select signals (CS0 to CS3) output for each area

o Wait cycle insertion with external WAIT signal

e Provision for idle cycle insertion to prevent bus conflicts

Direct memory
access controller
(DMAC)

e Eight channels
DMA transfer possible between following devices/modules:

external memory, on-chip memory, on-chip peripheral modules (excluding
DMAC and A-DMAC)

e Cycle stealing or burst mode transfer
e Dual address mode
¢ Reloading function
Reloading source or/and destination address and reload counter

Reloading source and destination address, and transfer and reload
counter

e Integer — floating-point conversion selection during transfer
e Transfer data width: byte/word/longword/16 bytes

RO1UHO0235EJ0200 Rev. 2.00

Apr 01, 2014
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Iltem Features

Automotive direct e 66 channels

memory access Forwarding data from/to the specific module to/from alias (specific RAM
controller (A-

DMAC) address) is possible triggered by event generation
e Following modules are supported
One channel for ADC: A/D converted value transfer
One channel for ATU-III (timer G): RAM data transfer from RAM to PORT

Channels for ATU-III (timers A, C, and F): Input capture value transfer for
timer A (6 channels), timer C (20 channels), and timer F (20 channels)

Six channels for RSPI: MISOA to MISOC and MOSIA to MOSIC

Ten channels for SCI: RxD_A to RxD_E and TxD_A to TxD_E

Two channels for RCAN-TL1: CRx_A to CRx_C and CTx_A to CTx_C
e Alias address pointers

One base pointer: Addresses of aliases for ATU-III (timers A, C, and F)
and RCAN-TL1 channels relative to the base address

are fixed.
18 alias pointers: One for each of ATU-III (timer G), ADC, RSPI, and SCI
channels
Advanced timer e Timer A: 32-bit input capture inputs x 6 channels

unit (ATU-1IT) e Timer B: Angle clock generation timer x 1 channel

e Timer C: 24-bit input capture/output compare x 20 channels
e Timer D: 24-bit one shot pulse x 16 channels
24-bit output compare x 16 channels
e Timer E: 16-bit PWM x 24 channels
e Timer F: 24-bit event counter x 20 channels
e Timer G: 16-bit interval timer x 6 channels
e Timer H: 32-bit interval timer x 1 channel
e Timer J: 16-bit input capture with 9-stage FIFO x 2 channels
o Two external clocks can be input as clock source
e External input pins with noise canceller (timer A, C, F, and J)

Watchdog timer e Selectable from watchdog timer or interval timer function

(WDT) ¢ Internal reset, external signal, or interrupt generated by counter overflow

e Power-on reset

Page 6 of 1824 RO1UHO0235EJ0200 Rev. 2.00
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Iltem Features

Compare match e Two channels

timer (CMT) e Selection of four counter-input clocks
e A compare-match interrupt can be requested independently for each
channel
Serial e Five channels

communications

. Selection of asynchronous or synchronous mode
interface (SCI) y y

e Simultaneous transmission/reception (full-duplex) capability
e Maximum baud rate

Asynchronous: 1.25 Mbps

Synchronous: 2.5 Mbps

Renesas serial e Three channels
peripheral

Synchronous serial communications
interface (RSPI) *

e Master/slave mode supported

¢ Programmable bit length, clock polarity, and clock phase
e Sequential loop transfer capable

¢ MSBJ/LSB first selectable

e Maximum transfer rate: 10 MHz

¢ Channel A can control up to 8 slaves in single master mode (depends on
PFC settings).

Channel A can control up to 7 slaves in multi master mode (depends on
PFC settings).

e Channels B and C can control up to 4 slaves in single master mode
(depends on PFC settings).

Channels B and C can control up to 3 slaves in multi-master mode
(depends on PFC settings).

RO1UHO0235EJ0200 Rev. 2.00
Apr 01,2014 leNESAS
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Iltem Features

Controller area e Three channels

?Iggflil'fTU) e TTCAN level 1 support for all channels
e BOSCH 2.0B active compatible
e Buffer size: transmit/receive x 31, receive only x 1
¢ Two or more RCAN-TL1 channels can be assigned to one bus to increase
number of buffers with a granularity of 32 channels
o Parity error detection capability (1-bit parity based; every 8-bit message
buffer)
e Capability of interrupt generation upon detection of a parity error
A/D converter e 37 channels
(ADC)

e Two sample-and-hold circuits

Independent operation of 12-bit 28 channels and 9 channels
e Selectable from three conversion modes

Continuous scan mode

Single scan mode

A/D conversion value addition mode (a single channel is converted
continuously two to four times)

¢ Conversion trigger capability
Scanning can be started by external trigger or ATU-IIl compare-match

o Self-test capability

e 0 x Avref, 0.5 x AVref, or 1 x AVref voltage (+40 LSB) can be generated
internally.

e Conversion time:
25/50 P¢ cycles when the peripheral clock multiplication ratio is set to x1
50 P¢ cycles when the peripheral clock multiplication ratio is set to x2

e Accuracy: £8 LSB, Non linearity error: +4 LSB

JTAG interface e JTAG port

Boundary scan test ports supporting IEEE 1149.1

Page 8 of 1824 RO1UHO0235EJ0200 Rev. 2.00
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Iltem Features

Advanced user e Eight dedicated pins

?:ltjggﬁ;er I e RAM monitor mode
Data input/output frequency: equal to or lower than both the peripheral
clock frequency (P¢) and 20 MHz
Possible to read from or write to a module connected to the
internal/external bus
e AUD trace mode
I/O ports e Selectable output driving ability for specific /O pins
¢ Output inversion enabled or disabled for specific /O pins
e Switchable pull-down resistors for the MISO and RxD pins
e CK pin output enabled or disabled by register setting
o Edge detection registers provided for specific ports
Multi-input ¢ Monitors CPU write accesses to specific addresses and generates 32-bit
signature signature by the written data
generator (MISG)
ROM e 3.75-Mbyte flash memory

¢ ROM cache
Instruction cache: full associative, 8 lines, 16 byte/line
Data cache: full associative, 4 lines, 16 byte/line
Line size: 16 byte/line
EEPROM e 128-Kbyte EEPROM
e Sixteen 8-Kbyte blocks
e Writing is possible in 8-byte units, erasure is possible in 8-Kbyte units
RAM e 256-Kbyte SRAM
e ECC: 1-bit correction and 2-bit detection
e ECC can be enabled or disabled
Package e 272-pin BGA

RO1UHO0235EJ0200 Rev. 2.00
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Section 1

Block Diagram

1.2

Figure 1.1 shows a block diagram of the SH72546R.
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1.3

131

Pin Descriptions

Pin Arrangements

The pin arrangements of this LSI is shown in figure 1.2.
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Section 1 Overview

SH72546R

132 Pin Functions
Table 1.2 lists pin functions.

Table1.2 Pin Functions

Classi-
fication Symbol Pin No. I/O Name Function
Power Ve B14,D7, | Power supply Power supply pins for internal and system
supply D13, F17, pins. All the V. pins must be connected to
G4, L4, the system power supply.
M17, Us, This LSI does not operate correctly if there
U4 is a pin left open.
PV 1 H17,J17, | 5-V/3.3-V Power supply for bus ports (ports A, B, and
K17, P17, power supply C). Connect all PV 1 pins to the system
R17 (for extended bus power supply. This LS| does not
bus) operate correctly if there is a pin left open.
PV.2 D9, E4, | 5-V power Power supply for peripheral module ports
J4, N4, supply (ports D, E, F, G, H, J, K, and L).
u12, U16 Connect all PV_.2 pins to the system
peripheral module power supply. This LSI
does not operate correctly if there is a pin
left open.
Ve B10, K2, | Internal step-  Pins for connection to a capacitor used for
L19, W12 down power  stabilizing the voltage of the internal step-
supply down power supply. Connect V to this pin
through a capacitor. The capacitor should
be located near the pin. Do not connect an
external power supply to the pin.
Page 12 of 1824 RO1UH0235EJ0200 Rev. 2.00
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Section 1 Overview

Classi-
fication Symbol Pin No. I/O Name Function
Power Vg A1, A10, | Ground Ground pins. All the V, pins must be
supply A20, B13, connected to the system power supply
Jg, J10, (OV). This LSI does not operate correctly if
J11,J12, there is a pin left open.
K1, K9,
K10, K11,
K12, L9,
L10, L11,
L12, L20,
M9, M10,
M11,
M12,
Y12, Y20
Clocks PLLV,, A17 | PLL power Power supply for the on-chip PLL
supply oscillator.
PLLV A16 | PLL ground  Ground pin for the on-chip PLL oscillator.
EXTAL Al4 | External clock Connected to a crystal resonator. An
external clock signal may also be input to
the EXTAL pin.
XTAL A15 O  Crystal Connected to a crystal resonator.
CK A13 O  Peripheral Supplies the peripheral clock to peripheral
clock devices.
Operating ASEMD A18 ASE mode Enables emulator functions. Input a low
mode level to operate the LSI in normal mode
control (other than debugging mode).
In debugging mode, input a high level to
this pin on the user system board.
FWE A1 Flash Input a low level in normal operation.
programming Input a high level during on-board
enable programming.
MD4 to MDO C12, Mode set Sets the operating mode. Do not change
A12, signal levels on these pins during
D12, operation.
C13,C14
MD_CLK{1, D14, | Clock mode  Sets the clock operating mode. Do not
MD_CLKO, B15, B16 set change signal levels on these pins during
MD_CLKP operation.
R0O1UH0235EJ0200 Rev. 2.00 Page 13 of 1824
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SH72546R

Classi-
fication Symbol Pin No. I/O Name Function
System HSTBY D11 I Hardware Driving this pin low puts the LSl into
control standby hardware standby mode.
RES B12 Power-on Driving this pin low puts the LSI into
reset power-on reset state.
WDTOVF B11 O  Watchdog WDT overflow output signal
timer overflow
Interrupts NMI Ci15 Non- Non-maskable interrupt request pin
maskable
interrupt
IRQ7 to IRQO P3, P4, | Interrupt Maskable interrupt request pins. Level-
N3, R2, requests input or edge-input detection can be
P2, R1, 7t00 selected. When the edge input detection is
N2, M3 selected, the rising edge, falling edge, or
both edges can also be selected.
Address bus A21 to AO C18,B19 O  Address bus Address bus
C19,
E19,
D19,
G17,
F19, B20,
H18,
C20, J18,
G19,
D20,
E20,
H19, F20,
G20,
K18, J19,
L18, H20,
J20
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Classi-
fication Symbol Pin No. I/O Name Function
Data bus D15 to DO N18, R20 I/O Data bus Bidirectional data bus
P19,
N17, T20,
R19, T19,
P18,
u20,
u19,
R18,
V20,
W20,
V19,
u18, T18
Bus control CS3 to CSO M18, O  Chip select Chip-select signals for external memory or
M20, 3to0 devices
N20, N19

RD M19 O Read Indicates that data is read from an external
device.

RD/WR P20 O Read/write  Read/write signal.

WAIT K20 | Wait control  Input signal for inserting a wait cycle into
the bus cycles during access to the
external space.

WEO K19 O  Write/byte Indicates a write access to bits 7 to 0 of

select data bus of external memory or device.

WE1 L17 O  Write/byte Indicates a write access to bits 15 to 8 of

select data bus of external memory or device.
Advanced  TCLKA, TCLKB D10, C11 | ATU-IIl timer  Input pins for the ATU-III counter external
timer unit 1l clock input clock
(ATU-ID 11205 10 TIA0D D4, 05, |  ATU-lllinput Timer A input capture input pins
C6, C5, capture
C4,B3 (timer A)
TIOC43 to TIOC40, B6,B7, 1/O ATU-lllinput Timer C input capture input/output
TIOC33 to TIOC30, C10, A9, capture/ compare output pins
D10, A4, output

TIOC23 10 TIOC20, a5 (g, compare

TIOC13 to TIOC10, B8, A6, (timer C)

TIOCO3 to TIOC00 27+ A%

B9, D5,

Cc6
R0O1UH0235EJ0200 Rev. 2.00 Page 15 of 1824
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SH72546R

Classi-
fication Symbol

Pin No.

110

Name

Function

Advanced TOD33A to TOD30A,
timerunitll +opo34 1o TOD20A,
(ATU-III)
TOD13A to TOD10A,
TODO3A to TOD0OA

G1, H3,
L2, L3,
M1, M4,
M2, N1,
H2, H1,
J1, J3,
J2, K4,
L1, K3

ATU-III
compare
match
(timer D)

Timer D output compare match output pins

TOD33B to TOD30B,
TOD23B to TOD20B,
TOD13B to TOD10B,
TODO03B to TOD00B

V11, Y13,
V13, Y18,
Y14,
W15,
Y19,
W16,
Y14,
W13,
V12, Y15,
Y16,
u13,
W14, Y17

o

ATU-III
one-shot
pulse
(timer D)

Timer D down-counter one-shot pulse
output pins

TOE53 to TOES50,
TOE43 to TOEA40,
TOES33 to TOES30,
TOE23 to TOE20,
TOE13 to TOE10,
TOEO03 to TOE0O

B4, D6,
B5, C7,
A2, A3,
Cs, D8,
P4, K20,
B7, N3,
M20, A4
R2, A5,
P2, B8,
R1, N2,
M3, P1,
A6, A7,
B9, C10,
A9, C9,
A8

(0]

ATU-NI

PWM output

(timer E)

Timer E output compare/PWM output pins

TIF2A to TIFOA

B1, E3,
F4

ATU-III event

input

(phase A,

timer F)

Timer F event input pins (phase A)
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Classi-
fication Symbol Pin No. I/O Name Function
Advanced  TIF2B to TIFOB B9, C10, | ATU-IIl event Timer F event input pins (phase B)
timer unit 1l A9 input
(ATU-II) (phase B,
timer F)
TIF19 to TIF3 Vi, M1, | ATU-Ill event Timer F event input pins
Y15, M2, input (timer F)
U13, N1,
w14,
Y17, V13,
Y8, V14,
W15, B2,
D3, C3,
Vi1,
H20, L1,
Y13, J20,
K3, Y14,
L2, W13,
L3
TIJ1, TIJO D10, T17, | ATU-III Timer J input capture input pins
C11,U15 capture input
(timer J)
Controller CTx_Ato CTx_C Vvi8,vie, O  Transmit data CAN bus transmit data output pins
area H20, B4, (channels
network Y19 Ato C)
(RCAN-TL1) CRx_Ato CRx_C V17, | Receive data CAN bus receive data input pins
u17, J20, (channels
D6, W16 Ato C)
Serial TxD_Ato TxD_E Vv18,Vv16, O  Transmit data SCI_A to SCI_E transmit data output pins
communi- V15, Y19, (channels
cation W18, H4, Ato E)
interface G3, C1
(SCI) RXD_AtoRXD_E V17, |  Receivedata SCI_A to SCI_E receive data input pins
u17, (channels
w19, Ato E)
W16,
W17, F1,
F2, E2
SCK_Ato SCK_E T17,U15, I/O Serial clock  SCI_A to SCI_E clock input/output pins
G2, Ef, (channels
D1 Ato E)
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Classi-
fication Symbol Pin No. I/O Name Function
Serial MOSIA to MOSIC G20,H4, /O Transmit data RSPI_A to RSPI_C transmit data
peripheral J19, G3, (channels input/output pins
interface D2 Ato C)
(RSPI) MISOAto MISOC  Ki8,F1, /O Receivedata RSPI_A to RSPI_C receive data
L18, F2, (channels input/output pins
c2 Ato C)
RSPCKA to N20, G2, 1/O Serialclock  RSPI_A to RSPI_C clock input/output pins
RSPCKC N19, E1, (channels
F3 Ato C)
SSLAO0, SSLBO, G1,J2, /0O Chip select RSPI_A to RSPI_C chip select input/output
SSLCO K3 (channels pins
Ato C)
SSLA1-7,SSLB1-3, H3,H2, O  Chip select RSPI_A to RSPI_C chip select input/output
SSLC1-3 H1, M1, (channels pins
J1, M4, AtoC)
J3, M2,
N1, K4,
L1, L2,
L3
User break UBCTRG G2 O Userbreak  Trigger output pin for UBC condition match
controller trigger output
(UBC)
A/D AV, T1, W10, | Analog power Power supply pins for the A/D converter
converter Y4 supply
(ADC) AV ut, w4, | Analog Ground pins for the A/D converter
Y10 ground
Page 18 of 1824 RO1UH0235EJ0200 Rev. 2.00
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Classi-
fication Symbol Pin No. I/O Name Function
A/D AN_A27 to AN_AO, W11, | Analog input  Analog input pins
converter AN_B48 to AN_B40 U11,Y7, pins
(ADC) Y6, W8,
V8, Y5,
V7, W7,
W6, W5,
U7, Y11,
V6, U6,
V5, U5,
Y2, W2,
V3, V4,
V10,
u10, Y9,
V9, W9,
U9, Y8,
T3, U4,
usg, T4,
R3, V2,
R4, U2,
T2
ADTRG_A, B1,E3 | A/D External trigger input pin for starting A/D
ADTRG_B conversion conversion
trigger input
ADEND_A, uU15,T17 O  ADEND Output pins for A/D conversion timing
ADEND_B output monitor
AVREFH_A, Y3, Wi | Analog Input pins for analog high level reference
AVREFH_B reference power supply
power supply
AVREFL_A, w3, v1 | Analog Input pins for analog low level reference
AVREFL_B reference power supply
power supply
JTAG TCK B18 | Test clock Test-clock input pin
interface T™S D15 | Test mode Test-mode select signal input pin
select
TDI A19 Test data Serial input pin for instructions and data
input
TDO C16 O Testdata Serial output pin for instructions and data
output
TRST B17 Test reset Initialization-signal input pin

RO1UHO0235EJ0200 Rev. 2.00
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Classi-
fication Symbol Pin No. I/O Name Function
Advanced AUDATAS to E18,E17, /O AUD data Branch trace mode: Branch destination
user AUDATAO F18, D17 address output pins.
debugger Il RAM monitor mode: Monitor address
(AUD-1I) input/data input/output pins.
AUDRST D16 | AUD reset AUD-II reset signal input pin
AUDMD Cc17 | AUD mode Mode select signal input pin
Branch trace mode: Input a low level
RAM monitor mode: Input a high level
AUDCK G18 /0 AUD clock Branch trace mode: Clock output pin
RAM monitor mode: Clock input pin
AUDSYNC D18 /O AUD sync Branch trace mode: Data start position
signal identification signal output pin
RAM monitor mode: Data start position
identification signal input pin
1/0 ports POD P4 Port output Input pin for pin driving control when a
disable general port is set for output
PA15 to PAO C18, /0 Port A General input/output port pins.
219‘ J18, Input or output can be specified bit by bit.
19,
D20,
E20,
H19, F20,
C19,
E19,
D19,
G17,
F19, B20,
H18, C20
PB14 to PBO G20, /O PortB General input/output port pins.
:\(/:8' Input or output can be specified bit by bit.
18,
M20,
N20,
N19,
P20, J19,
L18, H20,
J20, K19,
L17, K20,
M19

RO1UHO0235EJ0200 Rev. 2.00
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Classi-
fication

Symbol

Pin No.

/0 Name

1/0 ports

PC15 to PCO

N18,
R20,
R18,
V20,
W20,
V19,

/O PortC

U18, T18,

P19,

N17, T20,
R19, T19,

P18,
u20, U19

General input/output port pins.

Input or output can be specified bit by bit.

PD13 to PDO

B6, B7,
C10, A9,
D10,
C11, A4,
A5, C9,
B8, A6,
A7, A8,
B9

/O PortD

General input/output port pins.

Input or output can be specified bit by bit.

PE13 to PEO

D4, D5,
A2, A3,
C8, D8,
Ce, C5,
C4, B3,
B4, D6,
B5, C7

/O PortE

General input/output port pins.

Input or output can be specified bit by bit.

PF15 to PFO

V11, Y13
V13,Y18
V14,
W15,
Y19,
W16,
Y14,
W13,
V12, Y15
Y16,
U13,

, /0 PortF

W14, Y17

General input/output port pins.

Input or output can be specified bit by bit.

RO1UHO0235EJ0200 Rev. 2.00
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Classi-
fication Symbol

Pin No.

/0 Name

Function

1/0 ports PG15 to PGO

G1, H3,
L2, L3,
M1, M4,
M2, N1,
H2, H1,
J1, J3,
J2, K4,
L1, K3

1/0

Port G

General input/output port pins.

Input or output can be specified bit by bit.

PH5 to PHO

B1, E3,
F4, B2,
D3, C3

170

Port H

General input/output port pins.

Input or output can be specified bit by bit.

PJ9 to PJO

V18, Vvi7, I/0  PortJ

V16,
U17, T17,
V15,
W19,
uU15,
W18,
W17

General input/output port pins.

Input or output can be specified bit by bit.

PK11 to PKO

G2, H4,
D2, C2,
F1, E1,
G3, F2,
D1, C1,
E2, F3

1/0

Port K

General input/output port pins.

Input or output can be specified bit by bit.

PL8 to PLO

P3, P4,
N3, R2,
P2, R1,
N2, M3,
P1

170

Port L

General input/output port pins.

Input or output can be specified bit by bit.

Other N.C.

Y1

No
connection

No connection should be made with this
pin.
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Section 1 Overview

1.3.3 List of Pins

Table 1.3  List of Pins

MCU Expansion Mode, MCU Single Chip Mode, Boot Mode,

Pin Number User Program Mode, User Boot Mode
A18 ASEMD
Ci14 MD4

C13 MD3

D12 MD2

A12 MD1

ci12 MDO

A11 FWE

B16 MD_CLK1
D14 MD_CLKO
B15 MD_CLKP
D11 HSTBY
B12 RES

Ci15 NMI

A14 EXTAL
A15 XTAL

A13 CK

B11 WDTOVF
B17 TRST
B18 TCK

D15 TMS

A19 TDI

Ci16 TDO

C17 AUDMD
D16 AUDRST
G18 AUDCK
D18 AUDSYNC
D17 AUDATAS3
F18 AUDATA2

RO1UH0235EJ0200 Rev. 2.00
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MCU Expansion Mode, MCU Single Chip Mode, Boot Mode,

Pin Number User Program Mode, User Boot Mode
E17 AUDATA1

E18 AUDATAO

c18 PAO/AO

B19 PA1/A1

Cc19 PA2/A2

E19 PA3/A3

D19 PA4/A4

G17 PA5/A5

F19 PA6/A6

B20 PA7/A7

H18 PA8/A8

C20 PA9/A9

J18 PA10/A10

G19 PA11/A11

D20 PA12/A12

E20 PA13/A13

H19 PA14/A14

F20 PA15/A15

G20 PB0/A16/MOSIA
K18 PB1/A17/MISOA
J19 PB2/A18/MOSIB
L18 PB3/A19/MISOB
H20 PB4/A20/CTx_B/TIF6
J20 PB5/A21/CRx_B/TIF7
K19 PB6/WEO

L17 PB7/WET

K20 PB8/WAIT/TOE20
M19 PB9/RD

M18 PB10/CSO

M20 PB11/CS1/TOE21
N20 PB12/CS2/RSPCKA
N19 PB13/CS3/RSPCKB
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MCU Expansion Mode, MCU Single Chip Mode, Boot Mode,

Pin Number User Program Mode, User Boot Mode
P20 PB14/RD/WR

N18 PC0/DO

R20 PC1/D1

P19 PC2/D2

N17 PC3/D3

T20 PC4/D4

R19 PC5/D5

T19 PC6/D6

P18 PC7/D7

u20 PC8/D8

u19 PC9/D9

R18 PC10/D10

V20 PC11/D11

w20 PC12/D12

V19 PC13/D13

uis PC14/D14

T18 PC15/D15

B6 PDO/TIOCO00/TIOC31

B7 PD1/TIOC01/TOE20

A4 PD2/TIOC02/TOE21/TOE52
A5 PD3/TIOC03/TOE22/TOES3
C9 PD4/TIOC10/TIOC32/TOE52
B8 PD5/TIOC11/TOE23/TOE40
A6 PD6/TIOC12/TOE41

A7 PD7/TIOC13/TOE42

A8 PD8/TIOC20/TIOC33/TOE53
B9 PD9/TIOC21/TIFOB/TOE43
C10 PD10/TIOC22/TIF1B/TOE50
A9 PD11/TIOC23/TIF2B/TOE51
D10 PD12/TCLKA/TIOC41/TIJO

RO1UH0235EJ0200 Rev. 2.00
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MCU Expansion Mode, MCU Single Chip Mode, Boot Mode,

Pin Number User Program Mode, User Boot Mode
C11 PD13/TCLKB/TIJ1

D4 PEO/TIA00

D5 PE1/TIA01/TIOC42/TIOC40
C6 PE2/TIA02/TIOC43/TIOC30
C5 PE3/TIA03

C4 PE4/TIAO4

B3 PE5/TIA05

B4 PE6/TOEQO0/CTx_B

D6 PE7/TOEO1/CRx_B

B5 PE8/TOE02

C7 PE9S/TOEO3

A2 PE10/TOE10

A3 PE11/TOE11

C8 PE12/TOE12

D8 PE13/TOE13

V11 PFO/TODOOB/TIF6

Y13 PF1/TODO1B/TIF7

Y14 PF2/TOD02B/TIF8

W13 PF3/TODO3B/TIF9

Vi2 PF4/TOD10B/TIF10

Y15 PF5/TOD11B/TIF11

Y16 PF6/TOD12B/TIF12

u13 PF7/TOD13B/TIF13

W14 PF8/TOD20B/TIF14

Y17 PF9/TOD21B/TIF15

V13 PF10/TOD22B/TIF16

Y18 PF11/TOD23B/TIF17

Vi4 PF12/TOD30B/TIF18

W15 PF13/TOD31B/TIF19

Y19 PF14/TOD32B/CTx_B/TxD_A
W16 PF15/TOD33B/CRx_B/RxD_A
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MCU Expansion Mode, MCU Single Chip Mode, Boot Mode,

Pin Number User Program Mode, User Boot Mode
G1 PGO/TODOOA/SSLAO

H3 PG1/TODO1A/SSLA1

H2 PG2/TOD02A/SSLA2

H1 PG3/TODO3A/SSLA3

J1 PG4/TOD10A/SSLA4/SSLB3

J3 PG5/TOD11A/SSLA5/SSLC3

J2 PG6/TOD12A/SSLBO

K4 PG7/TOD13A/SSLB1

L1 PG8/TOD20A/SSLB2/TIF6

K3 PG9/TOD21A/SSLCO/TIF7

L2 PG10/TOD22A/SSLC1/TIF8

L3 PG11/TOD23A/SSLC2/TIF9

M1 PG12/TOD30A/SSLA4/TIF10

M4 PG13/TOD31A/SSLA5/TIF11

M2 PG14/TOD32A/SSLAG/TIF12

N1 PG15/TOD33A/SSLA7/TIF13

B1 PHO/ADTRG_A/TIFOA

E3 PH1/ADTRG_B/TIF1A

F4 PH2/TIF2A

B2 PH3/TIF3

D3 PH4/TIF4

C3 PH5/TIF5

V18 PJO/TxD_A/CTx_A/CTx_A&CTx_B
V17 PJ1/RxD_A/CRx_A/CRx_A&CRx_B
V16 PJ2/TxD_A/CTx_C/CTx_A&CTx_B&CTx_C
Uiz PJ3/RxD_A/CRx_C/CRx_A&CRx_B&CRx_C
T17 PJ4/SCK_A/ADEND_B/TIJO

V15 PJ5/TxD_A

W19 PJ6/RxD_A

u15 PJ7/SCK_B/ADEND_A/TIJ1

W18 PJ8/TxD_B

W17 PJ9/RxD_B
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MCU Expansion Mode, MCU Single Chip Mode, Boot Mode,

Pin Number User Program Mode, User Boot Mode
G2 PK0/SCK_C/RSPCKA/UBCTRG
H4 PK1/TxD_C/MOSIA
F1 PK2/RxD_C/MISOA
E1 PK3/SCK_D/RSPCKB
G3 PK4/TxD_D/MOSIB
F2 PK5/RxD_D/MISOB
D1 PK6/SCK_E

C1 PK7/TxD_E

E2 PK8/RxD_E

F3 PK9/RSPCKC

D2 PK10/MOSIC

c2 PK11/MISOC

P3 PLO/IRQO

P4 PL1/TOE20/IRQ1/POD
N3 PL2/TOE21/IRQ2

R2 PL3/TOE22/IRQ3

P2 PL4/TOE23/IRQ4

R1 PL5/TOE30/IRQ5

N2 PL6/TOE31/IRQ6

M3 PL7/TOE32/IRQ7

P1 PL8/TOE33

W11 AN_AO

Ui AN_A1

Y11 AN_A2

V10 AN_A3

u10 AN_A4

Y9 AN_A5

V9 AN_A6

w9 AN_A7

U9 AN_A8

Y8 AN_A9
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MCU Expansion Mode, MCU Single Chip Mode, Boot Mode,

Pin Number User Program Mode, User Boot Mode
Y7 AN_A10
Y6 AN_A11
W8 AN_A12
V8 AN_A13
Y5 AN_A14
V7 AN_A15
w7 AN_A16
W6 AN_A17
W5 AN_A18
u7 AN_A19
Ve AN_A20
ue6 AN_A21
V5 AN_A22
us AN_A23
Y2 AN_A24
w2 AN_A25
V3 AN_A26
V4 AN_A27
Y3 AVREFH_A
W3 AVREFL_A
T3 AN_B40
u4 AN_B41
us AN_B42
T4 AN_B43
R3 AN_B44
V2 AN_B45
R4 AN_B46
U2 AN_B47
T2 AN_B48
W1 AVREFH_B
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MCU Expansion Mode, MCU Single Chip Mode, Boot Mode,

Pin Number User Program Mode, User Boot Mode
V1 AVREFL_B
A17 PLLV,
A16 PLLV
B10 Vg

K2 Vg,
L19 '
W12 Vg,
B14 Vg

D7 Vg
D13 Vg
F17 Vg

G4 Vg

L4 Vg
M17 Vg

us Vg
ui4 o
H17 PV 1
J17 PV 1
K17 PV 1
P17 PV 1
R17 PV1
D9 PV, 2
E4 PV, 2
J4 PV 2
N4 PV 2
u12 PV 2
uie PV, 2
Al Vg
A10 s
A20 Vg
B13 \Y
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MCU Expansion Mode, MCU Single Chip Mode, Boot Mode,
Pin Number User Program Mode, User Boot Mode

Jo Vv
J10
J11
J12
K1

K9

K10
K11
K12
L9

L10
L11
L12
L20
M9

M10
M11
M12
Y12
Y20
T4
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w4
Y10
Y1
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Section 2 CPU

2.1 Data Format

Figure 2.1 shows the data format supported by the SH-2A/SH2A-FPU.

7 0
Byte (8 bits)
15 0
Word (16 bits)
31 0
Longword (32 bits)
3130 22 0
Single-precision floating-point (32 bits) s| exp fraction
63 62 51 0
Double-precision floating-point (64 bits) |s| exp fraction

Figure 2.1 Data Format

2.2 Register Descriptions

The register set consists of five types of registers: sixteen 32-bit general registers, four 32-bit
control registers, four 32-bit system registers, floating-point registers, and floating-point system
registers.

221 General Registers
Figure 2.2 shows the general registers.

The general registers consists of 16 registers, numbered RO to R15, and are used for data
processing and address calculation. RO is also used as an index register. Several instructions have
RO fixed as their only usable register. R15 is used as the hardware stack pointer (SP). Saving and
restoring the status register (SR) and program counter (PC) in exception handling is accomplished
by referencing the stack using R15.

RO1UHO0235EJ0200 Rev. 2.00
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31 0
RO *1

R1

R2

R3

R4

R5

Notes: 1. RO functions as an indexed register in the indexed
R6 register indirect and indexed GBR indirect addressing
R7 modes. Several instructions have RO fixed as their
RS source or destination register.

2. R15is used as a hardware stack pointer (SP) in

R9 exception handling.

R10
R11
R12
R13
R14
R15, SP (hardware stack pointer)*2

Figure 2.2 General Registers

2.2.2 Control Registers

The control registers consist of four 32-bit registers: the status register (SR), the global base
register (GBR), the vector base register (VBR), and the jump table base register (TBR).

The status register indicates instruction processing states.

The global base register functions as a base address for the GBR indirect addressing mode to
transfer data to the registers of on-chip peripheral modules.

The vector base register functions as the base address of the exception handling vector area
(including interrupts).

The jump table base register functions as the base address of the function table area.
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31 1413 98 76 543210

| BOCS---M Q 1[3:0] -- s T| Status register (SR)

31 0

[ GBR | Global base register (GBR)

31 0

| VBR | Vector base register (VBR)

31 0

| TBR | Jump table base register (TBR)

Figure 2.3 Control Registers

(1) Status Register (SR)

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[~ [sofos | - [ -[-[mla] 19 | - [s [ 7]
Initial value: 0 0 0 0 0 0 - - 1 1 1 1 0 0 - -
RW: R RW RW R R R RW RW RW RW RW RW R R RW RW
Initial
Bit Bit Name  Value R/W Description
31to15 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
14 BO 0 R/W BO Bit
Indicates the register bank has overflowed.
13 CS 0 R/W CS Bit
Indicates, in CLIP instruction execution, the value
has exceeded the saturation upper-limit value or
fallen below the saturation lower-limit value.
12t0 10 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
RO1UH0235EJ0200 Rev. 2.00 Page 35 of 1824
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Initial
Bit Bit Name  Value R/W Description
9 M — R/W M Bit
8 Q — R/W Q Bit
Used by the DIVOS, DIVOU, and DIV1 instructions.
7to04 I[3:0] 1111 R/W Interrupt Mask Level
3,2 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
1 S — R/W S Bit
Specifies a saturation operation for a MAC
instruction.
0 T — R/W T Bit

True/false condition or carry/borrow bit

(2) Global Base Register (GBR)
GBR is referenced as the base address in a GBR-referencing MOV instruction.
(3) Vector Base Register (VBR)

VBR is referenced as the branch destination base address when an exception or an interrupt
occurs.

(4) Jump Table Base Register (TBR)

TBR is referenced as the start address of a function table located in memory in a
JSR/N@ @ (disp8,TBR) table-referencing subroutine call instruction.

2.2.3 System Registers

The system registers consist of four 32-bit registers: the high and low multiply and accumulate
registers (MACH and MACL), the procedure register (PR), and the program counter (PC). MACH
and MACL store the results of multiply or multiply and accumulate operations. PR stores the
return address from a subroutine procedure. PC indicates the program address being executed and
controls the flow of the processing.
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31 0 Multiply and accumulate register high (MACH) and multiply
MACH and accumulate register low (MACL):
MACL Store the results of multiply or multiply and accumulate operations.
31 0 Procedure register (PR):
[ PR | Stores the return address from a subroutine procedure.
31 0 Program counter (PC):
| PC | Indicates the four bytes ahead of the current instruction.

Figure 2.4 System Registers

(1) Multiply and Accumulate Register High (MACH) and Multiply and Accumulate
Register Low (MACL)

MACH and MACL are used as the addition value in a MAC instruction, and store the result of a
MAC or MUL instruction.

(2) Procedure Register (PR)

PR stores the return address of a subroutine call using a BSR, BSRF, or JSR instruction, and is
referenced by a subroutine return instruction (RTS).

(3) Program Counter (PC)

PC indicates the address four bytes ahead of the instruction being currently executed.

224 Floating-Point Registers

Figure 2.5 shows the floating-point registers. There are sixteen 32-bit floating-point registers,
FPRO to FPR15. These sixteen registers are referenced as FRO to FR15, DRO, DR2, DR4, DR6,
DRSE, DR10, DR12, and DR14. The correspondence between FPRn and the referenced name is
determined by the PR and SZ bits in FPSCR (see figure 2.5).

(1) Floating-Point Registers (FPRn: 16 registers)

FPRO, FPR1, FPR2, FPR3, FPR4, FPR5, FPR6, FPR7, FPRS, FPR9, FPR10, FPR11, FPR12,
FPR13, FPR14, and FPR15

(2) Single-Precision Floating-Point Registers (FRi: 16 registers)

FRO to FR15 are allocated to FPRO to FPR15.
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(3) Double-Precision Floating-Point Registers or Single-Precision Floating-Point Register
Pairs (DRi: 8 registers)

A DR register is composed of two FR registers.

DRO = {FPRO, FPR1}, DR2 = {FPR2, FPR3}, DR4 = {FPR4, FPR5}, DR6 = {FPR4, FPR5},
DRS = {FPRS, FPR9}, DR10 = {FPR10, FPR11}, DR12 = {FPR12, FPR13}, and DR14 =
{(FPR14, FPR15}

Referenced Name Register Name

Transfer instruction: FPSCR.SZ=0 FPSCR.SZ=1
Arithmetic/logical instruction: FPSCR.PR=0 FPSCR.PR =1

FRO FPRO
FR1 PRo { FPR1
FR2 FPR2
FR3 PR2 { FPR3
FR4 FPR4
FR5 DRa { FPR5
FR6 FPR6
FR7 DR6 { FPR7
FR8 FPRS
FR9 DR8 { FPR9
FR10 FPR10
FR11 DR10 { FPR11
FR12 FPR12
FR13 PR12 { FPR13
FR14 FPR14
FR15 DR14 { FPR15

Figure 2.5 Floating-Point Registers

Programming Note: The values of FPRO to FPR15 are undefined after a reset.

225 Floating-Point System Registers
(1) Floating-Point Communication Register (FPUL)

Data is transferred between an FPU register and a CPU register via FPUL.
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(2) Floating Point Status/Control Register (FPSCR)

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

[ -] - -]-1-] | - | - Jas| - [ sz]epr|on]| caume

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
R/W: R R R R R R R R R R/W R RW R/W R/W R/W R/W

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

Cause Enable Flag RM[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

RW: RW RW RW RW RW RW RW RW RWRW RW RW RW RW RW RW

Initial
Bit Bit Name Value

R/W

Description

31t023 — AllO

Reserved

These bits are always read as 0. The write value
should always be 0.

22 QIS 0

R/W

sNaN is treated as gqNaN or +«. Valid only when the
V bit in the FPU exception enable field (Enable) is
setto 1.

0: Processed as qNaN or +w
1: Exception generated (processed same as sNaN)

21 — 0

Reserved

This bit is always read as 0. The write value should
always be 0.

20 Sz 0

R/W

Transfer Size Mode
0: Sets the size of an FMOV instruction to 32 bits.

1: Sets the size of an FMOV instruction to 32-bit pair
(64 bits).

19 PR 0

RW

Precision Mode

0: Executes floating-point instructions in single
precision.

1: Executes floating-point instructions in double
precision (the result of an instruction with no
support for double-precision is undefined).
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Initial
Bit Bit Name  Value R/W Description
18 DN 1 R/W Denormalization Mode
This bit is always set to 1.
1: A denormalized number is treated as zero.
17to 12  Cause AllO R/W FPU exception cause field
11to7 Enable AllO R/W FPU exception enable field
6t02 Flag All O R/W FPU exception flag field
When an FPU operation instruction is first executed,
the FPU exception cause field is set to 0; when an
FPU exception next occurs, the corresponding bit in
the FPU exception cause field and FPU exception
flag field is set to 1.
The FPU exception flag field retains the status of an
exception generated after that field was last cleared.
For bit allocation for each field, see table 2.1.
1,0 RM[1:0] 01 R/W Round Mode
00: Round to nearest
01: Round to zero
10: Reserved
11: Reserved
Table 2.1  Bit Allocation for FPU Exception Handling
Invalid
FPU Error Operation Division  Overflow Underflow Incorrect
B V) by0(2) (O) (V) 0
Cause FPU Bit 17 Bit 16 Bit 15 Bit 14 Bit 13 Bit 12
exception
cause field
Enable FPU None Bit 11 Bit 10 Bit 9 Bit 8 Bit 7
exception
enable field
Flag FPU None Bit 6 Bit 5 Bit 4 Bit 3 Bit 2
exception flag
field
Note: In the SH-2A, no FPU errors occur.
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2.2.6 Register Bank

Using a register bank, high-speed register saving and restoration can be achieved for the 19 32-bit
registers: general registers RO to R14, control register GBR, and system registers MACH, MACL,
and PR. The register contents are automatically saved in the bank after the CPU accepts an
interrupt that uses the bank. Restoration from the bank is executed by a RESBANK instruction
issued in an interrupt processing routine.

For details, refer to the SH-2A, SH2A-FPU Software Manual.

2.2.7

Table 2.2 lists the values of the registers after a reset.

Initial Values of Registers

Table 2.2 Initial Values of Registers
Classification Register Initial Value
General registers RO to R14 Undefined
R15 (SP) Value of the stack pointer in the vector
address table
Control registers SR Bits 1[3:0] are 1111 (H'F), BO and CS are
0, reserved bits are 0, and others are
undefined
GBR, TBR Undefined
VBR H'00000000
System registers MACH, MACL, PR Undefined

PC

Value of the program counter in the
vector address table

Floating-point registers FPRO to FPR15 Undefined
Floating-point system registers FPUL Undefined
FPSCR H'00040001
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2.3 Data Formats

2.3.1 Data Format in Registers

Register operands are always longwords (32 bits). If the size of a memory operand is a byte (8
bits) or a word (16 bits), it is changed into a longword through sign extension or zero extension
when loaded into a register.

31 0
Longword

Figure 2.6 Data Format in Registers

2.3.2 Data Formats in Memory

Memory data formats are classified into bytes, words, and longwords. Memory can be accessed in
8-bit bytes, 16-bit words, or 32-bit longwords. A memory operand of fewer than 32 bits is stored
in a register in sign-extended or zero-extended form.

A word operand should be accessed at a word boundary (an even address of multiple of two bytes:
address 2n), and a longword operand at a longword boundary (an even address of multiple of four
bytes: address 4n). Otherwise, an address error will occur. A byte operand can be accessed at any
address.

Only big-endian byte order can be selected for the data format.

Data formats in memory are shown in figure 2.7.

Address m + 1 Address m + 3
Address m Address m + 2
31 23 15 l 7 0]
Byte | Byte Byte | Byte
Address 2n —»; Word Word

1

Address 4n —» Longword

Big endian

Figure 2.7 Data Formats in Memory
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2.3.3 Immediate Data Format

Byte (8-bit) immediate data is located in an instruction code. Immediate data accessed by the
MOV, ADD, and CMP/EQ instructions is sign-extended and handled in registers as longword
data. Immediate data accessed by the TST, AND, OR, and XOR instructions is zero-extended and
handled as longword data. Consequently, AND instructions with immediate data always clear the
upper 24 bits of the destination register.

20-bit immediate data is located in the code of a MOVI20 or MOVI20S 32-bit transfer instruction.
The MOVI20 instruction stores immediate data in the destination register in sign-extended form.
The MOVI20S instruction shifts immediate data by eight bits in the upper direction, and stores it
in the destination register in sign-extended form.

Word or longword immediate data is not located in the instruction code, but rather is stored in a
memory table. The memory table is accessed by an immediate data transfer instruction (MOV)
using the PC relative addressing mode with displacement.

See examples given in section 2.4.1 (10), Immediate Data.
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2.4 Instruction Features

24.1 RISC-Type Instruction Set

The CPU has a RISC-type instruction set, which features following functions.

(1) 16-Bit Fixed-Length Instructions

Basic instructions have a fixed length of 16 bits, improving program code efficiency.
(2) 32-Bit Fixed-Length Instructions

The SH-2A/SH2A-FPU additionally features 32-bit fixed-length instructions, improving
performance and ease of use.

(3) One Instruction per Cycle
Each basic instruction can be executed in one cycle using the pipeline system.
(4) Data Length

The standard data length for all operations is a longword. Memory can be accessed in bytes,
words, or longwords. Byte or word data in memory is sign-extended and handled as longword
data. Immediate data is sign-extended for arithmetic operations or zero-extended for logic
operations. It is also handled as longword data.

Table 2.3  Sign Extension of Word Data

SH2-A/SH2A-FPU CPU Description Example of Other CPU
MOV .W @(disp,PC),R1 Datais sign-extended to 32 bits,and ADD.W #H'1234,R0
ADD R1,R0O R1 becomes H'00001234. It is next

operated upon by an ADD instruction.

.DATA.W H'1234

Note: @(disp, PC) accesses the immediate data.

(5) Load-Store Architecture

Basic operations are executed between registers. For operations that involve memory access, data
is loaded to the registers and executed (load-store architecture). Instructions such as AND that
manipulate bits, however, are executed directly in memory.

Page 44 of 1824 RO1UHO0235EJ0200 Rev. 2.00

RENESAS Apr 01, 2014



SH72546R Section2 CPU

(6) Delayed Branch Instructions

With the exception of some instructions, unconditional branch instructions, etc., are executed as
delayed branch instructions. With a delayed branch instruction, the branch is taken after execution
of the instruction immediately following the delayed branch instruction. This reduces disturbance
of the pipeline control when a branch is taken.

In a delayed branch, the actual branch operation occurs after execution of the slot instruction.
However, instruction execution such as register updating excluding the actual branch operation, is
performed in the order of delayed branch instruction — delay slot instruction. For example, even
though the contents of the register holding the branch destination address are changed in the delay
slot, the branch destination address remains as the register contents prior to the change.

Table 2.4  Delayed Branch Instructions

SH2-A/SH2A-FPU CPU Description Example of Other CPU
BRA TRGET Executes the ADD before branching to ADD.w R1,RO
ADD R1,RO TRGET. BRA TRGET

(7) Unconditional Branch Instructions with No Delay Slot

The SH-2A/SH2A-FPU additionally features unconditional branch instructions in which a delay
slot instruction is not executed. This eliminates unnecessary NOP instructions, and so reduces the
code size.

(8) Multiply/Multiply-and-Accumulate Operations

16-bit x 16-bit — 32-bit multiply operations are executed in one to two cycles. 16-bit x 16-bit +
64-bit — 64-bit multiply-and-accumulate operations are executed in two to three cycles. 32-bit x
32-bit — 64-bit multiply and 32-bit x 32-bit + 64-bit — 64-bit multiply-and-accumulate
operations are executed in two to four cycles.

(9) T Bit

The T bit in the status register (SR) changes according to the result of the comparison. Whether a
conditional branch is taken or not taken depends upon the T bit condition (true/false). The number
of instructions that change the T bit is kept to a minimum to improve the processing speed.

RO1UH0235EJ0200 Rev. 2.00
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Table25 TBit

SH2-A/SH2A-FPU CPU

Description

Example of Other CPU

CMP/GE  R1,RO T bit is set when RO > R1. CMP.W RI1,RO

BT TRGETO0 The program branches to TRGETO BGE TRGETO

BF TRGET1 when RO > R1 and to TRGET1 BLT TRGET1
when RO < R1.

ADD #-1,R0 T bit is not changed by ADD. SUB.W #1,R0

CMP/EQ #0,R0 T bit is set when RO = 0. BEQ TRGET

BT TRGET The program branches if RO = 0.

(10) Immediate Data

Byte immediate data is located in an instruction code. Word or longword immediate data is not
located in instruction codes but in a memory table. The memory table is accessed by an immediate
data transfer instruction (MOV) using the PC relative addressing mode with displacement.

With the SH-2A/SH2A-FPU, 17- to 28-bit immediate data can be located in an instruction code.
However, for 21- to 28-bit immediate data, an OR instruction must be executed after the data is

transferred to a register.

Table 2.6 Immediate

Classification

SH-2A/SH2A-FPU CPU

Data Accessing

Example of Other CPU

8-bit immediate MOV #H'12,R0 MOV.B #H'12,R0

16-bit immediate = MOVI20 #H'1234,R0 MOV.W #H'1234,R0

20-bit immediate MOVI20 #H'12345,R0 MOV.L #H'12345,R0

28-bit immediate MOVI20S #H'12345,R0 MOV.L #H'1234567,R0
OR #H'67,R0O

32-bit immediate MOV.L @(disp,PC),RO MOV.L #H'12345678,R0
.DATA.L H'12345678

Note:

@ (disp, PC) accesses the immediate data.
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(11) Absolute Address

When data is accessed by an absolute address, the absolute address value should be placed in the
memory table in advance. That value is transferred to the register by loading the immediate data
during the execution of the instruction, and the data is accessed in register indirect addressing
mode.

With the SH-2A/SH2A-FPU, when data is referenced using an absolute address not exceeding 28
bits, it is also possible to transfer immediate data located in the instruction code to a register and to
reference the data in register indirect addressing mode. However, when referencing data using an
absolute address of 21 to 28 bits, an OR instruction must be used after the data is transferred to a
register.

Table 2.7  Absolute Address Accessing

Classification SH-2A/SH2A-FPU CPU Example of Other CPU

Up to 20 bits MOVI20 #H'12345,R1 MOV.B @H'12345,R0
MOV .B @R1,RO

21 to 28 bits MOVI20S #H'12345,R1 MOV.B @H'1234567,R0
OR #H'67,R1
MOV .B @R1,RO

29 bits or more MOV . L @(disp, PC),R1 MOV.B @H'12345678,R0
MOV .B @R1,RO

.DATA.L H'12345678

(12) 16-Bit/32-Bit Displacement

When data is accessed by 16-bit or 32-bit displacement, the displacement value should be placed
in the memory table in advance. That value is transferred to the register by loading the immediate
data during the execution of the instruction, and the data is accessed in the indexed indirect
register addressing mode.

RO1UH0235EJ0200 Rev. 2.00
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Table 2.8 Displacement Accessing

Classification SH-2A/SH2A-FPU CPU Example of Other CPU
16-bit displacement MOvV.w @(disp,PC),RO MOV.W @(H'1234,R1),R2
MOV.W @(RO,R1),R2

.DATA.W H'1234

2.4.2 Addressing Modes
The addressing modes and effective address calculation methods are listed below.

Table 29  Addressing Modes and Effective Addresses

Addressing Instruction
Mode Format Effective Address Calculation Equation
Register direct  RrRn The effective address is register Rn. (The operand —
is the contents of register Rn.)
Register indirect @RrRn The effective address is the contents of register Rn
Rn.
| Ao
Register indirect @Rn+ The effective address is the contents of register Rn
with post- Rn. (After
increment A constant is added to the contents of Rn after the i ction
mstruc.tlon is executed. 1 is aqded for a byte execution)
operation, 2 for a word operation, and 4 for a
longword operation. Byte:
Rn+1—Rn
Word:
Rn+2 — Rn
Longword:
Rn+4 — Rn
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Addressing Instruction

Mode Format Effective Address Calculation Equation

Register indirect @-Rn The effective address is the value obtained by Byte:

with pre- subtracting a constant from Rn. 1 is subtracted for Rn—1 — Rn

decrement a byte operation, 2 for a word operation, and 4 for Word:

a longword operation. Rh—2 - Rn

Longword:
Rn—-4 - Rn

(Instruction is
executed with
Rn after this

calculation)
Register indirect @ (disp:4, The effective address is the sum of Rn and a 4-bit Byte:
with Rn) displacement (disp). The value of disp is zero- Rn + disp
displacement extended, and remains unchanged for a byte Word:
operation, is doubled for a word operation, and is Rn + disp x 2
quadrupled for a longword operation.
Longword:
Rn + disp x 4

disp
(zero-extended)

Rn + disp x 1/2/4

Register indirect @ (disp:12 The effective address is the sum of Rn and a 12-  Byte:

with ,Rn) bit Rn + disp
displacement displacement (disp). The value of disp is zero- Word:
extended. Rn + disp
Longword:
Rn + disp
disp
(zero-extended)
Indexed register @ (R0,Rn) The effective address is the sum of Rn and RO. Rn + RO

RO1UHO0235EJ0200 Rev. 2.00
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Addressing Instruction
Mode Format Effective Address Calculation Equation
GBR indirect with @ (disp:8, The effective address is the sum of GBR value and Byte:

displacement GBR) an 8-bit displacement (disp). The value of dispis  GBR + disp
zero-extended, and remains unchanged for a byte y/,q:
operation, is doubled for a word o.peration, and is GBR + disp x
quadrupled for a longword operation. 2
Longword:
disp GBR GBR + disp x
(zero-extended) + disp x 1/2/4 4
Indexed GBR @ (RO, The effective address is the sum of GBR value and GBR + RO
indirect GBR) RO.
TBR duplicate Qe The effective address is the sum of TBR value and Contents of
indirect with (disp:8, an 8-bit displacement (disp). The value of dispis  address (TBR
displacement TBR) zero-extended, and is multiplied by 4. + disp x 4)

TBR

+ disp x 4 —|
(TBR

+ disp x 4)

disp
(zero-extended)
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Addressing Instruction
Mode Format Effective Address Calculation Equation
PC indirect with @ (disp:8, The effective address is the sum of PC value and Word:
displacement PC) an 8-bit displacement (disp). The value of dispis PC + disp x 2

zero-e?(tended, and is doubled for a word Longword:

operation, and quadrupled for a longword PC &

operation. For a longword operation, the lowest H'FFEFFEEC

two bits of the PC value are masked. + disp x 4

e (for longword)
PC + disp x 2
o
PC & HFFFFFFFC
disp + disp x 4

(zero-extended)
PC relative disp:8 The effective address is the sum of PC value and PC + disp x 2

the value that is obtained by doubling the sign-

extended 8-bit displacement (disp).

disp i
(sign-extended)
disp:12 The effective address is the sum of PC value and PC + disp x 2

the value that is obtained by doubling the sign-
extended 12-bit displacement (disp).

disp
(sign-extended)

PC + disp x 2
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Addressing Instruction

Mode Format Effective Address Calculation Equation

PC relative Rn The effective address is the sum of PC value and PC + Rn
Rn.

l

P

S porem ]

Immediate #imm:20 The 20-bit immediate data (imm) for the MOVI20 —
instruction is sign-extended.
31 19 0

ign-
imm (20 bits)

The 20-bit immediate data (imm) for the MOVI20S —
instruction is shifted by eight bits to the left, the

upper bits are sign-extended, and the lower bits

are padded with zero.

3127 8 0
. imm (20 bits)
f

Sign-extended

#imm:8 The 8-bit immediate data (imm) for the TST, AND, —
OR, and XOR instructions is zero-extended.

#imm:8 The 8-bit immediate data (imm) for the MOV, ADD, —
and CMP/EQ instructions is sign-extended.

#imm: 8 The 8-bit immediate data (imm) for the TRAPA —
instruction is zero-extended and then quadrupled.

#imm:3 The 3-bit immediate data (imm) for the BAND, —
BOR, BXOR, BST, BLD, BSET, and BCLR
instructions indicates the target bit location.
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2.4.3 Instruction Format

The instruction formats and the meaning of source and destination operands are described below.
The meaning of the operand depends on the instruction code. The symbols used are as follows:

e xxxx: Instruction code

e mmmm: Source register

e nnnn: Destination register
e 1iiii:Immediate data

e dddd: Displacement

Table 2.10 Instruction Formats

Destination
Instruction Formats Source Operand Operand Example
0 format — — NOP
15 0
| XXXX XXXX XXXX XXXX |
n format — nnnn: Register direct  MOVT Rn

15

Control register or nnnn: Register direct STS MACH,Rn
system register

RO (Register direct) nnnn: Register direct DIVU RO,Rn

Control register or nnnn: Register indirect STC.L SR, @-Rn
system register with pre-decrement

mmm: Register direct R15 (Register indirect  MOVMU.L  Rm, @-R15
with pre-decrement)

R15 (Register indirect nnnn: Register direct MOVMU.L @R15+,Rn
with post-increment)

RO (Register direct) nnnn: (Register indirect MOV.L. RO, @Rn+
with post-increment)

RO1UH0235EJ0200 Rev. 2.00
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Destination
Instruction Formats Source Operand Operand Example
m format mmmm: Register direct Control register or LDC Rm, SR
15 system register

| KKXXX | mmmm| KXXX XXXX

mmmm: Register
indirect with post-
increment

Control register or
system register

LDC.L @Rm+, SR

mmmm: Register
indirect

JMP  @Rm

mmmm: Register
indirect with pre-
decrement

RO (Register direct)

MOV.L @-Rm,RO

mmmm: PC relative
using Rm

BRAF Rm

nm format

mmmm: Register direct

nnnn: Register direct

ADD Rm,Rn

| KXXXX | nnnn | mmmm | XXXX |

mmmm: Register direct

nnnn: Register indirect

MOV.L Rm,@Rn

mmmm: Register
indirect with post-
increment (multiply-
and-accumulate)
nnnn*: Register
indirect with post-
increment (multiply-
and-accumulate)

MACH, MACL

MAC.W @Rm+, @Rn+

mmmm: Register
indirect with post-
increment

nnnn: Register direct

MOV.L @Rm+,Rn

mmmm: Register direct

nnnn: Register indirect
with pre-decrement

MOV.L Rm,@-Rn

mmmm: Register direct

nnnn: Indexed register
indirect

MOV.L
Rm, @ (RO, Rn)

md format
15

| KXKK XXXX1 mmnmd dddd|

mmmmdddd: Register
indirect with
displacement

RO (Register direct)

MOV.B
@ (disp,Rm), RO
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Destination
Instruction Formats Source Operand Operand Example
nd4 format RO (Register direct) nnnndddd: MOV.B
15 0 Register indirect with RO, @(disp,Rn)
| XXXX ~XXXX | nnnn | dddd | displacement
nmd format mmmm: Register direct nnnndddd: Register MOV. L
15 indirect with Rm, @ (disp,Rn)

| KXXX | nnnn | mmmm | dddd |

displacement

mmmmdddd: Register
indirect with
displacement

nnnn: Register direct

MOV.L
@ (disp,Rm),Rn

nmd12 format
32

| XXXX| nnnn | mmmm | XXXX |

mmmm: Register direct

nnnndddd: Register
indirect with
displacement

MOV.L
Rm, @(displ2,Rn)

15 0
| xxxx| dddd dddd dddd |

mmmmdddd: Register
indirect with
displacement

nnnn: Register direct

MOV.L
@(displ2,Rm),Rn

d format

15 0
| XXXX ~XXXX | dddd dddd |

ddddddadd: GBR
indirect with
displacement

RO (Register direct)

MOV.L
@(disp,GBR),R0O

RO (Register direct)

ddddddaad: GBR
indirect with
displacement

MOV.L
RO, @(disp,GBR)

ddddddad: PC
relative with
displacement

RO (Register direct)

MOVA
@ (disp, PC),RO

ddddddad: TBR
duplicate indirect with
displacement

JSR/N
@@ (disp8, TBR)

ddddddad: PC — BF label
relative

d12 format dddddddddddd: PC — BRA label
relative

15 0
| KXKK | dddd dddd dddd |

(label = disp +
PC)

nd8 format

15 0
| KKXXK | nnnn| dddd dddd|

ddaaaaaa: PC
relative with
displacement

nnnn: Register direct

MOV.L
@(disp,PC),Rn

RO1UHO0235EJ0200 Rev. 2.00
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Destination
Instruction Formats Source Operand Operand Example
i format iiiiiidii: Indexed GBR indirect  AND.B
15 0 Immediate #imm, @ (RO, GBR)
| S e iiiiiidii RO (Register direct) AND #imm, RO
Immediate
iiiiiidi: — TRAPA #imm
Immediate
ni format iiiiiidi: nnnn: Register direct  ADD #imm, Rn
15 Immediate
| XXX | nnnn | iiii iidi |
ni3 format nnnn: Register direct — BLD #imm3,Rn
15 iii: Immediate

| XXXX XXXX | nnnn |x| iii|

nnnn: Register direct

iii: Immediate

BST #imm3,Rn

ni20 format iiiiiidiiididid nnnn: Register direct  MOVI20

32 iiidididiid: #imm20, Rn

| xxxx| nnnn| iiii | XXXX | Immediate

15 0

| iiii iidii idiidi diidii |

nid format nnnndddddddd — BLD.B

32 16 dadad: Register #imm3, @ (displ2,Rn
| XXXX  XXXX | nnnn | XXXX | indirect with )

15 0
| xiii| dddd dddd dddd |

displacement

iii: Immediate

nnnndddddddddddd:
Register indirect with
displacement

iii: Immediate

BST.B
#imm3, @ (displ2,Rn
)

Note: *

In multiply-and-accumulate instructions, nnnn is the source register.
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25 Instruction Set

25.1 Instruction Set by Classification
Table 2.11 lists the instructions according to their classification.

Table 2.11 Classification of Instructions

Operation No. of
Classification Types Code Function Instructions
Data transfer 13 MOV Data transfer 62

Immediate data transfer
Peripheral module data transfer
Structure data transfer
Reverse stack transfer
MOVA Effective address transfer
MOVI20 20-bit immediate data transfer
MOVI20S  20-bit immediate data transfer
8-bit left-shit
MOVML RO—Rn register save/restore
MOVMU Rn—R14 and PR register save/restore
MOVRT T bit inversion and transfer to Rn

MOVT T bit transfer

MOVU Unsigned data transfer

NOTT T bit inversion

PREF Prefetch to operand cache

SWAP Swap of upper and lower bytes

XTRCT Extraction of the middle of registers
connected

RO1UH0235EJ0200 Rev. 2.00
Apr 01,2014 leNESAS
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Operation No. of
Classification Types Code Function Instructions
Arithmetic 26 ADD Binary addition 40
operations ADDC Binary addition with carry

ADDV Binary addition with overflow check

CMP/cond  Comparison

CLIPS Signed saturation value comparison

CLIPU Unsigned saturation value comparison

DIVS Signed division (32 + 32)

DIVU Unsigned division (32 + 32)

DIV1 One-step division

DIVOS Initialization of signed one-step division

DIvou Initialization of unsigned one-step division

DMULS Signed double-precision multiplication

DMULU Unsigned double-precision multiplication

DT Decrement and test

EXTS Sign extension

EXTU Zero extension

MAC Multiply-and-accumulate, double-precision

multiply-and-accumulate operation
MUL Double-precision multiply operation
MULR Signed multiplication with result storage in
Rn

MULS Signed multiplication

MULU Unsigned multiplication

NEG Negation

NEGC Negation with borrow

SuB Binary subtraction

SUBC Binary subtraction with borrow

SUBV Binary subtraction with underflow
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Operation No. of
Classification Types Code Function Instructions
Logic 6 AND Logical AND 14
operations NOT Bit inversion

OR Logical OR

TAS Memory test and bit set

TST Logical AND and T bit set

XOR Exclusive OR
Shift 12 ROTL One-bit left rotation 16

ROTR One-bit right rotation

ROTCL One-bit left rotation with T bit

ROTCR One-bit right rotation with T bit

SHAD Dynamic arithmetic shift

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right shift

SHLD Dynamic logical shift

SHLL One-bit logical left shift

SHLLn n-bit logical left shift

SHLR One-bit logical right shift

SHLRn n-bit logical right shift

RO1UHO0235EJ0200 Rev. 2.00
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Operation No. of
Classification Types Code Function Instructions
Branch 10 BF Conditional branch, conditional delayed 15
branch (branch when T = 0)
BT Conditional branch, conditional delayed
branch (branch when T = 1)
BRA Unconditional delayed branch
BRAF Unconditional delayed branch
BSR Delayed branch to subroutine procedure
BSRF Delayed branch to subroutine procedure
JMP Unconditional delayed branch
JSR Branch to subroutine procedure
Delayed branch to subroutine procedure
RTS Return from subroutine procedure
Delayed return from subroutine procedure
RTV/N Return from subroutine procedure with Rm
— RO transfer
System 14 CLRT T bit clear 36
control CLRMAC  MAC register clear
LDBANK Register restoration from specified register
bank entry
LDC Load to control register
LDS Load to system register
NOP No operation
RESBANK Register restoration from register bank
RTE Return from exception handling
SETT T bit set
SLEEP Transition to power-down mode
STBANK Register save to specified register bank
entry
STC Store control register data
STS Store system register data
TRAPA Trap exception handling
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Operation No. of
Classification Types Code Function Instructions
Floating-point 19 FABS Floating-point absolute value 48
instructions FADD Floating-point addition
FCMP Floating-point comparison
FCNVDS Conversion from double-precision to single-
precision
FCNVSD Conversion from single-precision to double -
precision
FDIV Floating-point division
FLDIO Floating-point load immediate O
FLDH Floating-point load immediate 1
FLDS Floating-point load into system register
FPUL
FLOAT Conversion from integer to floating-point
FMAC Floating-point multiply and accumulate
operation
FMOV Floating-point data transfer
FMUL Floating-point multiplication
FNEG Floating-point sign inversion
FSCHG SZ bit inversion
FSQRT Floating-point square root
FSTS Floating-point store from system register
FPUL
FSUB Floating-point subtraction
FTRC Floating-point conversion with rounding to
integer
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Operation No. of
Classification Types Code Function Instructions
FPU-related 2 LDS Load into floating-point system register 8
icr:1:tLrJuctions STS Store from floating-point system register
Bit 10 BAND Bit AND 14
manipulation BCLR Bit clear

BLD Bit load

BOR Bit OR

BSET Bit set

BST Bit store

BXOR Bit exclusive OR

BANDNOT Bit NOT AND

BORNOT  Bit NOT OR

BLDNOT Bit NOT load
Total: 112 253
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The table below shows the format of instruction codes, operation, and execution states. They are
described by using this format according to their classification.

Instruction

Instruction Code

Execution

Operation Cycles

T Bit

Indicated by mnemonic.

[Legend]

OP.Sz SRC, DEST
OP:  Operation code
Sz: Size
SRC: Source
DEST: Destination

Rm: Source register
Rn: Destination register
imm: Immediate data

disp: Displacement**

Indicated in MSB «»
LSB order.

[Legend]
mmmm: Source register

nnnn: Destination register
0000: RO
0001: R1

1111: R15
iiii: Immediate data

dddd: Displacement

Value when no
wait states are
inserted.®'

Indicates summary of
operation.

[Legend]

—, < Transfer direction
(xx): Memory operand
M/Q/T: Flag bits in SR

&: Logical AND of each
bit
I: Logical OR of each bit

A: Exclusive logical OR
of
each bit

~:  Logical NOT of each
bit
<<n: n-bit left shift

>>n: n-bit right shift

Value of T bit after
instruction is
executed.

[Legend]

—: No change

Notes: 1. Instruction execution cycles: The execution cycles shown in the table are minimums. In
practice, the number of instruction execution states will be increased in cases such as
the following:
a. When there is a conflict between an instruction fetch and a data access
b. When the destination register of a load instruction (memory — register) is the same

as the register used by the next instruction.
2. Depending on the operand size, displacement is scaled by x1, x2, or x4. For details,
refer to the SH-2A, SH2A-FPU Software Manual.
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25.2 Data Transfer Instructions
Table 2.12 Data Transfer Instructions
Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
MOV #imm, Rn 1110nnnniiiiiiii imm — sign extension 1 — Yes Yes
— Rn
MOV.W  @(disp, PC),Rn 1001nnnndddddddd (disp x 2 + PC) > sign 1 — Yes Yes
extension - Rn
MOV.L @(disp, PC),Rn 1101nnnndddddddd (disp x 4 + PC) - Rn 1 — Yes Yes
MOV Rm, Rn 0110nnnnmmmm0011 Rm — Rn 1 — Yes Yes
MOV.B Rm, @Rn 001 0nnnnmmmm0000 Rm — (Rn) 1 — Yes Yes
MOV.W  Rm, @Rn 001 0nnnnmmmm0001 Rm — (Rn) 1 — Yes Yes
MOV.L Rm, @Rn 001 0nnnnmmmm0010 Rm — (Rn) 1 — Yes Yes
MOV.B @Rm, Rn 011 0nnnnmmmm0000 (Rm) — sign extension 1 — Yes Yes
— Rn
MOV.W  @Rm, Rn 011 0nnnnmmmm0001 (Rm) — sign extension 1 — Yes Yes
— Rn
MOV.L @Rm, Rn 0110nnnnmmmm0010 (Rm) —» Rn 1 — Yes Yes
MOV.B Rm, @-Rn 001 0nnnnmmmm0100 Rn-1 — Rn, Rm — (Rn) 1 — Yes Yes
MOV.W  Rm, @-Rn 0010nnnnmmmm0101 Rn-2 - Rn, Rm — (Rn) 1 — Yes Yes
MOV.L Rm, @-Rn 0010nnnnmmmm0110 Rn-4 - Rn, Rm —» (Rn) 1 — Yes Yes
MOV.B @Rm+, Rn 0110nnnnmmmm0100 (Rm) — sign extension 1 — Yes Yes
— Rn,Bm+1 - Rm
MOV.W  @Rm+, Rn 0110nnnnmmmm0101 (Rm) — sign extension 1 — Yes Yes
— Rn, Rm +2 - Rm
MOV.L @Rm+, Rn 0110nnnnmmmm0110 (Rm) > Rn,Rm+4 —» 1 — Yes Yes
Rm
MOV.B RO, @(disp,Rn) 10000000nnnndddd RO — (disp + Rn) 1 — Yes Yes
MOV.W RO, @(disp,Rn) 10000001nnnndddd RO — (disp x 2 + Rn) 1 — Yes Yes
MOV.L Rm, @(disp,Rn) 0001nnnnmmmmdddd Rm — (disp x 4 + Rn) 1 — Yes Yes
MOV.B @ (disp, Rm),R0 100001 00mmmmdddd (disp + Rm) — sign 1 — Yes Yes
extension — RO
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Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
MOV.W  @(disp, Rm),R0 100001 01lmmmmdddd (disp x 2 + Rm) — 1 — Yes Yes
sign extension — RO
MOV.L @(disp, Rm),Rn 0101nnnnmmmmdddd (disp x 4 + Rm) —» Rn 1 — Yes Yes
MOV.B Rm, @ (RO,Rn) 0000nnnnmmmm0100 Rm — (RO + Rn) 1 — Yes Yes
MOV.W  Rm,@(RO0,Rn) 0000nnnnmmmm0101 Rm — (RO + Rn) 1 — Yes Yes
MOV.L Rm, @ (R0,Rn) 0000nnnnmmmm0110 Rm — (RO + Rn) 1 — Yes Yes
MOV.B @(R0,Rm),Rn 0000nnnnmmmm1100 (RO + Rm) > 1 — Yes Yes
sign extension — Rn
MOV.W  @(R0,Rm),Rn 0000nnnnmmmm1101 (RO + Rm) —» 1 — Yes Yes
sign extension — Rn
MOV.L @(R0,Rm),Rn 0000nnnnmmmm1110 (RO + Rm) - Rn 1 — Yes Yes
MOV.B RO,@(disp,GBR)  11000000dddddddd RO — (disp + GBR) 1 — Yes Yes
MOV.W  RO,@(disp,GBR) 11000001dddddddd RO — (disp x 2 + GBR) 1 — Yes Yes
MOV.L RO,@(disp,GBR)  11000010dddddddd RO — (disp x 4 + GBR) 1 — Yes Yes
MOV.B @(disp,GBR),RO  11000100dddddddd (disp + GBR) — 1 — Yes Yes
sign extension — RO
MOV.W  @(disp,GBR),RO  11000101dddddddd (disp x 2 + GBR) - 1 — Yes Yes
sign extension — RO
MOV.L @(disp,GBR),R0  11000110dddddddad (disp x 4 + GBR) > R0 1 — Yes Yes
MOV.B RO,@Rn+ 0100nnnn10001011 RO - (Rn),Rn + 1 > 1 — Yes
Rn
MOV.W  RO,@Rn+ 0100nnnn10011011 RO - (Rn), Rn +2 — 1 — Yes
Rn
MOV.L RO,@Rn+ 0100nnnn10101011 RO - Rn), Rn +4 —» Rn 1 — Yes
MOV.B @-Rm,R0O 0100mmmm11001011 Rm-1 - Rm, (Rm) —» 1 — Yes
sign extension — RO
MOV.W @-Rm,R0O 0100mmmm11011011 Rm-2 - Rm, (Rm) — 1 — Yes
sign extension — RO
MOV.L @-Rm,R0 0100mmmm11101011 Rm-4 — Rm, (Rm) — 1 — Yes
RO
MOV.B Rm,@(disp12,Rn)  0011nnnnmmmm0001 Rm — (disp + Rn) 1 — Yes
0000dddddddddddd
MOV.W  Rm,@(disp12,Rn) 001 1nnnnmmmm0001 Rm — (disp x 2 + Rn) 1 — Yes
0001dddddddddddd
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Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
MOV.L Rm,@(disp12,Rn)  0011nnnnmmmm0001 Rm — (disp x 4 + Rn) 1 — Yes
0010dddddddddddd
MOV.B @(disp12, Rm), Rn 001 1nnnnmmmm0001 (disp + Rm) — 1 — Yes
0100dddddddaddad  S'9n extension — Rn
MOV.W  @(disp12, Rm), Rn 001 1nnnnmmmm0001 (disp x 2 + Rm) — 1 — Yes
0101dddddadadadq  S'9n extension - Rn
MOV.L @(disp12, Rm), Rn 001 1nnnnmmmm0001 (disp x 4 + Rm) —» Rn 1 — Yes
0110dddddddddddd
MOVA @(disp,PC),R0 11000111dddddddd disp x 4 + PC - RO 1 — Yes Yes
MOVI20  #mm20, Rn 0000nnnniiii00n00 imm — sign extension 1 — Yes
................ — Rn
1111111111111111
MOVI20S #imm20, Rn 0000nnnniiii0ool imm << 8 — sign 1 — Yes
................ extension - Rn
1111111111111111
MOVML.L Rm, @-R15 0100mmmm11110001 R15-4 - R15, Rm — 1to16 — Yes
(R15)
R15-4 - R15, Rm-1 —
(R15)
R15-4 - R15, RO >
(R15)
Note: When Rm = R15,
read Rm as PR
MOVML.L @R15+, Rn 0100nnnn11110101 (R15) > RO,R15+4 —> 1to16 — Yes
R15
(R15) > R1,R15+4 —>
R15
(R15) > Rn
Note: When Rn = R15,
read Rm as PR
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Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
MOVMU.L Rm, @-R15 0100mmmm11110000 R15-4 - R15, PR > 1to16 — Yes
(R15)
R15-4 - R15, R14 —»
(R15)
R15-4 —» R15, Rm —
(R15)
Note: When Rm = R15,
read Rm as PR
MOVMU.L @R15+, Rn 0100nnnn11110100 (R15) > Rn,R15+4 —> 1to16 — Yes
R15
(R15) > Rn+ 1, R15 +
4 - R15
(R15) > R14, R15 + 4
— R15
(R15) > PR
Note: When Rn = R15,
read Rm as PR
MOVRT Rn 0000nnnn00111001 ~T—Rn 1 — Yes
MOVT Rn 0000nnnn00101001 T—Rn 1 — Yes Yes
MOVU.B @(disp12, Rm), Rn 001 1nnnnmmmm0001 (disp + Rm) — 1 — Yes
1000dddddddddddd zero extension — Rn
MOVU.W @(disp12, Rm), Rn 001 1nnnnmmmm0001 (disp x 2 + Rm) — 1 — Yes
1001dddddddddadd zero extension — Rn
NOTT 0000000001101000 ~T>T 1 Ope- Yes
ration
result
PREF @Rn 0000nnnn10000011 (Rn) - operand cache 1 — Yes
SWAP.B Rm, Rn 0110nnnnmmmm1000 Rm — swap lower 2 1 — Yes Yes
bytes - Rn
SWAP.W Rm, Rn 0110nnnnmmmm1001 Rm — swap upperand 1 — Yes Yes
lower words — Rn
XTRCT Rm, Rn 0010nnnnmmmm1101 Middle 32 bits of Rm:Rn 1 — Yes Yes
— Rn
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253

Arithmetic Operation Instructions

Table 2.13 Arithmetic Operation Instructions

Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
ADD Rm, Rn 0011lnnnnmmmml100 Rn + Rm — Rn 1 — Yes Yes
ADD #imm, Rn 0lllnnnniiiiiiii Rn +imm — Rn 1 — Yes Yes
ADDC Rm, Rn 0011nnnnmmmml110 Rn+RBRm+ T — Rn, 1 Carry Yes Yes
carry > T
ADDV Rm, Rn 0011nnnnmmmml111 Rn + Rm — Rn, 1 Over- Yes Yes
overflow - T flow
CMP/EQ #imm, RO 100010004iiiidiiii When RO =imm,1 > T 1 Com- Yes Yes
Otherwise, 0 - T parison
result
CMP/EQ Rm, Rn 001 1nnnnmmmm0000 WhenRn=Rm,1->T 1 Com- Yes Yes
Otherwise, 0 > T parison
result
CMP/HS Rm,Rn 001 1nnnnmmmm0010 When Rn > Rm 1 Com- Yes Yes
(unsigned), parison
15T result
Otherwise, 0 - T
CMP/GE Rm, Rn 001 1nnnnmmmm0011 When Rn > Rm (signed), 1 Com- Yes Yes
1->T parison
Otherwise, 0 > T result
CMP/HI Rm, Rn 0011nnnnmmmm0110 When Rn > Rm 1 Com- Yes Yes
(unsigned), parison
15T result
Otherwise, 0 > T
CMP/GT Rm,Rn 001 1nnnnmmmm0111 When Rn > Rm (signed), 1 Com- Yes Yes
1->T parison
Otherwise, 0 - T result
CMP/PL  Rn 0100nnnn00010101 WhenRn>0,1—>T 1 Com- Yes Yes
Otherwise, 0 - T parison
result
CMP/PZ Rn 0100nnnn00010001 WhenRn>0,1->T 1 Com- Yes Yes
Otherwise, 0 > T parison
result
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Instruction

Instruction Code

Operation

Execu-
tion
Cycles

Compatibility

SH-2A/
SH2A-
FPU

TBit SH2E SH4

CMP/STR Rm, Rn

0010nnnnmmmm1100

When any bytes are
equal,

15T

Otherwise, 0 - T

1

Com- Yes Yes
parison

result

CLIPS.B Rn

0100nnnnl10010001

When Rn >
(H'0000007F),
(H'0000007F) — Rn, 1
—CS

when Rn <
(H'FFFFFF80),
(H'FFFFFF80) — Rn, 1
—CS

— Yes

CLIPSW Rn

0100nnnn10010101

When Rn >
(H'00007FFF),
(H'00007FFF) — Rn, 1
—CS

When Rn <
(H'FFFF8000),
(H'FFFF8000) — Rn, 1
—CS

— Yes

CLIPUB Rn

0100nnnnl10000001

When Rn >
(H'000000FF),
(H'000000FF) — Rn, 1
—CS

— Yes

CLIPUW Rn

0100nnnnl10000101

When Rn >
(H'0000FFFF),
(H'0000FFFF) — Rn, 1
—CS

— Yes

DIV1 Rm, Rn

001 1Innnnmmmm0100

1-step division (Rn +
Rm)

Calcu- Yes Yes
lation

result

DIVOS Rm, Rn

0010nnnnmmmm0O111

MSB of Rn — Q,

MSB of Rm - M, MAQ

->T

Calcu- Yes Yes
lation

result

DIVOU

0000000000011001

0 -~ M/Q/T

1

0 Yes Yes

DIVS RO, Rn

0100nnnn10010100

Signed operation of Rn + 36

RO —» Rn 32 + 32 - 32

bits

— Yes

RO1UHO0235EJ0200 Rev. 2.00
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Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
DIVU RO, Rn 0100nnnnl10000100 Unsigned operation of 34 — Yes
Rn + RO - Rn 32 + 32
— 32 bits
DMULS.L Rm, Rn 001 1lnnnnmmmml1101 Signed operation of Rn x 2 — Yes Yes

Rm — MACH, MACL
32 x 32 — 64 bits

DMULU.L Rm, Rn

0011Innnnmmmm0101

Unsigned operation of 2 — Yes Yes
Rn x Rm — MACH,

MACL

32 x 32 — 64 bits

DT Rn

0100nnnn00010000

Rn-1 - Rn 1 Com- Yes Yes
WhenRnis0,1 > T parison
When Rnisnot0,0 > T result

EXTS.B Rm, Rn

0110nnnnmmmml1110

Byte in Rmis 1 — Yes Yes

sign-extended — Rn

EXTS.W Rm, Rn

0110nnnnmmmml1111

Word in Rm is 1 — Yes Yes
sign-extended — Rn

EXTU.B Rm, Rn

0110nnnnmmmm1100

Byte in Rmis 1 — Yes Yes
zero-extended — Rn

EXTUW Rm, Rn

0110nnnnmmmm1101

Word in Rm is 1 — Yes Yes
zero-extended — Rn

MAC.L @Rm-+,

0000nnnnmmmm1111

Signed operation of (Rn) 4 — Yes Yes
x (Rm) + MAC —» MAC
32 x 32 + 64 — 64 bits

MACW  @Rms+,

0100nnnnmmmm1111

Signed operation of (Rn) 3 — Yes Yes
x (Rm) + MAC —» MAC
16 x 16 + 64 — 64 bits

MUL.L Rm, Rn

0000nnnnmmmm0111

MULR RO, Rn

0100nnnnl10000000

MULS.W Rm, Rn

0010nnnnmmmm1111

Rn x Rm — MACL 2 — Yes Yes

32 x 32 — 32 bits

RO x Rn — Rn 2 Yes
32 x 32 — 32 bits

Signed operation of Rn x 1 — Yes Yes

Rm — MACL
16 x 16 — 32 bits
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Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
MULU.W Rm, Rn 0010nnnnmmmm1110 Unsigned operation of 1 — Yes Yes
Rn x Rm — MACL
16 x 16 — 32 bits
NEG Rm, Rn 0110nnnnmmmm1011 0-BRm — Rn 1 — Yes Yes
NEGC Rm, Rn 0110nnnnmmmm1 010 0-BRm-T — Rn, borrow 1 Borrow Yes Yes
->T
SuUB Rm, Rn 001 1nnnnmmmml1 000 Rn-Rm — Rn 1 — Yes Yes
SUBC Rm, Rn 0011nnnnmmmml 010 Rn-Bm-T — Rn, borrow 1 Borrow Yes Yes
->T
SUBV Rm, Rn 0011nnnnmmmm1011 Rn-BRm — Rn, underflow 1 Over- Yes Yes
ST flow
254 Logic Operation Instructions
Table 2.14 Logic Operation Instructions
Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
AND Rm, Rn 0010nnnnmmmm1001 Rn & Rm — Rn 1 — Yes Yes
AND #imm, RO RO & imm — RO 1 — Yes Yes
AND.B #imm, @ (RO, GBR) (RO + GBR) & imm — 3 — Yes Yes
(RO + GBR)
NOT Rm, Rn 0110nnnnmmmm0111 ~Bm — Rn 1 — Yes Yes
OR Rm, Rn 0010nnnnmmmm1011 Rn | Rm — Rn 1 — Yes Yes
OR #imm, RO 11001011iiiiiiii RO | imm — RO 1 — Yes Yes
OR.B #imm, @(RO, GBR) 1100111liiiiiiii (RO + GBR) | imm — 3 — Yes Yes
(RO + GBR)
TAS.B @Rn 0100nnNnn00011011 When (Rn)is 0,1 >T 3 Test Yes Yes
Otherwise, 0 > T, result
1 — MSB of(Rn)
RO1UH0235EJ0200 Rev. 2.00 Page 71 of 1824
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Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
TST Rm, Rn 0010nNnnNNmmmm1000 Rn & Rm 1 Test Yes Yes
When the result is 0, 1 result
->T
Otherwise, 0 > T
TST #imm, RO 11001000iiaiiiii RO & imm 1 Test Yes Yes
When the result is 0, 1 result
->T
Otherwise, 0 > T
TST.B #imm, @ (RO, GBR) 11001100iiiiiiii (RO + GBR) & imm 3 Test Yes Yes
When the result is 0, 1 result
->T
Otherwise, 0 > T
XOR Rm, Rn 0010nnnnmmmm1010 Rn~ARm — Rn 1 — Yes Yes
XOR #imm, RO RO A imm — RO 1 — Yes Yes
XOR.B #imm, @(RO, GBR) 11001110iiiiiiii (RO + GBR) A imm — 3 — Yes Yes
(RO + GBR)
255 Shift Instructions
Table 2.15 Shift Instructions
Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
ROTL Rn 0100nnNnn00000100 T « Rn « MSB 1 MSB  Yes Yes
ROTR Rn 0100nnnn00000101 LSB—->Rn—>T 1 LSB Yes Yes
ROTCL Rn 0100nnNnn00100100 T<Rn«T 1 MSB  Yes Yes
ROTCR Rn 0100nnnn00100101 T>Rn>T 1 LSB Yes Yes
SHAD Rm, Rn 0100nnNnNnmmmm1100 When Rm >0, Rn << 1 — Yes
Rm — Rn
When Rm < 0, Rn >>
IRm| —
[MSB — Rn]
Page 72 of 1824 RO1UH0235EJ0200 Rev. 2.00
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Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
SHAL Rn 0100nnnn00100000 T« Rn«0 1 MSB  Yes Yes
SHAR Rn 0100nnNnn00100001 MSB—>Rn—>T 1 LSB Yes Yes
SHLD Rm, Rn 0100nnnnmmmm1101 When Rm >0, Rn << 1 — Yes
Rm — Rn
When Rm < 0, Rn >>
IRml —
[0 > Rn]
SHLL Rn 0100nnnn00000000 T« Rn«0 1 MSB  Yes Yes
SHLR Rn 0100nnnn00000001 0->Rn->T 1 LSB Yes Yes
SHLL2 Rn 0100nnNnn00001000 Rn<<2 - Rn 1 — Yes Yes
SHLR2 Rn 0100nnnn00001001 Rn>>2 — Rn 1 — Yes Yes
SHLL8 Rn 0100nnNnn00011000 Rn << 8 - Rn 1 — Yes Yes
SHLR8 Rn 0100nnnn00011001 Rn>>8 — Rn 1 — Yes Yes
SHLL16 Rn 0100nnNnNn00101000 Rn << 16 - Rn 1 — Yes Yes
SHLR16 Rn 0100nnnn00101001 Rn>>16 —» Rn 1 — Yes Yes
25.6 Branch Instructions
Table 2.16 Branch Instructions
Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
BF label 10001011dddddddd WhenT=0,dispx2+ 3/1* — Yes Yes
PC - PC,
When T =1, nop
BF/S label 10001111dddddddd Delayed branch 2/1* — Yes Yes
When T =0, disp x 2 +
PC - PC,
When T =1, nop
BT label 10001001dddddddd WhenT=1,dispx2+ 3/1* — Yes Yes

PC - PC,
When T =0, nop

RO1UH0235EJ0200 Rev. 2.00
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Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
BT/S label 10001101dddddddd Delayed branch 2/1* — Yes Yes
When T =1, dispx2+
PC — PC,
When T =0, nop
BRA label 1010dddddddddddd Delayed branch, 2 — Yes Yes
disp x 2+ PC —» PC
BRAF Rm 0000mmmm00100011 Delayed branch, 2 — Yes Yes
Rm + PC - PC
BSR label 1011dddddddddddd Delayed branch, PC —» 2 — Yes Yes
PR, disp x 2 + PC — PC
BSRF Rm 0000mmmmO0000011 Delayed branch, PC —» 2 — Yes Yes
PR, Rm + PC — PC
JMP @Rm 0100mmmm00101011 Delayed branch, Rm —» 2 — Yes Yes
PC
JSR @Rm 0100mmmm00001011 Delayed branch, PC —» 2 — Yes Yes
PR, Rm —» PC
JSR/N @Rm 0100mmmm01001011 PC-2 - PR,Rm—>PC 3 — Yes
JSR/N @ @(disp8, TBR) 10000011dddddddd PC-2 —» PR, 5 — Yes
(disp x 4 + TBR) — PC
RTS 0000000000001011 Delayed branch, PR » 2 — Yes Yes
PC
RTS/N 0000000001101011 PR - PC 3 — Yes
RTV/N Rm 0000mmmm01111011 Rm — RO, PR —» PC 3 — Yes

Note: * One cycle when the program does not branch.
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257 System Control Instructions

Table 2.17 System Control Instructions

Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
CLRT 0000000000001000 0->T 1 0 Yes Yes
CLRMAC 0000000000101000 0 -> MACH,MACL 1 Yes Yes
LDBANK @Rm,R0 0100mmmm11100101 (Specified register bank 6 — Yes
entry) -» RO
LDC Rm,SR 0100mmmm00001110 Rm — SR 3 LSB Yes Yes
LDC Rm,TBR 0100mmmm01001010 Rm — TBR 1 — Yes
LDC Rm,GBR 0100mmmm00011110 Rm —» GBR 1 Yes Yes
LDC Rm,VBR 0100mmmm00101110 Rm — VBR 1 — Yes Yes
LDC.L @Rm+,SR 0100mmmmO0000111 (Rm) > SR,Rm+4—> 5 LSB Yes Yes
Rm
LDC.L @Rm+,GBR 0100mmmm00010111 (Rm) - GBR, Rm + 4 — 1 — Yes Yes
Rm
LDC.L @Rm+,VBR 0100mmmm00100111 (Rm) > VBR,Rm +4 — 1 Yes Yes
Rm
LDS Rm,MACH 0100mmmm00001010 Rm — MACH 1 — Yes Yes
LDS Rm,MACL 0100mmmm00011010 Rm — MACL 1 Yes Yes
LDS Rm,PR 0100mmmm00101010 Rm — PR 1 — Yes Yes
LDS.L @Rm+,MACH 0100mmmm0O0000110 (Rm) > MACH,Rm +4 1 Yes Yes
— Rm
LDS.L @Rm+,MACL 0100mmmm00010110 (Rm) - MACL,Rm +4 1 — Yes Yes
— Rm
LDS.L @Rm+,PR 0100mmmm00100110 (Rm) > PR,Rm+4 —> 1 Yes Yes
Rm
NOP 0000000000001001 No operation 1 — Yes Yes
RESBANK 0000000001011011 Bank — RO to R14, 9 Yes
GBR,
MACH, MACL, PR
RTE 0000000000101011 Delayed branch, 6 — Yes Yes

stack area - PC/SR

RO1UH0235EJ0200 Rev. 2.00
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Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
SETT 0000000000011000 15T 1 1 Yes Yes
SLEEP 0000000000011011 Sleep 5 — Yes Yes
STBANK RO,@Rn 0100nnnn11100001 RO — 7 — Yes
(specified register bank
entry)
STC SR,Rn 0000NnNNN00000010 SR - Rn 2 — Yes Yes
STC TBR,Rn 0000nnNnNn01001010 TBR — Rn 1 — Yes
STC GBR,Rn 0000NnNNN00010010 GBR — Rn 1 — Yes Yes
STC VBR,Rn 0000NnNNN00100010 VBR — Rn 1 — Yes Yes
STC.L SR,@-Rn 0100nnnn00000011 Rn-4 - Rn, SR - (Rn) 2 — Yes Yes
STC.L GBR,@-Rn 0100nnnNn00010011 Rn-4 — Rn, GBR — 1 — Yes Yes
(Rn)
STC.L VBR,@-Rn 0100nnnn00100011 Rn-4 — Rn, VBR —» 1 — Yes Yes
(Rn)
STS MACH,Rn 0000nNNN00001010 MACH — Rn 1 — Yes Yes
STS MACL,Rn 0000nnNNn00011010 MACL — Rn 1 — Yes Yes
STS PR,Rn 0000nNnNn00101010 PR — Rn 1 — Yes Yes
STS.L MACH, @-Rn 0100nnnn00000010 Rn-4 — Rn, MACH — 1 — Yes Yes
(Rn)
STS.L MACL,@-Rn 0100nnnNn00010010 Rn-4 — Rn, MACL — 1 — Yes Yes
(Rn)
STS.L PR,@-Rn 0100nnnNn00100010 Rn-4 — Rn, PR — (Rn) 1 — Yes Yes
TRAPA #imm 1100001 1idaiiiii PC/SR — stack area, 5 — Yes Yes
(imm x 4 + VBR) - PC
Notes: Instruction execution cycles: The execution cycles shown in the table are minimums. In

practice, the number of instruction execution states in cases such as the following:
a. When there is a conflict between an instruction fetch and a data access

b. When the destination register of a load instruction (memory — register) is the
same as the register used by the next instruction.

* |n the event of bank overflow, the number of cycles is 19.
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2.5.8

Floating-Point Operation Instructions

Table 2.18 Floating-Point Operation Instructions

Compatibility
Execu- SH-2A/
tion SH2A-

Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
FABS FRn 1111nnnn01011101 IFRnl — FRn 1 — Yes Yes
FABS DRn 1111nnn001011101 IDRnl — DRn 1 — Yes
FADD FRm, FRn 1111nnnnmmmmO000 FRn + FRm — FRn 1 — Yes Yes
FADD DRm, DRn 1111nnnOmmmO0000 DRn + DRm — DRn 6 — Yes
FCMP/EQ FRm, FRn 1111nnnnmmmmO100 (FRn=FRm)? 1.0 > T 1 Compa- Yes Yes

rison

result
FCMP/EQ DRm, DRn 1111nnnOmmm00100 (DRn=DRmM)?1:0 > T 2 Compa- Yes

rison

result
FCMP/GT FRm, FRn 1111nnnnmmmm0101 (FRn >FRm)? 1:0 > T 1 Compa Yes Yes

-rison

result
FCMP/GT DRm, DRn 1111nnnOmmmO0101 (DRn>DRmM)?1:0 > T 2 Compa- Yes

rison

result
FCNVDS DRm, FPUL 1111mmm010111101 (float) DRm — FPUL 2 — Yes
FCNVSD FPUL, DRn 1111nnn010101101 (double) FPUL - DRn 2 — Yes
FDIV FRm, FRn 1111nnnnmmmmO011 FRn/FRm — FRn 10 — Yes Yes
FDIV DRm, DRn 1111nnnOmmmO0011 DRn/DRm — DRn 23 — Yes
FLDIO FRn 1111nnnn10001101 0 x 00000000 — FRn 1 — Yes Yes
FLDI1 FRn 1111nnnn10011101 0 x 3F800000 — FRn 1 — Yes Yes
FLDS FRm, FPUL 1111mmmm00011101 FRm — FPUL 1 — Yes Yes
FLOAT FPUL,FRn 1111nnnn00101101 (float)FPUL — FRn 1 — Yes Yes
FLOAT FPUL,DRn 1111nnn000101101 (double)FPUL - DRn 2 — Yes
FMAC FRO,FRm,FRn 1111nnnnmmmm1110 FRO x FRm+FRn — 1 — Yes Yes

FRn

FMQOV FRm, FRn 1111nnnnmmmm1100 FRm — FRn 1 — Yes Yes
FMOV DRm, DRn 1111nnnOmmm01100 DRm — DRn 2 — Yes
RO1UH0235EJ0200 Rev. 2.00 Page 77 of 1824
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Compatibility
Execu- SH-2A/
tion SH2A-

Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
FMOV.S @(RO, Rm), FRn 1111nnnnmmmm0110 (RO + Rm) - FRn 1 — Yes Yes
FMOV.D @(RO, Rm),DRn  1111nnnOmmmm0110 (RO + Rm) - DRn 2 — Yes
FMOV.S @Rm+, FRn 1111nnnnmmmm1001 (Rm) —» FRn, Rm+=4 1 — Yes Yes
FMOV.D @Rm+, DRn 1111nnnOmmmm1001 (Rm) > DRn,Rm +=8 2 — Yes
FMOV.S @Rm, FRn 11121nnnnmmmm1000 (Rm) —» FRn 1 — Yes Yes
FMOV.D @Rm, DRn 1111nnnOmmmm1000 (Rm) — DRn 2 — Yes
FMOV.S @(disp12,Rm),FRn 0011nnnnmmmm0O001 (disp x4+ Rm) > FRn 1 — Yes

0111dddddddddddd
FMOV.D @(disp12,Rm),DRn 0011nnnOmmmmO001 (disp x 8+ Rm) > DRn 2 — Yes

0111dddddddddddd
FMOV.S FRm, @(RO,Rn) 1111nnnnmmmm0111 FRm — (RO + Rn) 1 — Yes Yes
FMOV.D DRm, @(RO,Rn) 1111nnnnmmm00111 DRm — (RO + Rn) 2 — Yes
FMOV.S FRm, @-Rn 1111nnnnmmmm1011 Rn-=4, FRm — (Rn) 1 — Yes Yes
FMOV.D DRm, @-Rn 1111nnnnmmm01011 Rn-=8, DRm — (Rn) 2 — Yes
FMOV.S FRm, @Rn 1111nnnnmmmm1010 FRm — (Rn) 1 — Yes Yes
FMOV.D DRm, @Rn 1111nnnnmmm01010 DRm — (Rn) 2 — Yes
FMOV.S FRm, 0011nnnnmmmmO001 FRm — (disp x4 + Rn) 1 — Yes
@(disp12,Rn) 0011dddddddddddd
FMOV.D DRm, 0011nnnnmmmO0001 DRm — (disp x8 + Rn) 2 — Yes
@(disp12,Rn) 0011dddddddddddd
FMUL FRm, FRn 1111nnnnmmmmO010 FRn x FRm — FRn 1 — Yes Yes
FMUL DRm, DRn 1111nnnOmmm00010 DRn x DRm — DRn 6 — Yes
FNEG FRn 1111nnnn01001101 -FRn —» FRn 1 — Yes Yes
FNEG DRn 1111nnn001001101 -DRn — DRn 1 — Yes
FSCHG 1111001111111101 FPSCR.SZ=~FPSCR.S 1 — Yes

z

FSQRT  FRn 1111nnnn01101101  VFRn — FRn 9 — Yes
FSQRT DRn 1111nnn001101101 \DRn — DRn 22 — Yes
FSTS FPUL,FRn 1111nnnn00001101 FPUL - FRn 1 — Yes Yes
FSUB FRm, FRn 1111nnnnmmmmO001 FRn-FRm — FRn 1 — Yes Yes
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Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
FSUB DRm, DRn 1111nnnOmmmO0001 DRn-DRm — DRn 6 — Yes
FTRC FRm, FPUL 1111mmmm00111101 (long)FRm — FPUL 1 — Yes Yes
FTRC DRm, FPUL 1111mmm000111101 (long)DRm — FPUL 2 — Yes
259 FPU-Related CPU Instructions
Table 2.19 FPU-Related CPU Instructions
Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
LDS Rm,FPSCR 0100mmmm01101010 Rm — FPSCR 1 — Yes Yes
LDS Rm,FPUL 0100mmmm01011010 Rm — FPUL 1 — Yes Yes
LDS.L @Rm+, FPSCR 0100mmmm01100110 (Rm) - FPSCR, Rm+=4 1 — Yes Yes
LDS.L @Rm-+, FPUL 0100mmmm01010110 (Rm) - FPUL, Rm+=4 1 — Yes Yes
STS FPSCR, Rn 0000nnNnNN01101010 FPSCR — Rn 1 — Yes Yes
STS FPUL,Rn 0000nnNnNNn01011010 FPUL — Rn 1 — Yes Yes
STS.L FPSCR,@-Rn 0100nnnn01100010 Rn-=4, FPCSR — (Rn) 1 — Yes Yes
STS.L FPUL,@-Rn 0100nnnn01010010 Rn-=4, FPUL — (Rn) 1 — Yes Yes
25.10 Bit Manipulation Instructions
Table 2.20 Bit Manipulation Instructions
Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
BAND.B #imm3,@(disp12,Rn) 0011nnnnOiii1001 (imm of (disp + Rn)) & T 3 Ope- Yes
0100dddddddddddd T ration
result
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Compatibility
Execu- SH-2A/
tion SH2A-
Instruction Instruction Code Operation Cycles TBit SH2E SH4 FPU
BANDNOT.B 0011nnnnOiii1001 ~(imm of (disp + Rn)) & 3 Ope- Yes
#imm3, @ (disp12,Rn) 1100dddddddddddd T->T ration
result
BCLR.B #imm3,@(disp12,Rn) 0011nnnnOiiil001 0 — (imm of (disp + Rn)) 3 — Yes
0000dddddddddddd
BCLR #imm3,Rn 10000110nnnnOiii 0 — imm of Rn 1 — Yes
BLD.B #imm3,@(disp12,Rn) 0011nnnnOiiil001 (imm of (disp + Rn)) > 3 Ope- Yes
0011dddddddddddd ration
result
BLD #imm3,Rn 10000111nnnnliii immof Rn > T 1 Ope- Yes
ration
result
BLDNOT.B 0011nnnnOi 111001 ~(imm of (disp + Rn)) 3 Ope- Yes
#imm3, @ (disp12,Rn) 1011dddddddddddd ->T ration
result
BOR.B #imm3,@(disp12,Rn) 0011nnnnOiiil001 (immof (disp+Rn)) IT 3 Ope- Yes
0101dddddddddddd ' ration
result
BORNOT.B 0011nnnnOiii1001 ~(imm of (disp + Rn)) | 3 Ope- Yes
#imm3, @ (disp12,Rn) 1101dddddddddddd T->T ration
result
BSET.B 0011nnnnOiii1001 1 — (imm of (disp + 3 — Yes
#mm3, @(disp12,RN) 5001 dddddddddddd ™)
BSET #imm3,Rn 10000110nnnnliii 1 — imm of Rn 1 — Yes
BST.B #imm3,@(disp12,Rn) 0011nnnnOiiil001 T — (imm of (disp + Rn)) 3 — Yes
0010dddddddddddd
BST #imm3,Rn 10000111nnnnOiii T — imm of Rn 1 — Yes
BXOR.B 0011nnnnOiii1001 (imm of (disp + Rn)) AT 3 Ope- Yes
#imm3, @ (disp12,Rn) 0110dddddddddddd ->T ration
result
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2.6 Processing States

The CPU has four processing states: reset, exception handling, program execution, and power-
down. Figure 2.8 shows the transitions between the states.

Interrupt source or
DMA address error
occurs

Sleep mode

Power-on reset from any state

Power-on reset state

Reset canceled

Y

Exception
handling state

A

Exception Exception
handling handling
source ends
occurs

Y

Program execution state

SLEEP
instruction

Hardware standby mode

Standby request from any state

Reset state

Power-down state

Figure 2.8 Transitions between Processing States

(1) Reset State

In this state, the CPU is reset by a power-on reset.
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(2) Exception Handling State

The exception handling state is a transient state that occurs when exception handling sources such
as resets or interrupts alter the CPU’s processing state flow.

For a reset, the initial values of the program counter (PC) (execution start address) and stack
pointer (SP) are fetched from the exception handling vector table and stored; the CPU then
branches to the execution start address and execution of the program begins.

For an interrupt, the stack pointer (SP) is accessed and the program counter (PC) and status
register (SR) are saved to the stack area. The exception service routine start address is fetched
from the exception handling vector table; the CPU then branches to that address and the program
starts executing, thereby entering the program execution state.

(3) Program Execution State
In the program execution state, the CPU sequentially executes the program.
(4) Power-Down State

In the power-down state, the CPU stops operating to conserve power. Sleep mode is entered by
executing a SLEEP instruction. If hardware standby input is received, the CPU enters the
hardware standby mode.

RO1UHO0235EJ0200 Rev. 2.00
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Section 3 Operating Modes

This LSI has a JTAG interface, so the TRST signal must be held low for a specified time when
power is supplied. This is the case whether or not the JTAG interface is used, even in normal
operating mode.

3.1 Types of Operating Modes and Selection

This LSI has six types of operating modes. The operating mode is determined by the setting of
pins MD4 to MDO and FWE. The setting should not be changed during LSI operation. However,
the shift of mode from the MCU extended mode with the on-chip ROM enabled or the MCU
single-chip mode to the user program mode is supported even when the FWE pin is operating.
These pins should be set as shown in table 3.2.

The voltage of the PVccl power should range within the values shown in table 3.1.

Table 3.1  Selection of Operating Modes

Write-
On-Chip  External  Bus Width Accessto PVccl
Mode No. Mode Name ROM Bus (Area0) ROM Voltage
Mode 0 MCU extended mode  Disabled  Enabled 8 bits — 3.3V10.3V
Mode 1 Disabled = Enabled 16 bits — 3.3V+10.3V
Mode 2 Enabled Enabled Set by Disabled 3.3V 0.3V
CSOBCR*
Mode 3 MCU single-chip mode Enabled Disabled — Disabled 5.0V 0.5V
Mode 4 Boot mode Enabled Enabled Set by Enabled 3.3V 0.3V
CSOBCR*
Mode 5 Enabled Disabled — Enabled 5.0V 0.5V
Mode 6 User program mode Enabled Enabled Set by Enabled 3.3V 0.3V
CSOBCR*
Mode 7 Enabled Disabled — Enabled 5.0V 0.5V
Mode 8 User boot mode Enabled Enabled Set by Enabled 3.3V 0.3V
CSOBCR*
Mode 9 Enabled Disabled — Enabled 5.0V 0.5V

Note: * The CSn space bus control register (CSOBCR) is a register of the bus state controller
(BSC). The bus width can be selected from 8 bits or 16 bits.
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Table 3.2  Operating Mode Pin Settings

Pin Setting

Mode No. Mode Name MD4/MD3*' MD2 MD1 MDO FWE
Mode 0  MCU extended mode 0O 1 1 1 0%
Mode 1 1 1 1 1%
Mode 2 0 0 1 0
Mode 3 MCU single-chip mode 0 0 0 0
Mode 4 Boot mode 0 1 1 1
Mode 5 0 1 0 1
Mode 6 User program mode 0 0 1 1
Mode 7 0 0 0 1
Mode 8 User boot mode 1 0 1 1
Mode 9 1 0 0 1

Notes: 1. Pins MD4 and MD3 should always be driven to a level of 0.

2. The FWE pin functions as a mode setting pin that is used to select the external bus
width in on-chip ROM disabled mode.

There are two modes as the MCU operating modes: the MCU extended mode and single-chip
mode.

There are three modes as the flash memory programming modes: on-board programming modes
(boot mode, user boot mode, and user program mode).

Independent from the above operating modes, this LSI features an ASE mode, which allows
debugging operations through the external connection of an emulator. Setting the ASEMD pin to a
level of 1 makes the LSI the ASE mode. If, for example, the MCU single-chip mode is selected
through the settings of pins MD4 to MDO and FWE, this LSI operates in MCU single chip mode
of ASE mode.

If the LSI is set in ASE mode without connecting an emulator, the correct operation cannot be
guaranteed. If this LSI is not connected to an emulator, the ASEMD pin must be set to a level of 0
so that this LSI operates in normal operating mode.

Unless otherwise noted, descriptions given in this manual assume that this LSI operates in normal
operating mode.
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Section 4 Clock Pulse Generator (CPG)

4.1 Overview

The clock pulse generator (CPG) supplies clock pulses to both the inside of this LSI and external
devices. The CPG consists of an oscillation circuit and a PLL multiplier. There are two methods of
generating a clock with the CPG: by connecting a crystal resonator or by inputting an external
clock.

The oscillation circuit oscillates at the same frequency as the input clock.

Two types of clock signals are internally supplied: the internal clock (¢) and peripheral clock (P¢).
The internal clock (¢) signal is supplied to the modules such as the CPU, FPU, on-chip RAM, and
ROM cache. The frequency of this clock is selected from four, six, eight, or ten times the
frequency of the clock signal input on the EXTAL pin. The multiplication ratio can only be
changed through the settings of pins MD_CLK1 and MD_CLKO and cannot be changed during
LSI operation.

The peripheral clock signal (P¢) is mainly supplied to the on-chip peripheral modules. The
frequency of this clock is selected from one or two times the frequency of the input clock from the
EXTAL pin. The multiplication ratio can only be changed by setting MD_CLKP and cannot be
changed during LSI operation. The CK pin outputs the peripheral clock signal (Po).

The CPG is halted in hardware standby mode.

A block diagram of the CPG is shown in figure 4.1.

RO1UHO0235EJ0200 Rev. 2.00

Page 85 of 1824
Apr 01, 2014 RENESAS



Section 4 Clock Pulse Generator (CPG) SH72546R

' CPG '
EXTAL — 0 . E H
: : Oscillator L L PLLVce
YTAL <4 : circuit P
E E +——PLLVss
E E PLL multiplier -
.1 I MD_CLKP
: H Multiplication|_; ! MD CLKi1
: : [ ratio ~+—— MD_CLKO
R : controller '
v /O port + [
CK E + | Output E E : :
(System clock) i 1| controller E E x10r x2 x4, x6, x8, or x10 .
H Peripheral clock (P$)  Internal clock (¢) .

Figure 4.1 Block Diagram of CPG

4.2 Pin Configuration
Table 4.1 shows the pin configuration of the CPG.

Table 4.1  Pin Configuration

Pin Name Symbol Ie] Function

External clock EXTAL Input Input pin for crystal resonator or external clock
Crystal XTAL Output  Input pin for crystal resonator

System clock CK Output  Output pin for system clock

Clock mode setting MD_CLKP Input Input pin for setting peripheral clock frequency

MD_CLKO, Input Input pins for setting PLL multiplication ratio

MD_CLK1
PLL power supply PLLV,, Input Power supply pin for PLL multiplier
PLL ground PLLV Input Ground pin for PLL multiplier
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4.3 Frequency Ranges and Clock Selection

Two types of clock signals, internal clock (¢) and peripheral clock (P¢) signals, are internally
supplied.

This clock is supplied to the modules such as the CPU, FPU, on-chip RAM, and ROM cache. The
frequency of the internal clock (¢) signal is selected from four, six, eight, or ten times the
frequency of the clock signal input on the EXTAL pin according to the settings of pins MD_CLK1
and MD_CLKO.

The peripheral clock signal (P¢) is mainly supplied to the on-chip peripheral modules and is
selected from one or two times the input frequency on the EXTAL pin according to the settings of
the MD_CLKP pin. The CK pin outputs the peripheral clock signal (P¢).

The input frequency and operating frequency ranges for each pin setting are shown in table 4.2.

The CK pin enables or disables the pin output through the setting of the CK control register
(CKCR) of the I/O port. For details on CKCR, see section 23, I/O Ports.

Table 4.2  Input Frequency and Operating Frequency

Pin Setting Input PLL Internal Clock Peripheral
Frequency Multiplication Frequency Clock
Range (MHz) Factor Range (MHz) Frequency
MD_CLKP MD_CLK1 MD_CLKO Range (MHz)
0 0 0 16 to 20 x 4 64 to 80 16 to 20
1 x 6 96 to 120
1 0 x 10 160 to 200
1 x 8 128 to 160
1 0 0 x 4 64 to 80 32 to 40
1 x 6 96 to 120
1 0 x 10 160 to 200
1 x 8 128 to 160

Note: The multiplication ratio and pin settings must not be changed during operation of this LSI.
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4.4 Clock Source

A crystal resonator or an external clock can be selected as the clock source.

44.1 Connecting Crystal Resonator
(1) Circuit Configuration

Figure 4.2 shows an example of connecting a crystal resonator. Use the damping resistor (Rd)
shown in table 4.3. An AT-cut parallel-resonance type crystal resonator should be used. Load
capacitors (CL1, CL2) must be connected as shown in figure 4.2.

The clock pulses generated by the crystal resonator and internal oscillation circuit are sent to the
PLL multiplier, where the clock signals are multiplied to produce the selected frequency and
supplied internally and externally.

The crystal resonator manufacturer should be consulted concerning the compatibility between the
crystal resonator and this LSI.

cL2
EXTAL . | |

CL1 Recommended values
. I CL1=CL2=101t0 20 pF
XTAL é\gv |

—i—

777

Figure 4.2 Connection Example of Crystal Resonator

Table 4.3 Damping Resistor Values (Recommended Values)

Frequency (MHz)

Parameter 16 20
Rd (Q) 0 0
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(2) Crystal Resonator

Figure 4.3 shows an equivalent circuit of the crystal resonator. Use a crystal resonator with the
characteristics listed in table 4.4.

L | ICL Rs
I— —WN
EXTAL <—¢ —> XTAL
Co

Figure 4.3 Crystal Resonator Equivalent Circuit

Table 4.4  Crystal Resonator Parameters (Recommended Values)

Frequency (MHz)

Parameter 16 20
Rs (QQ) 22 20
Co (pF) 1 1

44.2 External Clock Input
An example of external clock input connection is shown in figure 4.4.

Leave the XTAL pin open-circuit, but ensure that the parasitic capacitance on the XTAL pin is not
greater than 1 pF.

Even when an external clock is input, secure the oscillation stabilization time when switching on
or leaving the standby mode for PLL stabilization.

XTAL ——X Open

EXTAL j«—— | | | | | | External clock input

Figure 4.4 External Clock Input
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45 Usage Notes

451 Note on Board Design

Place the crystal resonator and its load capacitors as close as possible to the XTAL and EXTAL
pins.

To prevent induction from interfering with correct oscillation, do not allow any signal lines to
cross the XTAL or EXTAL lines (figure 4.5).

Avoid placing
signal lines

iy

1
1
1 1
1 1
| |
: : CL2
EXTAL ! ! * I
R
P
CL1
XTAL : : —l— —e
| i P
! !

Figure 4.5 Note on Board Design
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45.2 Note on Connecting Power Supply for PLL Oscillator

Separate PLLV . and PLLV from the other V. and V lines at the board power supply source,
and be sure to insert bypass capacitors C,, and C, close to the pins.

PLLVce

PLLVgg

Vee

Rp

Cps

Wy

Cs

—H HH

T

777
Recommended values
Cpg, Cg: 0.1 uF
Rp: 10 to 50 Q

Figure 4.6 Note on Connecting Power Supply for PLL Oscillator
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Section 5 Address Space

Table 5.1 shows the address space of the SH72546RFCC in on-chip ROM enabled mode
(exclusive of the single-chip mode); table 5.2 shows the address space of the SH72546RFCC in
on-chip ROM disabled mode; and table 5.3 shows the address space of the SH72546RFCC in

single-chip mode.

Access to the internal I/O register spaces can be made via the addresses shown in section 31, List
of Registers. Access should not be made to any other addresses than those provided in the list and
to reserved areas; otherwise, operation cannot be guaranteed.

Table5.1  Address Space of the SH72546RFCC in On-Chip ROM Enabled Mode
(Exclusive of Single-Chip Mode)

Address Type of address space Size

H'0000 0000 to H'003B FFFF On-chip ROM (read from user MAT) 3.75 Mbytes

(H'0000 0000 to H'0000 7FFF)*'

(on-chip ROM (read from user boot
MAT))

(32 Kbytes)

H'003C 0000 to H'0040 1FFF

Reserved area

H'0040 2000 to H'0040 3FFF FCU firmware area 8 Kbytes
H'0040 4000 to H'01FF FFFF Reserved area

H'0200 0000 to H'023F FFFF External address space (CS0) 4 Mbytes
H'0240 0000 to H'03FF FFFF CSO0 shadow space 28 Mbytes
H'0400 0000 to H'043F FFFF External address space (CS1) 4 Mbytes
H'0440 0000 to H'07FF FFFF CS1 shadow space 60 Mbytes
H'0800 0000 to H'083F FFFF External address space (CS2) 4 Mbytes
H'0840 0000 to H'OBFF FFFF CS2 shadow space 60 Mbytes
H'0C00 0000 to H'0OC3F FFFF External address space (CS3) 4 Mbytes
H'0C40 0000 to H'OFFF FFFF CS3 shadow space 60 Mbytes
H'1000 0000 to H'800F FFFF Reserved area

H'8010 0000 to H'8011 FFFF EEPROM (read/write)*® 128 Kbytes
H'8012 0000 to H'807F FFFF Reserved area

H'8080 0000 to H'80BB FFFF On-chip ROM (write to user MAT) 3.75 Mbytes

(H'8080 0000 to H'8080 7FFF)*'

(on-chip ROM (write to user boot MAT))

(32 Kbytes)

H'80BC 0000 to H'80FF 7FFF

Reserved area

H'80FF 8000 to H'80FF 9FFF

FCU RAM area

8 Kbytes
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Address Type of address space Size
H'80FF A000 to H'FFF7 FFFF Reserved area
H'FFF8 0000 to H'FFFB FFFF On-chip RAM 256 Kbytes

H'FFFC 0000 to H'FFFF FFFF

Internal I/O register

256 Kbytes (Max.)

Notes: 1. When the user boot MAT of the on-chip ROM is selected. See section 25, ROM.
2. The EEPROM area includes the lot trace information. See section 26, EEPROM.

Table5.2  Address Space of the SH72546RFCC in On-Chip ROM Disabled Mode
Address Type of address space Size
H'0000 0000 to H'003F FFFF External address space (CS0) 4 Mbytes
H'0040 0000 to H'03FF FFFF CSO0 shadow space 60 Mbytes
H'0400 0000 to H'043F FFFF External address space (CS1) 4 Mbytes
H'0440 0000 to H'07FF FFFF CS1 shadow space 60 Mbytes
H'0800 0000 to H'083F FFFF External address space (CS2) 4 Mbytes
H'0840 0000 to H'OBFF FFFF CS2 shadow space 60 Mbytes
H'0C00 0000 to H'OC3F FFFF External address space (CS3) 4 Mbytes
H'0C40 0000 to H'OFFF FFFF CS3 shadow space 60 Mbytes
H'1000 0000 to H'FFF7 FFFF Reserved area

H'FFF8 0000 to H'FFFB FFFF On-chip RAM 256 Kbytes

H'FFFC 0000 to H'FFFF FFFF

Internal I/O register

256 Kbytes (Max.)
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Table 5.3  Address Space of the SH72546RFCC in Single-Chip Mode
Address Type of address space Size
H'0000 0000 to H'003B FFFF On-chip ROM (read from user MAT) 3.75 Mbytes

(H'0000 0000 to H'0000 7FFF)*'

(on-chip ROM (read from user boot
MAT))

(32 Kbytes)

H'003C 0000 to H'0040 1FFF

Reserved area

H'0040 2000 to H'0040 3FFF FCU firmware area 8 Kbytes
H'0040 4000 to H'800F FFFF Reserved area

H'8010 0000 to H'8011 FFFF EEPROM (read/write)*® 128 Kbytes
H'8012 0000 to H'807F FFFF Reserved area

H'8080 0000 to H'80BB FFFF On-chip ROM (write to user MAT) 3.75 Mbytes

(H'8080 0000 to H'8080 7FFF)*'

(on-chip ROM (write to user boot MAT))

(32 Kbytes)

H'80BC 0000 to H'80FF 7FFF

Reserved area

H'80FF 8000 to H'80FF 9FFF FCU RAM area 8 Kbytes
H'80FF A000 to H'FFF7 FFFF Reserved area
H'FFF8 0000 to H'FFFB FFFF On-chip RAM 256 Kbytes

H'FFFC 0000 to H'FFFF FFFF

Internal I/O register

256 Kbytes (Max.)

Notes: 1. When the user boot MAT of the on-chip ROM is selected. See section 25, ROM.
2. The EEPROM area includes the lot trace information. See section 26, EEPROM.

RO1UHO0235EJ0200 Rev. 2.00
Apr 01, 2014

RENESAS

Page 95 of 1824



Section 5 Address Space SH72546R

Page 96 of 1824 RO1UHO0235EJ0200 Rev. 2.00

RENESAS Apr 01,2014



SH72546R Section 6 Reset

Section 6 Reset

When the RES pin is driven low, the LSI enters the power-on reset state. If the RES pin is driven
high while the LSI is placed in power-on reset state, the power-on reset state is cancelled and the
CPU starts power-on reset exception handling.

6.1 Reset Operation

When the RES pin is driven low by the low level pulse longer than or equal to the noise
cancellation width (t,,.), the reset request is accepted. When the reset request is accepted, all
pin states are reset and each pin enters reset state. Each pin state during reset is summarized in
appendix A, Pin States.

Internal circuits including the CPU are reset 3 to 4 P¢ cycles after reset acceptance.

The RES pin should be kept at the low level during at least t,,., (t. ). Later, if the RES pin is

cyc
driven high while it is kept low, the reset state of internal circuits is cancelled after 3 to 4 P¢

cycles and the CPU starts power-on reset exception handling.

> Pin reset signal

Noise Synchro- Reset

RES pin g— ! nization control Internal circuit reset signal
canceller o I
circuit circuit

Figure 6.1 Reset Circuit
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tRESW

A
\

RES pin

Noise cancellation width Noise cancellation width
< . < -
< > <71 >

Reset signal that passed
through the noise canceller
(LSl internal signal)

Pin reset signal
(LSl internal signal)

3to4 Po 3to4 Po
_, cycles _ cycles

¢ ¢

Internal circuit reset signal
(LSl internal signal)

LSl state Operate Reset pins only Reset Operate

Figure 6.2 Reset Sequence

6.1.1 Reset at Power-On

To reset at power-on, the RES pin should be kept at the low level for the duration of the internal
PLL oscillation settling time after the power supply voltage falls within the specified range and the
HSTBY pin is driven high. The internal PLL oscillation settling time is specified as t .. For
details, see section 32, Electrical Characteristics.

0scC1*

6.1.2 Reset during Operation

To reset during operation, the RES pin should be kept at the low level for at least the reset pulse
width. The reset pulse width is specified as t,.,. For details, see section 32, Electrical
Characteristics.

6.1.3 On-Chip RAM Data Retention during Reset

When the RES pin is driven low causing a power-on reset while the internal bus master such as
CPU accesses the RAM, the data at the accessed address may be lost. Data in addresses not
accessed can be retained. To reliably retain the RAM data, the RAM should be disabled by the
RAM enable register (RAMEN) before the RES pin is driven low. For details on the RAM enable
register, see section 28, RAM.
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6.2

Internal State after Reset Cancellation

Table 6.1 summarizes the internal state after reset cancellation. For details on initial state of each
on-chip peripheral module registers, refer to each section.

Table 6.1 Initial VValues of Register
Type Register Initial Value
CPU General register RO to R14 Undefined
R15 (SP) SP value in the vector address table
Control register SR I[3:0]=1111 (H'F), BO =0, CS =0,
reserved bits = 0, other bits = undefined
GBR, TBR Undefined
VBR H'0000 0000
System register MACH, MACL, Undefined
PR
PC PC value in the vector address table
Floating point FPRO to FPR15  Undefined
register
Floating point FPUL Undefined
system register  “epgoR H'00040001
RAM — Undefined after power-on
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Section 7 Exception Handling

7.1 Overview

711 Types of Exception Handling and Priority

Exception handling is started by sources, such as a reset, address errors, a memory error, register
bank errors, interrupts, and instructions. Table 7.1 shows their priorities. When several exception
handling sources occur at once, they are processed according to the priority shown.

Table 7.1  Types of Exception Handling and Priority

Type Exception Handling Priority
Reset Power-on reset High
Address CPU address error 4
error DMAC address error

Instruction  FPU exception

Integer division exception (division by zero)

Integer division exception (overflow)

Register Bank underflow
bank error

Bank overflow
Interrupt NMI

User break
IRQ
Memory error (RAM error/ROM error)

Software interrupt (SINT) Low
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Type Exception Handling Priority
Interrupt On-chip peripheral modules  Direct memory access controller (DMAC)  High
Compare match timer (CMT) A
Watchdog timer (WDT)
Advanced timer unit Il (ATU-111)
A/D converter (ADC)
Serial communications interface (SCI)
Renesas serial peripheral interface (RSPI)
Controller area network (RCAN-TL1)
Automotive direct memory access
controller (A-DMAC)
Instruction  Trap instruction (TRAPA instruction)
General illegal instructions (undefined code)
Slot illegal instructions (undefined code placed directly after a delayed
branch instruction*' (including FPU instructions and FPU-related CPU
instructions in FPU module standby status), instructions that rewrite the
PC*?, 32-bit instructions**, RESBANK instruction, DIVS instruction, and v
DIVU instruction) Low

Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF, and
BRAF.

2. Instructions that rewrite the PC: JMP, JSR, BRA, BSR, RTS, RTE, BT, BF, TRAPA,
BF/S, BT/S, BSRF, BRAF, JSR/N, and RTV/N.

3. 32-bit instructions: BAND.B, BANDNOT.B, BCLR.B, BLD.B, BLDNOT.B, BOR.B,

BORNOT.B, BSET.B, BST.B, BXOR.B, FMOV.S@disp12, FMOV.D @disp12,

MOV.B@disp12, MOV.W@disp12, MOV.L@disp12, MOVI20, MOVI20S, MOVU.B, and
MOVU.W.
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7.1.2 Exception Handling Operations

The exception handling sources are detected and exception handling starts according to the timing

shown in table 7.2.

Table 7.2 Timing of Exception Source Detection and Start of Exception Handling

Exception Source

Timing of Source Detection and Start of Handling

Reset Power-on reset

Starts when the RES pin changes from low to high or when the
WDT overflows.

Address error

Interrupts

Detected when instruction is decoded and starts when the
previous executing instruction finishes executing.

Register bank Bank underflow
errors

Starts upon attempted execution of a RESBANK instruction
when saving has not been performed to register banks.

Bank overflow

In the state where saving has been performed to all register
bank areas, starts when acceptance of register bank overflow
exception has been set by the interrupt controller (the BOVE bit
in IBNR of the INTC is 1) and an interrupt that uses a register
bank has occurred and been accepted by the CPU.

Instructions Trap instruction

Starts from the execution of a TRAPA instruction.

General illegal

Starts from the decoding of undefined code anytime except

instructions immediately after a delayed branch instruction (delay slot)
(including FPU instructions and FPU-related CPU instructions
in FPU module standby status).

Slot illegal Starts from the decoding of undefined code placed directly after

instructions a delayed branch instruction (delay slot) (including FPU

instructions and FPU-related CPU instructions in FPU module
standby status), of instructions that rewrite the PC, of 32-bit
instructions, of the RESBANK instruction, of the DIVS
instruction, or of the DIVU instruction.

Integer division
exceptions

Starts when detecting division-by-zero exception or overflow
exception caused by division of the negative maximum value
(H'80000000) by —1.

FPU exceptions

Starts when detecting invalid operation exception defined by
IEEE standard 754, division-by-zero exception, overflow,
underflow, or inexact exception.

Also starts when gNaN or +x is input to the source for a
floating point operation instruction when the QIS bit in FPSCR
is set.
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When exception handling starts, the CPU operates as follows.
(1) Exception Handling Triggered by Reset

The initial values of the program counter (PC) and stack pointer (SP) are fetched from the
exception handling vector table (PC and SP are respectively the H'00000000 and H'00000004
addresses). See section 7.1.3, Exception Handling Vector Table, for the exception handling vector
table. The vector base register (VBR) is then initialized to H'00000000, the interrupt mask level
bits (I3 to I0) in the status register (SR) are initialized to HF (B'1111), and the BO and CS bits are
initialized. The BN bit in IBNR of the interrupt controller (INTC) is also initialized to 0. FPSCR is
also initialized to H'00040001 by a power-on reset. The program starts running from the PC
address fetched from the exception handling vector table.

(2) Exception Handling Triggered by Address Errors, Register Bank Errors, Interrupts,
and Instructions

SR and PC are saved to the stack indicated by R15. In the case of interrupt exception handling
other than NMI or user break with usage of the register banks enabled, general registers RO to
R14, control register GBR, system registers MACH, MACL, and PR, and the vector table address
offset of the interrupt exception handling to be executed are saved to the register banks. In the case
of exception handling due to an address error, register bank error, NMI interrupt, user break
interrupt, or instruction, saving to a register bank is not performed. When saving is performed to
all register banks, automatic saving to the stack is performed instead of register bank saving. In
this case, an interrupt controller setting must have been made so that a register bank overflow
exception is not accepted (the BOVE bit in IBNR of the INTC is 0). If a setting to accept a register
bank overflow exception has been made (the BOVE bit in IBNR of the INTC is 1), the register
bank overflow exception will be generated. In the case of interrupt exception handling, the
interrupt priority level is written to the I3 to I0 bits in SR. In the case of exception handling due to
an address error or instruction, the I3 to I0 bits are not affected. The start address of exception
service routine is then fetched from the exception handling vector table and the program starts
running from that address.

Page 104 of 1824 RO1UHO0235EJ0200 Rev. 2.00

RENESAS Apr 01, 2014



SH72546R Section 7 Exception Handling

7.13 Exception Handling Vector Table

Before exception handling starts running, the exception handling vector table must be set in
memory. The exception handling vector table stores the start addresses of exception service
routines. (The reset exception handling table holds the initial values of PC and SP.)

All exception sources are given different vector numbers and vector table address offsets, from
which the vector table addresses are calculated. During exception handling, the start addresses of
the exception service routines are fetched from the exception handling vector table, which is
indicated by this vector table address.

Table 7.3 shows the vector numbers and vector table address offsets. Table 7.4 shows how vector
table addresses are calculated.

Table 7.3  Exception Handling Vector Table

Vector
Exception Sources Numbers Vector Table Address Offset
Power-on reset PC 0 H'00000000 to H'00000003

SP 1 H'00000004 to H'00000007

(Reserved for system use) 2 H'00000008 to H'0000000B

3 H'0000000C to H'0000000F
General illegal instruction 4 H'00000010 to H'00000013
(Reserved for system use) 5 H'00000014 to H'00000017
Slot illegal instruction 6 H'00000018 to H'0000001B
(Reserved for system use) 7 H'0000001C to H'0000001F

8 H'00000020 to H'00000023
CPU address error 9 H'00000024 to H'00000027
DMAC address error 10 H'00000028 to H'0000002B
Interrupts NMI 11 H'0000002C to H'0000002F

User break 12 H'00000030 to H'00000033

FPU exception 13 H'00000034 to H'00000037
(Reserved for system use) 14 H'00000038 to H'0000003B
Bank overflow 15 H'0000003C to H'0000003F
Bank underflow 16 H'00000040 to H'00000043
;{8: groz%eﬁEJozoo Rev. 2.00 REN ESAS Page 105 of 1824



Section 7 Exception Handling SH72546R

Vector
Exception Sources Numbers Vector Table Address Offset
Integer division exception 17 H'00000044 to H'00000047
(division by zero)
Integer division exception (overflow) 18 H'00000048 to H'0000004B
(Reserved for system use) 19 H'0000004C to H'0000004F
31 H'0000007C to H'0000007F
Trap instruction (user vector) 32 H'00000080 to H'00000083
63 H'000000FC to H'000000FF
External interrupts (IRQ), 64 H'00000100 to H'00000103
on-chip peripheral module interrupts* _
511 H'000007FC to H'000007FF

Note: * The vector numbers and vector table address offsets for each external interrupt and on-
chip peripheral module interrupt are given in table 8.4 in section 8, Interrupt Controller
(INTC).

Table 7.4  Calculating Exception Handling Vector Table Addresses

Exception Source Vector Table Address Calculation

Resets Vector table address = (vector table address offset)
= (vector number) x 4

Address errors, register bank  Vector table address = VBR + (vector table address offset)
errors, interrupts, instructions = VBR + (vector number) x 4

Notes: 1. For vector table address offset, see table 7.3.
2. For vector number, see table 7.3.
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7.2 Resets

721 Types of Reset

A reset is the highest-priority exception handling source. This LSI supports only a power-on reset.
As shown in table 7.5, the CPU state, FPU state, and on-chip peripheral module registers are
initialized by a power-on reset.

Table 7.5  Exception Source Detection and Exception Handling Start Timing

Conditions for Transition to Reset State Internal States

On-Chip Peripheral

Type RES WDT Overflow CPU Modules, I/0 Port ~ WTSR of WDT
Power-on Low — Initialized Initialized Initialized
reset High Power-on reset Initialized  Initialized Not initialized

7.2.2 Power-On Reset
(1) Power-On Reset by Means of RES Pin

When the RES pin is driven low, this LSI enters the power-on reset state. In the power-on reset
state, the internal state of the CPU and all the on-chip peripheral module registers are initialized.
See section 6, Reset, for details on the power-on reset and appendix A, Pin States, for the states of
individual pins during the power-on reset state.

In the power-on reset state, power-on reset exception handling starts when the RES pin is first
driven low for a fixed period and then returned to high. The CPU operates as follows:

1. The initial value (execution start address) of the program counter (PC) is fetched from the
exception handling vector table.

2. The initial value of the stack pointer (SP) is fetched from the exception handling vector table.

3. The vector base register (VBR) is cleared to H'00000000, the interrupt mask level bits (I3 to
10) of the status register (SR) are initialized to H'F (B'1111), and the BO and CS bits are
initialized. The BN bit in IBNR of the INTC is also initialized to O.

4. The values fetched from the exception handling vector table are set in the PC and SP, and the
program starts execution.

Be sure to always perform power-on reset processing when turning the system power on.
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(2) Power-On Reset Initiated by WDT

When a setting is made for a power-on reset to be generated in the WDT’s watchdog timer mode,
and WTCNT of the WDT overflows, this LSI enters the power-on reset state.

In this case, WTSR of the WDT is not initialized by the reset signal generated by the WDT.

If a reset by the RES pin input signal occurs simultaneously with a reset by WDT overflow, the
reset by the RES pin has priority, and the WOVF bit in WTSR is cleared to 0. When power-on

reset exception processing is started by the WDT, the CPU operates in the same way as when a
power-on reset was caused by the RES pin.
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7.3 Address Errors

7.3.1 Address Error Sources

Address errors occur when instructions are fetched or data is read or written to, as shown in table

7.6.

Table 7.6 Bus Cycles and Address Errors

Bus Cycle

Bus
Type Master

Bus Cycle Description

Address Errors

Instruction CPU
fetch

Instruction fetched from even address

None (normal)

Instruction fetched from odd address

Address error occurs

Instruction fetched from other than on-chip
I/O register space

None (normal)

Instruction fetched from on-chip I/O register
space

Address error occurs

Instruction fetched from external memory
space in single chip mode

Address error occurs

Data CPU or
read/write DMAC

Word data accessed from even address

None (normal)

Word data accessed from odd address

Address error occurs

Longword data accessed from a longword
boundary

None (normal)

Longword data accessed from other than a
long-word boundary

Address error occurs

Byte or word data accessed in on-chip I/O
register space*'

None (normal)

Longword data accessed in 16-bit on-chip 1/0
register space*’

None (normal)

Longword data accessed in 8-bit on-chip I/O
register space*’

None (normal)
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Bus Cycle
Bus
Type Master Bus Cycle Description Address Errors
Data CPU or External memory space accessed in single Address error occurs

read/write DMAC chip mode

Notes: 1. See section 5, Address Space, for details on the on-chip I/O register space.
2. If an instruction is placed within 10 bytes from the last address of the on-chip RAM
space, the CPU accesses beyond the boundary in the on-chip I/O register space to
fetch the instruction, causing an address error.

7.3.2 Address Error Exception Handling

When an address error occurs, the bus cycle in which the address error occurred ends*. On
completion of the instruction in progress, address error exception handling starts. The CPU
operates as follows:

1. The start address of exception service routine which corresponds to the address error that
occurred is fetched from the exception handling vector table.

The status register (SR) is saved to the stack.
3. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the last executed instruction.

4. After jumping to the start address of exception service routine fetched from the exception
handling vector table, program execution starts. This jump is not a delayed branch.

Note: * In the case of address error related to data read/write. In the case of address error
related to instruction fetch, if the bus cycle in which the address error occurred does
not end by the end of the PC saving to the stack in step 3, the CPU will repeat address
error exception handling until the bus cycle in which the address error occurred ends.
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7.4 Register Bank Errors

74.1 Register Bank Error Sources
(1) Bank Overflow

In the state where saving has already been performed to all register bank areas, bank overflow
occurs when acceptance of register bank overflow exception has been set by the interrupt
controller (the BOVE bit in IBNR of the INTC is set to 1) and an interrupt that uses a register
bank has occurred and been accepted by the CPU.

(2) Bank Underflow

Bank underflow occurs when an attempt is made to execute a RESBANK instruction while saving
has not been performed to register banks.

7.4.2 Register Bank Error Exception Handling

When a register bank error occurs, register bank error exception handling starts. The CPU operates
as follows:

1. The start address of exception service routine which corresponds to the register bank error that
occurred is fetched from the exception handling vector table.

2. The status register (SR) is saved to the stack.

3. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the last executed instruction for a bank overflow, and the start
address of the executed RESBANK instruction for a bank underflow.

To prevent multiple interrupts from occurring at a bank overflow, the interrupt priority level
that caused the bank overflow is written to the interrupt mask level bits (I3 to 10) in the status
register (SR).

4. After jumping to the start address of exception service routine fetched from the exception
handling vector table, program execution starts. This jump is not a delayed branch.
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7.5 Interrupts

751 Interrupt Sources

Table 7.7 shows the sources that start up interrupt exception handling. These are divided into

NMLI, user breaks, IRQ, SINT, and on-chip peripheral modules.

Table 7.7 Interrupt Sources

Number of
Type Request Source Sources
NMI NMI pin (external input) 1
User break User break controller (UBC) 1
IRQ IRQO to IRQ7 pins (external input) 8
Memory error RAM/ROM 2
SINT Software interrupt 15
On-chip peripheral module  Direct memory access controller (DMAC) 16
Compare match timer (CMT) 2
Watchdog timer (WDT) 1
Advanced timer unit Il (ATU-I11) 153
A/D converter (ADC) 26
Serial communications interface (SCI) 20
Renesas serial peripheral interface (RSPI) 9
Controller area network (RCAN-TL1) 18

Automotive direct memory access controller

(A-DMAC)

1

Each interrupt source is allocated a different vector number and vector table offset. See table 8.4
in section 8, Interrupt Controller INTC), for more information on vector numbers and vector table

address offsets.
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7.5.2 Interrupt Priority Level

The interrupt priority is predetermined. When multiple interrupts occur simultaneously, the
interrupt controller (INTC) determines their relative priorities and starts processing according to
the results.

The priority of interrupts is expressed as priority levels O to 16, with priority O the lowest and
priority 16 the highest. The NMI interrupt has priority 16 and cannot be masked, thus it is always
accepted. Priority levels of the user break interrupt and the memory error interrupt are 15. The
priority levels of software interrupts (SINT) are fixed to priority 15 to 1 for each source of SINT15
to SINT1. For example, the SINT15 priority level is 15, and the SINT 14 priority level is 14.
Priority levels of IRQ interrupts and on-chip peripheral module interrupts can be set freely using
the interrupt priority registers 01 to 29 (IPRO1 to IPR29) of the INTC as shown in table 7.8. The
priority levels that can be set are 0 to 15. Level 16 cannot be set. See section 8.3.1, Interrupt
Priority Registers 01 to 29 (IPRO1 to IPR29), for details on IPR0O1 to IPR29.

Table 7.8 Interrupt Priority

Type Priority Level Comment

NMI 16 Fixed priority level. Cannot be masked.
User break 15 Fixed priority level.

IRQ Oto15 Set with interrupt priority register (IPR).
Memory error 15 Fixed priority level.

SINT15 to SINTH 15to0 1 Fixed priority level.

On-chip peripheral module 0to 15 Set with interrupt priority register (IPR).
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753 Interrupt Exception Handling

When an interrupt occurs, its priority level is ascertained by the interrupt controller (INTC). NMI
is always accepted, but other interrupts are only accepted if they have a priority level higher than
the priority level set in the interrupt mask level bits (I3 to 10) of the status register (SR).

When an interrupt is accepted, interrupt exception handling starts. In interrupt exception handling,
the CPU fetches the exception service routine start address which corresponds to the accepted
interrupt from the exception handling vector table, and saves SR and the program counter (PC) to
the stack. In the case of interrupt exception handling other than NMI or user break with usage of
the register banks enabled, general registers RO to R14, control register GBR, system registers
MACH, MACL, and PR, and the vector table address offset of the interrupt exception handling to
be executed are saved in the register banks. In the case of exception handling due to an address
error, NMI interrupt, user break interrupt, or instruction, saving is not performed to the register
banks. If saving has been performed to all register banks (0 to 14), automatic saving to the stack is
performed instead of register bank saving. In this case, an interrupt controller setting must have
been made so that a register bank overflow exception is not accepted (the BOVE bit in IBNR of
the INTC is 0). If a setting to accept a register bank overflow exception has been made (the BOVE
bit in IBNR of the INTC is 1), the register bank overflow exception occurs. Next, the priority level
value of the accepted interrupt is written to the I3 to I0 bits in SR. For NMI, however, the priority
level is 16, but the value set in the I3 to 10 bits is H'F (level 15). Then, after jumping to the start
address fetched from the exception handling vector table, program execution starts. The jump that
occurs is not a delayed branch. See section 8.6, Operation, for further details on interrupt
exception handling.
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7.6 Exceptions Triggered by Instructions

7.6.1 Types of Exceptions Triggered by Instructions

Exception handling can be triggered by trap instructions, slot illegal instructions, general illegal
instructions, integer division exceptions, and FPU exceptions as shown in table 7.9.

Table 7.9  Types of Exceptions Triggered by Instructions

Type Source Instruction Comment

Trap instruction ~ TRAPA

Slot illegal Undefined code placed Delayed branch instructions: JMP, JSR,
instruction immediately after a delayed BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,

branch instruction (delay slot) and BRAF

(including FPU instructions and q4r,ctions that rewrite the PC: JMP, JSR,
FPU-related CPU instructions in BRA. BSR. RTS. RTE. BT. BE. TRAPA

FPU module standby state), BF/S, BT/S, BSRF, BRAF, JSR/N, and
instructions that rewrite the PC,  gy/N

32-bit instructions, RESBANK
instruction, DIVS instruction, and 32-bit instructions: BAND.B, BANDNOT.B,

DIVU instruction BCLR.B, BLD.B, BLDNOT.B, BOR.B,
BORNOT.B, BSET.B, BST.B, BXOR.B,
FMOV.S@disp12, FMOV.D@disp12,
MOV.B@disp12, MOV.W@disp12,
MOV.L@disp12, MOVI20, MOVI20S,
MOVU.B, MOVU.W.

General illegal
instruction

Undefined code anywhere
besides in a delay slot (including
FPU instructions and FPU-related
CPU instructions in FPU module
standby status)

Integer division
exception

Division by zero DIVU, DIVS

Negative maximum value + (-1)  DIVS

FPU exceptions

Starts when detecting invalid FADD, FSUB, FMUL, FDIV, FMAC,
operation exception defined by FCMP/EQ, FCMP/GT, FNEG, FABS,
IEEE754, division-by-zero FLOAT, FTRC, FCNVDS, FCNVSD,

exception, overflow, underflow, or FSQRT
inexact exception.
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7.6.2 Trap Instructions

When a TRAPA instruction is executed, trap instruction exception handling starts. The CPU
operates as follows:

1. The start address of exception service routine which corresponds to the vector number
specified in the TRAPA instruction is fetched from the exception handling vector table.

2. The status register (SR) is saved to the stack.
3. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the TRAPA instruction.

4. After jumping to the start address of exception service routine fetched from the exception
handling vector table, program execution starts. This jump is not a delayed branch.

7.6.3 Slot Illegal Exceptions

An instruction placed immediately after a delayed branch instruction is said to be placed in a delay
slot. When the instruction placed in the delay slot is undefined code (including FPU instructions
and FPU-related CPU instructions in FPU module standby state), an instruction that rewrites the
PC, a 32-bit instruction, an RESBANK instruction, a DIVS instruction, or a DIVU instruction, slot
illegal exception handling starts when such kind of instruction is decoded. The CPU operates as
follows:

1. The start address of exception service routine is fetched from the exception handling vector
table.

2. The status register (SR) is saved to the stack.

3. The program counter (PC) is saved to the stack. The PC value saved is the jump address of the
delayed branch instruction immediately before the undefined code (including FPU instructions
and FPU-related CPU instructions in FPU module standby state), the instruction that rewrites
the PC, the 32-bit instruction, the RESBANK instruction, the DIVS instruction, or the DIVU
instruction.

4. After jumping to the start address of exception service routine fetched from the exception
handling vector table, program execution starts. This jump is not a delayed branch.
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7.6.4 General lllegal Instructions

When undefined code placed anywhere other than immediately after a delayed branch instruction
(i.e., in a delay slot) (including FPU instructions and FPU-related CPU instructions in FPU
module standby state) is decoded, general illegal instruction exception handling starts. The CPU
handles general illegal instructions in the same way as slot illegal instructions. Unlike processing
of slot illegal instructions, however, the program counter value stored is the start address of the
undefined code.

7.6.5 Integer Division Exceptions

When an integer division instruction performs division by zero or the result of integer division
overflows, integer division instruction exception handling starts. The instructions that may become
the source of division-by-zero exception are DIVU and DIVS. The only source instruction of
overflow exception is DIVS, and overflow exception occurs only when the negative maximum
value is divided by —1. The CPU operates as follows:

1. The start address of exception service routine which corresponds to the integer division
instruction exception that occurred is fetched from the exception handling vector table.

2. The status register (SR) is saved to the stack.

3. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
integer division instruction at which the exception occurred.

4. After jumping to the start address of exception service routine fetched from the exception
handling vector table, program execution starts. This jump is not a delayed branch.
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7.6.6 FPU Exceptions

An FPU exception handling is generated when the V, Z, O, U or I bit in the FPU enable field
(Enable) of the floating point status/control register (FPSCR) is set. This indicates the occurrence
of an invalid operation exception defined by the IEEE standard 754, a division-by-zero exception,
overflow (in the case of an instruction for which this is possible), underflow (in the case of an
instruction for which this is possible), or inexact exception (in the case of an instruction for which
this is possible).

The instructions that may cause the generation of an FPU exception handling are FADD, FSUB,
FMUL, FDIV, FMAC, FCMP/EQ, FCMP/GT, FLOAT, FTRC, FCNVDS, FCNVSD, and
FSQRT.

An FPU exception is generated only when the corresponding FPU exception enable bit (Enable) is
set. When the FPU detects an exception source by the floating point operation instructions, FPU
operation is halted and a generation of FPU exception handling is reported to the CPU. When
exception handling is started, the CPU operations are as follows.

1. The start address of the exception service routine which corresponds to the FPU exception
handling that occurred is fetched from the exception handling vector table.

2. The status register (SR) is saved to the stack.
3. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the last executed instruction.

4. After jumping to the address fetched from the exception handling vector table, program
execution starts. This jump is not a delayed branch.

The FPU exception flag field (Flag) of FPSCR is always updated regardless of whether or not an
FPU exception handling has been accepted, and remains set until explicitly cleared by the user
through an instruction. The FPU exception source field (Cause) of FPSCR changes each time an
floating point operation instruction is executed.

When the V bit in the FPU exception enable field (Enable) of FPSCR is set and the QIS bit in
FPSCR is also set, FPU exception is generated when gNAN or +o is input to a floating point
operation instruction source.
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7.7 When Exception Sources Are Not Accepted

When an address error, FPU exception, register bank error (overflow), or interrupt is generated
immediately after a delayed branch instruction, it is sometimes not accepted immediately but
stored instead, as shown in table 7.10. When this happens, it will be accepted when an instruction
that can accept the exception is decoded.

Table 7.10 Exception Source Generation Immediately after Delayed Branch Instruction

Exception Source

Register Bank

Point of Occurrence Address Error FPU Exception Error (Overflow) Interrupt

Immediately after a Not accepted  Not accepted Not accepted Not accepted

delayed branch

instruction™

Note: * Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF, and
BRAF.
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7.8 Stack Status after Exception Handling Ends

The state of the stack after exception handling ends is as shown in table 7.11.

Table 7.11 Stack Status After Exception Handling Ends

Exception Type

Stack Status

Address error E T
SP » Address of mst_ructlon _ 32 bits
after executed instruction
SR 32 bits
Register bank error (underflow) E iy
Start address of relevant .
SP 1 RESBANK instruction 82 bits
SR 32 bits
Trap instruction F T
Address of instruction .
SP after TRAPA instruction 32 bits
SR 32 bits
General illegal instruction F T
Start address of general .
SP ™ illegal instruction 32 bits
SR 32 bits
Interrupt E iy
SP > Address of mst_ructlon _ 32 bits
after executed instruction
SR 32 bits
Register bank error (overflow) E iy
SP ] Address of |nst_ruct|on _ 32 bits
after executed instruction
SR 32 bits
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Exception Type

Stack Status

FPU exception T T
SP | Address of |nstruct|on . 32 bits
after executed instruction
SR 32 bits
Slot illegal instruction F T

Jump destination address .
SP 7 of delayed branch instruction 32 bits

SR 32 bits
Integer division instruction F T
Start address of relevant .
SP > integer division instruction 32 bits
SR 32 bits
R01UH0235EJ0200 Rev. 2.00
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7.9 Usage Notes

79.1 Value of Stack Pointer (SP)

The value of the stack pointer must always be a multiple of four. If it is not, an address error will
occur when the stack is accessed during exception handling.

79.2 Value of Vector Base Register (VBR)

The value of the vector base register must always be a multiple of four. If it is not, an address error
will occur when the stack is accessed during exception handling.

7.9.3 Address Errors Caused by Stacking of Address Error Exception Handling

When the stack pointer is not a multiple of four, an address error will occur during stacking of the
exception handling (interrupts, etc.) and address error exception handling will start up as soon as
the first exception handling is ended. Address errors will then also occur in the stacking for this
address error exception handling. To ensure that address error exception handling does not go into
an endless loop, no address errors are accepted at that point. This allows program control to be
shifted to the address error exception service routine and enables error processing.

When an address error occurs during exception handling stacking, the stacking bus cycle (write) is
executed. During stacking of the status register (SR) and program counter (PC), the SP is
decremented by 4 for both, so the value of SP will not be a multiple of four after the stacking
either. The address value output during stacking is the SP value, so the address where the error
occurred is itself output. This means the write data stacked will be undefined.
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Section 8 Interrupt Controller (INTC)

The interrupt controller (INTC) ascertains the priority of interrupt sources and controls interrupt
requests to the CPU. The priority of each interrupt can be set by the INTC registers, and interrupts
are processed according to the user-set priority.

8.1 Features

e 16 levels of interrupt priority can be set

By setting the twenty-nine interrupt priority registers, the priorities of IRQ interrupts and on-
chip peripheral module interrupts can be selected from 16 levels for request sources.

e NMI noise canceller function
An NMI input-level bit indicates the NMI pin state. By reading this bit in the interrupt
exception handler, the pin state can be checked, enabling it to be used as the noise canceller
function.

e Register banks
This LSI has register banks that enable register saving and restoring required in the interrupt
processing to be performed at high speed.

e Software interrupt (SINT)
By setting the software interrupt register, an interrupt with a given priority can be generated
from a program.
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Figure 8.1 shows a block diagram of the INTC.
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[Legend]
UBC: User break controller A-DMAC: Automotive direct memory access controller
DMAC: Direct memory access controller ICRO: Interrupt control register 0
CMT: Compare match timer ICR1: Interrupt control register 1
WDT: Watchdog timer IRQRR: IRQ interrupt request register
ATU-III: Advanced timer unit 11l IBCR: Bank control register
ADC: A/D converter IBNR: Bank number register
sCl: Serial communication interface IPRO1 .to 29: Interrupt prlonty reglst_ers 01to 29
RSPI: Renesas serial peripheral interface ~ SINTR: Software interrupt register
RCAN-TL1: Controller area network

Figure 8.1 Block Diagram of INTC
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Section 8 Interrupt Controller (INTC)

8.2

Input/Output Pins

Table 8.1 shows the pin configuration of the INTC.

Table 8.1 Pin Configuration

Pin Name Symbol 1/0 Function

Nonmaskable interrupt NMI Input Input pin for the nonmaskable interrupt
input pin request signal

Interrupt request input  IRQ7 to IRQO Input Input pins for maskable interrupt request
pins signals

8.3 Register Descriptions

The INTC has the following registers. These registers are used to set the interrupt priorities and

control detection of the external interrupt input signal.

Table 8.2  Register Configuration

Access
Register Name Symbol R/W Initial Value Address Size
Interrupt control register 0 ICRO R/W ! H'FFFEO0800 16, 32
Interrupt control register 1 ICR1 R/W H'0000 H'FFFE0802 16, 32
IRQ interrupt request register IRQRR R/(W)** H'0000 H'FFFE0806 8, 16, 32
Bank control register IBCR R/W H'0000 H'FFFEO80C 16, 32
Bank number register IBNR R/W H'0000 H'FFFEO80E 16, 32
Software interrupt register 1 SINTR1 R/W H'00 H'FFFE0810 8, 16, 32
Software interrupt register2 ~ SINTR2 R/W H'00 H'FFFEO811 8, 16, 32
Software interrupt register 3~ SINTR3 R/W H'00 H'FFFE0812 8, 16, 32
Software interrupt register 4  SINTR4 R/W H'00 H'FFFEO813 8, 16, 32
Software interrupt register 5 SINTR5 R/W H'00 H'FFFEO0814 8, 16, 32
Software interrupt register 6  SINTR6 R/W H'00 H'FFFEO815 8, 16, 32
Software interrupt register 7 SINTR7 R/W H'00 H'FFFEO816 8, 16, 32
Software interrupt register 8  SINTR8 R/W H'00 H'FFFE0817 8, 16, 32
Interrupt priority register 01 IPRO1 R/W H'0000 H'FFFE0818 16, 32
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Access
Register Name Symbol R/W Initial Value Address Size
Interrupt priority register 02 IPR0O2 R/W H'0000 H'FFFEO81A 16, 32
Software interrupt register 9 SINTR9 R/W H'00 H'FFFE0828 8, 16, 32
Software interrupt register 10 SINTR10 R/W H'00 H'FFFE0829 8, 16, 32
Software interrupt register 11 SINTR11 R/W H'00 H'FFFEO82A 8, 16, 32
Software interrupt register 12 SINTR12 R/W H'00 H'FFFE082B 8, 16, 32
Software interrupt register 13 SINTR13 R/W H'00 H'FFFE0O82C 8, 16, 32
Software interrupt register 14  SINTR14  R/W H'00 H'FFFEO082D 8, 16, 32
Software interrupt register 15 SINTR15 R/W H'00 H'FFFEO82E 8, 16, 32
Interrupt priority register 03 IPRO3 R/W H'0000 H'FFFEOC00 16, 32
Interrupt priority register 04 IPRO4 R/W H'0000 H'FFFEOC02 16, 32
Interrupt priority register 05 IPRO5 R/W H'0000 H'FFFEOC04 16, 32
Interrupt priority register 06 IPRO6 R/W H'0000 H'FFFEOC06 16, 32
Interrupt priority register 07 IPRO7 R/W H'0000 H'FFFEOC08 16, 32
Interrupt priority register 08 IPR0O8 R/W H'0000 H'FFFEOCOA 16, 32
Interrupt priority register 09 IPR0O9 R/W H'0000 H'FFFEOCOC 16, 32
Interrupt priority register 10 IPR10 R/W H'0000 H'FFFEOCOE 16, 32
Interrupt priority register 11 IPR11 R/W H'0000 H'FFFEOC10 16, 32
Interrupt priority register 12 IPR12 R/W H'0000 HFFFEOC12 16, 32
Interrupt priority register 13 IPR13 R/W H'0000 H'FFFEOC14 16, 32
Interrupt priority register 14 IPR14 R/W H'0000 HFFFEOC16 16, 32
Interrupt priority register 15 IPR15 R/W H'0000 H'FFFEOC18 16, 32
Interrupt priority register 16 IPR16 R/W H'0000 H'FFFEOC1A 16, 32
Interrupt priority register 17 IPR17 R/W H'0000 H'FFFEOC1C 16, 32
Interrupt priority register 18 IPR18 R/W H'0000 H'FFFEOC1E 16, 32
Interrupt priority register 19 IPR19 R/W H'0000 H'FFFEOC20 16, 32
Interrupt priority register 20 IPR20 R/W H'0000 H'FFFEOC22 16, 32
Interrupt priority register 21 IPR21 R/W H'0000 H'FFFE0C24 16, 32
Interrupt priority register 22 IPR22 R/W H'0000 H'FFFEOC26 16, 32
Interrupt priority register 23 IPR23 R/W H'0000 H'FFFEOC28 16, 32
Interrupt priority register 24 IPR24 R/W H'0000 HFFFEOC2A 16, 32
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Access
Register Name Symbol R/W Initial Value Address Size
Interrupt priority register 25  IPR25 R/W H'0000 HFFFEOC2C 16, 32
Interrupt priority register 26 IPR26 R/W H'0000 H'FFFEOC2E 16, 32
Interrupt priority register 27 IPR27 R/W H'0000 H'FFFEOC30 16, 32
Interrupt priority register 28 IPR28 R/W H'0000 H'FFFEOC32 16, 32
Interrupt priority register 29 IPR29 R/W H'0000 H'FFFEOC34 16, 32

Notes: 1. H'8000 when the NMI pin is high and H'0000 when low.
2. Only 0 can be written after reading 1, to clear the flag.

8.3.1 Interrupt Priority Registers 01 to 29 (IPRO1 to IPR29)

IPRO1 to IPR29 are 16-bit readable/writable registers in which priority levels from O to 15 are set
for IRQ interrupts and on-chip peripheral module interrupts. Table 8.3 shows the correspondence
between the interrupt request sources and the bits in IPRO1 to IPR29.

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 8.3  Interrupt Request Sources and IPRO1 to IPR29

Register Name Bits 15to 12 Bits 11to 8 Bits 7to 4 Bits 3to 0
Interrupt priority IRQO IRQ1 IRQ2 IRQ3
register 01

Interrupt priority IRQ4 IRQ5 IRQ6 IRQ7
register 02

Interrupt priority DMACO DMACH1 DMAC2 DMAC3
register 03

Interrupt priority DMAC4 DMAC5 DMAC6 DMAC7
register 04

Interrupt priority ~ CMTO CMT1 Reserved WDT
register 05

Interrupt priority ATU-A ATU-A ATU-A ATU-A
register 06 (ICIAOQ, ICIAT) (ICIA2, ICIA3) (ICIA4, ICIA5) (OVIA)
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Register Name Bits 15to 12 Bits 11to 8 Bits 7to 4 Bits 3to 0
Interrupt priority ~ ATU-B ATU-B ATU-CO ATU-CO
register 07 (CMIBO, CMIB1)  (CMIBS6, ICIBO) (IMICO00 to (OVICO)
IMIC03)
Interrupt priority ~ ATU-CA ATU-C1 ATU-C2 ATU-C2
register 08 (IMIC10 to (OVIC1) (IMIC20 to (OVIC2)
IMIC13) IMIC23)
Interrupt priority ~ ATU-C3 ATU-C3 ATU-C4 ATU-C4
register 09 (IMIC30 to (OVIC3) (IMIC40 to (OVIC4)
IMIC33) IMIC43)
Interrupt priority ATU-DO ATU-DO ATU-DO ATU-D1
register 10 (CMIDOO to (OVI1Do, OVI2D0) (UDIDOO to (CMID10 to
CMIDO03) UDIDO03) CMID13)
Interrupt priority ATU-D1 ATU-D1 ATU-D2 ATU-D2
register 11 (OVI1D1, OVI2D1) (UDID10 to (CMID20 to (OVI1D2,
UDID13) CMID23) oVi2D2)
Interrupt priority ATU-D2 ATU-D3 ATU-D3 ATU-D3
register 12 (UDID20 to (CMID30 to (OVI1D3, OVI2D3) (UDID30 to
UDID23) CMID33) UDID33)
Interrupt priority Reserved Reserved Reserved Reserved
register 13
Interrupt priority Reserved Reserved ATU-EO ATU-E1
register 14 (CMIEOO to (CMIE10 to
CMIEOQ3) CMIE13)
Interrupt priority ATU-E2 ATU-E3 ATU-E4 ATU-E5
register 15 (CMIE20 to (CMIE30 to (CMIE40 to (CMIE5O0 to
CMIE23) CMIE33) CMIE43) CMIES53)
Interrupt priority ~ ATU-F ATU-F ATU-F ATU-F
register 16 (ICIFO to ICIF3) (ICIF4 to ICIF7) (ICIF8 to ICIF11)  (ICIF12 to ICIF15)
Interrupt priority ~ ATU-F Reserved Reserved Reserved
register 17 (ICIF16 to ICIF19)
Interrupt priority ATU-F ATU-F ATU-F ATU-F

register 18 (OVIFO to OVIF3) (OVIF4 to OVIF7) (OVIF8to OVIF11) (OVIF12to
OVIF15)

Interrupt priority ATU-F Reserved Reserved Reserved
register 19 (OVIF16 to

OVIF19)
Interrupt priority ATU-G ATU-G ATU-H Reserved
register 20 (CMIGO to CMIG3) (CMIG4, CMIG5) (CMIH)
Interrupt priority ATU-J ATU-J ATU-J Reserved

register 21

(DFIJO, DFIJ1)

(OVIJO, OVIJ1)

(DOVIJO, DOVIJ1)
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Register Name Bits 15to 12 Bits 11to 8 Bits 7to 4 Bits 3to 0

Interrupt priority ~ ADC ADC ADC ADC

register 22 (ADIO) (ADI1) (ADIDO to ADID3) (ADID4 to ADID7)

Interrupt priority ADC ADC ADC ADC

register 23 (ADIDS8 to (ADID12 to (ADID40) (ADID41)
ADID11) ADID15)

Interrupt priority ~ ADC ADC ADC ADC

register 24 (ADID42) (ADID43) (ADID44) (ADID45)

Interrupt priority ~ ADC ADC Reserved Reserved

register 25 (ADID46) (ADID47)

Interrupt priority SCI_A SCI_B SCI_C SCI_D

register 26

Interrupt priority ~ SCI_E RSPI_A RSPI_B RSPI_C

register 27

Interrupt priority RCAN_A RCAN_B RCAN_C Reserved

register 28

Interrupt priority ~ A-DMAC Reserved Reserved Reserved

register 29

As shown in table 8.3, by setting the 4-bit groups (bits 15 to 12, bits 11 to 8, bits 7 to 4, and bits 3
to 0) with values from H'0 (0000) to HF (1111), the priority of each corresponding interrupt is set.
Setting of H'0 means priority level O (the lowest level) and H'F means priority level 15 (the

highest level).

IPRO1 to IPR29 are initialized to H'0000 by a power-on reset.
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8.3.2 Interrupt Control Register 0 (ICRO0)

ICRO is a 16-bit register that sets the input signal detection mode for the external interrupt input
pin NMI, and indicates the input level at the NMI pin. ICRO is initialized by a power-on reset.

Bt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
fowc] - [ -] - [ -] - - Jowef -] -J-J-J-J]-]-7]-]
Intialvaue: * 0 o0 O 0O 0O O O O O O 0 0 0 0 0
RW. R R R R R R R RW R R R R R R R R

Note: * 1 when the NMI pin is high, and 0 when the NMI pin is low.

Initial
Bit Bit Name  Value R/W Description
15 NMIL * R NMI Input Level

Sets the level of the signal input at the NMI pin. The
NMI pin level can be obtained by reading this bit.
This bit cannot be modified.

0: Low level is input to NMI pin
1: High level is input to NMI pin
14t09 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

8 NMIE 0 RW NMI Edge Select

Selects whether the falling or rising edge of the
interrupt request signal on the NMI pin is detected.

0: Interrupt request is detected on falling edge of
NMI input
1: Interrupt request is detected on rising edge of NMI
input
7t00 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

Note: * 1 when the NMI pin is high, and 0 when the NMI pin is low.
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8.3.3 Interrupt Control Register 1 (ICR1)

ICR1 is a 16-bit register that specifies the detection mode for external interrupt input pins IRQ7 to
IRQO individually: low level, falling edge, rising edge, or both edges. ICR1 is initialized by a
power-on reset.

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[ra715)1ra70s|1Ras 15| IRGs0S|IRAS1S|IRAS0S|IRAA41S|IRA40S|IRA31S|IRAS0S|IRG21S|IRG20s|IRA1 15 [IRQ10S [IRQO1S IRQVOS|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial

Bit Bit Name  Value R/W Description
15 IRQ71S 0 R/W IRQ Sense Select
14 IRQ70S 0 R/W These bits select whether interrupt signals

corresponding to pins IRQ7 to IRQO are detected by
13 IRQ61S 0 RW a low level, falling edge, rising edge, or both edges.
12 IRQ60S 0 RW " 00: Interrupt request is detected on low level of TRQN
11 IRQ51S 0 R/W input
10 IRQ50S 0 R/W 01: Interrupt request is detected on falling edge of

IRQn input

9 IRQ41S 0 R/W

10: Interrupt request is detected on rising edge of
8 IRQ40S 0 R/W IRQn input
7 IRQ31S 0 R/W  11: Interrupt request is detected on both edges of
6 IRQ30S 0 R/W IRQn input
5 IRQ21S 0 R/W
4 IRQ20S 0 R/W
3 IRQ11S 0 R/W
2 IRQ10S 0 R/W
1 IRQO1S 0 R/W
0 IRQO0S 0 R/W
[Legend]
n=7t0
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8.34 IRQ Interrupt Request Register (IRQRR)

IRQRR is a 16-bit register that indicates interrupt requests from external input pins IRQ7 to IRQO.
If edge detection is set for the IRQ7 to IRQO interrupts, writing 0 to the IRQ7F to IRQOF bits after
reading IRQ7F to IRQOF = 1 cancels the retained interrupts.

IRQRR is initialized by a power-on reset.

Bt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | - | - | - | - | - | - | - | IRQ7F | IRQ6F | IRQ5F | IRQ4F | IRQ3F | IRQ2F | IRQ1F | IHQOFl

Initialvaluoe: 0 0 0o o0 ©0O o0 O O O 0 O 0 O 0 0 0
RW. R R R R R R R R RAW*R(W)*RI(W)* RI(W)* RIW)* RW)* RI(W)* RIW)*

Note: * Only 0 can be written to clear the flag after 1 is read.

Initial
Bit Bit Name  Value R/W Description
15t0 8 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Name  Value R/W Description
IRQ7F R/(W)* IRQ Interrupt Request

IRQ6BE « These bits indicate the status of the IRQ7 to IRQO
interrupt requests.
IRQ5F

)
)
) Level detection:
IRQ4F R/(W)* 0: IRQn interrupt request has not occurred
IRQ3F )
)
)
)

@
=

x [Clearing condition]
IRQ2F

IRQ1F
IRQOF

x o IRQn input is high
1: IRQn interrupt has occurred
[Setting condition]

oO| =N |~ O|O |
oO|jlo|o|lOo|o|Oo|O| O

¢ |RQn inputis low
Edge detection:
0: IRQn interrupt request is not detected

[Clearing conditions]

¢ Cleared by reading IRQnF while IRQnF = 1, then
writing 0 to IRQNnF

¢ Cleared by executing IRQn interrupt exception
handling

1: IRQn interrupt request is detected

[Setting condition]

e Edge corresponding to IRQn1S or IRQNOS of
ICR1 has occurred at IRQn pin

[Legend]
n=7t0
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8.35 Bank Control Register (IBCR)

IBCR is a 16-bit register that enables or disables use of register banks for each interrupt priority
level. IBCR is initialized to H'0000 by a power-on reset.

Bt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| E15 | E14 | E13 | E12 | E11 | E10 | E9 | E8 | E7 | E6 | E5 | E4 | E3 | E2 | E1 | - |

Initialvaloe: 0 0 ©0 o0 O o0 O o0 O 0 ©0 0 0 0 0 0

RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R

Initial
Bit Bit Name  Value R/W Description
15 E15 0 R/W Enable
14 E14 0 R/W These bits enable or disable use of register banks
e o mw e o | Hovew et
12 E12 0 R/W interrupts.
11 E11 0 R/W 0: Use of register banks is disabled
10 E10 0 R/W 1: Use of register banks is enabled
9 E9 0 R/W
8 E8 0 R/W
7 E7 0 R/W
6 E6 0 R/W
5 E5 0 R/W
4 E4 0 R/W
3 E3 0 R/W
2 E2 0 R/W
1 E1 0 R/W
0 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.
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8.3.6 Bank Number Register (IBNR)

IBNR is a 16-bit register that enables or disables use of register banks and register bank overflow
exception. IBNR also indicates the bank number to which saving is performed next through the
bits BN3 to BNO.

IBNR is initialized to H'0000 by a power-on reset.

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

[ setop Jeove|l - [ - [ - [ - | - -] -] -7]-] BN[3:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW R R R R R R R R R R R R R

Initial
Bit Bit Name  Value R/W Description

15, 14 BE[1:0] 00 R/W Register Bank Enable
These bits enable or disable use of register banks.

00: Use of register banks is disabled for all
interrupts. The setting of IBCR is ignored.

01: Use of register banks is enabled for all interrupts
except NMI and user break. The setting of IBCR
is ignored.

10: Reserved (setting prohibited)

11: Use of register banks is controlled by the setting
of IBCR.

13 BOVE 0 R/W Register Bank Overflow Enable

Enables of disables register bank overflow
exception.

0: Generation of register bank overflow exception is
disabled

1: Generation of register bank overflow exception is
enabled

12t0 4 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name  Value R/W Description
3t00 BN[3:0] 0000 R Bank Number

These bits indicate the bank number to which saving
is performed next. When an interrupt using register
banks is received, saving is performed to the
register bank indicated by these bits, and BN is
incremented by 1. After BN is decremented by 1 due
to execution of a RESBANK (restore from register
bank) instruction, restoring from the register bank is
performed.
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8.3.7 Software Interrupt Registers 1 to 15 (SINTR1 to SINTR15)

SINTRI1 to SINTRI15 are 8-bit registers that control software interrupts 1 to 15 (SINT1 to
SINT15). Writing H'01 to this register generates the software interrupts 1 to 15 (SINT1 to
SINT15). Writing H'00 while handling the generated interrupts clears the interrupt sources. When
SINTRI1 to SINTRI1S5 are read, the current register value is read.

SINTR1 to SINTR15 are initialized to H'00 by a power-on reset.

Initial value: 0 0 0 0 0 0 0
R/W: R R R R R R RW
Initial
Bit Bit Name  Value R/W Description
7101 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
0 SINTC 0 R/W Software Interrupt Request
These bits generate software interrupts 1 to 15
(SINT1 to SINT15).
[Read operation]
Current bit value is read.
[Write operation]
Writing 1: Generates interrupts
Writing 1 to this bit is prohibited when the
SINTC bit is 1
Writing 0: Clears interrupt sources
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8.4 Interrupt Sources

There are six types of interrupt sources: the NMI interrupt, user break, IRQ, memory error
interrupt, software interrupts (SINT), and interrupts from on-chip peripheral modules. Each
interrupt has a priority level (0 to 16). A level of O corresponds to the lowest and a level of 16
corresponds to the highest. When the level is set to 0, the interrupt is masked at all times.

84.1 NMI Interrupt

The NMI interrupt has a priority level of 16 and is received at all times. The edge of the NMI
signal is detected as an NMI interrupt and the NMI edge select bit (NMIE) in interrupt control
register O (ICRO) selects whether the rising edge or falling edge is detected.

Although the priority level of the NMI interrupt is 16, the interrupt mask level bits (I3 to I0) in the
status register (SR) are set to level 15 in the NMI interrupt exception handler.

8.4.2 User Break Interrupt

A user break interrupt occurs when a break condition set in the user break controller (UBC) is
satisfied and has a priority level of 15. Bits I3 to 10 in SR is set to level 15 in the user break
interrupt exception handler. For details on the user break interrupt, see section 9, User Break
Controller (UBC).

8.4.3 IRQ Interrupts

An IRQ interrupt is input on pins IRQ7 to IRQO. The low level, falling edge, rising edge, or both
edge of the IRQ signals is detected and the edge to be detected can be selected individually for
each pin by the IRQ sense select bits (IRQ71S to IRQO1S and IRQ70S to IRQO0S) in interrupt
control register 1 (ICR1). The priority level can be set individually in a range from O to 15 for
each pin by interrupt priority registers 01 and 02 (IPRO1 and IPR02).

When using the low-level sensing for IRQ interrupts, an interrupt is requested to the INTC while
signals IRQ7 to IRQO are driven low. When the signals are driven high, the interrupt stops to be
requested. Whether or not an IRQ interrupt has occurred can be checked by reading the IRQ
interrupt request bits (IRQ7R to IRQOR) in the IRQ interrupt request register (IRQRR).

When using a edge sensing for IRQ interrupts, an interrupt is requested to the INTC when an
interrupt request is detected due to changes in signals IRQ7 to IRQO. The interrupt request is held
until the interrupt is received and whether or not an interrupt has requested can be checked by
reading bits IRQ7R to IRQOR in IRQRR. The request can be cleared by writing O to these bits
after reading them as 1.
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In the IRQ interrupt exception handler, bits I3 to 10 in SR are set to the priority level of the
received IRQ interrupt.

Before execution of the RTE instruction to exit the IRQ interrupt exception handler, confirm that
the interrupt has been cleared by reading the IRQ interrupt request register IRQRR). Otherwise,
the interrupt is requested again erroneously.

8.4.4 Memory Error Interrupt

For details on the sources generating a memory error, see section 25, ROM, and section 28, RAM.

8.4.5 Software Interrupts (SINT)

A software interrupt (SINT) is generated by setting SINTR1 to SINTR15 by software. The
interrupt priority levels of the software interrupts (SINT) are fixed as shown in table 8.4. In the
SINT interrupt exception handles, bits I3 to 10 in SR is set to the priority level of the received
software interrupt (SINT).

8.4.6 On-Chip Peripheral Module Interrupts

The following on-chip peripheral modules can generate on-chip peripheral module interrupts.

e Direct memory access controller (DMAC)

e Compare match timer (CMT)

e Watchdog timer (WDT)

e Advanced timer unit IIT (ATU-III)

e A/D converter (ADC)

e Serial communications interface (SCI)

e Renesas serial peripheral interface (RSPI)

e Controller area network (RCAN-TL1)

e Automotive direct memory access controller (A-DMAC)

Since each source is assigned to a unique interrupt vector, the source does not need to be identified
in the interrupt exception handler. A priority level in a range from O to 15 can be set for each
module by interrupt priority registers 03 to 29 (IPR03 to IPR29). In the exception handler for the
on-chip peripheral module interrupt, bits I3 to 10 in SR is set to the priority level of the received
on-chip peripheral module interrupt.
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8.5 Interrupt Exception Handling Vector Table and Priority

Table 8.4 lists interrupt sources and their vector numbers, vector table address offsets, and
interrupt priority levels.

Each interrupt source is assigned to a unique vector number and a unique vector table address
offset. Vector table addresses are calculated from the vector numbers and vector table address
offsets. In the interrupt exception handler, the start address is fetched from the vector table pointed
to by the vector table address. For details of calculation of the vector table address, see table 7.4,
Calculating Exception Handling Vector Table Addresses, in section 7, Exception Handling.

The priorities of IRQ interrupts and on-chip peripheral module interrupts can be set freely between
0 and 15 for each pin or module by setting interrupt priority registers 01 to 29 (IPRO1 to IPR29).
However, if two or more interrupts specified by the same IPR among IPR03 to IPR29 occur, the
interrupts are processed according to the priority levels defined as shown in the Priority within
IPR Setting Unit columns in table 8.4, and the priority levels cannot be changed. The priority
levels of IRQ and on-chip peripheral module interrupts are initialized to O by a power-on reset. If
the same priority level is assigned to two or more interrupt sources and interrupts from those
sources occur simultaneously, they are processed according to the default priority levels shown in
the Default Priority columns in table 8.4.
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Table 8.4  Interrupt Exception Handling Vectors and Priority Levels
Interrupt Vector Priority
Interrupt within IPR
Vector Table Priority Corresponding Setting Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Unit Priority
NMI A H'0000002C to 16 — — High
H'0000002F A
User break 12 H'00000030to 15 — —
H'00000033
IRQ IRQO 64 H'00000100to  0to 15 (0) IPRO1 (15t0 12) —
H'00000103
IRQ1 65 H'00000104to 0 to 15 (0) IPRO1 (1110 8) —
H'00000107
IRQ2 66 H'00000108to 0to 15 (0) IPRO1 (7to 4) —
H'0000010B
IRQ3 67 H'0000010Cto 0to 15 (0) IPRO1 (3to 0) —
H'0000010F
IRQ4 68 H'00000110to  0to 15 (0) IPR0O2 (15t0 12) —
H'00000113
IRQ5 69 H'00000114to Oto15(0)  IPR0O2 (11t08) —
H'00000117
IRQ6 70 H'00000118to 0 to 15 (0) IPRO2 (7 to 4) —
H'0000011B
IRQ7 71 H'0000011Cto 0to 15 (0) IPRO2 (3to 0) —
H'0000011F
RAM/ RAME 79 H'0000013Cto 15 — —
ROM H'0000013F
FIFE 82 H'00000148to 15 — —
H'0000014B
SINT SINT15 93 H'00000174to 15 — —
H'00000177
SINT14 94 H'00000178to 14 — —
H'0000017B
SINT13 95 H'0000017Cto 13 — —
H'0000017F
SINT12 9 H'00000180t0 12 — — v
H'00000183 Low
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Interrupt Vector Priority
Interrupt within IPR
Vector Table Priority Corresponding Setting Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Unit Priority
SINT SINT11 97 H'00000184to 11 — — High
H'00000187 A
SINT10 98 H'00000188to 10 — —
H'0000018B
SINT9 99 H'0000018Cto 9 — —
H'0000018F
SINT8 100 H'00000190to 8 — —
H'00000193
SINT7 101 H'00000194t0 7 — —
H'00000197
SINT6 102 H'00000198t0 6 — —
H'0000019B
SINT5 103 H'0000019Cto 5 — —
H'0000019F
SINT4 104 H'000001A0to 4 — —
H'000001A3
SINT3 105 H'000001A4to 3 — —
H'000001A7
SINT2 106 H'000001A81t0 2 — —
H'000001AB
SINTA 107 H'000001AC to 1 — —
H'000001AF
DMAC DMACO DEI0O 108 H'000001BOto 0to 15 (0) IPRO3 (15t0 12) 1
H'000001B3
HEIO 109 H'000001B4 to 2
H'000001B7
DMAC1 DEN 112 H'000001COto 0to 15 (0) IPRO3 (11t08) 1
H'000001C3
HEI1 113 H'000001C4 to 2
H'000001C7
DMAC2 DEI2 116 H'000001D0to 0 to 15 (0) IPRO3 (7to4) 1
H'000001D3
HEI2 117 H'000001D4 to 2 v
H'000001D7 Low
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SH72546R

Section 8 Interrupt Controller (INTC)

Interrupt Vector Priority
Interrupt within IPR
Vector Table Priority Corresponding Setting Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Unit Priority
DMAC DMACS3 DEI3 120 H'000001EOto 0 to 15 (0) IPRO3 (8to 0) 1 High
H'000001E3 A
HEI3 121 H'000001E4 to 2
H'000001E7
DMAC4 DEI4 124 H'000001FOto  0to 15 (0) IPRO4 (15t0 12) 1
H'000001F3
HEI4 125 H'000001F4 to 2
H'000001F7
DMAC5 DEI5 128 H'00000200to 0 to 15 (0) IPRO4 (11t0 8) 1
H'00000203
HEI5 129 H'00000204 to 2
H'00000207
DMAC6 DEI6 132 H'00000210to  0to 15 (0) IPRO4 (7t0 4) 1
H'00000213
HEI6 133 H'00000214 to 2
H'00000217
DMAC7 DEI7 136 H'00000220to 0 to 15 (0) IPR04 (3to0) 1
H'00000223
HEI7 137 H'00000224 to 2
H'00000227
CMT CMIO 140 H'00000230to 0to 15 (0) IPRO5 (15to 12) —
H'00000233
CMI1 144 H'00000240to  0to 15 (0) IPRO5 (11t0 8) —
H'00000243
WDT ITI 148 H'00000250to 0 to 15 (0) IPRO5 (83to 0) —
H'00000253
ATU-A ICIAO 152 H'00000260to 0 to 15 (0) IPRO6 (15t0 12) 1
H'00000263
ICIA1 153 H'00000264 to 2
H'00000267
ICIA2 156 H'00000270to 0 to 15 (0) IPRO6 (11t0 8) 1
H'00000273
ICIA3 157 H'00000274 to 2 v
H'00000277 Low
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Interrupt Vector Priority
Interrupt within IPR
Vector Table Priority Corresponding Setting Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Unit Priority
ATU-A ICIA4 160 H'00000280to 0 to 15 (0) IPRO6 (7to 4) 1 High
H'00000283 A
ICIA5 161 H'00000284 to 2
H'00000287
OVIA 164 H'00000290to  0to 15 (0) IPR0O6 (3to 0) —
H'00000293
ATU-B CMIBO 168 H'000002A0to 0to 15 (0) IPRO7 (15t0 12) 1
H'000002A3
CMIB1 169 H'000002A4 to 2
H'000002A7
CMIB6 172 H'000002BOto 0 to 15 (0) IPRO7 (11t08) 1
H'000002B3
ICIBO 173 H'000002B4 to 2
H'000002B7
ATU-C ATU-CO IMICOO 176 H'000002C0to 0to 15 (0) IPRO7 (7to 4) 1
H'000002C3
IMICO1 177 H'000002C4 to 2
H'000002C7
IMICO2 178 H'000002C8 to 3
H'000002CB
IMICO3 179 H'000002CC to 4
H'000002CF
OvICO 180 H'000002D0to 0 to 15 (0) IPRO7 (3to 0) —
H'000002D3
ATU-C1 IMIC10 184 H'000002E0 to 0 to 15 (0) IPRO8 (15t0 12) 1
H'000002E3
IMIC11 185 H'000002E4 to 2
H'000002E7
IMIC12 186 H'000002E8 to 3
H'000002EB
IMIC13 187 H'000002EC to 4
H'000002EF
ovici 188 H'000002F0to 0to15(0)  IPRO8 (11t08) — v
H'000002F3 Low
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Section 8 Interrupt Controller (INTC)

Interrupt Vector Priority
Interrupt within IPR
Vector Table Priority Corresponding Setting Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Unit Priority
ATU-C ATU-C2 IMIC20 192 H'00000300to 0to 15 (0) IPRO8 (7to 4) 1 High
H'00000303 A
IMIC21 193 H'00000304 to 2
H'00000307
IMIC22 194 H'00000308 to 3
H'0000030B
IMIC23 195 H'0000030C to 4
H'0000030F
ovic2 196 H'00000310to  0to 15 (0) IPRO8 (3to 0) —
H'00000313
ATU-C3 IMIC30 200 H'00000320to 0 to 15 (0) IPR0O9 (15t0 12) 1
H'00000323
IMIC31 201 H'00000324 to 2
H'00000327
IMIC32 202 H'00000328 to 3
H'0000032B
IMIC33 203 H'0000032C to 4
H'0000032F
OVIC3 204 H'00000330to  0to 15 (0) IPRO9 (11t08) —
H'00000333
ATU-C4 IMIC40 208 H'00000340to 0to 15 (0) IPRO9 (7to 4) 1
H'00000343
IMIC41 209 H'00000344 to 2
H'00000347
IMIC42 210 H'00000348 to 3
H'0000034B
IMIC43 211 H'0000034C to 4
H'0000034F
oviC4 212 H'00000350to  0to 15 (0) IPRO9 (83to 0) — v
H'00000353 Low
RO1UH0235EJ0200 Rev. 2.00 Page 145 of 1824
Apr 01,2014 RRENESAS



Section 8 Interrupt Controller (INTC)
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Interrupt Vector Priority
Interrupt within IPR
Vector Table Priority Corresponding Setting Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Unit Priority
ATU-D ATU-DO CMIDOO 216 H'00000360to 0 to 15 (0) IPR10 (15 to 12) 1 High
H'00000363 A
CMIDO1 217 H'00000364 to 2
H'00000367
CMID02 218 H'00000368 to 3
H'0000036B
CMID03 219 H'0000036C to 4
H'0000036F
OVIHDO 220 H'00000370to  0to 15 (0) IPR10 (11t08) 1
H'00000373
ovi2bo 221 H'00000374 to 2
H'00000377
uUDID00 224 H'00000380to 0to 15 (0) IPR10(7to 4) 1
H'00000383
uDIDO1 225 H'00000384 to 2
H'00000387
UDID02 226 H'00000388 to 3
H'0000038B
uDID03 227 H'0000038C to 4
H'0000038F
ATU-D1 CMID10 228 H'00000390to  0to 15 (0) IPR10(8to 0) 1
H'00000393
CMID11 229 H'00000394 to 2
H'00000397
CMID12 230 H'00000398 to 3
H'0000039B
CMID13 231 H'0000039C to 4
H'0000039F
OVIiD1 232 H'000003A0to 0to 15 (0) IPR11 (15t0 12) 1
H'000003A3
Oovi2D1 233 H'000003A4 to 2 v
H'000003A7 Low
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Section 8 Interrupt Controller (INTC)

Interrupt Vector Priority
Interrupt within IPR
Vector Table Priority Corresponding Setting Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Priority
ATU-D ATU-D1 UDID10 236 H'000003BOto 0to 15 (0) IPR11 (11 to 8) High
H'000003B3 A
uDID11 237 H'000003B4 to
H'000003B7
uDID12 238 H'000003B8 to
H'000003BB
UDID13 239 H'000003BC to
H'000003BF
ATU-D2 CMID20 240 H'000003C0to 0to 15(0) IPR11 (7 to 4)
H'000003C3
CMID21 241 H'000003C4 to
H'000003C7
CMID22 242 H'000003C8 to
H'000003CB
CMID23 243 H'000003CC to
H'000003CF
OVIiD2 244 H'000003D0to 0to 15 (0) IPR11 (3to 0)
H'000003D3
Ovi2D2 245 H'000003D4 to
H'000003D7
UDID20 248 H'000003EOto 0to 15 (0) IPR12 (15 to 12)
H'000003E3
uDID21 249 H'000003E4 to
H'000003E7
uDID22 250 H'000003ES8 to
H'000003EB
uDID23 251 H'000003EC to v
H'000003EF Low
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Interrupt Vector Priority
Interrupt within IPR
Vector Table Priority Corresponding Setting Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Unit Priority
ATU-D ATU-D3 CMID30 252 H'000003F0to 0to 15 (0) IPR12 (11t08) 1 High
H'000003F3 A
CMID31 253 H'000003F4 to 2
H'000003F7
CMID32 254 H'000003F8 to 3
H'000003FB
CMID33 255 H'000003FC to 4
H'000003FF
OVIiD3 256 H'00000400to 0Oto 15 (0) IPR12 (7 to 4) 1
H'00000403
OVI2D3 257 H'00000404 to 2
H'00000407
UDID30 260 H'00000410to  0to 15 (0) IPR12 (30 0) 1
H'00000413
UDID31 261 H'00000414 to 2
H'00000417
uUDID32 262 H'00000418 to 3
H'0000041B
UDID33 263 H'0000041C to 4
H'0000041F
ATU-E ATU-EO CMIEOO 288 H'00000480to 0to 15 (0) IPR14 (7 to 4) 1
H'00000483
CMIEO1 289 H'00000484 to 2
H'00000487
CMIEO2 290 H'00000488 to 3
H'0000048B
CMIEO3 291 H'0000048C to 4 v
H'0000048F Low
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Section 8 Interrupt Controller (INTC)

Interrupt Vector Priority
Interrupt within IPR
Vector Table Priority Corresponding Setting Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Unit Priority
ATU-E ATU-E1 CMIE10 292 H'00000490to 0to 15(0) IPR14 (3to 0) 1 High
H'00000493 A
CMIE11 293 H'00000494 to 2
H'00000497
CMIE12 294 H'00000498 to 3
H'0000049B
CMIE13 295 H'0000049C to 4
H'0000049F
ATU-E2 CMIE20 296 H'000004A0to 0to 15(0) IPR15 (15t0 12) 1
H'000004A3
CMIE21 297 H'000004A4 to 2
H'000004A7
CMIE22 298 H'000004A8 to 3
H'000004AB
CMIE23 299 H'000004AC to 4
H'000004AF
ATU-E3 CMIE30 300 H'000004B0to 0to 15(0) IPR15(11t08) 1
H'000004B3
CMIE31 301 H'000004B4 to 2
H'000004B7
CMIE32 302 H'000004B8 to 3
H'000004BB
CMIE33 303 H'000004BC to 4
H'000004BF
ATU-E4 CMIE40 304 H'000004C0to 0to 15 (0) IPR15 (7 to 4) 1
H'000004C3
CMIE41 305 H'000004C4 to 2
H'000004C7
CMIE42 306 H'000004C8 to 3
H'000004CB
CMIE43 307 H'000004CC to 4 v
H'000004CF Low
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Interrupt Vector Priority
Interrupt within IPR
Vector Table Priority Corresponding Setting Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Unit Priority
ATU-E ATU-E5 CMIE50 308 H'000004D0to 0Oto 15 (0) IPR15(83t00) 1 High
H'000004D3 A
CMIE51 309 H'000004D4 to 2
H'000004D7
CMIE52 310 H'000004D8 to 3
H'000004DB
CMIE53 311 H'000004DC to 4
H'000004DF
ATU-F ICIFO 312 H'000004E0to 0 to 15 (0) IPR16 (15t0 12) 1
H'000004E3
ICIF1 313 H'000004E4 to 2
H'000004E7
ICIF2 314 H'000004E8 to 3
H'000004EB
ICIF3 315 H'000004EC to 4
H'000004EF
ICIF4 316 H'000004F0to 0to 15 (0) IPR16 (11t0 8) 1
H'000004F3
ICIF5 317 H'000004F4 to 2
H'000004F7
ICIF6 318 H'000004F8 to 3
H'000004FB
ICIF7 319 H'000004FC to 4
H'000004FF
ICIF8 320 H'00000500to 0 to 15 (0) IPR16 (7to 4) 1
H'00000503
ICIF9 321 H'00000504 to 2
H'00000507
ICIF10 322 H'00000508 to 3
H'0000050B
ICIF11 323 H'0000050C to 4 v
H'0000050F Low
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Section 8 Interrupt Controller (INTC)

Interrupt Vector Priority
Interrupt within IPR
Vector Table Priority Corresponding Setting Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Priority
ATU-F ICIF12 324 H'00000510to  0to 15 (0) IPR16 (310 0) High
H'00000513 A
ICIF13 325 H'00000514 to
H'00000517
ICIF14 326 H'00000518 to
H'0000051B
ICIF15 327 H'0000051C to
H'0000051F
ICIF16 328 H'00000520to 0 to 15 (0) IPR17 (15 t0 12)
H'00000523
ICIF17 329 H'00000524 to
H'00000527
ICIF18 330 H'00000528 to
H'0000052B
ICIF19 331 H'0000052C to
H'0000052F
OVIFO 340 H'00000550to  0to 15 (0) IPR18 (15 to 12)
H'00000553
OVIF1 341 H'00000554 to
H'00000557
OVIF2 342 H'00000558 to
H'0000055B
OVIF3 343 H'0000055C to
H'0000055F
OVIF4 344 H'00000560to  0to 15 (0) IPR18 (11 to 8)
H'00000563
OVIF5 345 H'00000564 to
H'00000567
OVIF6 346 H'00000568 to
H'0000056B
OVIF7 347 H'0000056C to v
H'0000056F Low
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Interrupt Vector Priority
Interrupt within IPR
Vector Table Priority Corresponding Setting Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Unit Priority
ATU-F OVIF8 348 H'00000570to  0to 15 (0) IPR18 (7to 4) 1 High
H'00000573 A
OVIF9 349 H'00000574 to 2
H'00000577
OVIF10 350 H'00000578 to 3
H'0000057B
OVIF11 351 H'0000057C to 4
H'0000057F
OVIF12 352 H'00000580to 0 to 15 (0) IPR18 (3to 0) 1
H'00000583
OVIF13 353 H'00000584 to 2
H'00000587
OVIF14 354 H'00000588 to 3
H'0000058B
OVIF15 355 H'0000058C to 4
H'0000058F
OVIF16 356 H'00000590to  0to 15 (0) IPR19 (15t0 12) 1
H'00000593
OVIF17 357 H'00000594 to 2
H'00000597
OVIF18 358 H'00000598 to 3
H'0000059B
OVIF19 359 H'0000059C to 4
H'0000059F
ATU-G CMIGO 368 H'000005C0to 0 to 15 (0) IPR20 (15t0 12) 1
H'000005C3
CMIG1 369 H'000005C4 to 2
H'000005C7
CMIG2 370 H'000005C8 to 3
H'000005CB
CMIG3 371 H'000005CC to 4 v
H'000005CF Low
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Section 8 Interrupt Controller (INTC)

Interrupt Vector Priority
Interrupt within IPR
Vector Table Priority Corresponding Setting Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Unit Priority
ATU-G CMIG4 372 H'000005D0to 0to 15 (0) IPR20 (11t08) 1 High
H'000005D3 A
CMIG5 373 H'000005D4 to 2
H'000005D7
ATU-H CMIH 376 H'000005EO to IPR20 (7 to 4)
H'000005E3
ATU-J DFIJO 380 H'000005F0to  0to 15 (0) IPR21 (15t0 12) 1
H'000005F3
DFIJ1 381 H'000005F4 to 2
H'000005F7
OoVIiJo 384 H'00000600to 0Oto 15 (0) IPR21 (11t08) 1
H'00000603
OVIJ1 385 H'00000604 to 2
H'00000607
DOVIJO 388 H'00000610to  0to 15 (0) IPR21 (7 to 4) 1
H'00000613
DOVIJUA1 389 H'00000614 to 2
H'00000617
ADC ADIO 392 H'00000620to 0 to 15 (0) IPR22 (15t0 12) —
H'00000623
ADI1 396 H'00000630to 0to 15 (0) IPR22 (11t0 8) —
H'00000633
ADIDO 400 H'00000640to0 0to 15 (0) IPR22 (7 to 4) 1
H'00000643
ADID1 401 H'00000644 to 2
H'00000647
ADID2 402 H'00000648 to 3
H'0000064B
ADID3 403 H'0000064C to 4 v
H'0000064F Low
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Interrupt Vector Priority
Interrupt within IPR
Vector Table Priority Corresponding Setting Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Unit Priority
ADC ADID4 404 H'00000650to 0 to 15 (0) IPR22 (3t0 0) 1 High
H'00000653 A
ADID5 405 H'00000654 to 2
H'00000657
ADID6 406 H'00000658 to 3
H'0000065B
ADID7 407 H'0000065C to 4
H'0000065F
ADID8 408 H'00000660 to 0 to 15 (0) IPR23 (15t0 12) 1
H'00000663
ADID9 409 H'00000664 to 2
H'00000667
ADID10 410 H'00000668 to 3
H'0000066B
ADID11 411 H'0000066C to 4
H'0000066F
ADID12 412 H'00000670to 0 to 15 (0) IPR23 (11t08) 1
H'00000673
ADID13 413 H'00000674 to 2
H'00000677
ADID14 414 H'00000678 to 3
H'0000067B
ADID15 415 H'0000067C to 4
H'0000067F
ADID40 416 H'00000680to  0to 15 (0) IPR23 (7t0 4) —
H'00000683
ADID41 417 H'00000684 to 0 to 15 (0) IPR23 (83to 0) —
H'00000687
ADID42 418 H'00000688to  0to 15 (0) IPR24 (15t0 12) —
H'0000068B
ADID43 419 H'0000068C to 0 to 15 (0) IPR24 (11t08) —
H'0000068F
ADID44 420 H'00000690to 0 to 15 (0) IPR24 (7t04) — v
H'00000693 Low
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Interrupt Vector Priority
Interrupt within IPR
Vector Table Priority Corresponding Setting Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Unit Priority
ADC ADID45 421 H'00000694to 0to 15 (0) IPR24 3to 0) — High
H'00000697 A
ADID46 422 H'00000698 to 0 to 15 (0) IPR25 (15t0 12) —
H'0000069B
ADID47 423 H'0000069C to 0to 15 (0) IPR25 (11t08) —
H'0000069F
SCI SCI_A ERIA 424 H'000006A0to 0 to 15 (0) IPR26 (15t0 12) 1
H'000006A3
RXIA 425 H'000006A4 to 2
H'000006A7
TXIA 426 H'000006A8 to 3
H'000006AB
TEIA 427 H'000006AC to 4
H'000006AF
SCI_B ERIB 428 H'000006B0to 0to 15 (0) IPR26 (11t08) 1
H'000006B3
RXIB 429 H'000006B4 to 2
H'000006B7
TXIB 430 H'000006B8 to 3
H'000006BB
TEIB 431 H'000006BC to 4
H'000006BF
SCI_C ERIC 432 H'000006C0to 0to 15 (0) IPR26 (7 to 4) 1
H'000006C3
RXIC 433 H'000006C4 to 2
H'000006C7
TXIC 434 H'000006C8 to 3
H'000006CB
TEIC 435 H'000006CC to 4 v
H'000006CF Low
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Interrupt Vector Priority
Interrupt within IPR
Vector Table Priority Corresponding Setting Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Unit Priority
SCI SCI_D ERID 436 H'000006D0 to 0 to 15 (0) IPR26 (3to 0) 1 High
H'000006D3 A
RXID 437 H'000006D4 to 2
H'000006D7
TXID 438 H'000006D8 to 3
H'000006DB
TEID 439 H'000006DC to 4
H'000006DF
SCI_E ERIE 440 H'000006E0 to 0 to 15 (0) IPR27 (15t0 12) 1
H'000006E3
RXIE 441 H'000006E4 to 2
H'000006E7
TXIE 442 H'000006ES8 to 3
H'000006EB
TEIE 443 H'000006EC to 4
H'000006EF
RSPl RSPI_A SPEIA 444 H'000006F0 to 0 to 15 (0) IPR27 (11to 8) 1
H'000006F3
SPRIA 445 H'000006F4 to 2
H'000006F7
SPTIA 446 H'000006F8 to 3
H'000006FB
RSPI_B SPEIB 448 H'00000700to 0 to 15 (0) IPR27 (7t0o4) 1
H'00000703
SPRIB 449 H'00000704 to 2
H'00000707
SPTIB 450 H'00000708 to 3
H'0000070B
RSPI_C SPEIC 452 H'00000710to  0to 15 (0) IPR27 (3to 0) 1
H'00000713
SPRIC 453 H'00000714 to 2
H'00000717
SPTIC 454 H'00000718 to 3 v
H'0000071B Low
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Interrupt Vector Priority
Interrupt within IPR
Vector Table Priority Corresponding Setting Default
Interrupt Source Number  Vector Address Offset (Initial Value) IPR (Bit) Unit Priority
RCAN RCAN_A ERSA 456 H'00000720to  Oto 15 (0) IPR28 (15to 12) 1 High
-TL1 H'00000723 A
OVRA 457 H'00000724 to 2
H'00000727
RMAO 458 H'00000728 to 3
H'0000072B
RMA1 459 H'0000072C to 4
H'0000072F
SLEA 460 H'00000730 to 5
H'00000733
MBEA 461 H'00000734 to 6
H'00000737
RCAN_B ERSB 464 H'00000740to 0to 15 (0) IPR28 (11t0o 8) 1
H'00000743
OVRB 465 H'00000744 to 2
H'00000747
RMBO 466 H'00000748 to 3
H'0000074B
RMB1 467 H'0000074C to 4
H'0000074F
SLEB 468 H'00000750 to 5
H'00000753
MBEB 469 H'00000754 to 6
H'00000757
RCAN_C ERSC 472 H'00000760to  0to 15 (0) IPR28 (7to 4) 1
H'00000763
OVRC 473 H'00000764 to 2
H'00000767
RMCO 474 H'00000768 to 3
H'0000076B
RMC1 475 H'0000076C to 4
H'0000076F
SLEC 476 H'00000770 to 5
H'00000773
MBEC 477  H00000774 to 6 v
H'00000777 Low
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Interrupt Vector Priority
Interrupt within IPR
Vector Table Priority Corresponding Setting Default
Interrupt Source Number Vector Address Offset (Initial Value) IPR (Bit) Unit Priority
A- TE74 488 H'000007A0to 0to 15 (0) IPR29 (15to 12) 1 High
DMAC H'000007A3 Low
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8.6 Operation

8.6.1 Interrupt Operation Sequence
The sequence of interrupt operations is described below. Figure 8.2 shows the operation flow.

1. The interrupt request sources requests an interrupt to the interrupt controller.

2. The interrupt controller selects the highest-priority interrupt from the received interrupts
according to the priority levels set in interrupt priority registers 01 to 29 (IPRO1 to IPR29).
Remaining interrupts are ignored*. If multiple interrupts have the same IPR priority level or if
multiple interrupts occur within a single module, the interrupt with the highest priority is
selected according to the priority within the IPR setting unit and default priority shown in table
8.4.

3. The priority level of the interrupt selected by the interrupt controller is compared with the
interrupt level mask bits (I3 to I0) in the status register (SR) of the CPU. If the interrupt
request priority level is equal to or less than the level set in bits I3 to 10, the interrupt request is
ignored. If the interrupt request priority level is higher than the level in bits 13 to 10, the
interrupt controller receives the interrupt and requests an interrupt to the CPU.

4. The CPU detects the interrupt requested by the interrupt controller when the CPU decodes the
instruction to be executed. Instead of executing the decoded instruction, the CPU starts
interrupt exception handling (figure 8.4).

5. The start address of the interrupt exception handler corresponding to the received interrupt is
fetched from the exception handling vector table.

6. The contents of the status register (SR) are saved onto the stack, and the priority level of the
received interrupt is copied to bits I3 to 10 in SR.

7. The contents of the program counter (PC) are saved onto the stack.

8. The CPU branches to the fetched start address of the interrupt exception handler and starts
executing the program. The branch is not delayed branch.

Notes: The interrupt source flag should be cleared in the interrupt handler. The time from when
the interrupt source flag is cleared to when the interrupt signal is negated in the CPU is the
same time which is described as the time from occurrence of interrupt request until
interrupt controller identifies priority in table 8.5. Therefore, read the interrupt source flag
after clearing it so that an interrupt request that should have been cleared is not received
again erroneously. After that, execute the RTE instruction.
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* Interrupt requests that are designated as edge-sensing are held pending until the
interrupt requests are received. IRQ interrupts, however, can be cancelled by accessing
the IRQ interrupt request register IRQRR). For details, see section 8.4.3, IRQ
Interrupts.

Interrupts held pending due to edge-sensing are cleared by a power-on reset.

Program
execution state

No
User break?
No
Yes Level 15
interrupt?

Yes

Level 14
interrupt?

13tol0<
level 14?

Level 1
interrupt?

13to 10 <
level 13?

level 0?

No

Read exception
handling vector table

| Save SR to stack |

1

Cop}l received interrupt
evel to I3 to 10
v

| Save PC to stack |
!

| Branch to interrupt |
exception handler

Figure 8.2 Interrupt Operation Flow
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8.6.2 Stack after Interrupt Exception Handling

Figure 8.3 shows the stack after interrupt exception handling.

Addres:v ™
4n-8 | PC*! 32 bits <l Sp#2
4n-4| SR 32 bits
an
TR TR
Notes: 1. PC: Start address of the next instruction (instruction at return address)

2.

after the executed instruction

Always make sure that SP is a multiple of 4.

Figure 8.3 Stack after Interrupt Exception Handling
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8.7 Interrupt Response Time

Table 8.5 lists the interrupt response time, which is the time from the occurrence of an interrupt
request until the interrupt exception handling starts and fetching of the first instruction in the
exception handler begins. The interrupt processing operations differ in the cases when banking is
disabled, when banking is enabled without register bank overflow, and when banking is enabled
with register bank overflow. Figures 8.4 and 8.5 show examples of pipeline operation when
banking is disabled. Figures 8.6 and 8.7 show examples of pipeline operation when banking is
enabled without register bank overflow. Figures 8.8 and 8.9 show examples of pipeline operation
when banking is enabled with register bank overflow.

Note that in table 8.5, and figures 8.4 to 8.9, Icyc represents ¢ cycle, and Beyc and Pcyc represent
P¢ cycle.

Table 8.5 Interrupt Response Time

Number of Cycles

Peripheral

Item NMI User Break IRQ SINT Module Remarks
Time from occurrence of interrupt request 2 leyc + 3 lcyc 2 leyc + 2 leyc + 2 leyc +
until interrupt controller identifies priority, 3 Pcyc 1 Beyc + 1 Beye 1 Beyc +
compares it with mask bits in SR, and sends 3 Pcyc 1 Pcyc
interrupt request signal to CPU
Time from input  No register Min. 3lcyc + m1 + m2 Min. is when the interrupt wait
of interrupt banking M a0 o o s time is zero.
request signal to ax. oye + 2(m1 +m2) +m Max. is when a higher-priority
CPU until interrupt request has occurred
sequence during interrupt exception
currently being handling.
executed is N N . - N

Register Min. — — 3lcyc + m1 + m2 Min. is when the interrupt wait
completed, K o
. banking time is zero.
interrupt ) Max. — — 12 Icyc + m1 + m2 ) .

N without Max. is when an interrupt
exception ister bank th o duri
handiing starts, register ban request has occurred during

" overflow execution of the RESBANK
and first X X
. - instruction.
instruction in
interrupt Register Min. — — 3lcyc +m1+m2 Min. is when the interrupt wait
exception handler banking with v 3l e m2+ 190ma time is zero.
is fetched register bank ax. cyc +m1 +m2 + 19(md) Max. is when an interrupt
overflow request has occurred during
execution of the RESBANK
instruction.
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Number of States
Peripheral
Item NMI User Break IRQ SINT Module Remarks
Interrupt response  No register Min. 5 leyc + 6 lcyc + 5 leyc + 5lcyc + 5lcyc + 200-MHz operation*'**;
time banking 3 Pcyc + m1+m2 1 Beyc + 1 Beyc + 1 Beyc + 0.040 t0 0.135 us
mi1+m2 3 Pcyc + m1 +m2 1 Peyc +
m1+m2 mi1+m2
Max. 6 lcyc + 7 leye + 6 lcyc + 6 Icyc + 6 Icyc + 200-MHz operation*'**:
3 Pcyc + 2 (m1+m2) 1Bcyc+ 1 Beyc + 1 Beyc + 0.060 to 0.155 ps
2 (m1+m2) +m3 3 Pcyc + 2 (m1+m2) 1Pcyc+
+m3 2(m1+m2) +m3 2 (m1+m2)
+m3 +m3
Register Min. — — 5 lcyc + 5 lcyc + 5 leyc + 200-MHz operation*'#*:
banking 1 Beyc + 1 Beyc + 1 Beyc + 0.060 to 0.135 us
without register 3 Pcyc + m1 +m2 1 Pcyc +
bank overflow m1 +m2 m1 +m2
Max. — — 141cyc+  14lcyc+  14lcyc+  200-MHz operation*'*:
1 Beyc + 1 Beyc + 1 Beyc + 0.105 to 0.180 us
3 Pcyc + m1 +m2 1 Pecyc +
m1+m2 mi1+m2
Register Min. — — 5 lcyc + 5 lcyc + 5lcyc + 200-MHz operation*'**:
banking with 1 Beyc + 1 Beyc + 1 Beyc + 0.060 to 0.135 us
register bank 3 Pcyc + m1 +m2 1 Peyc +
overflow mi1 +m2 m1 +m2
Max. — — 5 lcyc + 5 lcyc + 5lcyc + 200-MHz operation*'**:
1 Beyc + 1 Beyc + 1 Beyc + 0.155 to 0.230 us
3 Pcyc + m1+m2+ 1Pcyc+
mi+m2+ 19 (m4) m1+m2 +
19 (m4) 19 (m4)

Notes: m1 to m4 denotes the number of states needed for the following memory accesses.
m1: Vector address read (longword read)
m2: SR saving (longword write)
m3: PC saving (longword write)

m4: Restoring banked registers (RO to R14, GBR, MACH, MACL, and PR) from the stack.

1. Whenm1=m2=m3=m4 =1 Icyc
2. When ¢ and P¢ are 200 and 40 MHz, respectively
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Interrupt received

3lcyc + m1 + m2

2 Ieyc + 1 Beye + 3 Peyc 3 lcyc m1

m2

m3

IRQ —|

Instruction (instruction replaced

with interrupt exception handling) | F D | E | E M

First instruction in
interrupt exception handler

[Legend]

m1: Vector address read

m2: Saving of SR (stack)

m3: Saving of PC (stack)

F: Instruction fetch. Instruction is fetched from memory in which program is stored.
: Instruction decoding. Fetched instruction is decoded.

D:
E: Instruction execution. Data operation or address calculation is performed in accordance with the result of decoding.
M:

Memory access. Memory data is accessed.

Figure 8.4 Example of Pipeline Operation when IRQ Interrupt is Received

(No Register Banking)

2 Icyc + 1 Beyc + 3 Peyc ! 3 Icyc + m1

1 lcyc + m1 +2(m2) + m3

T
o

mi + m2 ' m3

mi1 '+ m2

[Flolele|lm|[m|m

First instruction in
interrupt exception handler

First instruction in multiple
interrupt exception handler

T

I Interrupt received I IMuItipIe interrupts received

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

H

Figure 8.5 Example of Pipeline Operation for Multiple Interrupts

(No Register Banking)
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Interrupt received

3lcyc + m1 + m2

2 Icyc + 1 Beyc + 3 Peyc m3

TRQ —|

Instruction (instruction replaced
with interrupt exception handling)

3 lcyc mi  m2

[Flo|lele|[m]|m|[m]eE]

First instruction in
interrupt exception handler

T
H

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

Figure 8.6 Example of Pipeline Operation when IRQ Interrupt is Received
(Register Banking without Register Bank Overflow)

2 leyc + 1 Beye + 3 Peyc | 9 leyc

m—l

h
|
|
ResBANKinstucon | F [ D] E| el e] el e]e|[e]€E
.

3 lcyc + m1 + m2

E | C .
rmilrm2,m3:
LSNP
Instruction (instruction replaced ! — —
with interrupt exception handling) D I E I E I M I M I M I E I
; R
. ' ' ' '
First instruction in interrupt ' ' '
exception handler : ! ! n
'

Interrupt received

[Legend]

m1: Vector address read
m2:  Saving of SR (stack)
m3:  Saving of PC (stack)

Figure 8.7 Example of Pipeline Operation when Interrupt is Received during RESBANK
Instruction Execution (Register Banking without Register Bank Overflow)
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Interrupt received

3 lcyc + m1 + m2

2Icyc+1chc+3Pcch 3 lcyc ., mi - m2 E m3 E
RQ —| : oo
Instruction (instruction replaced
with interrupt exception handling) | F D | E | E M M M | M |

First instruction in
interrupt exception handler

-
O

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

Figure 8.8 Example of Pipeline Operation when IRQ Interrupt is Received
(Register Banking with Register Bank Overflow)

2 leyc + 1 Beye + 3 Peye

m—l

2 lcyc + 17(m4) 1lcyc + m1 + m2 + 2(m4)

| | |
i i i
E :m4:m4: :m1:m2:m3
RESBANKnstucion | F] D] EJM]M]WM] - [m]m{m]{w] |
' o !
Instruction (instruction replaced , T . . . i T
with interrupt exception handlingjI I D ! E ! E ! M .I M I M I I
' I !
First instruction in interrupt ! T
exception handler ' : ' ' ' ' -n
! A

Interrupt acceptance

[Legend]

m1: Vector address read

m2:  Saving of SR (stack)

m3:  Saving of PC (stack)

m4:  Restoring of banked registers

Figure 8.9 Example of Pipeline Operation when Interrupt is Received during RESBANK
Instruction Execution (Register Banking with Register Bank Overflow)
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8.8 Register Banks

This LSI has fifteen register banks used to save and restore registers for the interrupt processing at
high speed. Figure 8.10 is the register bank configuration.

Registers

General
registers

Control
registers

System
registers

Register banks

| Bank 0

RO RO
R1 R1
Interrupt generated
: (save) :
R14 R14

R15
GBR
SR
GBR MACH
VBR MACL
TBR BESBANK PR
instruction
MACH (restore) V7O
MACL
PR |
PC

Bank control registers (interrupt controller)

Bank control register

Bank number register

IBCR

Note: :|: Banked register

VTO: Vector table address offset

Bank 1

Bank 14

Figure 8.10 Overview of Register Bank Configuration
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8.8.1 Banked Registers and Input/Output Method
(1) Banked Registers

The contents of the general registers (RO to R14), global base register (GBR), multiply and
accumulate registers (MACH and MACL), and procedure register (PR), and the vector table
address offset are banked.

(2) Input/Output Configuration

This LSI has fifteen register banks, bank O to bank 14. Register banks are stacked in first-in last-
out (FILO) sequence. Saving takes place in the order of the bank number from O to 14 and
restoring takes place in the reverse order from the last bank saved.

8.8.2 Bank Saving and Restoring Operations
(1) Saving to Bank

Figure 8.11 shows register bank saving operations. The following operations are performed when
an interrupt for which usage of register banks is allowed is received by the CPU:

(a) Assume that the bank number bit (BN) in the bank number register (IBNR) before the interrupt
is generated is i.

(b) The contents of registers RO to R14, GBR, MACH, MACL, and PR, and the vector table
address offset (VTO) of the received interrupt are saved in bank i.

(c) The BN bit is incremented by 1.

Register banks Registers
Bank 0
(c) i Bank 1 RO to R14
| BN | : GBR
: MACH
b
(@) Bank i ."L MACL

Bank i + 1 PR
: VTO

Bank 14

Figure 8.11 Bank Saving Operation
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Figure 8.12 shows the timing for saving registers to a register bank. Saving registers to a register
bank takes place between the start of interrupt exception handling and the start of fetching the first
instruction in the interrupt exception handler.

In figure 8.12, Icyc represents the cycle of the ¢ clock and Bcyc and Pcyc represent the cycle of
the P¢ clock.

3lcyc + m1 + m2

2 lcyc + 1 Beye + 3 Peyc m3

TRQ —|

Instruction (instruction replaced
with interrupt exception handling)

3 lcyc m1 m2

[Flo|lele|[m|[m|[m]|eE

== (1) VTO, PR, GBR, MACL

=— (2) R12, R13, R14, MACH

== (3) R8, RY, R10, R11

—— (4) R4, R5, R6, R7
= (5) RO, R1, R2, R3

Saved to bank

Overrun fetch F |
First instruction in interrupt i
exception handler ! n

[Legend]

m1: Vector address read
m2: Saving of SR (stack)
m3: Saving of PC (stack)

Figure 8.12 Bank Save Timing
(2) Restoring from Bank

The RESBANK (restoring from register bank) instruction is used to restore data saved in a register
bank. After restoring data from the register banks with the RESBANK instruction at the end of the
interrupt exception handler, execute the RTE instruction to return from the interrupt exception
handler.
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8.8.3 Saving and Restoring Operations after Saving Registers to All Banks

Assume that all register banks has been used for saving registers when an interrupt for which
usage of the register banks is enabled is received by the CPU. When the BOVE bit in the bank
number register (IBNR) is cleared to 0, registers are automatically saved to the stack area instead
of saving to a register bank. When the BOVE bit in IBNR is set to 1, a register bank overflow
exception occurs and registers are not saved to the stack area.

Saving and restoring operations when using the stack are shown below.
(1) Saving to Stack

1. The status register (SR) and program counter (PC) are saved to the stack during interrupt
exception handling.

2. The contents of the banked registers (RO to R14, GBR, MACH, MACL, and PR) are saved to
the stack. The registers are saved to the stack in the order of MACL, MACH, GBR, PR, R14,
R13, ..., R1, and RO.

3. The register bank overflow bit (BO) in SR is set to 1.

4. The bank number bit (BN) value in the bank number register (IBNR) remains set to a
maximum value of 15.

(2) Restoring from Stack

Operations when the RESBANK (restoring from register bank) instruction is executed with the
register bank overflow bit (BO) in SR set to 1 are shown below.

1. The contents of the banked registers (RO to R14, GBR, MACH, MACL, and PR) are restored
from the stack. The registers are restored from the stack in the order of RO, R1, ..., R13, R14,
PR, GBR, MACH, and MACL.

2. The bank number bit (BN) value in the bank number register (IBNR) remains set to a
maximum value of 15.
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8.8.4 Register Bank Exception

There are two register bank exceptions (register bank errors): a register bank overflow and a
register bank underflow.

(1) Register Bank Overflow

Assume that all register banks has been used for saving registers when an interrupt for which
usage of the register banks is enabled is received by the CPU. When the BOVE bit in IBNR is set
to 1, a register bank overflow exception occurs and registers are not saved to the stack area.

(2) Register Bank Underflow

This exception occurs if the RESBANK (restoring from register bank) instruction is executed
when no data has been saved to the register banks. In this case, the contents of RO to R14, GBR,
MACH, MACL, and PR do not change. In addition, the bank number bit (BN) value in the bank
number register (IBNR) remains set to 0.

8.8.5 Register Bank Error Exception Handling

When a register bank error occurs, register bank error exception handling starts. When this
happens, the CPU operation is shown below.

1. The start address of the exception handler for the register bank error is fetched from the
exception handling vector table.

2. The status register (SR) is saved to the stack.

3. The program counter (PC) is saved to the stack. At this time, the start address of the instruction
to be executed after the last executed instruction is in PC and is saved when a register bank
overflow occurs. The start address of the executed RESBANK instruction is in PC and is saved
when a register bank underflow occurs. To prevent multiple interrupts from occurring at a
register bank overflow, the interrupt priority level that caused the register bank overflow is
written to the interrupt mask level bits (I3 to 10) of the status register (SR).

4. Program execution starts from the exception handler start address.
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8.9 Data Transfer with Interrupt Request Signals
Interrupt request signals can be used to activate the DMAC or A-DMAC for data transfer.

Interrupt sources that are set to activate the DMAC or A-DMAC are masked without being
received in the INTC. The respective mask conditions for the DMAC and A-DMAC are shown
below.

(1) Mask Condition for DMAC

Mask condition = DME e (DEO e interrupt source select 0 + DE1 e interrupt source select 1
+ DE2 e interrupt source select 2 + DE3 e interrupt source select 3
+ DE4 o interrupt source select 4 + DES e interrupt source select 5
+ DES®6 e interrupt source select 6 + DE7 o interrupt source select 7)

Where DME is bit 0 in DMAOR of the DMAC and DEn (n = 0 to 7) is bit n in CHCRO to CHCR7
of the DMAC.

(2) Mask Condition for A-DMAC
Mask condition = NMI + (DME e DEn) ; For ADC or ATU-III

Mask condition = NMI + (DME e (TCRn + TEn)) ; For RSPI or SCI

Where NMI is bit 1 in DMAOR of the DMAC, DME is bit 0 in ADMAOR of the A-DMAC, DEn
is a bit in ADMADE corresponding to channel n of the A-DMAC, TCRn is a bit in ADMATCR
corresponding to channel n of the A-DMAC, and TEn is a bit in ADMATE corresponding to
channel n of the A-DMAC. TCRn should not be 0.

Note that RCAN-TLI1 transfer function by the A-DMAC does not use an interrupt request signal
from the RCAN-TL1. Accordingly, even if it is specified to activate the A-DMAC, it is not
masked to be received in the INTC.

The DMAC or the A-DMAC clears the interrupt source flag of the interrupt request source after
data transfer in response to the interrupt request signal.

For details, see section 11, Direct Memory Access Controller (DMAC), and section 12,
Automotive Direct Memory Access Controller (A-DMAC).

RO1UH0235EJ0200 Rev. 2.00
RENESAS Apr 01, 2014

Page 172 of 1824



SH72546R

Section 8 Interrupt Controller (INTC)

Figure 8.13 is a block diagram of interrupt control.

CPU

i Interrupt request to CPU

INTC

A Interrupt whose source A
is not selected as activa-
tion source of the DMAC

DMAC

A

Interrupt
requested

not enabled for A-DMAC transfer

* Interrupt whose source is

A-DMAC |

i

Interrupt
request source

Interrupt
request source

Interrupt request which
can be specified as a
DMAC transfer source

Interrupt request which
can be specified as an
A-DMAC or DMAC
transfer source

\

Interrupt
request source

Interrupt request which
can be specified as an
A-DMAC transfer source

Figure 8.13 Interrupt Control Block Diagram

8.9.1 Interrupt Request Signals as Sources for CPU (Not for Activating DMAC)

1. Do not select DMAC activating sources or clear the DME bit to 0. If DMAC activating sources
are selected, clear the DE bit to O for the relevant channel of the DMAC.

When an interrupt occurs, the interrupt is requested to the CPU.

3. Clear the interrupt source in the interrupt exception handler. The CPU executes the necessary

processing.

8.9.2 Interrupt Request Signals as Sources for Activating DMAC (Not for CPU)

1. Selects the activation source in the DMAC and set both the DME and DE bits to 1. This
settings mask CPU interrupt sources masked regardless of the interrupt priority register

settings.

An activating signal is sent to the DMAC when an interrupt occurs.

3. The DMAC clears the interrupt source when starting transfer.
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8.9.3 Interrupt Request Signals as Sources for Activating A-DMAC (Not for CPU)

1. Set the DME bit in the A-DMAC to 1, and the DE bit in the appropriate channel to 1 or
ADMATCR to other than 0 (the number of transfers). This settings mask CPU interrupt
sources masked regardless of the interrupt priority register settings.

2. An activating signal is sent to the A-DMAC when an interrupt occurs.

3. The A-DMAC clears the interrupt sources when starting transfer.
8.10  Usage Note

8.10.1 Timing to Clear Interrupt Source

Clear the interrupt source flag to 0 in the interrupt exception handler. The time described as "Time
from occurrence of interrupt request until interrupt controller identifies priority, compares it with
mask bits in SR, and sends interrupt request signal to CPU" in table 8.5 is required until the
interrupt is cleared in the CPU after clearing the interrupt source flag to 0. Perform dummy read
the interrupt source flag after clearing it to ensure that the interrupt request that should have been
cleared is not received again erroneously. After that, the RTE instruction can be executed and the
interrupt is not received again erroneously. To change interrupt levels using the LDC instruction,
execute NOP at least three times after the dummy read of the interrupt source flag, and then
execute the LDC instruction.
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Section 9 User Break Controller (UBC)

The user break controller (UBC) provides functions that simplify program debugging. These
functions make it easy to design an effective self-monitoring debugger, enabling the chip to debug
programs without using an in-circuit emulator. Instruction fetch or data read/write (bus master
(CPU, DMAC, or A-DMAC) selection in the case of data read/write), data size, address value, and
stop timing in the case of instruction fetch are break conditions that can be set in the UBC. Since
this LST uses a Harvard architecture, instruction fetch on the CPU bus (C bus) is performed by
issuing bus cycles on the instruction fetch bus (F bus), and data access on the C bus is performed
by issuing bus cycles on the memory access bus (M bus). The UBC monitors the C bus and
internal bus (I bus).

9.1 Features

1. The following break comparison conditions can be set.

Number of break channels: four channels (channels O to 3)

User break can be requested as the independent condition on channels 0 to 3, respectively.
e Address

Comparison of the 32-bit address is maskable in 1-bit units.

One of the three address buses (F address bus (FAB), M address bus (MAB), and I address bus
(IAB)) can be selected.

e Bus master when I bus is selected
Selection of CPU cycles, DMAC cycles, or A-DMAC cycles
e Buscycle
Instruction fetch (only when C bus is selected) or data access
e Read/write
e Operand size
Byte, word, and longword
2. A user-designed user-break condition exception handling routine can be run.

3. In an instruction fetch cycle, it can be selected whether a break is set before or after an
instruction is executed.

4. When a break condition is satisfied, a trigger signal is output from the UBCTRG pin.
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Figure 9.1 shows a block diagram of the UBC.

Access
control

| bus

IAB

C bus
—
MAB FAB

Access
comparator

BBR_0

Address
comparator

BAR_0

BAMR_0

Channel 0

Access
comparator

BBR_1

Address
comparator

BAR_1

BAMR_1

Channel 1

Access
comparator

BBR_2

Address
comparator

BAR_2

BAMR_2

Channel 2

Access
comparator

BBR_3

[Legend]
Break bus cycle register
Break address register
Break address mask register
Break control register

BBR:
BAR:
BAMR:
BRCR:

Address
comparator

BAR_3

BAMR_3

Channel 3

Control

BRCR

I—» User break request

UBCTRG pin output

DL

| bus

Figure 9.1 Block Diagram of UBC
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9.2 Input/Output Pin
Table 9.1 shows the pin configuration of the UBC.

Table 9.1  Pin Configuration

Pin Name Symbol I/1O Function

UBC trigger UBCTRG Output Indicates that a setting condition is
satisfied on either of channels 0 to 3 of the

UBC.
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9.3 Register Descriptions

The UBC has the following registers.

Table 9.2  Register Configuration

Access

Channel Register Name Symbol R/W Initial Value  Address Size

0 Break address register_0 BAR_O R/W H'00000000 H'FFFC0400 32
Break address mask register_0 BAMR_0 R/W H'00000000 H'FFFC0404 32
Break bus cycle register_0 BBR_0 R/W H'0000 H'FFFCO4A0 16

1 Break address register_1 BAR_1 R/W H'00000000 H'FFFC0410 32
Break address mask register_1 BAMR_1 R/W H'00000000 H'FFFC0414 32
Break bus cycle register_1 BBR_1 R/W H'0000 H'FFFC04B0 16

2 Break address register_2 BAR_2 R/W H'00000000 H'FFFC0420 32
Break address mask register_2 BAMR_2 R/W H'00000000 H'FFFC0424 32
Break bus cycle register_2 BBR_2 R/W H'0000 H'FFFC04A4 16

3 Break address register_3 BAR_3 R/W H'00000000 H'FFFC0430 32
Break address mask register_3 BAMR_3 R/W H'00000000 H'FFFC0434 32
Break bus cycle register_3 BBR_3 R/W H'0000 H'FFFC04B4 16

Common  Break control register BRCR R/W H'00000000 H'FFFC04C0 8, 32
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9.3.1 Break Address Register_0 (BAR_0)

BAR_0 is a 32-bit readable/writable register. BAR_0 specifies the address used as a break
condition in channel 0. BAR_0 is initialized to H'00000000 by a power-on reset, but retains its
previous value in sleep mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CE TR PR TR oy e e e R e [ o e PR e [ |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| B?éL | B1A‘(1)7 | B?\’(iL | BﬁéL | B1A1(L | B,1A87 | BA907 | BPgO? | BA707 | BA607 | BAgO? | BA407 | 8%07 | Bﬁé07 | BA107 | BA(‘)07 |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
31to0 BAO_31to AllO R/W  Break Address 0
BA0_O Store an address on the CPU address bus (FAB or

MAB) or IAB specifying break conditions of channel 0.

When the C bus and instruction fetch cycle are
selected by BBR_0, specify an FAB address in bits
BAO_31 to BAO_O.

When the C bus and data access cycle are selected by
BBR_0, specify an MAB address in bits BAO_31 to
BAO_O.

Note: When setting the instruction fetch cycle as a break condition, clear the LSB in BAR_O to 0.
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9.3.2 Break Address Mask Register_0 (BAMR_0)

BAMR_O0 is a 32-bit readable/writable register. BAMR_0 specifies bits masked in the break
address bits specified by BAR_0. BAMR_0 is initialized to H'00000000 by a power-on reset, but
retains its previous value in sleep mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|BAMO_ BAMO_|BAMO_ BAMO_|BAMO_|BAMO_|BAMO_(BAMO_[BAMO_ BAMO_|BAMO_ BAMO_ BAMO_|BAMO_|BAMO_|BAMO_|
31 29 22 21 18 17 16

30 28 27 26 25 24 23 20 19

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BAM07| BAM07| BAM07| BAM07| BAM07| BAM07| BAM07| BAM07| BAM07| BAM07| BAM07| BAM07| BAM07| BAM07| BAM07| BAMO1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
31to0 BAMO_31to AllO R/W  Break Address Mask 0
BAMO_0 Specify bits masked in the channel 0 break address

bits specified by BAR_0 (BA0_31 to BAO_O0).

0: Break address bit BAO_n is included in the break
condition

1: Break address bit BAO_n is masked and not
included in the break condition

Note:n=31t0 0
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9.33 Break Bus Cycle Register_0 (BBR_0)

BBR_0 is a 16-bit readable/writable register, which specifies (1) disabling or enabling of user
break interrupts, (2) bus master of the I bus, (3) C bus cycle or I bus cycle, (4) instruction fetch or
data access, (5) read or write, and (6) operand size as the break conditions of channel 0. BBR_0 is
initialized to H'0000 by a power-on reset, but retains its previous value in sleep mode.

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| ] | ] |UBIDO| ] | - | CPO_[2:0] | CDO_[1:0] | 1DO_[1:0] | RW07[1:0]| SZ0_[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R RW R R RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
15,14 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

13 UBIDO 0 R/W  User Break Interrupt Disable 0

Disables or enables user break interrupt requests
when a channel 0 break condition is satisfied.

0: User break interrupt requests enabled
1: User break interrupt requests disabled
12, 11 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

10to8 CPO0_[2:0] 000 R/W  |-Bus Bus Master Select 0

Select the bus master when the bus cycle of the
channel 0 break condition is the | bus cycle. However,
when the C bus cycle is selected, this bit is invalidated
(only the CPU cycle).

xx1: CPU cycle is included in break conditions

x1x: DMAC cycle is included in break conditions
1xx: A-DMAC cycle is included in break conditions
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Bit Bit Name

Initial
Value

R/W

Description

7,6  CDO_[1:0]

00

R/W

C Bus Cycle/l Bus Cycle Select 0

Select the C bus cycle or | bus cycle as the bus cycle
of the channel 0 break condition.

00: Condition comparison is not performed

01: Break condition is the C bus (F bus or M bus) cycle
10: Break condition is the | bus cycle

11: Break condition is the C bus (F bus or M bus) cycle

5,4  1DO_[1:0]

00

R/W

Instruction Fetch/Data Access Select 0

Select the instruction fetch cycle or data access cycle
as the bus cycle of the channel 0 break condition. If the
instruction fetch cycle is selected, select the C bus
cycle.

00: Condition comparison is not performed
01: Break condition is the instruction fetch cycle
10: Break condition is the data access cycle

11: Break condition is the instruction fetch cycle or
data access cycle

3,2 RWO0_[1:0]

00

R/W

Read/Write Select 0

Select the read cycle or write cycle as the bus cycle of
the channel 0 break condition.

00: Condition comparison is not performed

01: Break condition is the read cycle

10: Break condition is the write cycle

11: Break condition is the read cycle or write cycle

1,0 SZ0_[1:0]

00

R/W

Operand Size Select 0

Select the operand size of the bus cycle for the
channel 0 break condition.

00: Break condition does not include operand size
01: Break condition is byte access
10: Break condition is word access

11: Break condition is longword access

[Legend]
X: Don't care
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9.34 Break Address Register_1 (BAR_1)

BAR_1 is a 32-bit readable/writable register. BAR_1 specifies the address used as a break
condition in channel 1. The control bits CD1_1 and CD1_0 in the break bus cycle register_1
(BBR_1) select one of the two address buses for a channel 1 break condition. BAR_1 is initialized
to H'00000000 by a power-on reset, but retains its previous value in sleep mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

|BA1_|BA1_ BA1_ | BA1_ | BA1_ | BA1_ BA1 |BA1 BA1_ BA1 |BA1 BA1_ | BA1_ | BA1_ BA1 |BA1 |
31 30 29 28 27 26 23" 20 | 19 18~

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| BA1_ BA1 | BA1_ | BA | BA | B,1A37| BPé17| Bﬁé17| BA717| Bﬁé17| BA517| BA417| BAéL| BA217| BP1‘17| B%Ll

Initial value: O O 0 0 O 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
31to0 BA1_31to AllO R/W  Break Address 1
BA1_0 Store the CPU address bus (FAB or MAB) or IAB

address specifying break conditions of channel 1.

When the C bus and instruction fetch cycle are
selected by BBR_1, specify an FAB address in bits
BA1_31 to BA1_0.

When the C bus and data access cycle are selected by
BBR_1, specify an MAB address in bits BA1_31 to
BA1_0.

Note: When setting the instruction fetch cycle as a break condition, clear the LSB in BAR_1 to 0.
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9.35 Break Address Mask Register_1 (BAMR_1)

BAMR_1 is a 32-bit readable/writable register. BAMR_1 specifies bits masked in the break
address bits specified by BAR_1. BAMR_1 is initialized to H'00000000 by a power-on reset, but
retains its previous value in sleep mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|BAM1 |BAM1 BAM1 |BAM1 BAM1 BAM1 |BAM1 BAM1 |BAM1 BAM1 BAM1 |BAM1 BAM1 |BAM1 |BAM1 |BAM1 |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BAM17| BAM17| BAM17|BAM17| BAM17|BAM17|BAM17| BAM17|BAM17| BAM17|BAM17|BAM17| BAM17|BAM17| BAM17| BAMLl
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
31t00 BAM1_31to AllO R/W  Break Address Mask 1

BAM1_0 Specify bits masked in the channel 1 break address

bits specified by BAR_1 (BA1_31 to BA1_0).

0: Break address bit BA1_n is included in the break
condition

1: Break address bit BA1_n is masked and not
included in the break condition

Note:n=31t0 0
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Section 9 User Break Controller (UBC)

9.3.6 Break Bus Cycle Register_1 (BBR_1)

BBR_1 is a 16-bit readable/writable register, which specifies (1) disabling or enabling of user
break interrupts, (2) bus master of the I bus, (3) C bus cycle or I bus cycle, (4) instruction fetch or
data access, (5) read or write, and (6) operand size as the break conditions of channel 1. BBR_1 is
initialized to H'0000 by a power-on reset, but retains its previous value in sleep mode.

Bt 15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
[ - [ - |usDi] - | | CP1_[2:0] | CD1_[1:0] | ID1_[1:0] | RW1_[1:0] | SZ1_[1:0] |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W: R R R/W R

RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
15, 14 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
13 UBID1 0 R/W  User Break Interrupt Disable 1
Disables or enables user break interrupt requests
when a channel 1 break condition is satisfied.
0: User break interrupt requests enabled
1: User break interrupt requests disabled
12, 11 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
10to8 CP1_[2:0] 000 R/W  |-Bus Bus Master Select 1
Select the bus master when the bus cycle of the
channel 1 break condition is the | bus cycle. However,
when the C bus cycle is selected, this bit is invalidated
(only the CPU cycle).
xx1: CPU cycle is included in break conditions
x1x: DMAC cycle is included in break conditions
1xx: A-DMAC cycle is included in break conditions
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Initial
Bit Bit Name Value R/W  Description
7,6 CD1_[1:0] 00 R/W  C Bus Cycle/l Bus Cycle Select 1

Select the C bus cycle or | bus cycle as the bus cycle
of the channel 1 break condition.

00: Condition comparison is not performed
01: Break condition is the C bus cycle
10: Break condition is the | bus cycle
11: Break condition is the C bus cycle
5,4 ID1_[1:0] 00 R/W Instruction Fetch/Data Access Select 1

Select the instruction fetch cycle or data access cycle
as the bus cycle of the channel 1 break condition. If
the instruction fetch cycle is selected, select the C bus
cycle.

00: Condition comparison is not performed
01: Break condition is the instruction fetch cycle
10: Break condition is the data access cycle

11: Break condition is the instruction fetch cycle or
data access cycle

3,2 RW1_[1:0] 00 R/W  Read/Write Select 1

Select the read cycle or write cycle as the bus cycle of
the channel 1 break condition.

00: Condition comparison is not performed

01: Break condition is the read cycle

10: Break condition is the write cycle

11: Break condition is the read cycle or write cycle
1,0 SZ1_[1:0] 00 R/W  Operand Size Select 1

Select the operand size of the bus cycle for the
channel 1 break condition.

00: Break condition does not include operand size
01: Break condition is byte access

10: Break condition is word access

11: Break condition is longword access

[Legend]
X: Don't care
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9.3.7 Break Address Register_2 (BAR_2)

BAR_2 is a 32-bit readable/writable register. BAR_2 specifies the address used as a break
condition in channel 2. The control bits CD2_1 and CD2_0 in the break bus cycle register_2
(BBR_2) select one of the two address buses for a channel 2 break condition. BAR_2 is initialized
to H'00000000 by a power-on reset, but retains its previous value in sleep mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CETE B e e R e R R B r R e e e %]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| B,1A527 | B1A§7 | B?§7 | B,1A227 | B1A127 | B,1A§7 | BA927 | BPé27 | BA727 | BA627 | BAgZ? | BA427 | 8%27 | 8227 | BA127 | BA(‘)27 |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
31to0 BA2_31to AllO R/W  Break Address 2
BA2_0 Store an address on the CPU address bus (FAB or

MAB) or IAB specifying break conditions of channel 2.

When the C bus and instruction fetch cycle are
selected by BBR_2, specify an FAB address in bits
BA2_31 to BA2_0.

When the C bus and data access cycle are selected by
BBR_2, specify an MAB address in bits BA2_31 to
BA2_0.

Note: When setting the instruction fetch cycle as a break condition, clear the LSB in BAR_2 to 0.
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9.3.8 Break Address Mask Register_2 (BAMR_2)

BAMR_2 is a 32-bit readable/writable register. BAMR_2 specifies bits masked in the break
address bits specified by BAR_2. BAMR_2 is initialized to H'00000000 by a power-on reset, but
retains its previous value in sleep mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|BAM2_ BAM2_|BAM2_ BAM2_|BAM2_|BAM2_|BAM2_(BAM2_[BAM2_ BAM2_|BAM2_ BAM2_ BAM2_|BAM2_|BAM2_|BAM2_|
31 29 22 21 18 17 16

30 28 27 26 25 24 23 20 19

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BAM27| BAM27| BAM27| BAM27| BAM27| BAM27| BAM27| BAM27| BAM27| BAM27| BAM27| BAM27| BAM27| BAM27| BAM27| BAM21
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
31to0 BAM2_31to AllO R/W  Break Address Mask 2
BAM2_0 Specify bits masked in the channel 2 break address

bits specified by BAR_2 (BA2_31 to BA2_0).

0: Break address bit BA2_n is included in the break
condition

1: Break address bit BA2_n is masked and not
included in the break condition

Note:n=31t0 0
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9.39 Break Bus Cycle Register_2 (BBR_2)

BBR_2 is a 16-bit readable/writable register, which specifies (1) disabling or enabling of user
break interrupts, (2) bus master of the I bus, (3) C bus cycle or I bus cycle, (4) instruction fetch or
data access, (5) read or write, and (6) operand size as the break conditions of channel 2. BBR_2 is
initialized to H'0000 by a power-on reset, but retains its previous value in sleep mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| ; | ; |UBID2| ] | ] | CP2_[2:0] | c027[1:01| 1D2_[1:0] | RW27[1:0]| Sz2_[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R RW R R RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
15,14 — All0 R Reserved

These bits are always read as 0. The write value
should always be 0.

13 UBID2 0 R/W  User Break Interrupt Disable 2

Disables or enables user break interrupt requests
when a channel 2 break condition is satisfied.

0: User break interrupt requests enabled
1: User break interrupt requests disabled
12, 11 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

10to8 CP2_[2:0] 000 R/W  |-Bus Bus Master Select 2

Select the bus master when the bus cycle of the
channel 2 break condition is the | bus cycle. However,
when the C bus cycle is selected, this bit is invalidated
(only the CPU cycle).

xx1: CPU cycle is included in break conditions

x1x: DMAC cycle is included in break conditions
1xx: A-DMAC cycle is included in break conditions
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Bit Bit Name

Initial
Value

R/W

Description

7,6 CD2_[1:0]

00

R/W

C Bus Cycle/l Bus Cycle Select 2

Select the C bus cycle or | bus cycle as the bus cycle
of the channel 2 break condition.

00: Condition comparison is not performed
01: Break condition is the C bus cycle

10: Break condition is the | bus cycle

11: Break condition is the C bus cycle

54 ID2_[1:0]

00

R/W

Instruction Fetch/Data Access Select 2

Select the instruction fetch cycle or data access cycle
as the bus cycle of the channel 2 break condition. If
the instruction fetch cycle is selected, select the C
bus cycle.

00: Condition comparison is not performed
01: Break condition is the instruction fetch cycle
10: Break condition is the data access cycle

11: Break condition is the instruction fetch cycle or
data access cycle

3,2 RW2_[1:0]

00

R/W

Read/Write Select 2

Select the read cycle or write cycle as the bus cycle
of the channel 2 break condition.

00: Condition comparison is not performed

01: Break condition is the read cycle

10: Break condition is the write cycle

11: Break condition is the read cycle or write cycle

1,0 SZ2_[1:0]

00

R/W

Operand Size Select 2

Select the operand size of the bus cycle for the
channel 2 break condition.

00: Break condition does not include operand size
01: Break condition is byte access

10: Break condition is word access

11: Break condition is longword access

[Legend]
X: Don't care
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9.3.10 Break Address Register_3 (BAR_3)

BAR_3 is a 32-bit readable/writable register. BAR_3 specifies the address used as a break
condition in channel 3. The control bits CD3_1 and CD3_0 in the break bus cycle register_3
(BBR_3) select one of the two address buses for a channel 3 break condition. BAR_3 is initialized
to H'00000000 by a power-on reset, but retains its previous value in sleep mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CETE B e 5 e [ [a R [ [ 5 e e e %]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| B':\ss’ | B1A27 | B¢§7 | B%’L | B1A;.37 | Bﬁ\87 | BA937 | BPgS? | BA737 | BA637 | BAé37 | BA437 | 8%37 | 8237 | BA13, | 8%3, |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
31to0 BA3_31to AllO R/W  Break Address 3
BA3_0 Store the CPU address bus (FAB or MAB) or IAB

address specifying break conditions of channel 3.

When the C bus and instruction fetch cycle are
selected by BBR_3, specify an FAB address in bits
BA3_31 to BA3_0.

When the C bus and data access cycle are selected by
BBR_3, specify an MAB address in bits BA3_31 to
BA3_0.

Note: When setting the instruction fetch cycle as a break condition, clear the LSB in BAR_3 to 0.
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9.3.11 Break Address Mask Register_3 (BAMR_3)

BAMR_3 is a 32-bit readable/writable register. BAMR_3 specifies bits masked in the break
address bits specified by BAR_3. BAMR_3 is initialized to H'00000000 by a power-on reset, but
retains its previous value in sleep mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|BAM3_ BAM3_|BAM3_ BAM3_|BAM3_|BAM3_|BAM3_[BAM3_[BAM3_ BAM3_|BAM3_ BAM3_ BAM3_|BAM3_|BAM3_|BAM3_|
31 29 22 21 18 17 16

30 28 27 26 25 24 23 20 19

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|BAM37| BAM37| BAM37| BAM37| BAM37| BAM37| BAM37| BAM37| BAM37| BAM37| BAM37| BAM37| BAM37| BAM37| BAM37| BAM31
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
31to0 BAM3_31to AllO R/W  Break Address Mask 3
BAM3_0 Specify bits masked in the channel 3 break address

bits specified by BAR_3 (BA3_31 to BA3_0).

0: Break address bit BA3_n is included in the break
condition

1: Break address bit BA3_n is masked and not
included in the break condition

Note:n=31t0 0
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9.3.12  Break Bus Cycle Register_3 (BBR_3)

BBR_3 is a 16-bit readable/writable register, which specifies (1) disabling or enabling of user
break interrupts, (2) bus master of the I bus, (3) C bus cycle or I bus cycle, (4) instruction fetch or
data access, (5) read or write, and (6) operand size as the break conditions of channel 3. BBR_3 is
initialized to H'0000 by a power-on reset, but retains its previous value in sleep mode.

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| ; | - |UBID3| ] | ] | CP3_[2:0] | c037[1:01| ID3_[1:0] | RW37[1:0]| SZ3_[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R RW R R RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
15,14 — All0 R Reserved

These bits are always read as 0. The write value
should always be 0.

13 UBID3 0 R/W  User Break Interrupt Disable 3

Disables or enables user break interrupt requests
when a channel 3 break condition is satisfied.

0: User break interrupt requests enabled
1: User break interrupt requests disabled
12, 11 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

10to8 CP3_[2:0] 000 R/W  |-Bus Bus Master Select 3

Select the bus master when the bus cycle of the
channel 3 break condition is the | bus cycle. However,
when the C bus cycle is selected, this bit is invalidated
(only the CPU cycle).

xx1: CPU cycle is included in break conditions

x1x: DMAC cycle is included in break conditions
1xx: A-DMAC cycle is included in break conditions
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Bit Bit Name

Initial
Value

R/W

Description

7,6  CD3_[1:0]

00

R/W

C Bus Cycle/l Bus Cycle Select 3

Select the C bus cycle or | bus cycle as the bus cycle
of the channel 3 break condition.

00: Condition comparison is not performed
01: Break condition is the C bus cycle

10: Break condition is the | bus cycle

11: Break condition is the C bus cycle

54 ID3_[1:0]

00

R/W

Instruction Fetch/Data Access Select 3

Select the instruction fetch cycle or data access cycle
as the bus cycle of the channel 3 break condition. If the
instruction fetch cycle is selected, select the C bus
cycle.

00: Condition comparison is not performed
01: Break condition is the instruction fetch cycle
10: Break condition is the data access cycle

11: Break condition is the instruction fetch cycle or
data access cycle

3,2 RW3_[1:0]

00

R/W

Read/Write Select 3

Select the read cycle or write cycle as the bus cycle of
the channel 3 break condition.

00: Condition comparison is not performed

01: Break condition is the read cycle

10: Break condition is the write cycle

11: Break condition is the read cycle or write cycle

1,0 SZ3_[1:0]

00

R/W

Operand Size Select 3

Select the operand size of the bus cycle for the
channel 3 break condition.

00: Break condition does not include operand size
01: Break condition is byte access
10: Break condition is word access

11: Break condition is longword access

[Legend]
X: Don't care
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9.3.13  Break Control Register (BRCR)
BRCR sets the following conditions:

1. Specifies whether a break is set before or after instruction execution.
2. Specifies the pulse width of the UBCTRG output when a break condition is satisfied.
3. Specifies whether or not the UBCTRG output is disabled when a break condition is satisfied.

BRCR is a 32-bit readable/writable register that has break condition match flags and bits for
setting other break conditions. For the condition match flags of bits 15 to 8, writing 1 is invalid
(previous values are retained) and writing 0 is only possible. To clear the flag, write O to the flag
bit to be cleared and 1 to all other flag bits. BRCR is initialized to H'00000000 by a power-on
reset, but retains its previous value in sleep mode.

Bt 31 30 29 28 27 26 25 24 23 22 21 2 19 18 17 16
[ -] - [ -[-1-1-1-1-1-1- uropsuropeluropi|urons cksit:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|SCI\[§IFC|SCI;/IFC|SCI\2/IFC|SCI\3{IFC|SCI;)/IFD|SCI}]AFD|SCI\2/IFD|SCI\:;|FD|PCBS|PCB2|PCB1|PCBO| B | j | B | . |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW R R R R

Initial
Bit Bit Name Value R/W  Description
31to22 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

21 uTOD3 0 R/W  UBCTRG Output Disable 3

Specifies whether or not UBCTRG output is disabled
when a break condition is satisfied.

0: UBCTRG output is not disabled when a break
condition for channel 3 is satisfied.

1: UBCTRG output is disabled when a break condition
for channel 3 is satisfied.
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Bit

Bit Name

Initial
Value

R/W

Description

20

uTOD2

0

R/W

UBCTRG Output Disable 2

Specifies whether or not UBCTRG output is disabled
when a break condition is satisfied.

0: UBCTRG output is not disabled when a break
condition for channel 2 is satisfied.

1: UBCTRG output is disabled when a break condition
for channel 2 is satisfied.

19

UTOD1

R/W

UBCTRG Output Disable 1

Specifies whether or not UBCTRG output is disabled
when a break condition is satisfied.

0: UBCTRG output is not disabled when a break
condition for channel 1 is satisfied.

1: UBCTRG output is disabled when a break condition
for channel 1 is satisfied.

18

UTODO

R/W

UBCTRG Output Disable 0

Specifies whether or not UBCTRG output is disabled
when a break condition is satisfied.

0: UBCTRG output is not disabled when a break
condition for channel 0 is satisfied.

1: UBCTRG output is disabled when a break condition
for channel 0 is satisfied.

17,16

CKS[1:0]

00

R/W

Clock Select

Specifies the pulse width output to the UBCTRG pin
when a break condition is satisfied.

00: Pulse width of UBCTRG is one P¢ cycle (prohibited
when two-time multiplication peripheral clock is
set)

01: Pulse width of UBCTRG is two P¢ cycles
10: Pulse width of UBCTRG is four P¢ cycles
11: Pulse width of UBCTRG is eight P¢ cycles

15

SCMFCO0

R/W

C Bus Cycle Condition Match Flag 0

When the C bus cycle condition in the break conditions
set for channel 0 is satisfied, this flag is set to 1. In
order to clear this flag, write 0 to this bit.

0: The C bus cycle condition for channel 0 does not
match

1: The C bus cycle condition for channel 0 matches

Page 196 of 1824

RO1UHO0235EJ0200 Rev. 2.00

RENESAS Apr 01, 2014



SH72546R

Section 9 User Break Controller (UBC)

Bit

Bit Name

Initial
Value

R/W

Description

14

SCMFC1

0

R/W

C Bus Cycle Condition Match Flag 1

When the C bus cycle condition in the break conditions
set for channel 1 is satisfied, this flag is setto 1. In
order to clear this flag, write 0 to this bit.

0: The C bus cycle condition for channel 1 does not
match

1: The C bus cycle condition for channel 1 matches

13

SCMFC2

R/W

C Bus Cycle Condition Match Flag 2

When the C bus cycle condition in the break conditions
set for channel 2 is satisfied, this flag is set to 1. In
order to clear this flag, write 0 to this bit.

0: The C bus cycle condition for channel 2 does not
match

1: The C bus cycle condition for channel 2 matches

12

SCMFC3

R/W

C Bus Cycle Condition Match Flag 3

When the C bus cycle condition in the break conditions
set for channel 3 is satisfied, this flag is set to 1. In
order to clear this flag, write 0 to this bit.

0: The C bus cycle condition for channel 3 does not
match

1: The C bus cycle condition for channel 3 matches

11

SCMFDO

R/W

I Bus Cycle Condition Match Flag 0

When the | bus cycle condition in the break conditions
set for channel 0 is satisfied, this flag is set to 1. In
order to clear this flag, write 0 to this bit.

0: The | bus cycle condition for channel 0 does not
match

1: The | bus cycle condition for channel 0 matches

10

SCMFD1

R/W

| Bus Cycle Condition Match Flag 1

When the | bus cycle condition in the break conditions
set for channel 1 is satisfied, this flag is setto 1. In
order to clear this flag, write 0 to this bit.

0: The | bus cycle condition for channel 1 does not
match

1: The | bus cycle condition for channel 1 matches
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Initial
Bit Bit Name Value R/W  Description
9 SCMFD2 0 R/W | Bus Cycle Condition Match Flag 2

When the | bus cycle condition in the break conditions
set for channel 2 is satisfied, this flag is setto 1. In
order to clear this flag, write 0 to this bit.

0: The | bus cycle condition for channel 2 does not
match

1: The | bus cycle condition for channel 2 matches
8 SCMFD3 0 R/W | Bus Cycle Condition Match Flag 3

When the | bus cycle condition in the break conditions
set for channel 3 is satisfied, this flag is setto 1. In
order to clear this flag, write 0 to this bit.

0: The | bus cycle condition for channel 3 does not
match

1: The | bus cycle condition for channel 3 matches
7 PCB3 0 R/W  PC Break Select 3

Selects the break timing of the instruction fetch cycle
for channel 3 as before or after instruction execution.

0: PC break of channel 3 is generated before
instruction execution

1: PC break of channel 3 is generated after instruction
execution

6 PCB2 0 R/W  PC Break Select 2

Selects the break timing of the instruction fetch cycle
for channel 2 as before or after instruction execution.

0: PC break of channel 2 is generated before
instruction execution

1: PC break of channel 2 is generated after instruction
execution

5 PCB1 0 R/W  PC Break Select 1

Selects the break timing of the instruction fetch cycle
for channel 1 as before or after instruction execution.

0: PC break of channel 1 is generated before
instruction execution

1: PC break of channel 1 is generated after instruction
execution
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Initial
Bit Bit Name Value R/W  Description
4 PCBO 0 R/W  PC Break Select 0

Selects the break timing of the instruction fetch cycle
for channel 0 as before or after instruction execution.

0: PC break of channel 0 is generated before
instruction execution

1: PC break of channel 0 is generated after instruction
execution

3to0 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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9.4 Operation

94.1 Flow of the User Break Operation
The flow from setting of break conditions to user break exception handling is described below:

1. The break address is set in a break address register (BAR). The masked address bits are set in a
break address mask register (BAMR). The bus break conditions are set in the break bus cycle
register (BBR). Three control bit groups of BBR (C bus cycle/I bus cycle select, instruction
fetch/data access select, and read/write select) are each set. No user break will be generated if
even one of these groups is set to 00. The relevant break control conditions are set in the bits of
the break control register (BRCR). Make sure to set all registers related to breaks before setting
BBR, and branch after reading from the last written register and executing more than five NOP
instructions. The newly written register values become valid from the instruction at the branch
destination.

2. When the break conditions are satisfied, the UBC sends a user break request to the CPU, sets
the C bus condition match flag (SCMFC) or I bus condition match flag (SCMFD) for the
appropriate channel, and outputs a pulse to the UBCTRG pin with the width set by the
CKS[1:0] bits. Setting the UBID bit in BBR to 1 enables external monitoring of the trigger
output without requesting user break interrupts.

3. On receiving a user break interrupt request signal, the INTC determines its priority. Since the
user break interrupt has a priority level of 15, it is accepted when the priority level set in the
interrupt mask level bits (I3 to 10) of the status register (SR) is 14 or lower. If the I3 to 10 bits
are set to a priority level of 15, the user break interrupt is not accepted, but the conditions are
checked, and condition match flags are set if the conditions match. For details on ascertaining
the priority, see section 8, Interrupt Controller (INTC).

4. Condition match flags (SCMFC and SCMFD) can be used to check which condition has been
satisfied. The flag is set on a condition match and is not cleared automatically. Before using
the flags again, O must first be written to them. The condition match flags must be cleared
during the user break interrupt exception handling routine. Otherwise, an interrupt will be
generated again.

5. There is a chance that the break set in channel 0 and the break set in channel 1 occur around
the same time. In this case, there will be only one break request to the CPU, but these two
break channel match flags may both be set.

6. When selecting the I bus as the break condition, note as follows:

— Several bus masters, including the CPU and DMAC, are connected to the I bus. The UBC
monitors bus cycles generated by the bus master specified by BBR, and determines the
condition match.
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— I bus cycles resulting from instruction fetches on the C bus by the CPU are defined as
instruction fetch cycles on the I bus, while other bus cycles are defined as data access
cycles.

— I bus cycles the DMAC or A-DMAC issues are only data access cycles.

— If a break condition is specified for the I bus, even when the condition matches in an I bus
cycle resulting from an instruction executed by the CPU, at which instruction the break is
to be accepted cannot be clearly defined.

9.4.2 Break on Instruction Fetch Cycle

1.

When C bus/instruction fetch/read/word or longword is set in the break bus cycle register
(BBR), the break condition is the FAB bus instruction fetch cycle. Whether it breaks before or
after the execution of the instruction can then be selected with the PCB bit of the break control
register (BRCR) for the appropriate channel. If an instruction fetch cycle is set as a break
condition, clear LSB in the break address register (BAR) to 0. A break cannot be generated as
long as this bit is set to 1.

A break for instruction fetch which is set as a break before instruction execution occurs when it
is confirmed that the instruction has been fetched and will be executed. This means this
function cannot be used for instructions fetched by overrun (instructions fetched at a branch or
during an interrupt transition, but not to be executed). When this kind of break is set for the
delay slot of a delayed branch instruction, the break is not generated until execution of the first
instruction at the branch destination.

Note: If a branch does not occur at a delayed branch instruction, the subsequent instruction is

not recognized as a delay slot.

3. When setting a break condition for break after instruction execution, the instruction set with

the break condition is executed and then the break is generated prior to execution of the next
instruction. As with pre-execution breaks, this function is not available for overrun fetch
instructions. When this kind of break is set for a delayed branch instruction and its delay slot, a
break is not generated until the first instruction at the branch destination.

4. If the I bus is set for a break of an instruction fetch cycle, the setting is invalidated.
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9.4.3 Break on Data Access Cycle

1. If the C bus is specified as a break condition for data access break, condition comparison is
performed for the logical addresses accessed by the executed instructions, and a break occurs if
the condition is satisfied. If the I bus is specified as a break condition, condition comparison is
performed for the physical addresses of the data access cycles that are issued by the bus master
specified by the bits to select the bus master of the I bus, and a break occurs if the condition is
satisfied. For details on the CPU bus cycles issued on the I bus, see 6 in section 9.4.1, Flow of
the User Break Operation.

2. The relationship between the data access cycle address and the comparison condition for each
operand size is listed in table 9.3.

Table 9.3  Data Access Cycle Addresses and Operand Size Comparison Conditions

Access Size Address Compared

Longword Compares break address register bits 31 to 2 to address bus bits 31 to 2
Word Compares break address register bits 31 to 1 to address bus bits 31 to 1
Byte Compares break address register bits 31 to 0 to address bus bits 31 to 0

This means that when address H'00001003 is set in the break address register (BAR), for
example, the bus cycle in which the break condition is satisfied is as follows (where other
conditions are met).

Longword access at H'00001000
Word access at H'00001002
Byte access at H'00001003

3. If the data access cycle is selected, the instruction at which the break will occur cannot be
determined.
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9.4.4 Value of Saved Program Counter

‘When a break occurs, the address of the instruction from where execution is to be resumed is
saved to the stack, and the exception handling state is entered. If the C bus (FAB)/instruction fetch
cycle is specified as a break condition, the instruction at which the break should occur can be
uniquely determined. If the C bus/data access cycle or I bus/data access cycle is specified as a
break condition, the instruction at which the break should occur cannot be uniquely determined.

1.

2.

When C bus (FAB)/instruction fetch (before instruction execution) is specified as a break
condition:

The address of the instruction that matched the break condition is saved to the stack. The
instruction that matched the condition is not executed, and the break occurs before it. However
when a delay slot instruction matches the condition, the instruction is executed, and the branch
destination address is saved to the stack.

When C bus (FAB)/instruction fetch (after instruction execution) is specified as a break
condition:

The address of the instruction following the instruction that matched the break condition is
saved to the stack. The instruction that matches the condition is executed, and the break occurs
before the next instruction is executed. However when a delayed branch instruction or delay
slot matches the condition, the instruction is executed, and the branch destination address is
saved to the stack.

When C bus/data access or I bus/data access is specified as a break condition:

The address after executing several instructions of the instruction that matched the break
condition is saved to the stack.

RO1UHO0235EJ0200 Rev. 2.00
Apr 01,2014 leNESAS

Page 203 of 1824



Section 9 User Break Controller (UBC) SH72546R

9.4.5 Usage Examples

1)

Break Condition Specified for C Bus Instruction Fetch Cycle

(Example 1-1)

Register specifications

BAR_0 = H'00000404, BAMR_0 = H'00000000, BBR_0 = H'0054, BAR_1 = H'00008010,
BAMR_1 = H'00000006, BBR_1 = H'0054, BRCR = H'00000010

<Channel 0>

Address: H'00000404, Address mask: H'00000000

Bus cycle:  C bus/instruction fetch (after instruction execution)/read (operand size is not
included in the condition)

<Channel 1>

Address: H'00008010, Address mask: H'00000006

Data: H'00000000, Data mask: H'00000000

Bus cycle:  C bus/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

A user break occurs after an instruction of address H'00000404 is executed or before
instructions of addresses H'00008010 to H'00008016 are executed.

(Example 1-2)

Register specifications

BAR_0 =H'00027128, BAMR_0 = H'00000000, BBR_0 = H'005A, BAR_1= H'00031415,

BAMR_1 = H'00000000, BBR_1 = H'0054, BRCR = H'00000000

<Channel 0>

Address:  H'00027128, Address mask: H'00000000

Bus cycle: C bus/instruction fetch (before instruction execution)/write/word

<Channel 1>

Address:  H'00031415, Address mask: H'00000000

Data: H'00000000, Data mask: H'00000000

Bus cycle: C bus/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

On channel 0, a user break does not occur since instruction fetch is not a write cycle. On

channel 1, a user break does not occur since instruction fetch is performed for an even address.
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(Example 1-3)

()

Register specifications

BAR_0 = H'00008404, BAMR_0 = H'00000FFF, BBR_0 = H'0054, BAR_1=H'00008010,
BAMR_1 = H'00000006, BBR_1 = H'0054, BRCR = H'00000010

<Channel 0>

Address:  H'00008404, Address mask: H'O0000FFF

Bus cycle: C bus/instruction fetch (after instruction execution)/read (operand size is not
included in the condition)

<Channel 1>
Address: H'00008010, Address mask: H'00000006
Data: H'00000000, Data mask: H'00000000

Bus cycle: C bus/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

A user break occurs after an instruction with addresses H'00008000 to H'0O0008FFE is executed
or before an instruction with addresses H'00008010 to H'00008016 are executed.

Break Condition Specified for C Bus Data Access Cycle

(Example 2-1)

Register specifications

BAR_0 =H'00123456, BAMR_0 = H'00000000, BBR_0 = H'0064, BAR_1=H'000ABCDE,
BAMR _1 = H'000000FF, BBR_1 = H'006A, BRCR = H'00000000

<Channel 0>

Address: H'00123456, Address mask: H'00000000

Bus cycle: C bus/data access/read (operand size is not included in the condition)

<Channel 1>

Address: H'000ABCDE, Address mask: H'000000FF

Data: H'0000A512, Data mask: H'00000000

Bus cycle: C bus/data access/write/word

On channel 0, a user break occurs with longword read from address H'00123456, word read
from address H'00123456, or byte read from address H'00123456. On channel 1, a user break
occurs when word data is written in addresses H'0O0O0ABCO00 to H'OO0OABCEFE.
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©)

Break Condition Specified for | Bus Data Access Cycle

(Example 3-1)

Register specifications

BAR_0=H'00314156, BAMR_0 = H'00000000, BBR_0 = H'0094, BAR_1=H'00055555,
BAMR _1 = H'00000000, BBR_1 = H'02A9, BRCR = H'00000000

<Channel 0>

Address: H'00314156, Address mask: H'00000000

Bus cycle: I bus/instruction fetch/read (operand size is not included in the condition)
<Channel 1>

Address:  H'00055555, Address mask: H'00000000

Data: H'00000078, Data mask: H'0000000F

Bus cycle: I bus/data access/write/byte

On channel 0, the setting of I bus/instruction fetch is ignored.

On channel 1, a user break occurs when the DMAC writes byte data in address H'00055555 on
the I bus (write by the CPU does not generate a user break).
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9.5 Usage Notes

1. The CPU can read from or write to the UBC registers via the I bus. Accordingly, during the
period from executing an instruction to rewrite the UBC register till the new value is actually
rewritten, the desired break may not occur. In order to know the timing when the UBC register
is changed, execute five or more NOP instructions after reading from the last written register.
Instructions after then are valid for the newly written register value.

The UBC cannot monitor access to the C bus and I bus cycles in the same channel.

3. When a user break and another exception occur at the same instruction, which has higher
priority is determined according to the priority levels defined in table 7.1 in section 7,
Exception Handling. If an exception with higher priority occurs, the user break is not
generated.

4. Note the following when a break occurs in a delay slot.

If a pre-execution break is set at a delay slot instruction, the break occurs immediately before
execution of the branch destination.

5. User breaks are disabled during UBC module standby mode. Do not read from or write to the
UBC registers during UBC module standby mode; the values are not guaranteed.

6. Do not set an address within an interrupt exception handling routine whose interrupt priority
level is at least 15 (including user break interrupts) as a break address.

7. Do not set a break after instruction execution for the SLEEP instruction or for the delayed
branch instruction where the SLEEP instruction is placed at its delay slot.

8. When setting a break for a 32-bit instruction, set the address where the upper 16 bits are
placed. If the address of the lower 16 bits is set and a break before instruction execution is set
as a break condition, the break is handled as a break after instruction execution.

9. Do not place a pre-execution break for the instruction immediately after a DIVU (or DIVS)
instruction. Otherwise the break will be still taken even though an exception or interrupt occurs
during the DIVU (or DIVS) instruction execution.
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Section 10 Bus State Controller (BSC)

The bus state controller (BSC) outputs control signals for external memory and external devices
that are connected to the external address space. BSC functions enable this LSI to connect directly
with SRAM, ROM, and other memories such as SRAM with byte selection, and external devices.

10.1 Features

1. External address space
— A maximum 4-Mbyte linear space access for each of spaces CSO to CS3.
— Can select the data bus width (8 or 16 bits) for each address space.
— Controls insertion of wait cycles for each address space.
— Controls insertion of wait cycles for each read access and write access.

— Can set independent idle cycles during the continuous access for five cases: read-write (in
same space/different spaces), read-read (in same space/different spaces), the first cycle is a
write access.

Figure 10.1 shows a block diagram of the BSC.
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Figure 10.1 Block Diagram of BSC
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Section 10 Bus State Controller (BSC)

10.2  Input/Output Pins
Table 10.1 shows the pin configuration of the BSC.

Table 10.1 Pin Configuration

Name I/O Function

A21 to AO Output External address bus

D15 to DO I/O External data bus

CS0to CS3 Output Chip select

RD/WR Output Read/write
Can be connected to WE pins when SRAM
with byte selection is connected.

RD Output Read pulse signal (read data output enable
signal)

WE1 Output Indicates that D15 to D8 are being written
to.
Indicates the byte select signal when a
SRAM with byte selection is connected.

WEO Output Indicates that D7 to DO are being written
to.
Indicates the byte select signal when a
SRAM with byte selection is connected.

WAIT Input External wait input

Bus width selection Input Select the initial bus width of address
spaces CSO0 to CS3.
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SH72546R

10.3  Area Overview

10.3.1  Address Map

In the architecture, this LSI has a 32-bit address space, which is divided into on-chip address
spaces (on-chip RAM, on-chip I/O registers, and reserved areas), external address spaces, and on-
chip ROM spaces according to the upper six bits of the address.

Any memory space of CS0O to CS3 can be activated by SRAM interface or SRAM interface with
byte selection. However, the space CS0 in on-chip ROM disabled mode should be activated by

SRAM interface.

The address map for the external address space is listed in tables 10.2 and 10.3.

Table 10.2 Address Map in On-Chip ROM Enabled Mode

Address

Type of Address Space

Capacity

H'0000 0000 to H'003B FFFF

(H'0000 0000 to H'0000 7FFF) *'

On-chip ROM (user MAT read)

(On-chip ROM (user boot MAT read))

3.75 Mbytes
(32 Kbytes)

H'003C 0000 to H'0040 1FFF

Reserved

H'0040 2000 to H'0040 3FFF FCU firmware area 8 Kbytes
H'0040 4000 to H'01FF FFFF Reserved

H'0200 0000 to H'023F FFFF External address space (CS0) 4 Mbytes
H'0240 0000 to H'03FF FFFF CS0 shadow space 28 Mbytes
H'0400 0000 to H'043F FFFF External address space (CS1) 4 Mbytes
H'0440 0000 to H'07FF FFFF CS1 shadow space 60 Mbytes
H'0800 0000 to H'083F FFFF External address space (CS2) 4 Mbytes
H'0840 0000 to H'OBFF FFFF CS2 shadow space 60 Mbytes
H'0C00 0000 to H'0OC3F FFFF External address space (CS3) 4 Mbytes
H'0C40 0000 to H'OFFF FFFF CS3 shadow space 60 Mbytes
H'1000 0000 to H'800F FFFF Reserved

H'8010 0000 to H'8011 FFFF EEPROM (read/write)** 128 Kbytes
H'8012 0000 to H'807F FFFF Reserved

H'8080 0000 to H'80BB FFFF On-chip ROM (user MAT write) 3.75 Mbytes

(H'8080 0000 to H'8080 7FFF) *'

(On-chip ROM (user boot MAT write))

(32 Kbytes)

H'80BC 0000 to H'80FF 7FFF

Reserved

H'80FF 8000 to H'80FF 9FFF

FCU RAM area

8 Kbytes
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Address Type of Address Space Capacity

H'80FF A000 to H'FFF7 FFFF Reserved

H'FFF8 0000 to H'FFFB FFFF On-chip RAM*° 256 Kbytes

H'FFFC 0000 to H'FFFF FFFF On-chip I/O registers*° 256 Kbytes
(Max.)

Notes: 1. These addresses apply when the user boot MAT in the on-chip ROM is selected. See

section 25, ROM, for details.

2. The EEPROM area includes the lot trace information. See section 26, EEPROM, for

details.

3. For the on-chip RAM space, access the addresses shown in section 5, Address Space.

For the on-chip I/O register space, access the addresses shown in section 31, List of
Registers. Do not access addresses that are not described in these sections.

Otherwise, the correct operation cannot be guaranteed.

Table 10.3 Address Map in On-Chip ROM Disabled Mode

Address Type of Address Space Capacity
H'0000 0000 to H'003F FFFF External address space (CS0) 4 Mbytes
H'0040 0000 to H'03FF FFFF CS0 shadow space 60 Mbytes
H'0400 0000 to H'043F FFFF External address space (CS1) 4 Mbytes
H'0440 0000 to H'07FF FFFF CS1 shadow space 60 Mbytes
H'0800 0000 to H'083F FFFF External address space (CS2) 4 Mbytes
H'0840 0000 to H'OBFF FFFF CS2 shadow space 60 Mbytes
H'0C00 0000 to H'OC3F FFFF External address space (CS3) 4 Mbytes
H'0C40 0000 to H'OFFF FFFF CS3 shadow space 60 Mbytes
H'1000 0000 to H'FFFF 7FFF Reserved

H'FFF8 0000 to H'FFFB FFFF On-chip RAM* 256 Kbytes
H'FFFC 0000 to H'FFFF FFFF On-chip I/O registers* 256 Kbytes

(Max.)

Note: * For the on-chip RAM space, access the addresses shown in section 5, Address Space.
For the on-chip I/O register space, access the addresses shown in section 31, List of
Registers. Do not access addresses which are not described in these sections.
Otherwise, the correct operation cannot be guaranteed.
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10.3.2  Operating Modes and Data Bus Width in CS0 Space

This LSI can specify the following operating modes at a power-on reset by using the mode setting
pins.

(1) Single Chip Mode/External Address Space Access Enabled Mode

In single chip mode, the external address spaces are not accessed. The addresses, data, and control
pins to be used in external address space access enabled mode can be used as ports.

(2) On-Chip ROM Enabled Mode/On-Chip ROM Disabled Mode

In on-chip ROM enabled mode, first half of the CSO is allocated in the on-chip ROM. Thus, after a
power-on reset, the LSI can be activated by the on-chip ROM program.

In on-chip ROM disabled mode, the LSI is activated by the program stored in the external memory
allocated in the CSO. In this case, the external memory in the CSO functions as the SRAM
interface, therefore, the SRAM with byte selection cannot be connected.

To use the RD/WR signal or CS1 to CS3 signals, these pins must be set by the pin function
controller. For details, see section 22, Pin Function Controller (PFC). Execute nothing but
accessing CS0 space before a program completes pin function settings.

(3) Data Bus Width of the Space CSO0

In on-chip ROM disabled mode, the data bus width of CS0 area can be set to 8 bits or 16 bits. The
data bus widths of CS1 to CS3 areas are specified through register settings. In on-chip ROM
enabled mode, all of the data bus widths of the spaces CS0 to CS3 are specified through register
settings.

For details on mode settings, see section 3, Operating Modes.
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10.4  Register Descriptions
The BSC has the following registers.
For addresses and access sizes of these registers, see section 31, List of Registers.

In on-chip ROM disabled mode, do not access spaces other than CS0 area until settings of the
connected memory interface are completed.

Table 10.4 Register Configuration

Access
Register Name Abbreviation R/W Initial Value Address Size
CSn space bus control CSnBCR R/W H'36DB0400* H'FFFC0004 to 32
register H'36DB0200* H'FFFC0010
CSn space wait control CSnWCR R/W H'00000500 H'FFFC0028 to 32
register H'FFFC0034

Note: * This initial value is different between in on-chip ROM enabled mode and on-chip ROM
disabled mode. In on-chip ROM disabled mode, the initial value varies depending on
the settings of the mode pins. For details, see section 10.4.1, CSn Space Bus Control
Register (CSnBCR) (n =0 to 3).

10.4.1 CSn Space Bus Control Register (CSnBCR) (n =0 to 3)

CSnBCR is a 32-bit readable/writable register that specifies the function of each area, the number
of idle cycles between bus cycles, and the bus width. In on-chip ROM enabled mode, CSnBCR is

initialized to H'36DB0400 at a power-on reset. In on-chip ROM disabled mode, it is initialized to

H'36DB0400 (16-bit bus width) or H'36DB0200 (8-bit bus width) depending on the settings of the
mode pins.

Do not access external memory other than CSO before CSnBCR initial setting is completed.

Idle cycles may be inserted even when they are not specified. For details, see section 10.5.6, Wait
between Access Cycles.
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Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| - | IWW[2:0] | IWRWD[2:0] IWRWS[2:0] IWRRD[2:0] IWRRS[2:0]

Initial value: 0 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1
R/W: R RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T Towwol Twww [ [ [ [ T [ [ [ T ]
Initial value: 0 0 0 0 0 1/0 0N 0 0 0 0 0 0 0 0 0

RW: R R RW RW R RW RW R R R R R R R R R
Initial

Bit Bit Name Value R/W  Description

31 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

30t028 IWWI2:0] 011 R/W Idle Cycles between Write-Read Cycles and Write-
Write Cycles

These bits specify the number of idle cycles to be
inserted after the access to a memory that is
connected to the space. The target access cycles are
the write-read cycle and write-write cycle.

000: No idle cycle inserted (setting prohibited when
two-times multiplication has been set for the
peripheral clock)

001: 1 idle cycle inserted (setting prohibited when two-
times multiplication has been set for the
peripheral clock)

010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted
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Initial
Bit Bit Name Value R/W  Description
27t025 IWRWD[2:0] 011 R/W  Idle Cycles for Another Space Read-Write

Specify the number of idle cycles to be inserted after

the access to a memory that is connected to the

space. The target access cycle is a read-write one in
which continuous access cycles switch between
different spaces.

000: No idle cycle inserted (setting prohibited when
two-times multiplication has been set for the
peripheral clock)

001: 1 idle cycle inserted (setting prohibited when two-
times multiplication has been set for the
peripheral clock)

010: 2 idle cycles inserted

011: 4 idle cycles inserted

100: 6 idle cycles inserted

101: 8 idle cycles inserted

110: 10 idle cycles inserted

111: 12 idle cycles inserted

24t022 IWRWS[2:0] 011 R/W  Idle Cycles for Read-Write in the Same Space

Specify the number of idle cycles to be inserted after

the access to a memory that is connected to the

space. The target cycle is a read-write cycle of which
continuous access cycles are for the same space.

000: No idle cycle inserted (setting prohibited when
two-times multiplication has been set for the
peripheral clock)

001: 1 idle cycle inserted (setting prohibited when two-
times multiplication has been set for the
peripheral clock)

010: 2 idle cycles inserted

011: 4 idle cycles inserted

100: 6 idle cycles inserted

101: 8 idle cycles inserted

110: 10 idle cycles inserted

111: 12 idle cycles inserted
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Initial
Bit Bit Name Value R/W  Description
21t0o 19 IWRRD[2:0] 011 R/W Idle Cycles for Read-Read in Another Space

Specify the number of idle cycles to be inserted after

the access to a memory that is connected to the

space. The target cycle is a read-read cycle of which
continuous access cycles switch between different
spaces.

000: No idle cycle inserted (setting prohibited when
two-times multiplication has been set for the
peripheral clock)

001: 1 idle cycle inserted (setting prohibited when two-
times multiplication has been set for the
peripheral clock)

010: 2 idle cycles inserted

011: 4 idle cycles inserted

100: 6 idle cycles inserted

101: 8 idle cycles inserted

110: 10 idle cycles inserted

111: 12 idle cycles inserted

18to 16 IWRRS[2:0] 011 R/W Idle Cycles for Read-Read in the Same Space

Specify the number of idle cycles to be inserted after
the access to a memory that is connected to the
space. The target cycle is a read-read cycle of which
continuous access cycles are for the same space.

000: No idle cycle inserted (setting prohibited when
two-times multiplication has been set for the
peripheral clock)

001: 1 idle cycle inserted (setting prohibited when two-
times multiplication has been set for the
peripheral clock)

010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted

111: 12 idle cycles inserted
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Bit

Bit Name

Initial
Value

R/W

Description

15, 14

AllO

Reserved

These bits are always read as 0. The write value
should always be 0.

13,12

TYPE[1:0]

00

R/W

Specify the type of memory connected to a space.
00: Normal space (SRAM)

01: Reserved (setting prohibited)

10: Reserved (setting prohibited)

11: SRAM with byte selection

11

Reserved

This bit is always read as 0. The write value should
always be 0.

10,9

BSZ[1:0]

10/01

R/W

Data Bus Width Specification

Specify the data bus widths of spaces.
00: Reserved (setting prohibited)

01: 8-bit size

10: 16-bit size

11: Reserved (setting prohibited)

Note: In on-chip RAM disabled mode, the initial
data bus widths set in the CS0 to CS3 are
specified through the mode pins settings. The
mode setting pin data sampled at a power-on
reset is reflected to the BSZ1 and BSZ0 bits. In
on-chip ROM disabled mode, writing to the
BSZ1 and BSZ0 bits in CSOBCR are ignored,
but the bus width set in CS1BCR to CS3BCR
can be modified. In on-chip ROM enabled
mode, the initial data bus widths set in CS0 to
CS3 are specified as 16 bits. In this case, the
bus width set in CSOBCR to CS3BCR can be
modified.

8to0

AllO

R

Reserved

These bits are always read as 0. The write value
should always be 0.
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10.4.2  CSn Space Wait Control Register (CSNWCR) (n =0 to 3)

CSnWCR specifies various wait cycles for memory access. Specify CSnBCR first, and then
specify CSnWCR.

CSnWCR is initialized to H'00000500 by a power-on reset.
Bt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
C T T T T T T T T T T Twe[ T s

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R/W R RW RW R/W

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | - | - | SWI[1:0] WR(3:0] | WM | - | - | - | - | HW[1:0]
Initial value: 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
R/W: R R R RW RW RW RW RW RW RW R R R R RW  RW

Initial
Bit Bit Name Value R/W  Description
31to21 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

20 BAS 0 R/W  SRAM with Byte Selection Byte Access Select

Specifies the WEn and RD/WR signal timing when the
SRAM interface with byte selection is used.

0: Asserts the WEn signal at the read/write timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn signal during the read/write access
cycle and asserts the RD/WR signal at the write
timing.

19 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W  Description
18to 16 WW][2:0] 000 R/W  Number of Write Access Wait Cycles

Specify the number of cycles that are necessary for
write access.

000: The same cycles as WR[3:0] setting (number of
read access wait cycles)

001: No cycle (setting prohibited when two-times
multiplication has been set for the peripheral
clock)

010: 1 cycle
011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles
15t013 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name Value R/W  Description
12, 11 SWI[1:0] 00 R/W  When normal SRAM connection or SRAM with byte

selection connection is used with BAS = 0:

F
1:

Number of Delay Cycles from Address, CSn
Assertion to RD, WEn Assertion

Specify the number of delay cycles from address
and CSn assertion to RD and WEn assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

or SRAM with byte selection connection with BAS =

Number of Delay Cycles from Address, CSn
Assertion to RD Assertion

Specify the number of delay cycles from address
and CSn assertion to RD assertion.

00: 0.5 cycles

01: 1.5 cycles

10: 2.5 cycles

11: 3.5 cycles

Number of Delay Cycles from Address, CSn
Assertion to RD/WR Assertion

Specify the number of delay cycles from address
and CSn assertion to RD/WR assertion.

00: 1 cycle

01: 2 cycles
10: 3 cycles
11: 4 cycles
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Initial
Bit Bit Name Value R/W  Description
10to7 WR[3:0] 1010 R/W  Number of Read Access Wait Cycles

Specify the number of cycles that are necessary for
read access.

0000: No cycle (setting prohibited when two-times
multiplication has been set for the peripheral
clock)

0001: 1 cycle
0010: 2 cycles
0011: 3 cycles
0100: 4 cycles
0101: 5 cycles
0110: 6 cycles
0111: 8 cycles
1000: 10 cycles
1001: 12 cycles
1010: 14 cycles
1011: 18 cycles
1100: 24 cycles
1101: Reserved (setting prohibited)

1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)
6 WM 0 R/W  External Wait Mask Specification

Specifies whether or not the external wait input is valid.
The specification by this bit is valid even when the
number of access wait cycle is 0.

0: External wait input is valid
1: External wait input is ignored
5t02 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name Value R/W  Description
1,0 HWI1:0] 00 R/W  When normal SRAM connection or SRAM with byte

selection connection is used with BAS = 0:

F
1:

Number of Delay Cycles from RD, WEn Negation
to Address, CSn Negation

Specify the number of delay cycles from RD and
WERn negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

or SRAM with byte selection connection with BAS =

Number of Delay Cycles from RD Negation to
Address, CSn Negation

Specify the number of delay cycles from RD
negation to address and CSn negation.

00: 0.5 cycles

01: 1.5 cycles

10: 2.5 cycles

11: 3.5 cycles

Number of Delay Cycles from RD/WR Negation to
Address, CSn Negation

Specify the number of delay cycles from RD/WR
negation to address and CSn negation.

00: 1 cycle

01: 2 cycles
10: 3 cycles
11: 4 cycles
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10.5 Operation

10.5.1 Endian/Access Size and Data Alignment

This LSI supports big endian, in which the 0 address is the most significant byte (MSB) in the byte
data. Two data bus widths (8 bits and 16 bits) are available.

Data alignment is performed in accordance with the data bus width of the CS space. This also
means that when longword data is read from a byte-width CS space, the read operation must be
done four times. In this LSI, data alignment and conversion of data length is performed
automatically between the respective CS spaces.

Tables 10.5 and 10.6 show the relationship between device data width and access unit.

Table 10.5 16-Bit External Device Access and Data Alignment

Data Bus Strobe Signals
Operation D15 to D8 D7 to DO WET WEO
Byte access at 0 Data7to 0 — Assert —
Byte access at 1 — Data7to 0 — Assert
Byte access at 2 Data7to 0 — Assert —
Byte access at 3 — Data7to 0 — Assert
Word access at 0 Data 15t0 8 Data 7 to 0 Assert Assert
Word access at 2 Data 15t0 8 Data 7 to O Assert Assert
Longword 1sttime at0 Data 31 to 24 Data 23 to 16 Assert Assert
access at 0 2nd time at 2 Data 15t0 8 Data7to 0 Assert Assert

RO1UHO0235EJ0200 Rev. 2.00
Apr 01,2014 leNESAS

Page 225 of 1824



Section 10 Bus State Controller (BSC)

SH72546R

Table 10.6 8-Bit External Device Access and Data Alignment

Data Bus Strobe Signals
Operation D15 to D8 D7 to DO WET WEO
Byte access at 0 — Data 7 to 0 — Assert
Byte access at 1 — Data 7 to 0 — Assert
Byte access at 2 — Data7to 0 — Assert
Byte access at 3 — Data 7 to 0 — Assert
Word 1sttimeat0 — Data 15t0 8 — Assert
access at 0 2ndtimeat1 — Data 7 to 0 — Assert
Word 1sttimeat2 — Data 15t0 8 — Assert
access at 2 2nd time at3 — Data 7to 0 — Assert
Longword 1sttimeat0 — Data 31 to 24 — Assert
access at 0 2ndtimeat1 — Data 23 to 16 — Assert
3rdtimeat2 — Data 15t0 8 — Assert
4th time at3 — Data 7 to O — Assert
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10.5.2  External Space Interface
(1) Basic Timing for One-time Multiplication Peripheral Clock

For access to an external space, this LSI uses strobe signal output in consideration of the fact that
mainly static RAM or ROM will be directly connected. Figure 10.2 shows the basic timings. A no-
wait normal access is completed in two cycles.

1
A21 to AO X

Read < RD \ /

\ D15 to DO

1 1
1
1 1
Write < WER N /!
L :
1
s Preiene
1
! T T

Figure 10.2 Basic Access Timing (Access Wait 0)

There is no access size specification when reading. The correct access start address is output in the
least significant bit of the address, but since there is no access size specification, 16 bits are always
read in case of a 16-bit apace, and 8 bits in case of an 8-bit space. When writing, only the WEn
signal for the byte to be written is asserted.

It is necessary to output the data that has been read using RD when a buffer is established in the
data bus. The RD/WR signal is in a read state (high output) when no access has been carried out.
Therefore, care must be taken when controlling the external data buffer, to avoid collision.
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Figures 10.3 and 10.4 show the basic timings of continuous access. If the WM bit in CSnWCR is
cleared to 0, a Tnop cycle is inserted after the CSn space access to evaluate the external wait
(figure 10.3). If the WM bit in CSnWCR s set to 1, external waits are ignored and no Tnop cycle
is inserted (figure 10.4).

CK

Read
D15 to DO

Write

D15 to DO

Figure 10.3 Continuous Access 1
Bus Width = 16 Bits, Longword Access, CSn\WCR.WM Bit =0
(Access Wait = 0, Cycle Wait = 0)
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A21to AO

RD/WR

1

1 :

1 1

1 1

Read ' .
D15 to DO ! - '
' :

1

1

1

1

1

Figure 10.4 Continuous Access 2
Bus Width = 16 Bits, Longword Access, CSA\WCR.WM Bit =1
(Access Wait = 0, Cycle Wait = 0)

(2) Basic Timing for Two-Times Multiplied Peripheral Clock

When two-times multiplication has been set for the peripheral clock, CSnBCR and CSnWCR must
be set so that more than one cycle and two cycles are inserted as Tw and Tid, respectively. Figure
10.5 shows the basic timing for two-times multiplied peripheral clock. Figure 10.6 shows a
continuous access to normal space for two-times multiplied peripheral clock. Setting the
CSnWCR.WR[3:0] bits to 0001 inserts one cycle as Tw (Figure 10.5). Setting the IWW/[2:0],
IWRWD[2:0], IWRWS[2:0], IWRRD[2:0], and IWRRS[2:0] bits in CSnBCR to 010 inserts two
cycles as Tid after access to the CSn space (Figure 10.6). Even when the CSnWCR.WM bit is 0,
no Tnop is inserted (see section 10.5.6, Wait between Access Cycles).
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A21to AO
C

Read <

Figure 10.5 Basic Access for Two-Times Multiplied Peripheral Clock (Access Wait 1)
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Read

D15 to DO

RD/WR P\ o

Write b E ; I :
i ; i E I-iigh ' ' : ' : ' '
WAT 0 n

Figure 10.6 Continuous Access for Two-Times Multiplied Peripheral Clock
Bus Width = 16 Bits, Longword Access
(Access Wait = 1, Cycle Wait = 2)
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128K x 8-bit
This LSI SRAM
A17 : | A16
AL —{ Ao
CSn CS
RD OE
D15 - 1/07
_D8f—r /00
WET WE
b7
_Do - A16
WEO I
A0
[¢55}
OE
107
1/00
WE

Figure 10.7 Example of 16-Bit Data-Width SRAM Connection

128K x 8-bit
This LSI SRAM
A16 A16
A0 A0
CSn CS
RD OE
D7 1107
DO 1/100
WEO WE

Figure 10.8 Example of 8-Bit Data-Width SRAM Connection

Page 232 of 1824 RO1UHO0235EJ0200 Rev. 2.00

RENESAS Apr 01,2014




SH72546R Section 10 Bus State Controller (BSC)

10.5.3  Access Wait Control

Wait cycle insertion on a normal space access can be controlled by the settings of bits WR3 to
WRO0 in CSnWCR. It is possible to insert wait cycles independently in read access and in write
access. The specified number of Tw cycles are inserted as wait cycles in access shown in figure
10.9.

Read {
D15 to DO

WEn : \
Write {

D15 to DO

Figure 10.9 Wait Timing for External Space Access (Software Wait Only)

When the WM bit in CSnWCR is cleared to 0, the external wait input WAIT signal is also
sampled. WAIT pin sampling is shown in figure 10.10. A 2-cycle wait is specified as a software
wait. The WAIT signal is sampled on the falling edge of CK at the transition from the T1 or Tw
cycle to the T2 cycle.
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Wait states inserted

by WAIT signal

CK

A21 to AO ' X X

2

RD & N\ v YA

Read . oo
USRS S S T T g

WEn o r\ YA

Write E \ E ] : j E : ] ;

D15 to DO —.—( | | | | | |
EWHWWE

Figure 10.10 Wait Cycle Timing for External Space Access
(Wait Cycle Insertion Using WAIT Signal)
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10.5.4  CSn Assert Period Expansion

The number of cycles from CSn assertion to RD, WEn assertion can be specified by setting bits
SW1 and SWO0 in CSnWCR. The number of cycles from RD, WEn negation to CSn negation can
be specified by setting bits HW1 and HWO. Therefore, a flexible interface to an external device
can be obtained. Figure 10.11 shows an example. A Th cycle and a Tf cycle are added before and
after an ordinary cycle, respectively. In these cycles, RD and WEn are not asserted, while other
signals are asserted. The data output is prolonged to the Tf cycle, and this prolongation is useful
for devices with slow writing operations.

CK

A21to AO

RD

Read
D15 to DO
WEn

Write

Figure 10.11 CSn Assert Period Expansion

Note: When two-times multiplication has been set for the peripheral clock, Tw must be equal to
or more than one cycle and Tid must be equal to or more than two cycles.
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10.5.5 SRAM Interface with Byte Selection
(1) Basic Timing for One-Time Multiplied Peripheral Clock

The SRAM interface with byte selection is for access to an SRAM which has a byte-selection pin
(WEn). This interface has 16-bit data pins and accesses SRAMs having upper and lower byte
selection pins, such as UB and LB.

When the BAS bit in CSnWCR is cleared to O (initial value), the write access timing of the SRAM
interface with byte selection is the same as that for the normal space interface. While in read
access of a byte-selection SRAM interface, the byte-selection signal is output from the WEn pin,
which is different from that for the normal space interface. The basic access timing is shown in
figure 10.12. In write access, data is written to the memory according to the timing of the byte-
selection pin (WEn). For details, please refer to the Data Sheet for the corresponding memory.

If the BAS bit in CSnWCR is set to 1, the WEn pin and RD/WR pin timings change. Figure 10.13
shows the basic access timing. In write access, data is written to the memory according to the
timing of the write enable pin (RD/WR). The data hold timing from RD/WR negation to data write
must be acquired by setting the HW1 and HWO bits in CSnWCR. Figure 10.14 shows the access
timing when a software wait is specified.
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A21 to A0

D15 to DO

N

Read <

Write <

=0)

Figure 10.12 Basic Access Timing for SRAM with Byte Selection (BAS
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A21to AO
D15 to DO
RD/WR
.

Read
Write <

:1)

Figure 10.13 Basic Access Timing for SRAM with Byte Selection (BAS
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CK

A21to AO

Read RD

D15 to DO

RD/WR

Write RD

D15 to DO

2

Figure 10.14 Wait Timing for SRAM with Byte Selection (BAS = 1)

Basic Timing for Two-Times Multiplied Peripheral Clock

(SWI[1:0] = 01, WR[3:0] = 0001, HW[1:0] = 01)

When two-times multiplication has been set for the peripheral clock, Tw must be equal to or more
than one cycle and Tid must be equal to or more than two cycles as with the normal space
interface (for Tid, see figure 10.6). Figure 10.15 shows the basic access timing for the SRAM with
byte selection (BAS = 0) on condition that two-times multiplication has been set for the peripheral
clock. Figure 10.16 shows the basic access timing in the same situation as figure 10.15 except for
BAS =1.

RO1UHO0235EJ0200 Rev. 2.00
Apr 01, 2014

RENESAS

Page 239 of 1824




SH72546R

Section 10 Bus State Controller (BSC)

A21 to AO

X

N\

N

D15 to DO —E—(

P1510 DO
\

Apr 01,2014

0) on Condition of
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Figure 10.15 Basic Access Timing for SRAM with Byte Selection (BAS
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A21 to AO

P15t0 DO

S

1) on Condition of

Figure 10.16 Basic Access Timing for SRAM with Byte Selection (BAS

Two-Times Multiplied Peripheral Clock

64K x 16-bit

SRAM

This LSI

A15

2B

/0 15

o
-ompm

A16

[os
2
[a)]
o

D15

8]

WE1

Figure 10.17 Example of Connection with 16-Bit Data-Width SRAM with Byte Selection
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10.5.6  Wait between Access Cycles

As the operating frequency of LSIs becomes higher, the off-operation of the data buffer often
collides with the next data access when the read operation from devices with slow access speed is
completed. As a result of these collisions, the reliability of the device is low and malfunctions may
occur. A function that avoids data collisions by inserting idle (wait) cycles between continuous
access cycles has been newly added.

The number of wait cycles between access cycles can be set by bits IWW2 to IWWO0, IWRWD?2 to
IWRWDO, IWRWS2 to IWRWSO0, IWRRD2 to IWRRDO, and IWRRS2 to IWRRS 0 in CSnBCR.
The conditions for setting the idle cycles between access cycles are shown below.

Continuous access cycles are write-read or write-write
Continuous access cycles are read-write for different spaces
Continuous access cycles are read-write for the same space

Continuous access cycles are read-read for different spaces

A

Continuous access cycles are read-read for the same space

For the specification of the number of idle cycles between access cycles described above, refer to
the description of CSnBCR.

Besides the idle cycles between access cycles specified by the above-mentioned registers, idle
cycles possibly are inserted to interface with the internal bus. The following gives detailed
information about the number of idle cycles from CSn negation to CSn or CSm assertion.

There are six conditions that determine the number of idle cycles on the external bus as shown in
table 10.7.
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Table 10.7 Conditions for Determining Number of Idle Cycles

No. Condition

Description Range

Note

[1]  IW##[2:0] in
CSnBCR

These bits specify the number of Oto12
idle cycles for external address
space access. The number of idle
cycles can be specified
independently for each combination
of the previous and next cycles. For
example, in the case where reading
CS1 space followed by reading
other CS space, the bits
IWRRD[2:0] in CS1BCR should be
set to B'100 to specify six or more
idle cycles. This condition
generates idle cycles after the
access is completed.

Do not set 0 for the number
of idle cycles between
memory types which are not
allowed to be accessed

successively.

[2] WMin
CSnWCR

This bit enables or disables external 0 or 1
WAIT pin. When this bit is set to B'0
(external WAIT enabled), one idle

cycle is inserted to check the

external WAIT pin input after the

access is completed. When this bit

is set to B'1 (disabled), no idle cycle

is generated.

[3] Read data
transfer cycle

One idle cycle is inserted after a Oori
read access is completed. This idle

cycle is not generated for the first or
middle cycles in divided access

cycles. This is neither generated

when the bits HW[1:0] in CShWCR

are set to other value than B'00.
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No. Condition

Description Range

Note

[4] Internal bus
idle cycles, etc.

External bus access requests from 0 or
the CPU or DMAC and their results larger
are passed through the internal

bus. The external bus enters idle

state during internal bus idle cycles

or while a bus other than the

external bus is being accessed.

This condition is not effective for

divided access cycles, which are
generated by the BSC when the

access size is larger than the

external data bus width.

For CPU read/write — write
access cycles, the minimum
number of idle cycles is 1.

For CPU read/write — read
access cycles, the minimum
number of idle cycles is 0.

For DMAC read — write
access cycles, the minimum
number of idle cycles is 0.

[5] Write data wait
cycles

During write access, a write cycle is 0 or 1
executed on the external bus only
after the write data becomes ready.
This write data wait period
generates idle cycles before the
write cycle. Note that when the
previous cycle is a write cycle and
the internal bus idle cycles are
shorter than the previous write
cycle, write data can be prepared in
parallel with the previous write cycle
and therefore, no idle cycle is
generated (write buffer effect).

For write — write or write —»
read access cycles,
successive access cycles
without idle cycles are
frequently available due to
the write buffer effect
described in the left column.
If successive access cycles
without idle cycles are not
allowed, specify the
minimum number of idle
cycles between access
cycles through CSnBCR.

[6] Idle cycles
between
different
memory types

To ensure the minimum pulse width 0 or 1
on the signal-multiplexed pins, idle

cycles may be inserted before

access after memory types are

switched.

One idle cycle is generated
between SRAM access or
SRAM with byte selection
access while BAS =0 and
SRAM with byte selection
access while BAS = 1.

In the above conditions, a total of four conditions, that is, condition [1], [2], a set of conditions [3]
to [5] (these are generated successively, and therefore the sum of them should be taken as one set
of idle cycles), and condition [6] are generated at the same time. The maximum number of idle
cycles among these four conditions become the number of idle cycles on the external bus. To
ensure the minimum idle cycles, be sure to make register settings for condition [1].
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10.5.7 Others
(1) Reset

The bus state controller (BSC) can be initialized completely only at power-on reset. At power-on
reset, all signals are immediately negated and data output buffers are turned off regardless of the
bus cycle state. All control registers are initialized.

(2) Write Buffer Operation

Since the bus state controller (BSC) incorporates a one-stage write buffer, the BSC can execute an
access via the internal bus before the previous external bus cycle is completed in a write cycle. If
the on-chip module is read or written after the external low-speed memory is written, the on-chip
module can be accessed before the completion of the external low-speed memory write cycle.

In read cycles, the CPU is placed in the wait state until read operation has been completed. To
continue the process after the data write to the device has been completed, perform a dummy read
to the same address to check for completion of the write before the next process to be executed.

The write buffer of the BSC functions in the same way for an access by a bus master other than
the CPU such as the DMAC. Accordingly, to perform DMA transfer to external address spaces,
the next read cycle is initiated before the previous write cycle is completed. Note, however, that if
both the DMA source and destination addresses exist in external address space, the next write
cycle will not be initiated until the previous write cycle is completed.

(3) On-Chip Peripheral Module Access

To access an on-chip module register, two or more peripheral module clock (P¢) cycles are
required. Care must be taken in system design.
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10.6 SRAM Access Timing

10.6.1  Standard SRAM

Figure 10.18 shows the SRAM access timing in the CS0 area which corresponds to the basic
SRAM access timing shown in figure 10.2, and also shows the timing with wait cycles inserted. In
the figure, “SW” denotes a delay cycle specified by the SW1 and SWO bits in the CSnWCR
register, “WW” shows a delay cycle specified by the WW2 to WWO bits in the CSnWCR register,
“HW” indicates a delay cycle specified by the HW1 and HWO bits in the CSnWCR register, and
“WR” denotes a delay cycle specified by the WR3 to WRO bits in the CSnWCR register.

10.6.2 SRAM with Byte Selection (BAS = 0)

Figure 10.19 shows the SRAM access timing in the CSO area which corresponds to the basic
access timing for SRAM with byte selection shown in figure 10.12, and also shows the timing
with wait cycles inserted. In the figure, “SW”, “WW”, “HW”, and “WR” indicate the same delay
cycles as those specified in section 10.6.1, Standard SRAM.

10.6.3  SRAM with Byte Selection (BAS = 1)

Figure 10.20 shows the SRAM access timing in the CS0O area which corresponds to he basic access
timing for SRAM with byte selection shown in figure 10.13, and also shows the timing with wait
cycles inserted. In the figure, “SW”, “WW”, “HW”, and “WR” indicate the same delay cycles as
those specified in section 10.6.1, Standard SRAM.
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Figure 10.18 SRAM Access Timing (Basic Access Timing, with Wait Cycles)
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(Basic Access Timing, with Wait Cycles)
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Section 11 Direct Memory Access Controller (DMAC)

The DMAC can be used in place of the CPU to perform high-speed transfers between external
memory, on-chip memory, external devices that are connected to the external address space, and
on-chip peripheral modules.

11.1 Features

e Number of channels: Eight channels (channels O to 7)
e 4-Gbyte physical address space

e Data transfer unit: Selectable from byte, word (two bytes), longword (four bytes), and 16 bytes
(longword x 4)

e Maximum transfer count: 16,777,216 transfers (24 bits)
e Address mode: Dual address mode
e Selectable transfer requests
— On-chip peripheral module request
— Auto request
The following modules can issue on-chip peripheral module requests.

— Three RCAN-TLI1 sources, ten ADC sources, thirty-five ATU-III sources, and two CMT
sources

e Selectable bus modes
— Cycle stealing mode (normal mode and intermittent mode)
— Burst mode
e Selectable channel priority levels
— Two types of fixed modes
— Round-robin mode

e Interrupt request: An interrupt request can be sent to the CPU on completion of half- or full-
data transfer

e Register reloading functions: The reloading function can be enabled or disabled independently
for each channel. Using this function, the values in the reload setting registers that can be set
even during DMA transfer are transferred to the corresponding registers. The following two
types of reloading functions are supported.

— Reloading function 1: The DMA source address register, DMA destination address register,
DMA transfer count register, and DMA address reload count register are reloaded when the
transfer count register reaches 0. The address reload count registers on channels 4 to 7 are
also reloaded when the reloading function 2 is enabled.

RO1UHO0235EJ0200 Rev. 2.00
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— Reloading function 2: The DMA source address register and/or DMA destination address
register, and DMA address reload count register are reloaded when the address reload
count register reaches 0. (Only supported in channels 4 to 7.)

e Continuous transfer when the reloading function 1 is enabled: Selectable between termination
and continuation of transfer when the transfer counter reaches 0, on channels the reloading
function 1 is enabled for.

e Integer to floating point conversion function: In the integer format to be converted, the data
stored in 14 bits from the left edge of a 16-bit register is treated as unsigned data, and the
decimal point is assumed to be located to the left of the MSB. After conversion, the floating
point format is the single-precision floating-point format based on IEEE754, representing a 32-
bit value.

Figure 11.1 shows a block diagram of the DMAC.
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DMAC module

—| RDMATCRn K
Iteration ™ ¢—»| DMATCRn
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P Register H
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memory * |
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[Legend]
RDMATCR: DMA reload transfer count register CHFR: DMA channel flag bit register
DMATCR: DMA transfer count register DMAOR: DMA operation register
RSAR: DMA reload source address register DMAFR: DMA operation flag bit register
SAR: DMA source address register TEMSK: DMA TE flag mask setting register
RDAR: DMA reload destination address register DMARSO to
DAR: DMA destination address register DMARS3:  DMA extension resource selectors 0 to 3
RARCR: DMA reload-address reload count register ~ HEIn: DMA transfer half-end interrupt request to the CPU
ARCR: DMA address reload count register DEIn: DMA transfer end interrupt request to the CPU
CHCR: DMA channel control register m: 4t07
n: Oto7

Figure 11.1 Block Diagram of DMAC
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11.2  Register Descriptions

The DMAC has the registers listed in table 11.1. There are five (channels O to 3) or six (channels 4
to 7) control registers, three or four reload registers and one flag bit register for each channel, and
one common operation register and one operation flag bit register are used by all channels. In
addition, there is one extension resource selector per two channels. Notation for the registers in
table 11.1 takes the form XXXN, where XXX indicates the register name and N indicates the
channel number. For example, SARO denotes SAR for channel 0.

Table 11.1 Register Configuration

Access
Channel Register Name Abbreviation R/W Initial Value Address Size
0 DMA source address  SARO R/W  H'00000000 H'FFFE1000 16, 32
register 0
DMA destination DARO R/W  H'00000000 H'FFFE1004 16, 32

address register 0
DMA transfer count DMATCRO R/W  H'00000000 H'FFFE1008 16, 32

register O

DMA channel control ~ CHCRO R/W  H'00000000 H'FFFE100C 8, 16, 32
register O

DMA channel flag bit ~ CHFRO R/W*' H'00 H'FFFE108C 8
register 0

DMA TE flag mask TEMSKO R/W#** H'0000 H'FFFE108E 8, 16
setting register 0

DMA reload source RSARO R/W  H'00000000 H'FFFE1100 16, 32
address register 0

DMA reload destination RDARO R/W  H'00000000 H'FFFE1104 16, 32

address register 0

DMA reload transfer RDMATCRO R/W  H'00000000 H'FFFE1108 16, 32
count register 0
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Access
Channel Register Name Abbreviation R/W Initial Value Address Size
1 DMA source address  SAR1 R/W  H'00000000 H'FFFE1010 16, 32
register 1
DMA destination DAR1 R/W  H'00000000 H'FFFE1014 16, 32
address register 1
DMA transfer count DMATCR1 R/W  H'00000000 HFFFE1018 16, 32
register 1
DMA channel control  CHCR1 R/W  H'00000000 HFFFE101C 8, 16, 32
register 1
DMA channel flag bit ~ CHFR1 R/W#' H'00 H'FFFE109C 8
register 1
DMA TE flag mask TEMSK1 R/W#** H'0000 H'FFFE109E 8, 16
setting register 1
DMA reload source RSAR1 R/W  H'00000000 H'FFFE1110 16, 32
address register 1
DMA reload destination RDAR1 R/W  H'00000000 H'FFFE1114 16, 32
address register 1
DMA reload transfer RDMATCR1 R/W  H'00000000 HFFFE1118 16, 32
count register 1
2 DMA source address  SAR2 R/W  H'00000000 HFFFE1020 16, 32
register 2
DMA destination DAR2 R/W  H'00000000 H'FFFE1024 16, 32
address register 2
DMA transfer count DMATCR2 R/W  H'00000000 H'FFFE1028 16, 32
register 2
DMA channel control  CHCR2 R/W  H'00000000 HFFFE102C 8, 16, 32
register 2
DMA channel flag bit ~CHFR2 R/W#' H'00 H'FFFE10AC 8
register 2
DMA TE flag mask TEMSK2 R/W#** H'0000 H'FFFE10AE 8, 16
setting register 2
DMA reload source RSAR2 R/W  H'00000000 H'FFFE1120 16, 32
address register 2
DMA reload destination RDAR2 R/W  H'00000000 HFFFE1124 16, 32
address register 2
DMA reload transfer RDMATCR2 R/W  H'00000000 HFFFE1128 16, 32
count register 2
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Access
Channel Register Name Abbreviation R/W Initial Value Address Size
3 DMA source address ~ SARS3 R/W  H'00000000 H'FFFE1030 16, 32
register 3
DMA destination DAR3 R/W  H'00000000 H'FFFE1034 16, 32
address register 3
DMA transfer count DMATCR3 R/W  H'00000000 H'FFFE1038 16, 32
register 3
DMA channel control  CHCR3 R/W  H'00000000 H'FFFE103C 8, 16, 32
register 3
DMA channel flag bit ~ CHFR3 R/W*' H'00 HFFFE10BC 8
register 3
DMA TE flag mask TEMSK3 R/W#** H'0000 H'FFFE10BE 8, 16
setting register 3
DMA reload source RSAR3 R/W  H'00000000 H'FFFE1130 16, 32
address register 3
DMA reload destination RDARS R/W  H'00000000 H'FFFE1134 16, 32
address register 3
DMA reload transfer RDMATCR3 R/W  H'00000000 H'FFFE1138 16, 32
count register 3
4 DMA source address  SAR4 R/W  H'00000000 H'FFFE1040 16, 32
register 4
DMA destination DAR4 R/W  H'00000000 H'FFFE1044 16, 32
address register 4
DMA transfer count DMATCR4 R/W  H'00000000 H'FFFE1048 16, 32
register 4
DMA channel control  CHCR4 R/W  H'00000000 H'FFFE104C 8, 16, 32
register 4
DMA channel flag bit ~CHFR4 R/W#*' H'00 H'FFFE10CC 8
register 4
DMA TE flag mask TEMSK4 R/W#** H'0000 H'FFFE10CE 8, 16
setting register 4
DMA reload source RSAR4 R/W  H'00000000 H'FFFE1140 16, 32
address register 4
DMA reload destination RDAR4 R/W  H'00000000 H'FFFE1144 16, 32
address register 4
DMA reload transfer RDMATCR4 R/W  H'00000000 H'FFFE1148 16, 32
count register 4
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Access
Channel Register Name Abbreviation R/W Initial Value Address Size
4 DMA address reload =~ ARCR4 R/W  H'0000 H'FFFE114C 16, 32
count register 4
DMA reload-address =~ RARCR4 R/W  H'0000 H'FFFE114E 16
reload count register 4
5 DMA source address  SAR5 R/W  H'00000000 H'FFFE1050 16, 32
register 5
DMA destination DAR5 R/W  H'00000000 H'FFFE1054 16, 32
address register 5
DMA transfer count DMATCR5 R/W  H'00000000 H'FFFE1058 16, 32
register 5
DMA channel control ~ CHCR5 R/W  H'00000000 H'FFFE105C 8, 16, 32
register 5
DMA channel flag bit ~ CHFR5 R/W=' H'00 H'FFFE10DC 8
register 5
DMA TE flag mask TEMSK5 R/W#*2 H'0000 H'FFFE10DE 8, 16
setting register 5
DMA reload source RSAR5 R/W  H'00000000 H'FFFE1150 16, 32
address register 5
DMA reload destination RDAR5 R/W  H'00000000 H'FFFE1154 16, 32
address register 5
DMA reload transfer RDMATCR5 R/W  H'00000000 H'FFFE1158 16, 32
count register 5
DMA address reload ~ ARCR5 R/W  H'0000 H'FFFE115C 16, 32
count register 5
DMA reload-address ~ RARCR5 R/W  H'0000 H'FFFE115E 16
reload count register 5
6 DMA source address  SAR6 R/W  H'00000000 H'FFFE1060 16, 32
register 6
DMA destination DAR6 R/W  H'00000000 H'FFFE1064 16, 32
address register 6
DMA transfer count DMATCR6 R/W  H'00000000 H'FFFE1068 16, 32
register 6
DMA channel control  CHCR6 R/W  H'00000000 H'FFFE106C 8, 16, 32
register 6
DMA channel flag bit ~CHFR6 R/W#*' H'00 H'FFFE10EC 8
register 6
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Access
Channel Register Name Abbreviation R/W Initial Value Address Size
6 DMA TE flag mask TEMSK6 R/W#** H'0000 H'FFFE10EE 8, 16
setting register 6
DMA reload source RSAR6 R/W  H'00000000 H'FFFE1160 16, 32
address register 6
DMA reload destination RDAR6 R/W  H'00000000 H'FFFE1164 16, 32
address register 6
DMA reload transfer RDMATCR6 R/W  H'00000000 H'FFFE1168 16, 32
count register 6
DMA address reload ~ ARCR6 R/W  H'0000 H'FFFE116C 16, 32
count register 6
DMA reload-address ~ RARCR®6 R/W  H'0000 H'FFFE116E 16
reload count register 6
7 DMA source address  SAR7 R/W  H'00000000 H'FFFE1070 16, 32
register 7
DMA destination DAR7 R/W  H'00000000 H'FFFE1074 16, 32
address register 7
DMA transfer count DMATCR7 R/W  H'00000000 H'FFFE1078 16, 32
register 7
DMA channel control  CHCR7 R/W  H'00000000 H'FFFE107C 8, 16, 32
register 7
DMA channel flag bit ~ CHFR7 R/W#' H'00 HFFFE10FC 8
register 7
DMA TE flag mask TEMSK7 R/W#* H'0000 H'FFFE10FE 8, 16
setting register 7
DMA reload source RSAR7 R/W  H'00000000 H'FFFE1170 16, 32
address register 7
DMA reload destination RDAR7 R/W  H'00000000 H'FFFE1174 16, 32
address register_7
DMA reload transfer RDMATCR7 R/W  H'00000000 H'FFFE1178 16, 32
count register 7
DMA address reload ~ ARCR7 R/W  H'0000 H'FFFE117C 16, 32
count register 7
DMA reload-address ~ RARCR7 R/W  H'0000 H'FFFE117E 16
reload count register 7
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Access
Channel Register Name Abbreviation R/W Initial Value Address Size
Common DMA operation register DMAOR R/W  H'0000 H'FFFE1200 8, 16
DMA operation flag bit DMAFR R/W*° H'00 H'FFFE1204 8
register
O0and 1 DMA extension DMARSO R/W  H'0000 H'FFFE1300 8, 16
resource selector 0
2and 3 DMA extension DMARS1 R/W  H'0000 H'FFFE1304 8, 16
resource selector 1
4and 5 DMA extension DMARS2 R/W  H'0000 H'FFFE1308 8, 16
resource selector 2
6and 7 DMA extension DMARSS3 R/W  H'0000 H'FFFE130C 8, 16
resource selector 3
Notes: 1. Only writing a 0 to the HE and TE bits in CHFRn is allowed after reading a 1, in order to
clear the flags.
2. TEMSKn includes a write key code. Write access is made only in word and allowed only
if the upper byte, i.e. key code, matches H'5B.
3. Only writing a 0 to the AE and NMIF bits in DMAFR is allowed after reading a 1, in order

to clear the flags.
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11.2.1 DMA Source Address Registers 0 to 7 (SARO to SAR?7)

SAR is a 32-bit readable/writable register that specifies the source address of a DMA transfer.
During a DMA transfer, these registers indicate the next source address.

To transfer data in words (two bytes), in longwords (four bytes), or in 16-byte units, specify the
address with 2-byte, 4-byte, or 16-byte address boundary.

SAR is initialized to H'00000000 by a power-on reset or a transition to the hardware standby mode
and retains its value in module standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

11.2.2 DMA Destination Address Registers 0 to 7 (DARO to DARY)

DAR is a 32-bit readable/writable register that specifies the destination address of a DMA transfer.
During a DMA transfer, these registers indicate the next destination address.

To transfer data in words (two bytes), in longwords (four bytes), or in 16-byte units, specify the
address with 2-byte, 4-byte, or 16-byte address boundary.

DAR is initialized to H'00000000 by a power-on reset or a transition to the hardware standby
mode and retains its value in module standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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11.2.3 DMA Transfer Count Registers 0 to 7 (DMATCRO to DMATCRY7)

DMATCR is a 32-bit readable/writable register that specifies the number of DMA transfers. The
transfer count is 1 when the setting is H'00000001, 16,777,215 when H'O0OFFFFFF is set, and
16,777,216 (the maximum) when H'00000000 is set. During a DMA transfer, these registers
indicate the remaining transfer count.

The upper eight bits of DMATCR are always read as 0, and the write value should always be 0. To
transfer data in 16-byte units, one 16-byte transfer (128 bits) counts one.

DMATCR is initialized to H'00000000 by a power-on reset or a transition to the hardware standby
mode and retains its value in module standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R RW RW RW RW RW RW RW RW
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

11.2.4 DMA Channel Control Registers 0 to 7 (CHCRO to CHCRY7)
CHCR is a 32-bit readable/writable register that controls the DMA transfer mode.

The TC[0], RLD2[1:0], and IFT bits can be read and written to in channels 4 to 7, but they are
reserved in channels O to 3.

CHCR is initialized to H'00000000 by a power-on reset or a transition to the hardware standby
mode and retains its value in module standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| TC[1:0] | - |RLD1| RLD2[1:0] | - | IFT | - | - | - | - | - | HIE | - | - |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R/W R/W R RW RW R/W R R/W R R R R/W

I o
)
I o
)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DM[1:0] SM[1:0] RS[3:0] | - | - |TB| TS[1:0] | IE | - | DE|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW

o
o

)
)
)
)
2
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Initial
Bit Bit Name Value R/W  Descriptions

31, 30 TCI[1:0] 00 R/W  Transfer Count Mode

Specifies whether to transmit data once, for the count
specified in DMATCR, or for the count specified in
ARCR by one transfer request.

The TC[0] bit is valid only in CHCR4 to CHCR7 and
reserved in CHCRO to CHCR3. The bit in CHCRO to
CHCRS is always read as 0 and the write value should
always be 0.

When these bits are set to a value other than B'01, the
TB bit must not be set to 1 (burst mode).

When these bits are set to B'01, RLD2[1] and RLD2[0]
bits should be a value other than B'00 to enable the
reloading function 2. When these bits are set to B'00,
operation is not guaranteed.

00: Transmits data once by one transfer request

01: Transmits data for the count specified in ARCR by
one transfer request

10: Transmits data for the count specified in DMATCR
by one transfer request

11: Setting prohibited
29 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.

28 RLD1 0 R/W  Reloading Function 1 Enable or Disable

Specifies whether the reloading function 1 is to be
enabled or disabled. When this function is enabled,
SAR, DAR, DMATCR or ARCR is reloaded when
DMATCR is changed to 0. Note that ARCR is reloaded
on channels 4-7 only when the reloading function 2 is
also enabled.

0: Disables the reloading function 1
1: Enables the reloading functioning 1
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Bit Bit Name

Initial
Value

R/W

Descriptions

27,26  RLD2[1:0]

00

R/W

Reloading Function 2 Enable or Disable

Specifies whether the reloading function 2 is to be
enabled or disabled. When this function is enabled,
SAR, DAR, or ARCR is reloaded when ARCR is
changed to 0.

These bits are valid only in CHCR4 to CHCRY7; in
CHCRO to CHCRBS, these bits are reserved. These bits
are always read as 0 and the write value should
always be 0.

00: Disables reloading function 2

01: Enables reloading function 2. DAR and ARCR are
reloaded.

10: Enables reloading function 2. SAR and ARCR are
reloaded.

11: Enables the reloading function 2. SAR, DAR, and
ARCR are reloaded.

Reserved

This bit is always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W  Descriptions

24 IFT 0 R/W Integer to Floating-Point Conversion Function Enable

Specifies whether the function converting an integer to
the floating-point format is enabled or disabled.

The integer format in which the 14-bit data left-aligned
in a 16-bit register is treated as unsigned data and the
decimal point is assumed to be located to the left of the
MSB can be treated.

After conversion, the integer is represented by a 32-bit
single-precision floating-point format based on IEEE
754 (the exponent has a bias of H'7F and the mantissa
is represented by a form of 1.xxx, where the first digit 1
is an implicit leading bit).

This bit is valid only in CHCR4 to CHCR7; in CHCRO
to CHCRG, this bit is reserved. This bit is always read
as 0 and the write value should always be O.

If the integer to floating-point conversion function is
enabled, the unit of data transfer should be specified
as a word (TS in CHCR = B'01). In such a case, a 16-
bit value is read as the source of transfer, an integer to
floating-point conversion is performed, and the
resulting 32-bit value is written. Consequently, the
source register is updated by word access, and the
destination address is updated by longword access. In
addition, if the destination address is not a longword-
aligned address, an address error may result.

Notice that when the integer to floating-point
conversion is enabled, the conversion requires cycles.
Therefore, the internal operation within the DMAC will
be read (conversion source to inside the DMAC) —
write (inside the DMAC to conversion source), if a
conversion is not required, and read — Nop
(conversion processing) — write, if a conversion is
required.

0: Disables the integer to floating-point conversion
function

1: Enables the integer to floating-point conversion
function

23t0 19 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name Value R/W Descriptions
18 HIE 0 R/W Half-End Interrupt Enable

Specifies whether to issue an interrupt request to the
CPU when the transfer count reaches half of the
DMATCR value that was specified before transfer
starts.

When the HE bit in CHFR is set to 1, the DMAC
requests an interrupt to the CPU when the HE bit
becomes 1.

0: Disables an interrupt to be issued when DMATCR
= (DMATCR set before transfer starts)/2

1: Enables an interrupt to be issued when DMATCR
= (DMATCR set before transfer starts)/2

17,16 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.

15,14 DM[1:0] 00 R/W Destination Address Mode

These bits select whether the DMA destination

address is incremented, decremented, or left fixed.

00: Fixed destination address (Setting prohibited in
16-byte transfer)

01: Destination address is incremented (+1 in 8-bit
transfer, +2 in 16-bit transfer, +4 in 32-bit transfer,
+16 in 16-byte transfer)

10: Destination address is decremented (—1 in 8-bit
transfer, —2 in 16-bit transfer, —4 in 32-bit transfer,
setting prohibited in 16-byte transfer)

11: Setting prohibited

13,12 SM[1:0] 00 R/W Source Address Mode

These bits select whether the DMA source address is
incremented, decremented, or left fixed.

00: Fixed source address (Setting prohibited in 16-
byte-unit transfer)

01: Source address is incremented (+1 in byte-unit
transfer, +2 in word-unit transfer, +4 in longword-
unit transfer, +16 in 16-byte-unit transfer)

10: Source address is decremented (—1 in byte-unit
transfer, —2 in word-unit transfer, —4 in longword-
unit transfer, setting prohibited in 16-byte-unit
transfer)

11: Setting prohibited
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Initial
Bit Bit Name Value R/W Descriptions
11t08 RS[3:0] 0000 R/W  Resource Select

These bits specify which transfer requests will be sent
to the DMAC. The changing of transfer request source
should be done in the state when DMA enable bit (DE)
is cleared to 0.

0000: Initial value (when the resource is not selected)
0001: Setting prohibited
0010: Setting prohibited
0011: Setting prohibited
0100: Auto request
0101: Setting prohibited
0110: Setting prohibited
0111: Setting prohibited
1000: DMA extension resource selector
1001: RCAN-TL1 channel A
1010: RCAN-TL1 channel B
1011: RCAN-TL1 channel C
1100: ADC_A (A/D conversion end)
1101: ADC_B (A/D conversion end)
1110: Setting prohibited
1111: Setting prohibited
7,6 — All O R Reserved

These bits are always read as 0. The write value should
always be 0.

5 B 0 R/W  Transfer Bus Mode

Specifies the bus mode when DMA transfers data. Note
that the burst mode must not be selected when TC is
other than B'10.

0: Cycle stealing mode
1: Burst mode
4,3 TS[1:0] 00 R/W  Transfer Size
These bits specify the size of data to be transferred.

Select the size of data to be transferred when the
source or destination is an on-chip peripheral module
register of which transfer size is specified.

00: Byte units

01: Word (two bytes) units

10: Longword (four bytes) units

11: 16-byte units (four longword transfers)
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Bit Bit Name

Initial
Value

R/W

Descriptions

2 IE

0

R/W

Interrupt Enable

Specifies whether or not an interrupt request is
generated to the CPU at the end of the DMA transfer.
Setting this bit to 1 generates an interrupt request
(DEI) to the CPU when the TE bit in CHFR is set to 1.

0: Disables an interrupt request

1: Enables an interrupt request

Reserved

This bit is always read as 0. The write value should
always be 0.

R/W

DMA Enable

Enables or disables the DMA transfer. In auto request
mode, DMA transfer starts by setting the DE bit and
DME bit in DMAOR to 1. In this case, all of the bits TE
in CHFR, NMIF and AE in DMAFR must be 0. In a
peripheral module request, DMA transfer starts if
DMA transfer request is generated by peripheral
modules after setting the bits DE and DME to 1. In
this case, however, all of the bits TE in CHFR, NMIF
and AE in DMAFR must be 0 as in the case of auto
request mode. Clearing the DE bit to 0 can terminate
the DMA transfer.

0: DMA transfer disabled
1: DMA transfer enabled

1125 DMA Channel Flag Bit Registers 0 to 7 (CHFRO to CHFR?)

CHFR is an 8-bit readable/writable register that shows the DMA transfer result.

CHFR is initialized to H'00 by a power-on reset or a transition to the hardware standby mode and

retains its value in module standby mode.
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4 3 2 1 0

[ve ] -] - -]l

Initial value: 0 0

R/W: R R

0 0 0 0 0

R RMW:* R R R R/(W:*

Note: * To clear the flag, write O to the bit to be cleared, only when 1
has been read from the bit when these registers have been read.
To the HE or TE bit not to be cleared, only 1 can be written, even
if 0 is read from the bit. To the reserved bits, only 0 can be written.
When the flag is read by the CPU, even though 0 has been read,
the flag may be set to 1 and therefore 1 may be read internally.
In this case, if 0 is written to the corresponding bit, the flag will be
cleared even if 1 has not been read by the CPU.
Since the specifications of the flag bits in these registers differ
from the ones of the flags in other modules, the clearing operations
of the flags by the CPU must be executed carefully.

Initial
Bit Bit Name Value R/W Descriptions
7t05 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
4 HE 0 R/(W)* Half-End Flag

This bit is set to 1 when the transfer count reaches half
of the DMATCR value specified before transfer starts.

When DMA transfer ends because of an NMI interrupt,
a DMA address error, or clearing of the DE bit or the
DME bit in DMAOR before the transfer count reaches
half of the initial DMATCR value, the HE bit is not set
to 1. If DMA transfer ends due to an NMI interrupt, a
DMA address error, or clearing of the DE bit or the
DME bit in DMAOR after the HE bit is set to 1, the bit
remains set to 1.

To clear the HE bit, write 0 to it after HE = 1 is read.
Note that the HE bit is never set even after it is cleared
when the transfer count is equal to or more than the
half of the initial DMATCR value.

0: DMATCR > (DMATCR set before transfer starts)/2
during DMA transfer or after DMA transfer is
terminated

1: DMATCR < (DMATCR set before transfer starts)/2
[Clearing condition]
e Writing O after reading HE = 1.
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Initial
Bit Bit Name Value R/W Descriptions
3to 1 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
0 TE 0 R/(W)*  Transfer End Flag
This bit is set to 1 when DMATCR becomes 0 and
DMA transfer ends.

The TE bit is not set to 1 in the following cases.

e When DMA transfer ends due to an NMI interrupt
or DMA address error before DMATCR becomes 0

e When DMA transfer is ended by clearing the DE bit
and DME bit in DMA operation register (DMAOR)

To clear the TE bit, write 0 after reading TE = 1.

Even if the DE bit is set to 1 while this bit is set to 1,
transfer is not enabled.

0: During the DMA transfer or DMA transfer has been
terminated

1: DMA transfer ends by the specified count (DMATCR
= O)

[Clearing condition]

e Writing O after reading TE = 1

Note: * Only writing a 0 is allowed after reading a 1, in order to clear the flag.
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1126 DMA TE Flag Mask Setting Registers 0 to 7 (TEMSKO to TEMSK?)

TEMSK is a 16-bit readable/writable register, which contains an 8-bit write key. If the reloading
function 1 is enabled, the TE flag setting controls whether to terminate or continue DMA transfer.
If the reloading function 1 is disabled, the resister setting is ignored and DMA transfer is
terminated when the TE flag is set.

The register is initialized to H'0000 by a power-on reset or a transition to the hardware standby
mode but retains its value in module standby mode.

Since TEMSK includes a write key, a write to this register must be performed in word. To rewrite
the TEMASK bit value, write a value of H'SB to the TEMKEY in advance. A write in word when
a value other than H'5B is written to the TEMKEY bit and a write in byte are all ignored.

A read out from TEMSK can be performed both in word and byte. However, the TEMKEY bits
are always read as H'00 since no write is held in these bits.

Bit_15 14 13 12 11 10 9 8 7 6 5 4 3 2 A

. TEM

| TEMKEY(7:0 |- 1-1-T-7-[-]-[3
Initialvalve: © o o0 ©0 ©0 ©0 0 0 0 0 0 0 0 0 0 0
RW: RW+ RW+ RW+ RW+ RW+ RW+ RW* RW+ R R R R R R R RW

Note: * Write data is not retained; these bits are always read as 0.

Initial
Bit Bit Name Value R/W Descriptions
15t0 8 TEMKEY AllO R/W#*  TEMSK Write Key Code
[7:0] These bits act as the write key for TEMSK that

enables/disables rewriting the TEMASK bit. Since no
write value is held, these bits are always read as H'00.

H'5B: Enables rewriting the TEMASK bit.
Other than H'5B: Disables rewriting the TEMASK bit.
7to1 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.
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Bit Bit Name

Initial
Value

R/W

Descriptions

0 TEMASK

0

R/W

TE Flag Mask Setting

Selects whether or not to terminate DMA transfer when
the TE bit is set to 1. By setting this bit to 1 while the
reloading function 1 is enabled, DMA transfer is
performed until its transfer request is canceled.

This function can only be enabled when the reloading
function 1 is enabled.

When DMA transfer is continued even after the TE flag

is set to 1 by setting the TEMASK bit to 1 while

reloading function 1 is enabled, the operation of the

HE and TE bits of the CHFR register is as follows:

¢ |f the HE bit is cleared in the middle of transfer, the
bit is again set when the DMATCR value has
become equal to or less than the half of its value
set before transfer starts.

¢ |f the TE bit is cleared in the middle of transfer, the
bit is again set when the DMATCR value has
become 0 next time.

* The information of that the set HE or TE bit was
read for clearing is held until the bit is cleared.
Therefore, the set HE or TE bit that was read can
be cleared by simply writing a 0 to it even after the
register values are changed by the reloading
function 1.

0: Terminates DMA transfer when the TE flag is set
to 1.

1: Continues DMA transfer even when the TE flag is
setto 1.

Note: When this function is enabled, care must be
taken since the bus occupancy of DMA transfer
becomes higher. In particular, when auto
request is selected as the request type, do not
select burst transfer as the bus mode, as correct
operation is not guaranteed in this case.
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11.2.7 DMA Reload Source Address Registers 0 to 7 (RSARO to RSAR?7)
RSAR is a 32-bit readable/writable register that can be modified even during DMA transfer.

When the reloading function 1 is enabled (RLD1 in CHCR = 1), the RSAR value is written to the
source address register (SAR) at the end of the current DMA transfer (DMATCR = 0). When the
reloading function 2 is enabled (RLD2[1] bit in CHCR = 1), the RSAR value is written to the
source address register (SAR) when the current address reload count register reaches 0 (ARCR =
0). A new value for the next DMA transfer can be preset in RSAR. When both of the reloading
functions are disabled, RSAR is ignored.

To transfer data in words (two bytes), in longwords (four bytes), or in 16-byte units, specify the
address with 2-byte, 4-byte, or 16-byte address boundary.

RSAR is initialized to H'00000000 by a power-on reset or a transition to the hardware standby
mode and retains its value in module standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

RO1UHO0235EJ0200 Rev. 2.00
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11.2.8 DMA Reload Destination Address Registers 0 to 7 (RDARO to RDARY7)
RDAR is a 32-bit readable/writable register that can be modified even during DMA transfer.

When the reloading function 1 is enabled (RLD1 in CHCR = 1), the RDAR value is written to the
destination address register (DAR) at the end of the current DMA transfer (DMATCR = 0). When
the reloading function 2 is enabled (RLD2[0] bit in CHCR = 1), the RDAR value is written to the
destination address register (DAR) when the current address reload count register reaches 0
(ARCR =0). A new value for the next DMA transfer can be preset in RDAR. When both of the
reloading functions are disabled, RDAR is ignored.

To transfer data in words (two bytes), in longwords (four bytes), or in 16-byte units, specify the
address with 2-byte, 4-byte, or 16-byte address boundary.

RDAR is initialized to H'00000000 by a power-on reset or a transition to the hardware standby
mode and retains its value in module standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

RO1UH0235EJ0200 Rev. 2.00
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11.29 DMA Reload Transfer Count Registers 0 to 7 (RDMATCRO0 to RDMATCRY)
RDMATCR is a 32-bit readable/writable register that can be modified even during DMA transfer.

When the reloading function 1 is enabled (RLD1 in CHCR = 1), the RDMATCR value is written
to the transfer count register (DMATCR) at the end of the current DMA transfer (DMATCR = 0).
A new value for the next DMA transfer can be preset in RDMATCR. When the reloading function
1 is disabled (RLD1 in CHCR = 0), RDMATCR is ignored.

The upper eight bits of RDMATCR are always read as 0, and the write value should always be 0.

As in DMATCR, the transfer count is 1 when the setting is H'00000001, 16,777,215 when
H'O0FFFFFF is set, and 16,777,216 (the maximum) when H'00000000 is set. To transfer data in
16-byte units, one 16-byte transfer (128 bits) counts one.

RDMATCR is initialized to H'00000000 by a power-on reset or a transition to the hardware
standby mode and retains its value in module standby mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

SN N N N N N N N N B B
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R RW RW RW RW RW RW RW RW

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

RO1UHO0235EJ0200 Rev. 2.00
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11.2.10 DMA Address Reload Count Registers 4 to 7 (ARCR4 to ARCRY7)
ARCR is a 16-bit readable/writable register.

When the reloading function 2 is enabled (CHCR.RLD2[1:0] = 1), the ARCR register and the
source address register (SAR) and/or the destination address register (DAR) are reloaded once
ARCR reaches 0. When the reloading function 2 is disabled (CHCR.RLD2[1:0] = 0), this register
is ignored. Note that the ARCR register is reloaded only when the reloading function 2 is enabled
(CHCR.RLD2[1:0] = 1).

The upper eight bits in ARCR are always read as 0 and the write value should always be 0.

As in DMATCR, the transfer count is 1 when the setting is H'0001, 255 when H'OOFF is set, and
256 (the maximum) when H'0000 is set. To transfer data in 16-byte units, one 16-byte transfer
(128 bits) counts one.

ARCR is initialized to H'0000 by a power-on reset or a transition to the hardware standby mode
and retains its value in module standby mode.

When the reloading function 2 is enabled (RLD1 or RLD2[0] bit in CHCR = 1), ARCR and SAR
and/or DAR are reloaded when ARCR reaches 0. When the reloading function 2 is disabled
(RLD1 and RLD2[0] bits are 0), ARCR is ignored. ARCR is updated only when the reloading
function 2 is enabled.

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R RW RW RW RW RW RW RW RW

RO1UH0235EJ0200 Rev. 2.00
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11.2.11 DMA Reload-Address Reload Count Registers 4 to 7 (RARCR4 to RARCRY)
RARCR is a 16-bit readable/writable register that can be modified even during DMA transfer.

When the reloading function 2 is enabled (RLD1 or RLD2[0] bit in CHCR = 1), the RARCR value
is written to the DMA address reload count register (ARCR) when the current reload count
register reaches 0 (ARCR = 0). A new value for the next DMA transfer can be preset in RARCR.
When the reloading function 2 is disabled (RLD1 and RLD2[0] bits in CHCR are 0), RARCR is
ignored.

When both reloading functions are enabled, the contents of RARCR is written to the address
reload count register (ARCR) on completion of the current DMA transfer (DMATCR = 0).

The upper eight bits of RARCR are always read as 0, and the write value should always be 0.

As in ARCR, the transfer count is 1 when the setting is H'0001, 255 when H'OOFF is set, and 256
(the maximum) when H'0000 is set. To transfer data in 16-byte units, one 16-byte transfer (128
bits) counts one.

RARCR is initialized to H'0000 by a power-on reset or a transition to the hardware standby mode
and retains its value in module standby mode.

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R RW RW RW RW RW RW RW RW
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11.2.12 DMA Operation Register (DMAOR)

DMAOR is a 16-bit readable/writable register that specifies the priority level of channels at the

DMA transfer.

DMAOR is initialized to H'0000 by a power-on reset or a transition to the hardware standby mode
and retains its value in module standby mode.

Bit 15 14 13 12 10 9 8 7 6 5 4 3 2 1 0
[T T owra [ ] g | ] ] [ ] ] ] Jow]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R RW RW R RW RW R R R R R R R RW
Initial
Bit Bit Name Value R/W  Description
15, 14 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
13,12 CMSJ[1:0] 00 R/W  Cycle Stealing Mode Select
These bits select either normal mode or intermittent
mode in cycle stealing mode.
It is necessary that the bus modes of all channels be
set to cycle stealing mode to make the intermittent
mode valid.
00: Normal mode
01: Setting prohibited
10: Intermittent mode 16
One DMA transfer for every 16 cycles of P¢ clock.
11: Intermittent mode 64
One DMA transfer for every 64 cycles of P¢ clock.
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Bit Bit Name

Initial
Value

R/W

Description

11,10 —

AllO

R

Reserved

These bits are always read as 0. The write value
should always be 0.

9,8 PR[1:0]

00

R/W

Priority Mode

These bits select the priority level between channels
when there are transfer requests for multiple channels
simultaneously.

00: Fixed mode 1: CHO > CH1 > CH2 > CH3 > CH4 >
CH5 > CH6 > CH7

01: Fixed mode 2: CHO > CH4 > CH1 > CH5 > CH2 >
CH6 > CH3 > CH7

10: Setting prohibited
11: Round-robin mode (only supported in CHO to CH3)

7to 1 —

AllO

R

Reserved

These bits are always read as 0. The write value
should always be 0.

0 DME

R/W

DMA Master Enable

Enables or disables DMA transfer on all channels. If
the DME bit and DE bit in CHCR are set to 1, DMA
transfer is enabled. However, transfer is enabled only
when the TE bit in CHFR is set to 0 or the RLD1 bit in
CHCR and TEMASK bit are all set to 1, of the
corresponding channel for transfer. Also, the NMIF and
AE bits in DMAFR must be all cleared to 0.

Clearing the DME bit to 0 discontinues the DMA
transfer on all channels.

0: DMA transfer is disabled on all channels
1: DMA transfer is enabled on all channels

If the priority mode bits are modified after a DMA transfer, the channel priority is initialized. If
fixed mode 2 is specified, the channel priority is specified as CHO > CH4 > CH1 > CH5 > CH2 >
CH6 > CH3 > CHY7. If fixed mode 1 is specified, the channel priority is specified as CHO > CH1 >
CH2 > CH3 > CH4 > CHS5 > CH6 > CH7. If the round-robin mode is specified, the transfer end

channel is reset.

Table 11.2 shows the priority change in each mode (modes O to 2) specified by the priority mode
bits. In round-robin mode, the channel priority to accept the next transfer request may change in
up to three ways according to the transfer end channel.
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For example, when the transfer end channel is channel 1, the priority of the channel to accept the
next transfer request is specified as CH2 > CH3 > CHO >CH1 > CH4 > CHS > CH6 > CH7. When
the transfer end channel is any one of the channels 4 to 7, round-robin will not be applied and the
priority level is not changed at the end of transfer in the channels 4 to 7.

Table 11.2 Combinations of Priority Mode Bits

Transfer  Priority Mode Priority Level at End of Transfer

End Bits High » Low
Mode CH No. PR1 PRO 0 1 2 3 4 5 6 7

Mode 0 Any 0 0 CHO CH1 CH2 CH3 CH4 CH5 CHe6 CH7

(fixed channel

mode 1)

Mode 1 Any 0 1 CHO CH4 CH1 CH5 CH2 CHe6 CH3 CH7

(fixed channel

mode 2)

Mode 2 CHO 1 1 CH1 CH2 CH3 CHO CH4 CH5 CH6 CH7

5;‘;‘:"' CH1 1 1 CH2 CH3 CHO CH1 CH4 CH5 CH6 CH7

mode) CH2 1 1 CH3 CHO CH1 CH2 CH4 CH5 CH6 CH7
CH3 1 1 CHO CH1 CH2 CH3 CH4 CH5 CH6 CH7
CH4 1 1 CHO CH1 CH2 CH3 CH4 CH5 CH6 CH7
CH5 1 1 CHO CH1 CH2 CH3 CH4 CH5 CH6 CH7
CH6 1 1 CHO CH1 CH2 CH3 CH4 CH5 CH6 CH7
CH7 1 1 CHO CH1 CH2 CH3 CH4 CH5 CH6 CH7

RO1UHO0235EJ0200 Rev. 2.00
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11.2.13 DMA Operation Flag Bit Register (DMAFR)

DMAPFR is an 8-bit readable/writable register that shows the DMA transfer status.

DMAPFR is initialized to H'00 by a power-on reset or a transition to the hardware standby mode
and retains its value in module standby mode.

7 6 5 4 3 2 1 0

[ - [ - Taef - [ -] [owe

Initial value:

Bit Bit Name

R/W:

Note:

o 0o o0 ©0 0 0 0 0
R R R RW* R R R R(W:

* To clear the flag, write 0 to the bit to be cleared, only when 1

has been read from the bit when these registers have been read.
To the AE or NMIF bit not to be cleared, only 1 can be written, even
if 0 is read from the bit. To the reserved bits, only 0 can be written.
When the flag is read by the CPU, even though 0 has been read,
the flag may be set to 1 and therefore 1 may be read internally.

In this case, if 0 is written to the corresponding bit, the flag will be
cleared even if 1 has not been read by the CPU.

Since the specifications of the flag bits in these registers differ

from the ones of the flags in other modules, the clearing operations
of the flags by the CPU must be executed carefully.

Initial
Value R/W Description

7t05 —

AllO

R Reserved

These bits are always read as 0. The write value
should always be 0.

R/(W)* Address Error Flag
Indicates whether an address error has occurred by
the DMAC. When this bit is set, even if the DE bit in
CHCR and the DME bit in DMAOR are set to 1, DMA
transfer is not enabled. This bit can only be cleared by
writing 0 after reading as 1. The DMAC internal
operation for an address error is as follows:

e No address error: Read (source to DMAC) — Write
(DMAC to destination)
Address error in source address: Nop — Nop

Address error in destination address: Read — Nop
0: No DMAC address error
1: DMAC address error occurred

[Clearing condition]
e Writing O after reading AE =1
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Initial
Bit Bit Name Value R/W Description
3to1 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

0 NMIF 0 R/(W)* NMI Flag

Indicates that an NMI interrupt occurred. When this bit
is set, even if the DE bit in CHCR and the DME bit in
DMAOR are set to 1, DMA transfer is not enabled.
This bit can only be cleared by writing 0 after reading
as 1.

When the NMI is input, the current DMA transfer in
progress is continued until one transfer unit of data is
completed. When DMAC operation is stopped by the
NMI, it can be resumed by clearing the NMIF bit to O
after reading as 1. Even if the NMI interrupt is input
while the DMAC is not in operation, the NMIF bit is set
to 1.

0: No NMl interrupt

1: NMlI interrupt occurred

[Clearing condition]

e Writing O after reading NMIF = 1

Note: * Only 0 can be written to clear the flag after reading it as 1.
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11.2.14 DMA Extension Resource Selectors 0 to 3 (DMARSO to DMARS3)

The DMA extension resource selectors (DMARS) are 16-bit readable/writable registers that
specify the DMA transfer sources from peripheral modules in each channel. DMARSQO is for
channels 0 and 1, DMARSI is for channels 2 and 3, DMARS?2 is for channels 4 and 5, and
DMARS3 is for channels 6 and 7. Table 11.3 shows the specifiable combinations.

DMARS can specify transfer requests from 35 ATU-III sources, 8 ADC sources (only for
DMARS), and two CMT sources.

DMARS is initialized to H'0000 by a power-on reset or a transition to the hardware standby mode
and retains its value in module standby mode.

e DMARSO
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I CH1 MID[5:0] CH1 RID[1:0] CHO MID[5:0] CHO RID[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

e DMARSI

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CH3 MID[5:0] CH3 RID[1:0] CH2 MID[5:0] CH2 RID[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

e DMARS2

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I CH5 MID[5:0] CH5 RID[1:0] CH4 MID[5:0] CH4 RID[1:0]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

e DMARS3
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CH7 MID[5:0] CH7 RID[1:0] CH6 MID[5:0] CHS6 RID[1:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

RO1UHO0235EJ0200 Rev. 2.00
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Transfer requests from the various modules specify MID and RID as shown in table 11.3.

Table 11.3 DMARS Settings

Setting Value for One

Peripheral Module Channel ({MID, RID}) MID RID Function
ATU-III_CO H'03 B'000000  B'11 —
ATU-II_C1 H'07 B'000001 B'11 —
ATU-llI_C2 H'0B B'000010  B'11 —
ATU-IlI_DO0O H'13 B'000100  B'11 —
ATU-III_DO1 H'17 B'000101 B'11 —
ATU-II_D02 H'1B B'000110  B'11 —
ATU-1II_D03 H1F B'000111 B'11 —
ATU-IlI_EO H'23 B'001000 B'11 —
ATU-II_EA H'27 B'001001 B'11 —
ATU-III_E2 H'2B B'001010  B'11 —
ATU-NII_E3 H'2F B'001011 B'11 —
ATU-IIl_E4 H'33 B'001100  B'11 —
ATU-IlI_E5 H'37 B'001101 B'11 —
ATU-II_C3 H'3B B'001110  B'11 —
ATU-IlI_C4 H'3F B'001111 B'11 —
ATU-IlI_GO H'43 B'010000 B'11 —
ATU-II_G1 H'47 B'010001 B'11 —
ATU-IlI_G2 H'4B B'010010 B'11 —
ATU-III_G3 H'4F B'010011 B'11 —
ATU-1II_D10 H'53 B'010100 B'11 —
ATU-IlI_D11 H'57 B'010101 B'11 —
ATU-IlI_D12 H'5B B'010110  B'11 —
ATU-IlI_D13 H'5F B'010111 B'11 —
ADC_B AN40 H'63 B'011000  B'11 —
ADC_B AN41 H'67 B'011001 B'11 —
ADC_B AN42 H'6B B'011010 B'11 —
ADC_B AN43 H'6F B'011011 B'11 —
ADC_B AN44 H'73 B'011100 B'11 —
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Setting Value for One

Peripheral Module Channel ({MID, RID}) MID RID Function
ADC_B AN45 H'77 B'011101 B'11 —
ADC_B AN46 H'7B B'011110 B'11 —
ADC_B AN47 H'7F B'011111 B'11 —
ATU-IlI_D20 H'93 B'100100 B'11 —
ATU-IlI_D21 H'97 B'100101 B'11 —
ATU-III_D22 H'9B B'100110  B'11 —
ATU-III_D23 H'9F B'100111 B'11 —
ATU-1II_D30 H'D3 B'110100 B'11 —
ATU-IlI_D31 H'D7 B'110101 B'11 —
ATU-III_D32 H'DB B'110110  B'11 —
ATU-II_D33 H'DF B'110111 B'11 —
ATU-III_JO H'E3 B'111000 B'11 —
ATU-II_J1 H'E7 B'111001 B'11 —
ATU-III_G4 H'EF B'111011 B'11 —
ATU-III_G5 H'F3 B'111100 B'11 —
CMT_0 H'FB B'111110  B'11 —
CMT_A1 H'FF B'111111 B'11 —

When MID or RID other than the values listed in table 11.3 is set, the operation of this LSI is not
guaranteed. The transfer request from DMARS is valid only when the resource select bits (RS3 to
RS0) in CHCRO to CHCR7 have been set to B'1000. Otherwise, even if DMARS has been set, the
transfer request source is not accepted.
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11.3  Operation

When a DMA transfer is requested, the DMAC starts the transfer according to the predetermined
channel priority order; when the transfer end conditions are satisfied, it ends the transfer. Transfers
can be requested in two modes: an auto request and an on-chip peripheral module request. In bus
mode, the burst mode or the cycle stealing mode can be selected.

11.3.1  Transfer Flow

The DMA source address registers (SAR), DMA destination address registers (DAR), DMA
transfer count registers (DMATCR), DMA channel control registers (CHCR), DMA operation
register (DMAOR), and DMA extension resource selector (DMARS) are set for the target transfer
conditions.

When the reloading function is used, the DMA address reload count register (ARCR), DMA
reload-address reload count register (RARCR), DMA reload source address register (RSAR),
DMA reload destination address register (RDAR), and DMA reload transfer count register
(RDMATCR) are set as needed. If transfer has been started or an NMI interrupt or an address error
has been generated, the DMA channel flag bit register (CHFR) and DMA operation flag bit
register (DMAFR) are cleared as needed.

After the above registers are set, the DMAC transfers data according to the following procedure.

1. Checks to see if transfer is enabled (DE = 1, DME = 1, TE = 0, AE = 0, NMIF = 0)

2. When a transfer request comes and transfer is enabled, the DMAC transfers one transfer unit of
data (depending on the TS1 and TSO settings). For an auto request, the transfer begins
automatically when the DE bit and DME bit are set to 1. The DMATCR value will be
decremented by 1 for each transfer. If the RLD2[1:0] bits in CHCR is set to a value other than
B'00, the ARCR value will also be decremented by 1. The actual transfer flows vary by
address mode and bus mode.

3. If the TC[1:0] bits in CHCR are cleared to B'00 and the request is issued from an on-chip
peripheral module, the transfer acknowledge signal will be returned to the module.

4. If the RLD2[1] and RLDO bits in CHCR are set to a value other than B'00, the reloading
function 2 is activated when transfers have been completed for the count specified by ARCR.
When the RLD2[1] bit is set to 1, the reloading operations RSAR — SAR and RARCR —
ARCR are performed. When the RLD2[0] bit is set to 1, the reloading operations RDAR —
DAR and RARCR — ARCR are performed. If the TC[1:0] bits in CHCR are set to B'01 and
the request is issued from an on-chip peripheral module, the transfer acknowledge signal will
be returned to the module.

RO1UHO0235EJ0200 Rev. 2.00

Page 285 of 1824
Apr 01,2014 RENESAS



Section 11 Direct Memory Access Controller (DMAC) SH72546R

5. When half of the specified transfer count is exceeded (when DMATCR reaches half of the
initial value), an HEI interrupt is sent to the CPU if the HE bit in CHFR is set to 1 while the
HIE bit in CHCR is 1.

6. When transfer has been completed for the specified count (when DMATCR reaches 0), the
transfer ends normally by setting the TE bit in CHFR to 1. If the IE bit in CHCR is set to 1 at
this time, a DEI interrupt is sent to the CPU. If the RLD1 bit in CHCR is set to 1, the reloading
function 1 is activated. The reloading operations RSAR — SAR, RDAR — DAR, RDMATCR
— DMATCR, and RARCR — ARCR (only when the reloading function 2 is enabled) are
performed. In addition, if RDL1 and TEMASK bits are both set to 1, the operation will be
brought back to step 1 and transfer is kept performed until no transfer request is left to be
handled. If the TC[0] bit in CHCR is set to O and the request is issued from an on-chip
peripheral module, the transfer acknowledge signal will be returned to the module.

7. When an address error in the DMAC or an NMI interrupt is generated, the transfer is
terminated. Transfers are also terminated when the DE bit in CHCR or the DME bit in
DMAUOR is cleared to 0.

Figure 11.2 is a flowchart of this procedure.
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Initial settings
(SAR, DAR, DMATCR, CHCR, DMAOR, DMARS)
(Also set CHFR, DMAFR, ARCR, RSAR, RDAR,
RDMATCR, and RARCR, as needed)

S\EI)E' DME = 1 and
NI IF,AE,TE:O&?

or (DE, DME, RLD1, TEMASK = 1 and
NMIF, AE = 0)?

Transfer request

occurs?*!1

Y

Bus mode and

[

Transfer (one transfer unit);
DMATCR - 1 — DMATCR,
SAR and DAR updated

ARCR -1 — ARCR

ARCR =0?

#3 transfer request mode,

Yes

RARCR — ARCR and either of the following
* RSAR — SAR when RLD2[1] in CHCR is 1
* RDAR — DAR when RLD2[0] in CHCRis 1.

Y
When request from an on-chip peripheral
module with TC[1:0] in CHCR set to B'01 is
issued, the transfer acknowledge signal
is sent to the module.

CHCR.RLD2 No
[1:0] = 00? "
Yes
-
DMATCR = 0? No
Yes

I TE=1 I

L]

| DEl interrupt request |

(when IE = 1)

When CHCR.RLD1 is set to 1

(when CHCR.RLD2[1:0] are not cleared to 00)
RSAR — SAR, RDAR — DAR,

RDMATCR — DMATCR, and

RARCR — ARCR

When request from an on-chip
peripheral module with TC[0] in
CHCR cleared to 0 is issued,
the transfer acknowledge signal
is sent to the module

RLD
and TEM

Normal end

HE = 1 |

v

HEI interrupt request
(when HE = 1)

—

When request from an on-chip peripheral
module with TC[1:0] in CHCR set to B'00 is
issued, the transfer acknowledge signal is
sent to the module

Transfer terminated

NMIF = 1
orAE=10rDE=0
or DME = 0?

Notes: 1. In auto-request mode, if the TE bit is set to 0 or the RLD1 and TEMASK are both set to 1, and
also the NMIF, AE, and TE bits are set to 0, setting the DE and DME bits to 1 initiates transfer.

Cycle stealing mode
Auto request mode in burst mode

wn

4. Available only in channels 4 to 7. In channels 0 to 3, RLD2[1] and RLD2[0] in CHCR are always

assumed to be 00.

Figure 11.2 DMA Transfer Flowchart
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11.3.2 DMA Transfer Requests

DMA transfer requests are basically generated in either the data transfer source or destination, but
they can also be generated in external devices and on-chip peripheral modules that are neither the
transfer source nor destination.

Transfers can be requested in two modes: an auto request and an on-chip peripheral module
request. The request mode is selected by the RS3 to RSO bits in CHCRO to CHCR7 and DMARSO
to DMARS3.

(1) Auto-Request Mode

When there is no transfer request signal from an external source, as in a memory-to-memory
transfer or a transfer between memory and an on-chip peripheral module unable to request a
transfer, the auto-request mode allows the DMAC to automatically generate a transfer request
signal internally. When the DE bits in CHCRO to CHCR7 and the DME bit in DMAOR are set to
1, the transfer begins so long as the TE bits in CHFRO to CHFR7, and the AE and NMIF bits in
DMAEFR are 0.

(2) On-Chip Peripheral Module Request

In this mode, the transfer is performed in response to the DMA transfer request signal from an on-
chip peripheral module.

Signals that request DMA transfer from on-chip peripheral modules include A/D conversion end
transfer requests from the ADC, transfer requests from the RCAN-TL1 or ATU-III, and compare-
match transfer requests from the CMT.

When a transfer request signal is sent in on-chip peripheral module request mode while DMA
transfer is enabled (DE = 1, DME = 1, TE = 0, AE = 0, and NMIF = 0), DMA transfer is
performed.

When a transfer is requested from the ADC, the transfer source must be the A/D data register
(ADDR). Any address can be specified for data transfer source and destination when a transfer
request is generated by the CMT or ATU-III.
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Table 11.4 Selecting On-Chip Peripheral Module Request Modes with RS3 to RS0 Bits

CHCR DMARS DMA Transfer

Request DMA Transfer Transfer Transfer Bus
RS[3:0] MID RID Source Request Signal Source  Destination Mode
1001 Any Any RCAN-TL-A RMAO (reception RCANO  Any Cycle
complete) (MBO) stealing
1010  Any Any RCAN-TL-B RMBO (reception RCAN1 Any
complete) (MBO0)
1011 Any Any RCAN-TL-C RMCO (reception RCAN2  Any
complete) (MBO0)
1100  Any Any ADC_A ADIO (scan ADROto Any Cycle
conversion end) ADR39 stealing/
1101  Any  Any ADC_B ADH (scan ADR40to Any burst
conversion end) ADR47
1000 000000 11 ATU-llI_CO IMICOO (input Any Any Cycle
capture/compare stealing/
match) burst
000001 11  ATU-II_CA IMIC10 (input Any Any
capture/compare
match)
000010 11  ATU-lI_C2 IMIC20 (input Any Any
capture/compare
match)
001110 11 ATU-II_C3 IMIC30 (input Any Any
capture/compare
match)
001111 11 ATU-III_C4 IMIC40 (input Any Any
capture/compare
match)
000100 11  ATU-III_DO0  UDIDOO (down- Any Any Cycle
counter underflow) stealing/
000101 11 ATU-I_DO1  UDIDO1 (down- Any Any burst
counter underflow)
000110 11 ATU-lIlI_D02  UDIDO2 (down- Any Any

counter underflow)
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CHCR DMARS DMA Transfer
RS3to Request DMA Transfer Transfer Transfer Bus
RSO MID RID Source Request Signal Source  Destination Mode
1000 000111 11  ATU-II_D03  UDIDO3 (down- Any Any Cycle
counter underflow) stealing/
001000 11 ATU-II_EO  CMIEOO (compare  Any Any burst
match)
001001 11 ATU-llI_E1 CMIE10 (compare  Any Any
match)
001010 11  ATU-IIl_E2 CMIE20 (compare  Any Any
match)
001011 11 ATU-IIl_E3 CMIE30 (compare  Any Any
match)
001100 11  ATU-IIl_E4 CMIE40 (compare  Any Any
match)
001101 11 ATU-IIl_E5 CMIE50 (compare  Any Any
match)
010000 11  ATU-III_GO CMIGO (compare Any Any Cycle
match) stealing/
010001 11  ATU-lIl_G1 CMIG2 (compare Any Any burst
match)
010010 11 ATU-IIl_G2 CMIGS (compare Any Any
match)
010011 11 ATU-lI_G3 CMIG4 (compare Any Any
match)
010100 11  ATU-II_D10  UDID10 (down- Any Any Cycle
counter underflow) stealing/
010101 11 ATU-II_D11  UDID11 (down- Any Any burst
counter underflow)
010110 11 ATU-llI_D12  UDID12 (down- Any Any
counter underflow)
010111 11 ATU-II_D13  UDID13 (down- Any Any

counter underflow)
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CHCR DMARS DMA Transfer
RS3 to Request DMA Transfer Transfer Transfer Bus
RSO MID RID Source Request Signal Source  Destination Mode
1000 011000 11 ADC_B AN40 ADIDA4O0 (interrupt ADR40  Any Cycle
conversion end) stealing
011001 11 ADC_B AN41 ADIDA41 (interrupt ADR41 Any
conversion end)
011010 11  ADC_B AN42 ADID42 (interrupt ADR42  Any
conversion end)
011011 11 ADC_B AN43 ADID43 (interrupt ADR43  Any
conversion end)
011100 11 ADC_B AN44 ADID44 (interrupt ADR44  Any
conversion end)
011101 11 ADC_B AN45 ADID45 (interrupt ADR45  Any
conversion end)
011110 11 ADC_B AN46 ADID46 (interrupt ADR46  Any
conversion end)
011111 11 ADC_B AN47 ADIDA47 (interrupt ADR47  Any
conversion end)
100100 11  ATU-III_D20  UDID20 (down- Any Any Cycle
counter underflow) stealing/
100101 11  ATU-II_D21  UDID21 (down- Any Any burst
counter underflow)
100110 11  ATU-III_D22  UDID22 (down- Any Any
counter underflow)
100111 11 ATU-III_D23  UDID23 (down- Any Any
counter underflow)
110100 11  ATU-III_D30  UDID30 (down- Any Any Cycle
counter underflow) stealing/
110101 11 ATU-IILD31  UDID31 (down- Any Any burst

counter underflow)
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CHCR DMARS DMA Transfer

RS3 to Request DMA Transfer Transfer Transfer Bus
RSO MID RID Source Request Signal Source  Destination Mode
1000 110110 11  ATU-III_D32  UDID32 (down- Any Any Cycle
counter underflow) stealing/
110111 11  ATU-II_D33  UDID33 (down- Any Any burst
counter underflow)
111000 11  ATU-llI_JO DFIJO (FIFO full) Any Any
111001 11 ATU-llI_J1 DFIJ1 (FIFO full) Any Any
111011 11 ATU-IIl_G4 CMIG4 (compare Any Any
match)
111100 11 ATU-IIl_G5 CMIGS5 (compare Any Any
match)
111110 11 CMT_O0 CMIO (compare Any Any
match)
111111 11 CMT_A1 CMI1 (compare Any Any
match)

Note: Set the TC[1:0] bits in CHCR to B'00 only when a DMA transfer request source for which
any transfer source and destination can be set is used. Otherwise, operation is not
guaranteed. For ADC_A and ADC_B, a value other than B'00 can be set.

11.3.3  Channel Priority

When the DMAC receives simultaneous transfer requests on two or more channels, it selects a
channel according to a predetermined priority order. Three modes (fixed mode 1, fixed mode 2,
and round-robin mode) are selected using the PR[1:0] bits in DMAOR.

(1) Fixed Mode

In fixed modes, the priority levels among the channels remain fixed. There are two kinds of fixed
modes as follows:

e Fixed mode 1: CHO > CHI1 > CH2 > CH3 > CH4 > CH5 > CH6 > CH7
e Fixed mode 2: CHO > CH4 > CHI1 > CHS5 > CH2 > CH6 > CH3 > CH7

These are selected by the PR[1:0] bits in the DMA operation register (DMAOR).
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(2) Round-Robin Mode

Each time one unit of word, byte, longword, or 16 bytes is transferred on one channel, the priority
order is rotated. The channel on which the transfer was just finished is rotated to the lowest of the
priority order among the four round-robin channels (channels O to 4). The priority of the channels
other than the round-robin channels (channels O to 4) does not change even in round-robin mode.
The round-robin mode operation is shown in figure 11.3. The priority in round-robin mode is CHO
> CHI > CH2 > CH3 > CH4 > CHS5 > CH6 > CH7 immediately after a reset.

When the round-robin mode has been specified, do not concurrently specify cycle stealing mode
and burst mode as the bus modes of any two or more channels.
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(1) When channel 0 transfers

Initial priority order |CHO > CH1 > CH2 > CH3 > CH4 > CH5 > CH6 > CH7| Channel 0 is given the lowest priority
among the round-robin channels.

Priority order

after transfer |CH1 > CH2 > CH3 > CHO > CH4 > CH5 > CH6 > CH7|

(2) When channel 1 transfers

Channel 1 is given the lowest priority
among the round-robin channels. The

priority of channel 0, which was higher

E than channel 1, is also shifted.

Initial priority order |CHO > CH1 > CH2 > CH3 > CH4 > CH5 > CH6 > CH7

Priority order

after transfer |CH2 > CH3 > CHO > CH1 > CH4 > CH5 > CH6 > CH7|

(3) When channel 2 transfers

Initial priority order |CHO > CH1 > CH2 > CH3 > CH4 > CH5 > CH6 > CH7| Channel 2 is given the lowest priority
. among the round-robin channels. The

! L priority of channels 0 and 1, which were

- higher than channel 2, is also shifted. If
------ ¥ there is a transfer request only to
channel 5 immediately after that, the
|CH3 > CHO > CH1 > CH2 > CH4 > CH5 > CH6 > CH7 | priority does not change because
channel 5 is not a round-robin channel.

Priority order
after transfer

Post-transfer priority order
when there is an |CH3 > CHO > CH1 > CH2 > CH4 > CH5 > CH6 > CH7|
immediate transfer
request to channel 5 only

(4) When channel 7 transfers

Initial priority order |CHO >CH1 > CH2 > CH3 > CH4 > CH5 > CH6 > CH7| Priority order does not change.

;

|CHO > CH1 > CH2 > CH3 > CH4 > CH5 > CH6 > CH7|

Priority order
after transfer

Figure 11.3 Round-Robin Mode
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Figure 11.4 shows how the priority order changes when channel O and channel 3 transfers are
requested simultaneously and a channel 1 transfer is requested during the channel O transfer. The
DMAC operates as follows:

Transfer requests are generated simultaneously to channels O and 3.

2. Channel 0 has a higher priority, so the channel O transfer begins first (channel 3 waits for
transfer).

3. A channel 1 transfer request occurs during the channel O transfer (channels 1 and 3 are both
waiting)

4. When the channel 0O transfer ends, channel O is given the lowest priority among the round-robin
channels.

5. At this point, channel 1 has a higher priority than channel 3, so the channel 1 transfer begins
(channel 3 waits for transfer).

6. When the channel 1 transfer ends, channel 1 is given the lowest priority among the round-robin
channels.

The channel 3 transfer begins.

8. When the channel 3 transfer ends, channels 3 and 2 are lowered in priority so that channel 3 is
given the lowest priority among the round-robin channels.

Transfer request ~ Waiting channel(s) DMAC operation Channel priority

(1) Channels 0 and 3
T~_—  (2)Channel Otransferstat <——— 0>1>2>83>4>5>6>7

(3) Channel 1—— —i
Priority order

1,3 (4) Channel 0 transfer ends changes

—— (5) Channel 1 transfer starts /

Priority order

1>2>3>0>4>5>6>7

3 (6) Channel 1 ransfer ends —on219% 253>0>1>4>556>7
= (7) Channel 3 transfer starts /
None Priority order
changes

—l—  (8) Channel 3transferends ———— > 0>1>2>3>4>5>6>7

Figure 11.4 Changes in Channel Priority in Round-Robin Mode
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11.3.4 DMA Transfer Types

This LSI supports DMA transfer in dual address mode. A data transfer timing depends on the bus
mode, which is the cycle stealing mode or burst mode. The DMAC supports the transfers shown in
table 11.5.

Table 11.5 Supported DMA Transfers

Transfer Destination

On-Chip

External External Peripheral On-Chip
Transfer Source Memory Device*® Module Memory
External memory Dual Dual Dual Dual
External device*® Dual Dual Dual Dual
On-chip peripheral Dual Dual Dual Dual
module
On-chip memory Dual Dual Dual Dual

Notes: 1. Dual: Dual address mode

2. 16-byte transfer is available only for on-chip peripheral modules that support longword
access.

3. The external devices are the ones that are connected to the external address space.
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(1) Address Modes

Dual Address Mode

In dual address mode, both the transfer source and destination are accessed (selected) by an
address. The transfer source and destination can be located externally or internally.

DMA transfer requires two bus cycles because data is read from the transfer source in a data
read cycle and written to the transfer destination in a data write cycle. At this time, transfer
data is temporarily stored in the DMAC.

-~ DMAC  --,
: : Memory

i L3 g

E ) 2 Transfer source

h ! o T module

: I e

h 2 —

! | Data bufferl ; k/ Transfi:gjjlténatlon

The SAR value is an address, data is read from the transfer source module,
and the data is tempolarily stored in the DMAC.

Address bus

First bus cycle

Memory

Transfer source
module

Transfer destination

-

{ Data bus )

module

The DAR value is an address and the value stored in the data buffer in the
DMAC is written to the transfer destination module.

Second bus cycle

Figure 11.5 Data Flow of Dual Address Mode

Auto request and on-chip peripheral module request are available for the transfer request.

Figure 11.6 shows an example of DMA transfer timing in dual address mode.
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CKIO |

L]

A25 to A0

Transfer source
address

Transfer destination; ><

address

ee _\—/_\J

D31 to DO

/!

)

Data read cycle

(1st cycle)

/T

|
|
Data write cycle |
|
|

(2nd cycle)

Figure 11.6 Example of DMA Transfer Timing in Dual Mode

(Transfer Source: External Memory, Transfer Destination: External Memory)

(2) Bus Modes

There are two bus modes; cycle stealing and burst. Select the mode by the TB bits in the channel

control registers (CHCR).

e Cycle Stealing Mode

— Normal mode

In normal mode of cycle stealing, the bus mastership is given to another bus master after a
one-transfer-unit (byte, word, longword, or 16-byte unit) DMA transfer. When another
transfer request occurs, the bus mastership is obtained from another bus master and a
transfer is performed for one transfer unit. When that transfer ends, the bus mastership is
passed to another bus master. This is repeated until the transfer end conditions are satisfied.

The cycle-stealing normal mode can be used for any transfer section; transfer request
source, transfer source, and transfer destination.

Figure 11.7 shows an example of DMA transfer timing in cycle-stealing normal mode.
Dual address mode transfer is performed.
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Bus mastership returned to CPU once
f—/\_\

Bus cycle X CPU X cPU X cPU XoMACKDMACK cPU XDMACKDMACK CPU X

Read/Write Read/Write

Figure 11.7 DMA Transfer Example in Cycle-Stealing Normal Mode (Dual Address)

— Intermittent Mode 16 and Intermittent Mode 64

In intermittent mode of cycle stealing, DMAC returns the bus mastership to other bus
master whenever a unit of transfer (byte, word, longword, or 16 bytes) is completed. If the
next transfer request occurs after that, DMAC obtains the bus mastership from other bus
master after waiting 16 or 64 cycles of P¢ clock. DMAC then transfers data of one unit and
returns the bus mastership to other bus master. These operations are repeated until the
transfer end condition is satisfied. It is thus possible to make lower the ratio of bus
occupation by DMA transfer than the normal mode of cycle stealing.

When DMAC obtains again the bus mastership, DMA transfer may be postponed in case of
entry updating due to cache miss.

The cycle-stealing intermittent mode can be used for any transfer section; transfer request
source, transfer source, and transfer destination. The bus modes, however, must be cycle
stealing mode in all channels.

Figure 11.8 shows an example of DMA transfer timing in cycle-stealing intermittent mode.
Dual address mode transfer is performed.

V4
More than 16 or 64 P¢ clock cycles
(depends on the CPU's condition of using bus)

Bus cycle X CPU X CPU X CPU XDMACXDMACX CPU CPU XDMACXDMACX CPU K
Read/Write Read/Write

Figure 11.8 Example of DMA Transfer in Cycle-stealing intermittent Mode (Dual Address)

Burst Mode

In burst mode, once the DMAC obtains the bus mastership, it does not release the bus
mastership and continues to perform transfer until the transfer end condition is satisfied.

Figure 11.9 shows DMA transfer timing in burst mode.
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Bus cycle XCPU X cPu X GPU XDMACXDMACXDMACXDMACK CPU X CPU )(

Read Write Read Write

Figure 11.9 DMA Transfer Example in Burst Mode (Dual Address)
(3) Relationship between Request Modes and Bus Modes by DMA Transfer Category

Table 11.6 shows the relationship between request modes and bus modes by DMA transfer
category.

Table 11.6 Relationship of Request Modes and Bus Modes by DMA Transfer Category

Address Request Bus  Transfer Size Usable
Mode Transfer Category Mode Mode (Bits) Channels
Dual External memory and external memory All*° B/C 8/16/32/128 Oto7
External memory and external device*® All*° B/C  8/16/32/128  0to7
External device*® and external device*® All*° B/C  8/16/32/128 0to7
External memory and on-chip All*’ B/C**  8/16/32/128%* 0to7
peripheral module
External device*® and on-chip All¥' B/C** 8/16/32/128+* 0to7
peripheral module
On-chip peripheral module and on-chip All*' B/C** 8/16/32/128%* 0to7
peripheral module
On-chip memory and on-chip memory  All*° B/C 8/16/32/128 Oto7
On-chip memory and external device*® All*° B/C  8/16/32/128  0to7
On-chip memory and on-chip Al B/C** 8/16/32/128%* 0to7
peripheral module
On-chip memory and external memory All*° B/C 8/16/32/128 Oto7
[Legend]
B: Burst

C: Cycle stealing

Notes: 1. Auto requests and on-chip peripheral module requests are both available. If the request
is issued from an on-chip peripheral module, however, the register of the requesting on-
chip peripheral module must be the transfer source or destination, other than when the
transfer request source is the CMT or ATU-III.
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2. Access size permitted for the on-chip peripheral module register functioning as the
transfer source or transfer destination.

3. Auto requests and on-chip peripheral module requests are both available. For on-chip
peripheral module requests, however, only the CMT and ATU-III are available as the
transfer request source.

4. If the request is issued from an on-chip peripheral module, only cycle stealing mode
transfer is available other than when the transfer request source is the CMT, ATU-III,
12-bit ADC_A, or 12-bit ADC_B.

5. The external devices are the ones that are connected to the external address space.

(4) Bus Mode and Channel Priority

In priority fixed mode (CHO > CH1), when channel 1 is transferring data in burst mode and a
request arrives for transfer on channel 0, which has higher-priority, the data transfer on channel 0
will begin immediately. In this case, if the transfer on channel 0 is also in burst mode, the transfer
on channel 1 will only resume on completion of the transfer on channel 0.

When channel 0 is in cycle stealing mode, one transfer-unit of data on this channel, which has the
higher priority, is transferred. Data is then transferred continuously to channel 1 without releasing
the bus. The bus mastership will then switch between the two in this order: channel 0, channel 1,
channel 0, channel 1, etc. That is, the CPU cycle after the data transfer in cycle stealing mode is
replaced with a burst-mode transfer cycle (priority execution of burst-mode cycle). An example of
this is shown in figure 11.10.

When multiple channels are in burst mode, data transfer on the channel that has the highest
priority is given precedence. When DMA transfer is being performed on multiple channels, the
bus mastership is not released to another bus-master device until all of the competing burst-mode
transfers have been completed.
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DMA \/ DMA
X CPUX CH1 X CH1

X

e

DMAC CH1
CPU Burst mode

DMA DMA DMA
CHO | CH1 | CHO

CHO CH1 CHO

DMAC CHO and CH1
Cycle stealing mode

CPU

Priority: CHO > CH1
CHO: Cycle stealing mode
CH1: Burst mode

Figure 11.10 Bus State when Multiple Channels are Operating

stealing and burst modes must not be mixed.

In round-robin mode, the priority changes as shown in figure 11.4. Note that channels in cycle

Page 302 of 1824

RENESAS

RO1UHO0235EJ0200 Rev. 2.00
Apr 01,2014



SH72546R Section 11 Direct Memory Access Controller (DMAC)

11.4  Special Operations

The special operations of the DMAC are described below.

11.4.1  Address Error Operation

As explained in the description of the address flag bit (AE) in section 11.2.13, DMA Operation
Flag Bit Register (DMAFR), if an address error occurs during transfer operations on the DMAC,
the following operation is performed:

e No address error occurred: read (source — DMAC internal) — write (DMAC internal —
destination)
e An address error occurred in the source address: Nop — Nop

e An address error occurred in the destination address: read — Nop

11.4.2  Operation on NMI

As explained in the description of the NMI flag bit (NMIF) in section 11.2.13, DMA Operation
Flag Bit Register (DMAFR), if an NMI occurs during a DMA transfer, the current transfer in
progress is continued until one transfer unit of data is completed.

In this case, the DMAC operation can be resumed by clearing the NMIF bit to O after reading as 1.
The operation can be resumed regardless of whether the reloading functions are enabled or
disabled.

11.4.3  Operation of Reloading Function 1

Figure 11.11 shows the operation that takes place when the reloading function 1 is enabled and
when the reloading function 2 is enabled, as well as the assert timing for the transfer acknowledge
signal to an on-chip peripheral module.

Figure 11.12 shows addresses, commands, and data in the internal bus, the states of the peripheral
bus, and the update status of the various registers.

Note: Even if the reloading function 1 is enabled, data is not reloaded from RARCR — ARCR.
when the reloading function 2 is disabled. The reloading operation is performed only when
the reloading functions 1 and 2 are both enabled.
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11.4.4  Operation of Reloading Function 2

Figure 11.11 shows the operation that takes place when the reloading function 2 is enabled and
when the reloading function 1 is enabled, as well as the assert timing for the transfer acknowledge
signal to an on-chip peripheral module.

1145 Interface with On-Chip Peripheral Module

Figure 11.11 shows the assert timing of the transfer acknowledge signal to an on-chip peripheral
module and when the reloading function 1 is enabled and in conjunction with the operation that
takes place when the reloading function 2 is enabled.

The assertion timing of the acknowledge signal depends on the settings of the TC[1:0] bits in
CHCR.

In channels 0 to 3, the TC[0] bit is always fixed at 0. In channels 4 to 7, setting the TC[1:0] bits to
B'11 is prohibited. Further, if the TC[1:0] bits are to be set to B'01, either the RLD2[1] bit or the
RLD2[0] bit in CHCR, or both, should be set to 1. If the RLD2[1:0] bits are B'00, the integrity of
the resulting operation cannot be guaranteed.

11.4.6  Integer to Floating-Point Conversion Operation

As explained in the description of the integer to floating-point function enable bit (IFT) in section
11.2.4, DMA Channel Control Registers 0 to 7 (CHCRO to CHCR7), when the integer to floating-
point conversion function is enabled, the following conversion operations are required:

e No conversion required: read (transfer source to DMAC internal) — write (DMAC internal to
transfer destination)

e A conversion required: read — Nop (conversion) — write

The conversion processing involves unusual operations of reading 16-bit data from the transfer
source and writing 32-bit data to the transfer destination. For this reason, the TS[1:0] bits in
CHCR should be set to B'01 to match the data size at the source of transfer. If the bits are set to
any other value, the resulting operation cannot be guaranteed. Further, the transfer destination
addresses should be aligned with a 4-byte boundary.

Table 11.7 shows conversion examples on several values. The LSB and the bit next to the LSB of
data to be conversion are not converted. The decimal point is indicated by "." in table 11.7.
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Table 11.7 Integer to Floating-Point Conversion Example

Data to be Converted (Hexadecimal) Converted Data (Hexadecimal)

.0000 0000 0000 00 00 (.0000) 0000 0000 0000 0000 0000 0000 00000000 (00000000)
.0000 0000 0000 01 00 (.0004) 0011 1000 1000 0000 0000 0000 00000000 (38800000)
.0000 0000 0000 10 00 (.0008) 0011 1001 0000 0000 0000 0000 00000000 (39000000)
.0100 0000 0000 00 00 (.4000) 0011 1110 1000 0000 0000 0000 00000000 (3EB00000)
.1000 0000 0000 00 00 (.8000) 0011 1111 0000 0000 0000 0000 00000000 (3FO00000)
.0101 0101 0101 01 00 (.5554) 0011 1110 1010 1010 1010 1000 00000000 (BEAAAB00)
.1010 1010 1010 10 00 (.AAA8) 0011 1111 0010 1010 1010 1000 00000000 (3F2AA800)
.1100 1100 1100 11 00 (.CCCC) 0011 1111 0100 1100 1100 1100 00000000 (3F4CCCO00)
.0011 0011 0011 00 00 (.3330) 0011 1110 0100 1100 1100 0000 00000000 (3F4CC000)
.1110 0011 1000 11 00 (.E38C) 0011 1111 0110 0011 1000 1100 00000000 (3F638C00)
.0001 1100 0111 00 00 (.1C70) 0011 1101 1110 0011 1000 0000 00000000 (3DE38000)
.1111 0000 1111 00 00 (.FOF0) 0011 1111 0111 0000 1111 0000 00000000 (3F70F000)
.0000 1111 0000 11 00 (.OF03) 0011 1101 0111 0000 0011 0000 00000000 (3D703000)
.1111 1111 1111 00 00 (.FFFO) 0011 1111 0111 1111 1111 0000 00000000 (3F7FF000)
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 Internal and peripheral bus states and timing of updating SAR, DAR, DMATCR and ARCR and acknowledge signal change

|
N
H [ i H
§ Transfer -@ | H |
5 |request —I 1 : L. . .
Qo L L ! K] L
© \ Command \ , . . -. !
g address E Read (R) ; Write (W) , : E |
L . H
C T T 1
~ |Data | E E \: R W\". |
- -0 \4': ~—’-
Trans?er request Read command Write commaﬁd is accepted Data wrlte is complete
is accepted is accepted and data read is complete :
Peripheral | } ] R | 1 |
bus state : J . !
When a peripheral _ f i f When a peripheral
module is read . | 'module is written to
SAR s EX s+a E E E
DAR : ) T T
DMATCR } ! d X d+b : :
ARCR T 1 X
: : | :
Acknowledge ' | ' I—
signal ! ! T '

Figure 11.12 Change Timing of Register Contents and Acknowledge Signal

11.5 Usage Note

In CHFRO to CHFR7 and DMAFR, when the flag is read by the CPU, even though 0 has been
read, the flag may be set to 1 and therefore 1 may be read internally.

In this case, if 0 is written to the corresponding bit, the flag will be cleared even if 1 has not been
read by the CPU.

To avoid the malfunction, the clear conditions must be observed, described in the notes of CHFRO
to CHFR7 and DMAFR.

Since the specifications of the flag bits in CHFRO to CHFR7 and DMAFR differ from the ones of
the flags in other modules, the clearing operations of the flags by the CPU must be executed
carefully.
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Section 12 Automotive Direct Memory Access Controller
(A-DMAC)

The automotive direct memory access controller (A-DMAC) can be used in place of the CPU to
perform high-speed data transfers between on-chip peripheral modules and on-chip RAM. The A-
DMAC reduces the load of the CPU and improves this LSI operating efficiency.

12.1 Features

e Basic functions

Performs high-speed data transfers between on-chip peripheral modules and on-chip RAM in
place of the CPU.

Transfer source and destination registers in on-chip peripheral modules are fixed in each
channel.

e On-chip peripheral modules
ADC, ATU-III (Timers A, C, F, and G), RSPI, SCI, RCAN-TL1 (hereinafter abbreviated as
RCAN)

e Alias areas

Areas in on-chip RAM which are used as transfer source and destination areas during data
transfer by the A-DMAC are called alias areas.

The start address of an alias area is specified as the start address (H'FFF80000) of the on-chip
RAM as default. The start address of the alias area can be changed. The offset from the start
address of the alias area for each channel can be specified arbitrarily by address registers for
ATU-III (timer G), ADC, RSPI, and SCI channels. The offsets from the start address of the
alias area for ATU-III (timers A, C, and F) and RCAN channels are fixed.

e Number of channels: 66
e Transfer requests: fixed for each A-DMAC channel
— Channel for ADC: ADC (ADC_A, ANO) interrupt conversion end
— Channels for ATU-III (Timers A, C, and F): Input capture
— Channel for ATU-III (Timer G): Compare match
— Channels for RSPI: Receive buffer full or transmit buffer empty
— Channels for SCI: Receive data full or transmit data empty
— Channels for RCAN (reception): Mailbox full
— Channels for RCAN (transmission): Startup by software
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e A-DMAC channel functions

— Channel for ADC: Performs ring-buffer type transfer from ANO of ADC to on-chip RAM.

— Channel for ATU-III (Timer G): Performs ring-buffer type transfer from on-chip RAM to
port G.

— Channels for ATU-III (Timers A, C, and F): Support register reading. Channels for timer A
perform input capture register read and transfer the register read value and previous value
buffered in the A-DMAC to the alias area. Channels for timers C and F transfer data from
input capture register to the alias area. In the channels for timer F, either two register
transfer (PWM input waveform measurement mode) or one register transfer (mode other
than PWM input waveform measurement mode) can be selected for each channel.

— Channels for RSPI and SCI: Even channels transfer receive data from a register to the alias
area. Odd channels transfer transmit data from the alias area to a register.

— Channels for RCAN: A channel for reception transfers data in the mailbox to alias area. A
channel for transmission transfers data in the alias area to the mailbox.

e Specifiable maximum transfer count

— Channels for ADC and ATU-III (Timer G): 1,023; with a reloading function.

— Channels for ATU-III (Timer A, C, and F): Transfer count cannot be specified. If transfer
is enabled, data transfer is performed whenever a transfer request is accepted without being
restricted by the specified transfer count.

— Channels for RSPI and SCI: 1,023

— Channel for RCAN (reception): Transfer count cannot be specified. Data in the mailbox is
transferred whenever a transfer request is accepted without the restriction of the transfer
count in the transfer enable state.

— Channel for RCAN (transmission): A transmission of up to 93 mailboxes can be specified
simultaneously.

e Interrupt request: Interrupt requests can be masked for each channel.
— Channels for ATU-III (Timer G) and ADC: Generate no interrupts.

— Channels for ATU-III (Timers A, C, and F): Can generate an interrupt request to the CPU
after a transfer has been completed.

— Channels for RSPI and SCI: Can generate an interrupt request to the CPU after the
specified count of transfers has been completed.

— Channels for RCAN: A channel for reception does not generate interrupts. A channel for
transmission can generate an interrupt request to the CPU after the transmission of the
specified mailbox has been completed.

e Address modes
— Both transfer source and destination addresses are accessed (dual address mode).
e Selectable bus modes

Page 310 of 1824 RO1UHO0235EJ0200 Rev. 2.00

RENESAS Apr 01, 2014



SH72546R Section 12 Automotive Direct Memory Access Controller (A-DMAC)

— Cycle steal mode

e Channel priority: The order of channel priority is fixed (channel O > channel 1 > ... > channel
74).

e Reloading functions: Supported in channels for ATU-III (timer G) and ADC.

The A-DMAC functions are summarized in table 12.1.
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Table 12.1 A-DMAC Channel Functions

Channels for

Channels for
ATU-II

ATU-III Channels for (Timers A, C, Channels for Channels for Channels for
(Timer G) ADC and F) RSPI SClI RCAN
Channel 0 1 2to 47* 56 to 61 62 to 71 72, 74%
name
Number of 1 1 46 6 10 2
channels
Transfer Timer G2 End of ADC_A Ch2to 7: Ch 56 & 57: Ch 62 &63: Ch 72:
request and ANO TimerACh8 RSPI_A SCI_A RCAN_A —
to 27: Tlmer' C Ch 58 & 59: Ch 64 & 65: RCANTC
C'h 28 t0 47: RSPI_B, SCIB Ch 74:
Timer F Ch60&61:  Ch66to47: ts_"“""are
rigger
RSPI_C SCLC
Ch 68 & 69:
SCI_D
Ch70&71:
SCI_E
Transfer RAM — Port  Register » Register —» Even Even Ch 72:
direction RAM RAM channels: channels: Register —»
Register » Register » RAM
RAM RAM Ch 74:
Odd channels: Odd channels: RAM —
RAM — RAM — Register
Register Register
Data transfer 8 bits 16 bits Ch2to7: 16 bits 8 bits 20 bytes
length 32 bits x 2
Ch 8 to 27:
32 bits
Ch 28 to 47:
32 bits x 2 or
32 bits x 1
Maximum 1,023 (with a 1,023 (with a No restriction 1,023 1,023 No restriction
transfer count reloading reloading
function) function)
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Channels for

Channels for ATU-II
ATU-III Channels for (Timers A, C, Channels for Channels for Channels for
(Timer G) ADC and F) RSPI SCI RCAN
Interrupt No interrupt No interrupt An interrupt An interrupt An interrupt Ch 72: No
request requests requests request request request interrupt
generated generated generated at generated at generated at requests
the end of first the end of the end of generated
transfer transfer transfer Ch 74: An
(TCR=0) (TCR=0) interrupt
request
generated at
the end of
transfer
Addressing Transfer source Transfer Both transfer  Register Register Both transfer
address: source source and address: address: source and
Incremented, address: destination Fixed, Fixed, destination
ring-buffer type  Fixed, addresses: RAM area RAM area addresses:
transfer*?, Transfer Fixed address: address: Incremented
Transfer destination Incremented  Incremented
destination address: by two for a by two for a
address: Fixed Incremented, transfer transfer
ring-buffer

type transfer®

Notes: 1. Channels 48 to 55 and channel 73 are reserved.
2. When TCR = 0, the TCR and alias pointer are reloaded.

RO1UHO0235EJ0200 Rev. 2.00

Page 313 of 1824
Apr 01, 2014 RENESAS



Section 12 Automotive Direct Memory Access Controller (A-DMAC) SH72546R

Figure 12.1 shows a block diagram of the A-DMAC.

1
A-DMAC
Control register
[ aDmAIER ][ ADMADEn |[ ADMAOR |[ ADMAABR |
[ AomMAMODEN | [ ADMADVR | [ ADMATEn |
[ ADMAARn || ADMATCRn || ADMARTCRn || ADMARARn |
[ ADMABUFn | [ ADMARVPRn | [ ADMATVPRn |
_ 1 INTC
Operation controller ! DMAC
|-bus interface - Request filter | P-bus interface
o0 —* —~— H
I-bus <i{> I 5 ;
i3 SN B B
. L L
| Bridge | ADC | | ATU-NII | | RSPI | | SCI | | RCAN
P-bus < — >
[Legend]
ADMAOR: A-DMAC operation register ADMARARN:  A-DMAC reload alias pointer registers (n = 0, 1)
ADMAABR: A-DMAC alias base register ADMABUFn:  A-DMAC buffer registers (n = 2 to 7)
ADMAIEN: A-DMAC interrupt control registers (n = 0 to 9) ADMARVPRn: A-DMAC receive wait registers (n = 0 to 5)
ADMAMODER: A-DMAC transfer mode registers (n = 0 to 3) (for timer F) ADMATVPRn: A-DMAC transmit wait registers (n = 0 to 5)
ADMADVn: A-DMAC data valid registers (n = 0 to 5) INTC: Interrupt controller
ADMATER: A-DMAC transfer end registers (n = 0 to 2) DMAC: Direct memory access controller
ADMADER: A-DMAC enable registers (n = 0 to 7) ATU-III: Advanced timer unit Il
ADMATCRn:  A-DMAC transfer count registers (n =0, 1, 56 to 71) RSPI: Renesas serial peripheral interface
ADMAARnN: A-DMAC alias pointer registers (n =0, 1, 56 to 71) SCI: Serial communications interface
ADMARTCRn: A-DMAC reload transfer count registers (n =0, 1) RCAN: Controller area network

ADC: A/D converter

Figure 12.1 Block Diagram of A-DMAC

12.1.1  Input/Output Pins

No input/output pins are provided for this module.
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12.2

The A-DMAC has the registers listed in table 12.2.

Register Descriptions

Table 12.2 Register Configuration

Initial Access
Channel Register Name Abbreviation R/W Value Address Size
Registers A-DMAC operation =~ ADMAOR R/W H'00 H'FFFE6000 8
common to register
all A-DMAC alias base = ADMAABR R/W H'00 H'FFFE6002 8
channels :
register
Registers A-DMAC interrupt ADMAIEO R/W H'00 H'FFFE6010 8
for each control register 0
channel  “A’DMAC interrupt ~ ADMAIEA RW  HO00 H'FFFE6011 8
control register 1
A-DMAC interrupt ADMAIE2 R/W H'00 H'FFFE6012 8
control register 2
A-DMAC interrupt ADMAIE3 R/W H'00 H'FFFE6013 8
control register 3
A-DMAC interrupt ADMAIE4 R/W H'00 H'FFFE6014 8
control register 4
A-DMAC interrupt ADMAIE5 R/W H'00 H'FFFE6015 8
control register 5
A-DMAC interrupt ADMAIE7 R/W H'00 H'FFFE6017 8
control register 7
A-DMAC interrupt ADMAIE8 R/W H'00 H'FFFE6018 8
control register 8
A-DMAC interrupt ADMAIE9 R/W H'00 H'FFFE6019 8
control register 9
A-DMAC data valid ~ ADMADVO R/(W)*' H'00 H'FFFE6020 8
register 0
A-DMAC data valid  ADMADV1 R/(W)*' H'00 H'FFFE6021 8
register 1
A-DMAC data valid ~ ADMADV2 R/(W)*' H'00 H'FFFE6022 8
register 2
A-DMAC data valid  ADMADV3 R/(W)*' H'00 H'FFFE6023 8
register 3
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Initial Access
Channel Register Name Abbreviation R/W Value Address Size
Registers A-DMAC data valid ADMADV4 R/(W)*' H'00 H'FFFE6024 8
for each register 4
channel  “A’HMAC datavalid  ADMADVS  R/(W)*' H'00 H'FFFE6025 8
register 5
A-DMAC transfer end ADMATEO R/(W)*' H'00 H'FFFE6030 8
register 0
A-DMAC transfer end ADMATE1 R/(W)*' H'00 H'FFFE6031 8
register 1
A-DMAC transfer end ADMATE2 R/(W)*' H'00 H'FFFE6032 8
register 2
A-DMAC enable ADMADEO R/W H'00 H'FFFE6040 8
register 0
A-DMAC enable ADMADE1 R/W H'00 H'FFFE6041 8
register 1
A-DMAC enable ADMADE2 R/W H'00 H'FFFE6042 8
register 2
A-DMAC enable ADMADE3 R/W H'00 H'FFFE6043 8
register 3
A-DMAC enable ADMADE4 R/W H'00 H'FFFE6044 8
register 4
A-DMAC enable ADMADES R/W H'00 H'FFFE6045 8
register 5
A-DMAC enable ADMADE7 R/W H'00 H'FFFE6047 8
register 7
A-DMAC transfer ADMAMODEO R/W H'00 H'FFFE6050 8
mode register 0
A-DMAC transfer ADMAMODE1 R/W H'00 H'FFFE6051 8
mode register 1
A-DMAC transfer ADMAMODE2 R/W H'00 H'FFFE6052 8
mode register 2
A-DMAC transfer ADMATCRO R/W H'0000  H'FFFE6060 16
count register 0
A-DMAC reload ADMARTCRO R/W H'0000 H'FFFE6062 16
transfer count
register O
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Initial Access
Channel Register Name Abbreviation R/W Value Address Size
Registers A-DMAC transfer ADMATCR1 R/W H'0000 H'FFFE6064 16
for each count register 1
channel  “A_DMAC reload ADMARTCR1 RMW  H0000 HFFFE6066 16
transfer count
register 1
A-DMAC transfer ADMATCR56 R/W H'0000 H'FFFE6070 16
count register 56
A-DMAC transfer ADMATCR57 R/W H'0000  H'FFFE6072 16
count register 57
A-DMAC transfer ADMATCR58 R/W H'0000 H'FFFE6074 16
count register 58
A-DMAC transfer ADMATCR59 R/W H'0000 H'FFFE6076 16
count register 59
A-DMAC transfer ADMATCR60 R/W H'0000 H'FFFE6078 16
count register 60
A-DMAC transfer ADMATCR61 R/W H'0000 H'FFFE607A 16
count register 61
A-DMAC transfer ADMATCR62 R/W H'0000 H'FFFE607C 16
count register 62
A-DMAC transfer ADMATCR63 R/W H'0000 H'FFFEGO7E 16
count register 63
A-DMAC transfer ADMATCR64 R/W H'0000 H'FFFE6080 16
count register 64
A-DMAC transfer ADMATCR65 R/W H'0000 H'FFFE6082 16
count register 65
A-DMAC transfer ADMATCR66 R/W H'0000 H'FFFE6084 16
count register 66
A-DMAC transfer ADMATCR67 R/W H'0000 H'FFFE6086 16
count register 67
A-DMAC transfer ADMATCR68 R/W H'0000 H'FFFE6088 16
count register 68
A-DMAC transfer ADMATCR69 R/W H'0000 H'FFFE608A 16
count register 69
A-DMAC transfer ADMATCR70 R/W H'0000 H'FFFE608C 16
count register 70
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Initial Access
Channel Register Name Abbreviation R/W Value Address Size
Registers A-DMAC transfer ADMATCR71 R/W H'0000 H'FFFE6GO8E 16
for each count register 71
channel  “A’HMAC alias pointer ADMAARO ~ RW  H0000  HFFFE6090 16
register O
A-DMAC reload alias ADMARARO R/W H'0000 H'FFFE6092 16
pointer register 0
A-DMAC alias pointer ADMAAR1 R/W H'0000 H'FFFE6094 16
register 1
A-DMAC reload alias ADMARAR1 R/W H'0000 H'FFFE6096 16
pointer register 1
A-DMAC alias pointer ADMAAR56  R/W H'0000 H'FFFE60A0 16
register 56
A-DMAC alias pointer ADMAAR57 R/W H'0000 H'FFFE60A2 16
register 57
A-DMAC alias pointer ADMAAR58 R/W H'0000 H'FFFE60A4 16
register 58
A-DMAC alias pointer ADMAAR59 R/W H'0000 H'FFFE60A6 16
register 59
A-DMAC alias pointer ADMAAR60 R/W H'0000 H'FFFE60A8 16
register 60
A-DMAC alias pointer ADMAAR61  R/W H'0000 H'FFFE6O0AA 16
register 61
A-DMAC alias pointer ADMAAR62 R/W H'0000 H'FFFE6OAC 16
register 62
A-DMAC alias pointer ADMAAR63 R/W H'0000 H'FFFE6OAE 16
register 63
A-DMAC alias pointer ADMAAR64 R/W H'0000 H'FFFE6OBO 16
register 64
A-DMAC alias pointer ADMAAR65 R/W H'0000 H'FFFE60B2 16
register 65
A-DMAC alias pointer ADMAAR66  R/W H'0000 H'FFFE60B4 16
register 66
A-DMAC alias pointer ADMAAR67 R/W H'0000 H'FFFE60B6 16
register 67
A-DMAC alias pointer ADMAAR68 R/W H'0000 H'FFFE60B8 16
register 68
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Initial Access
Channel Register Name Abbreviation R/W Value Address Size
Registers A-DMAC alias pointer ADMAAR69  R/W H'0000 H'FFFE6OBA 16
for each register 69
channel " BMAC alias pointer ADMAAR70 R/W  H'0000  H'FFFEGOBC 16
register 70
A-DMAC alias pointer ADMAAR71  R/W H'0000 H'FFFE6OBE 16
register 71
A-DMAC buffer ADMABUF2 R H0000000 H'FFFE60CO 32
register 2
A-DMAC buffer ADMABUF3 R H'0000000 H'FFFE60C4 32
register 3
A-DMAC buffer ADMABUF4 R H'0000000 H'FFFE60C8 32
register 4
A-DMAC buffer ADMABUF5 R H'0000000 H'FFFE6OCC 32
register 5
A-DMAC buffer ADMABUF6 R H'0000000 H'FFFE60DO 32
register 6
A-DMAC buffer ADMABUF7 R H'0000000 H'FFFE60D4 32
register 7
A-DMAC receive wait ADMARVPRO R/(W)** H'0000 H'FFFEG0E0 8, 16
register 0
A-DMAC receive wait ADMARVPR1 R/(W)** H'0000 HFFFEGOE2 8,16
register 1
A-DMAC receive wait ADMARVPR2 R/(W)** H'0000 HFFFEG0E4 8,16
register 2
A-DMAC receive wait ADMARVPR3 R/(W)** H'0000 HFFFEG0E6 8, 16
register 3
A-DMAC receive wait ADMARVPR4 R/(W)** H'0000 HFFFEGOE8 8,16
register 4
A-DMAC receive wait ADMARVPR5 R/(W)** H'0000 H'FFFEG0EA 8, 16
register 5
A-DMAC transmit ADMATVPRO R/W H'0000 H'FFFEGOFO 8,16
wait register 0
A-DMAC transmit ADMATVPR1 R/W H'0000 H'FFFE6OF2 8,16
wait register 1
A-DMAC transmit ADMATVPR2 R/W H'0000 H'FFFE60F4 8,16
wait register 2
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Initial Access
Channel Register Name Abbreviation R/W Value Address Size
Registers A-DMAC transmit ADMATVPR3 R/W H'0000 H'FFFE6G0F6 8, 16
for each wait register 3
channel  “A'DMAC transmit  ADMATVPR4 RMW  HO0000 HFFFE6OF8 8, 16
wait register 4
A-DMAC transmit ADMATVPR5 R/W H'0000 H'FFFEGOFA 8, 16

wait register 5

Notes: 1. Writing a O after reading a 1 is only allowed to clear the flag.

2. Writing a 1 is only allowed to clear the flag.
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12.2.1  A-DMAC Operation Register (ADMAOR)
ADMAGOR is an 8-bit readable/writable register that specifies operation for all channels.

Bit: 7 6 5 4 3 2 1 0

N N R N N N O
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R RW

Initial
Bit Bit Name Value R/W Description
7101 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

0 DME 0 R/W DMA master enable flag

Enables or disables DMA transfer for all channels. If
this bit and the DE bit in each channel are set to 1,
DMA transfer is enabled.

If this bit is cleared to 0, DMA transfer is cancelled for
all channels.

Note: If an NMI occurs, the A-DMAC enters the DMA-transfer-disabled state (for details, refer to
section 12.3.3, Transfer Suspension and Resumption). To restart DMA transfer, use the
NMIF bit in the DMA operation flag bit register (DMAFR) in the DMAC because the A-
DMAC does not support such a bit in the ADMAOR register (for details, refer to section 11,
Direct Memory Access Controller (DMAC)). Clearing the NMIF bit in the DMAC enables
DMA transfer in the A-DMAC.
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12.2.2 A-DMAC Alias Base Register (ADMAABR)

ADMAABR is an 8-bit readable/writable register that specifies the start address of the alias area
(on-chip RAM are used for transfer for on-chip modules) for the A-DMAC. The alias area can be
specified in 32-Kbyte units.

Bit: 7 6 5 4 3 2 1 0
CT T T T T weo

Initial value: 0 0 0 0 0 0 0 0

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

Initial
Bit Bit Name Value R/W Description
7103 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.

2t00 AA[2:0] 000 R/W Alias area address
These bits specify the start address of the alias area.
000: H'FFF80000
001: H'FFF88000
010: H'FFF90000
011: H'FFF98000
100: H'FFFA0000
101: H'FFFA8000
110: H'FFFB0000
111: H'FFFB8000
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12.2.3 A-DMAC Interrupt Control Registers (ADMAIE)
ADMALIE is an 8-bit readable/writable register.

Each bit (IE bit) in each ADMAIE register enables or disables an interrupt to the CPU in each
channel. If the corresponding DV bit or TE bit is set while the IE bit is set to 1, a transfer end
interrupt is requested (for details, refer to section 12.3.6, Transfer Enable/Disable Conditions and
Interrupt Requests).

Table 12.3 shows the correspondence between channels and bits.

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

Table 12.3 Correspondence between Channels and ADMAIE Registers

Register Bit

Name 7 6 5 4 3 2 1 0
ADMAIEO Channel 7 Channel6 Channel5 Channel4 Channel3 Channel2 Reserved Reserved
ADMAIE1 Channel 15 Channel 14 Channel 13 Channel 12 Channel 11 Channel 10 Channel9  Channel 8
ADMAIE2 Channel 23 Channel 22 Channel 21 Channel 20 Channel 19 Channel 18 Channel 17 Channel 16
ADMAIE3 Channel 31 Channel 30 Channel 29 Channel 28 Channel 27 Channel 26 Channel 25 Channel 24
ADMAIE4 Channel 39 Channel 38 Channel 37 Channel 36 Channel 35 Channel 34 Channel 33 Channel 32
ADMAIE5 Channel 47 Channel 46 Channel 45 Channel 44 Channel 43 Channel 42 Channel 41 Channel 40
ADMAIE7 Channel 63 Channel 62 Channel 61 Channel 60 Channel 59 Channel 58 Channel 57 Channel 56
ADMAIES Channel 71 Channel 70 Channel 69 Channel 68 Channel 67 Channel 66 Channel 65 Channel 64
ADMAIE9Q Reserved Channel 74 Reserved  Reserved

Note: A reserved bit is always read as 0. The write value should always be 0.
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12.2.4 A-DMAC Data Valid Registers (ADMADV)
ADMADYV is an 8-bit readable/writable register.

Each bit (DV bit) in each ADMADV register indicates the DMA transfer state of the
corresponding channel. The DV bit is set to 1 to indicate that the data in the alias area is valid
when a DMA transfer is completed after the DE bit is set.

Writing 1 to the DV bit is invalid. To clear the DV bit, read 1 from the DV bit and then write 0.

Table 12.4 shows the correspondence between channels and bits.

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W:  R/(W)* R/AW)* R/(W)* R/(W)* RI(W)* R/(W)* R/(W)* R/(W)*

Note: * To clear the flag, write 0 to the bit to be cleared, only when 1
has been read from the bit when these registers have been read.
To the bit not to be cleared, only 1 can be written, even if 0 is read
from the bit. To the reserved bits, only 0 can be written.
When the flag is read by the CPU, even though 0 has been read,
the flag may be set to 1 and therefore 1 may be read internally.
In this case, if 0 is written to the corresponding bit, the flag will be
cleared even if 1 has not been read by the CPU.
Since the specifications of the flag bits in these registers differ
from the ones of the flags in other modules, the clearing operations
of the flags by the CPU must be executed carefully.

Table 12.4 Correspondence between Channels and ADMADV Registers

Register Bit
Name 7 6 5 4 3 2 1 0

ADMADVO Channel 7 Channel 6 Channel5 Channel4 Channel3 Channel2 Reserved Reserved

ADMADV1 Channel 15 Channel 14 Channel 13 Channel 12 Channel 11 Channel 10 Channel 9 Channel 8

ADMADV2 Channel 23 Channel 22 Channel 21 Channel 20 Channel 19 Channel 18 Channel 17 Channel 16

ADMADV3 Channel 31 Channel 30 Channel 29 Channel 28 Channel 27 Channel 26 Channel 25 Channel 24

ADMADV4 Channel 39 Channel 38 Channel 37 Channel 36 Channel 35 Channel 34 Channel 33 Channel 32

ADMADV5 Channel 47 Channel 46 Channel 45 Channel 44 Channel 43 Channel 42 Channel 41 Channel 40

Note: A reserved bit is always read as 0. The write value should always be 0.
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12.25 A-DMAC Transfer End Registers (ADMATE)
ADMATE is an 8-bit readable/writable register.

Each bit (TE bit) in each ADMATE register indicates the DMA transfer state of the corresponding
channel. The TE bit is set to 1 when the specified counts of DMA transfers are completed.

Writing 1 to the TE bit is invalid. To clear the TE bit, read 1 from the TE bit and then write O to it.
While the TE bit is set to 1, the corresponding channel cannot accept the transfer request.

Table 12.5 shows the correspondence between channels and ADMATE registers.

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W:  RAW)* RAW)* RAW)* RAW)* RIW)* RAW)* RAW)* R/W)*

Note: * To clear the flag, write O to the bit to be cleared, only when 1
has been read from the bit when these registers have been read.
To the bit not to be cleared, only 1 can be written, even if 0 is read
from the bit. To the reserved bits, only 0 can be written.
When the flag is read by the CPU, even though 0 has been read,
the flag may be set to 1 and therefore 1 may be read internally.
In this case, if 0 is written to the corresponding bit, the flag will be
cleared even if 1 has not been read by the CPU.
Since the specifications of the flag bits in these registers differ
from the ones of the flags in other modules, the clearing operations
of the flags by the CPU must be executed carefully.

Table 12.5 Correspondence between Channels and ADMATE Registers

Register Bit
Name 7 6 5 4 3 2 1 0

ADMATEO Channel 63 Channel 62 Channel 61 Channel 60 Channel 59 Channel 58 Channel 57 Channel 56

ADMATE1 Channel 71 Channel 70 Channel 69 Channel 68 Channel 67 Channel 66 Channel 65 Channel 64

ADMATE2 Reserved Channel 74 Reserved  Reserved

Note: A reserved bit is always read as 0. The write value should always be 0.
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12.2.6 A-DMAC Enable Registers (ADMADE)
ADMADE is an 8-bit readable/writable register.

Each bit (DE bit) in each ADMADE register enables or disables DMA transfer for a channel for
ATU-III (timers A, C, and F) or RCAN. Setting the DE bit of the corresponding channel and the
DME bit in ADMAOR to 1 enables DMA transfer.

Table 12.6 shows the correspondence between channels and bits.

Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

Table 12.6 Correspondence between Channels and ADMADE Registers

Register Bit
Name 7 6 5 4 3 2 1 0

ADMADEO Channel 7 Channel 6 Channel5 Channel4 Channel3 Channel2 Reserved Reserved

ADMADE1 Channel 15 Channel 14 Channel 13 Channel 12 Channel 11 Channel 10 Channel 9 Channel 8

ADMADE2 Channel 23 Channel 22 Channel 21 Channel 20 Channel 19 Channel 18 Channel 17 Channel 16

ADMADES3 Channel 31 Channel 30 Channel 29 Channel 28 Channel 27 Channel 26 Channel 25 Channel 24

ADMADE4 Channel 39 Channel 38 Channel 37 Channel 36 Channel 35 Channel 34 Channel 33 Channel 32

ADMADES5 Channel 47 Channel 46 Channel 45 Channel 44 Channel 43 Channel 42 Channel 41 Channel 40

ADMADE?7 Reserved Channel 74 Reserved  Channel 72

Note: A reserved bit is always read as 0. The write value should always be 0.
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12.2.7  A-DMAC Transfer Mode Registers (ADMAMODE)
ADMAMODE is an 8-bit readable/writable register.

Each bit (MODE bit) in each ADMAMODE register specifies the transfer mode for each channel
used for ATM-III (timer F). A write to this register should be performed in the transfer-disabled
state (DE = 0 or DME = 0).

To use timer F in PWM input waveform measurement mode, set the MODE bit to 1; otherwise,
clear the MODE bit to 0.

Table 12.7 shows the correspondence between channels and the ADMAMODE register.

Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

Table 12.7 Correspondence between Channels and ADMAMODE Registers

Register Bit
Name 7 6 5 4 3 2 1 0

ADMAMODEOQ Channel 31 Channel 30 Channel 29 Channel 28 Reserved Reserved Reserved  Reserved

ADMAMODE1 Channel 39 Channel 38 Channel 37 Channel 36 Channel 35 Channel4 Channel 33 Channel 32

ADMAMODE2 Channel 47 Channel 46 Channel 45 Channel 44 Channel 43 Channel 42 Channel 41 Channel 40

Note: A reserved bit is always read as 0. The write value should always be 0.
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12.28 A-DMAC Transfer Count Registers (ADMATCR)

ADMATCR is a 16-bit readable/writable register that specifies the DMA transfer count for
channels used for ATU-III (timer G), ADC, RSPI, and SCI.

While DMA transfer is enabled, the ADMATCR value is updated (post-decremented) each time a
DMA transfer is performed, thus indicating the remaining transfer count till transfer end. The
ADMATCR registers can be specified from H'0000 to H'0O3FF.

Clearing ADMATCR to 0 suspends the DMA transfer. Note that writing a value other than O to
ADMATCR while ADMATCR # 0 is prohibited.

The ADMARTCR value is reloaded into ADMATCR corresponding to channels for ATU-III
(timer G) and ADC, if a DMA transfer is performed while ADMATCR =1 and ADMARTCR = 0.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CT T T T T T T T T T T T T T]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R RW RW RW RW RW RW RW RW RW RW
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12.29 A-DMAC Alias Pointer Registers (ADMAAR)

ADMAAR is a 16-bit readable/writable register that specifies the alias area for channels used for
ATU-III (timer G), ADC, RSPI, and SCI. The ADMAAR value is updated (post-updated) to
indicate the next transfer address each time a DMA transfer is performed. ADMAAR must be
written while the corresponding ADMATCR is cleared to 0.

The alias area for each channel is defined as an area starting from the address specified by
ADMAAR to the address obtained by the transfer count specified by ADMATCR x 2 bytes (for
channels used for RSPI and ADC) or to the address obtained by the transfer count specified by
ADMATCR x 1 byte (for channels used for the SCI and ATU-III (timer G)).

The transfer destination address is specified by the relative address from the start address of the
alias area. The specifiable relative address is from H'0000 to H'7FFF.

The ADMARAR value will be reloaded into ADMAAR corresponding to channels for ATU-III
(timer G) and the ADC, if a DMA transfer is performed while ADMATCR = 1 and ADMARTCR
#0.

Inialvalue: o 9 9 o9 o o0 o0 O O O O O ©O0 ©O0 0 O
RW. R RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW:=

Note: * A writing to bit 0 in the ADMAAR registers for channels used for ADC and RSPI is invalid.
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12.2.10 A-DMAC Reload Transfer Count Registers (ADMARTCR)

ADMARTCR is a 16-bit readable/writable register that specifies reload values of the
corresponding ADMATCR in a channel used for ADC. ADMARTCR can be specified from
H'0000 to H'O3FF.

The ADMARTCR value will be reloaded into ADMATCR if a DMA transfer is performed while
ADMATCR =1 and ADMARTCR = 0.

ADMARTCR must be set before ADMATCR is set.

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R RW RW RW RW RW RW RW RW RW RW

12.2.11 A-DMAC Reload Alias Pointer Registers (ADMARAR)

ADMARAR is a 16-bit readable/writable register that specifies reload values of the corresponding
ADMAAR in a channel used for ADC. ADMARAR can be specified from H'0000 to H'7FFF.

The ADMARAR value is reloaded into ADMAAR if a DMA transfer is performed while
ADMATCR =1 and ADMARTCR = 0.

ADMARAR must be set before the ADMAAR registers are set.

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

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W*

Note: * A writing to bit 0 in the ADMARAR registers for channels used for ADC is invalid.
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12.2.12 A-DMAC Buffer Registers (ADMABUF)

ADMABUF is a 32-bit read-only register. ADMABUF2 to ADMABUF?7 correspond to channels 2

to 7 for timer A.

ADMABUF stores the value read for the input capture register according to the transfer request
from timer A. Two values: data stored in ADMABUF (value read for the input capture register for
the previous transfer request from timer A) and the value read for the input capture register from
timer A will be transferred to the alias area using the timer A transfer request as a trigger.

Initial value: 0 0 0

Initial value: 0 0 0

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
L [ | | [ | N
0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L [ | | [ | R
0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R
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12.2.13 A-DMAC Receive Wait Registers (ADMARVPR)

ADMARYVPR is a 16-bit readable/writable register that includes the flags corresponding to
mailboxes (MBx) of the RCAN module. Only 1 can be written to ADMARVPR to clear flags in
ADMARVPR.

Table 12.8 shows the correspondence between ADMARVPR and mailboxes in the RCAN.

Initialvalue: 0 0o 0 ©0 ©0 0 ©0 O O 0 O 0 0 0 0 0
RAW: R/(W)*R/(W)*RAW)*=R/(W)* R/(W)* RAW) = RAW)* R/W)* RAW)*RAW)*R/W)* R/W)*RIW)R/(W)* RA(W)* RI(W) *

Note: * To clear the flag, write 1 to the bit to be cleared, only when 1 has been read from the bit when these registers
have been read.
To the bit not to be cleared, only 0 can be written, even if 0 is read from the bit. To the reserved bits, only 0
can be written.
When the flag is read by the CPU, even though 0 has been read, the flag may be set to 1 and therefore 1 may
be read internally. In this case, if 1 is written to the corresponding bit, the flag will be cleared even if 1 has not
been read by the CPU.
Since the specifications of the flag bits in these registers differ from the ones of the flags in other modules,
the clearing operations of the flags by the CPU must be executed carefully.

Table 12.8 Correspondence between ADMARVPR and Mailboxes in RCAN

ADMARVPR Bits RCAN Module MBx
ADMARVPRO 15t0 0 RCAN_A 31t0 16
ADMARVPR1 15t0 0 15t0 0
ADMARVPR2 15t0 0 RCAN_B 31to 16
ADMARVPR3 15t0 0 15t0 0
ADMARVPR4 15t00 RCAN_C 31to 16
ADMARVPRS5 15t0 0 15t0 0

A flag in ADMARVPR corresponding to the mailbox in the RCAN module is set to 1 when data
in the mailbox in the RCAN module has been transferred to the alias area according to the transfer
request from the RCAN. To clear a flag (RV bit) in ADMAPVPR, read 1 from the flag (RV bit)
and then write 1 to it again.
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12.2.14 A-DMAC Transmit Wait Registers (ADMATVPR)

ADMATVPR is a 16-bit readable/writable register that includes the flags corresponding to
mailboxes (MBx) of the RCAN module.

ADMATVPR specifies the IDs of mailboxes, to which data is transferred from the alias area, by
software. If a bit corresponding to the mailbox (MBXx) is set to 1, data is transferred from the alias
area to the mailbox (MBX) in transfer enable state (DME = 1, DE = 1, and TE = 0).

When data transfer is completed, the flag corresponding to the mailbox (MBXx) is cleared to O by
hardware.

A bit corresponding to a mailbox (MBx), which is not specified as a transmitter mailbox in the
RCAN modules, cannot be set to 1. Note that all the ADMATVPR registers cannot be written to
while the RCAN transmitter channel is in transfer enable state or in suspend state (for details, refer
to section 12.3.3, Transfer Suspension and Resumption).

Table 12.9 shows the correspondence between ADMATVPR registers and mailboxes in RCAN
modules.

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 12.9 Correspondence between ADMATVPR Registers and Mailboxes in RCAN

Modules

ADMARVPR Bits RCAN Module MBx

ADMATVPRO 15t00 RCAN_A 311016
ADMATVPR1 15to 1* 15to 1*
ADMATVPR2 15t00 RCAN_B 311016
ADMATVPRS3 15to 1* 15to 1*
ADMATVPR4 15t00 RCAN_C 311016
ADMATVPR5 15to0 1* 15to 1*

Note: * MBO cannot be specified because the MBO is a mailbox for reception. Accordingly, a
write to bit O of the corresponding ADMATVTR register is invalid.
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12.3  Operation

12.3.1  Alias Areas

Areas in on-chip RAM that can be used as a transfer source and destination for A-DMAC data
transfer are called alias areas.

The start address of an alias area can be specified by ADMAABR in 32-Kbyte units. Figure 12.2
shows the memory map of the alias areas (ADMAABR is specified as default value).

In channels for ATU-III (timers A, C, and F) and RCAN, the relative address corresponding to the
address specified by ADMAABR for each channel alias area is fixed. For details, refer to section
12.3.2 (2), Operation for A-DMAC Channels Used for ATU-III (timers A, C, and F) and section
12.3.2 (4), Operation for A-DMAC Channels Used for RCAN.

While in channels for ATU-III (timer G), ADC, RSPI, and SCI, the alias area for each channel can
be specified. The start address and area size of each alias area are specified by the ADMAAR and
ADMATCR registers, respectively. For details, refer to section 12.2.8, A-DMAC Transfer Count
Registers (ADMATCR) and section 12.2.9, A-DMAC Alias Pointer Registers (ADMAAR).

Note: Illegal settings such as alias area overlap and alias area setting exceeding the on-chip
RAM maximum address can be specified according to the ADMAAR and ADMATCR
settings. These illegal settings cannot be detected by hardware.

HFFF80000 Channels for ATU-III
(Timers A, C, and F)

H'FFF8011F (fixed)
HFFF80120

Reserved
HFFF801FF
HFFF80200 Channels for ATU-Il (Timer G),

Channels for RCAN (fixed) ADC, RSPI, and SCI

H'FFF80DFF
H'FFF80E00

Reserved
HFFF811FF
HFFF81200
HFFF87FFF

Figure 12.2 Memory Map of Alias Areas
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12.3.2 Each A-DMAC Channel Operation

1)

Operation for A-DMAC Channels Used for ATU-I11 (Timer G) and ADC

Overview

A-DMAC channel (channel 0) for the ATU-III (timer G) supports the ADC input signal switch
setting via a port. This channel performs data transfer from the alias area to port G that controls
the ADC input using a transfer request from timer G as a source.

A-DMAC channel (channel 1) for ADC supports the reading of A/D conversion result from the
ADC. This channel performs data transfer from the ADRO register that stores the A/D
conversion result of the ADC to the alias area.

Alias areas for ATU-III (timer G) and ADC channels can be specified by ADMAAR and
ADMATCR.

Figure 12.3 shows an overview of the DMA transfer.

Transfer request

— Channel 0: Timer G2 compare match

— Channel 1: ADC_A and ANO interrupt conversion end of ADC
Addressing

Addressing in registers is fixed (not incremented or decremented). Addressing in alias area is
post-incremented (incremented by one in channel 0 and incremented by two in channel 1) each
transfer.

If the next transfer is performed while ADMATCR = 1 and ADMARTCR # 0, ADMATCR
and ADMAAR are updated by the corresponding reload register values. Accordingly, by
setting ADMAAR = ADMARAR and ADMATCR = ADMARTCR, the data structure of the
ring list (ring buffer) can be configured in the alias area.

Transfer flow

Data transfer is performed in the following sequence. Figure 12.4 shows the flowchart of data

transfer.

1. Sets reload registers for ADMATCR and ADMAAR.

2. Specifies the start address of the alias area by ADMAAR and specifies the transfer count
by ADMATCR.

3. Performs one transfer if a transfer request occurs while transfer is enabled (DME = 1,
NMIF = 0, ADMATCR = 0), decrements ADMATCR, and updates ADMAAR.

4. Transfers reload register values to ADMATCR and ADMAAR if data transfer is performed
while ADMATCR = 1 and ADMARTCR = 0.
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5. Suspends data transfer if an NMI interrupt occurs or if the DME bit is cleared to 0.
Disables data transfer if 0 is written to ADMATCR while ADMATCR = 0.

e Notes

Reload registers ADMARAR and ADMARTCR for ADMAAR and ADMATCR must be set
before ADMAAR and ADMATCR are set. Otherwise, reloading may not be performed

correctly.

In the alias area used as a transfer source of channel O, the data for ADC input signal switching

must be specified by the upper 4 bits in each byte.

In the alias area used for channel 1, the contents in the alias area used as a transfer destination

are updated with the address register whenever a transfer is requested. Accordingly, the
contents of the alias area will be overwritten before they are read.

Alias pointer change

On-chip RAM
(alias area)

DMA transfer

Setting data 1

Setting data 2

Setting data N

Port G

PGDR[15:8]

Conversion data 1

Conversion data 2

l;
/
T

Conversion data M

/

ADC_A

=N
—

ADRO

Channel 0 sequentially transfers
setting data stored in on-chip RAM
to port G.

Channel 1 transfers the value of
ADRO, which stores the A/D conversion
result of ADC, to the alias areas.

Note: The alias pointer is reloaded after data transfer is performed for the
number of times specified by ADMATCR.

Figure 12.3 Transfer Overview (Channels for ATU-I111 (timer G) and ADC)
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Initialize
(ADMAOR, ADMAABR, ADMARAR,
ADMARTCR, ADMAAR, ADMATCR)

»

AA

DME =1 &
NMIF* =0 &
ADMATCR =02

A transfer request
occurs?

Execute transfer
(one transfer unit)

Reload
AR'\DAAAAZE:\;?C:;& ADMARTCR — ADMARTCR
ADMARAR — ADMAAR

ADMATCR -1 — ADMATCR
ADMAAR + 1 — ADMAAR (Ch0)
ADMAAR +2 — ADMAAR (Ch1)

ADMATCR =0?

A
(Transfer end ) ( Normal end )

Note: * The A-DMAC uses the NMIF of the DMAC since the A-DMAC
does not have a specific NMIF.

Figure 12.4 Flowchart of DMA Transfer (Channels for ATU-I11 (timer G) and ADC)
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)

Operation for A-DMAC Channels Used for ATU-I11 (timers A, C, and F)

Overview

A-DMAC channels for the ATU-III (timers A, C, and F) perform data transfer from ATU-III
registers to the alias areas. The alias area size for each channel is defined as follows.

— A-DMAC channel for timer A: 8 bytes (area for 32-bit register x 2)

— A-DMAC channel for timer C: 4 bytes

— A-DMAC channel for timer F: 8 bytes (area for 32-bit register x 2)

Refer to table 12.10, for details on the relationship between transfer source register name and

transfer destination address. Figure 12.5 shows an overview of the DMA transfer.

Transfer request

An input capture interrupt of the corresponding ATU-III channel is used as a transfer request.

Addressing

Both transfer source and destination addresses are fixed (not incremented or decremented).

Transfer flow

Data transfer is performed in the following sequence. Figure 12.6 shows the flowchart of data

transfer.

1. Performs one transfer if a transfer request occurs while transfer is enabled (DE =1, DME =
1, NMIF = 0), and sets the DV bit to 1. In this case, if an interrupt is enabled (IE = 1),
requests a transfer end interrupt to the CPU.

2. Performs one transfer each time a transfer request occurs while transfer is enabled.

3. Disables transfer if an NMI interrupt occurs, or if the DME or DE bit is cleared to 0.

Notes

In transfer enable state, the alias area specified as transfer destination is overwritten each time

a transfer is requested and the alias area always indicates the latest register value.

In A-DMAC channel for timer A, input capture value to be read for a current transfer request

and ADMABUEF register storage value (= input capture value read in the previous transfer

request) are transferred to the alias area. (For details, refer to section 12.3.4 (1), Supplementary

Description for A-DMAC Channels Used for ATU-III (timer A).)

In A-DMAC channel for timer F, registers to be transferred differ depending on the

corresponding ADMAMODE settings. If the ADMAMODE bit is cleared to O (default), the

CDREF registers are transferred to the upper 4 bytes of alias area for each channel. While, if the

ADMAMODE bit is set to 1, the CDRF and GRCEF registers are transferred to the upper and

lower 4 bytes of each alias area, respectively.
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Table 12.10 A-DMAC Channels for ATU-I11 (Timers A, C, and F)

Channel Relative Addresses
No. Transfer Request Source Transfer Register in Alias Area
2 ATU-lll Channel 0 ICRAO H'000 to H'007
3 (Timer A) Channel 1 ICRA1 H'008 to H'00F
4 Channel 2 ICRA2 H'010 to H'017
5 Channel 3 ICRA3 H'018 to H'O1F
6 Channel 4 ICRA4 H'020 to H'027
7 Channel 5 ICRA5 H'028 to H'02F
8 ATU-lll  Subblock CO  Channel 0 GRCO00 H'030 to H'033
9 (Timer C) Channel 1 GRCO1 H'034 to H'037
10 Channel 2 GRCO02 H'038 to H'03B
11 Channel 3 GRCO03 H'03C to H'03F
12 Subblock C1  Channel 0 GRC10 H'040 to H'043
13 Channel 1 GRC11 H'044 to H'047
14 Channel 2 GRC12 H'048 to H'04B
15 Channel 3 GRC13 H'04C to H'04F
16 Subblock C2  Channel 0 GRC20 H'050 to H'053
17 Channel 1 GRC21 H'054 to H'057
18 Channel 2 GRC22 H'058 to H'05B
19 Channel 3 GRC23 H'05C to H'05F
20 Subblock C3  Channel 0 GRC30 H'060 to H'063
21 Channel 1 GRC31 H'064 to H'067
22 Channel 2 GRC32 H'068 to H'06B
23 Channel 3 GRC33 H'06C to H'06F
24 Subblock C4  Channel 0 GRC40 H'070 to H'073
25 Channel 1 GRC41 H'074 to H'077
26 Channel 2 GRC42 H'078 to H'07B
27 Channel 3 GRC43 H'07C to H'07F
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Channel Relative Addresses
No. Transfer Request Source Transfer Register in Alias Area
28 ATU-lll Channel 0 CDRF00, GRCF00  H'080 to H'087
29  (TimerF) Channel 1 CDRF01, GRCFO1  H'088 to H'08F
30 Channel 2 CDRF02, GRCF02 H'090 to H'097
31 Channel 3 CDRF03, GRCF03  H'098 to H'09F
32 Channel 4 CDRF04, GRCF04  H'0AOQ to H'0A7
33 Channel 5 CDRF05, GRCF05  H'0A8 to H'0OAF
34 Channel 6 CDRF06, GRCF06  H'0BO to H'0B7
35 Channel 7 CDRF07, GRCF07  H'0B8 to H'0OBF
36 Channel 8 CDRF08, GRCF08  H'0CO to H'0OC7
37 Channel 9 CDRF09, GRCF09  H'0C8 to H'OCF
38 Channel 10 CDRF10, GRCF10  H'ODO to H'0OD7
39 Channel 11 CDRF11, GRCF11 H'0D8 to H'ODF
40 Channel 12 CDRF12, GRCF12  H'OEO to H'OE7
41 Channel 13 CDRF13, GRCF13  H'OES8 to H'OEF
42 Channel 14 CDRF14, GRCF14 H'OFO0 to H'OF7
43 Channel 15 CDRF15, GRCF15  H'OF8 to H'OFF
44 Channel 16 CDRF16, GRCF16 H'100 to H'107
45 Channel 17 CDRF17, GRCF17  H'108 to H'10F
46 Channel 18 CDRF18, GRCF18  H'110to H'117
47 Channel 19 CDRF19, GRCF19  H118to H'11F

(3) Operation for A-DMAC Channels Used for RSPI and SCI

e Overview
A-DMAC channels for the RSPI and SCI supports the following data transfer. In even
channels, data transfer from a register to the alias area is performed; while in odd channels,
data transfer from the alias area to a register is performed. Figure 12.5 shows an overview of
the DMA transfer.
The alias area size for each channel is obtained by (read (write) register size) x (transfer count
specified by ADMATCR). Maximum alias sizes for RSPI channels and SCI channels are 2046
bytes and 1023 bytes, respectively. (For details, refer to section 12.2.7, A-DMAC Transfer
Mode Registers (ADMAMODE), and section 12.2.9, A-DMAC Alias Pointer Registers
(ADMAAR).)
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Table 12.11 summarizes each channel transfer request, transfer source register name, and
transfer direction.
e Transfer request
An RSPI or SCI reception or transmission interrupt for each channel is used as a transfer
request. In transfer enable state, one data transfer is performed for a transfer request.
In even channels for RSPI, a request generated at RSPI receive buffer full is used as a DMA
transfer request. In odd channels for the RSPI, a request generated at RSPI transmit buffer
empty is used as a DMA request.
In even channels for the SCI, a request generated at SCI receive data full is used as a DMA
transfer request. In odd channels for the SCI, a request generated at SCI transmit data empty is
used as a DMA request.
The transfer enable state is entered if the transfer count is specified in ADMATCR
corresponding to each channel, if the TE bit is cleared to O (only when the TE bit is set to 1),
and if the DME bit in ADMAOR is set to 1. (For details, refer to section 12.3.6, Transfer
Enable/Disable Conditions and Interrupt Requests.)
e Addressing
Addressing in registers is fixed (not incremented or decremented). Addressing in alias area is
post-incremented (incremented by two in channels for RSPI and incremented by one in
channels for the SCI) each transfer.
e Transfer flow
Data transfer is performed in the following sequence. Figure 12.6 shows the flowchart of data
transfer.
1. Specifies the start address of the alias area by ADMAAR and specifies the transfer count
by ADMATCR.
2. Performs one transfer if a transfer request occurs while transfer is enabled (DME = 1,
NMIF = 0, ADMATCR # 0, TE = 0), decrements ADMATCR, and increments ADMAAR.
3. Sets the TE bit to 1 if ADMATCR is cleared 0 and if data transfer of specified count has
been performed, and requests an interrupt to the CPU if an interrupt is enabled (IE = 1).
4. Suspends data transfer if an NMI interrupt occurs or if the DME bit is cleared to O.
Disables data transfer if 0 is written to ADMATCR while ADMATCR = 0.
e Notes
To re-enable data transfer while data transfer has been completed (TE = 1, ADMATCR = 0),
ADMATCR must be set before the TE bit is cleared to 0. If the TE bit is cleared to O first, the
transfer request may be directly informed to the interrupt controller. (For details, refer to
section 12.3.6, Transfer Enable/Disable Conditions and Interrupt Requests.)

RO1UHO0235EJ0200 Rev. 2.00

Page 341 of 1824
Apr 01,2014 RENESAS



Section 12 Automotive Direct Memory Access Controller (A-DMAC) SH72546R

Table 12.11 Channels for RSPI and SCI

Channel Transfer Request Transfer Transfer Transfer

No. Source Transfer Request Signal Register Direction Bytes

56 RSPI Channel A Receive buffer full (SPRI) SPDRA 10— 2
RAM

57 Transmit buffer empty (SPTI) SPDRA 10 « 2
RAM

58 Channel B Receive buffer full (SPRI) SPDRB 10> 2
RAM

59 Transmit buffer empty (SPTI) SPDRB 10 « 2
RAM

60 Channel C Receive buffer full (SPRI) SPDRC 10> 2
RAM

61 Transmit buffer empty (SPTI) SPDRC 10 « 2
RAM

62 SClI Channel A Receive data full SCRDR1A 10— 1
RAM

63 Transmit data empty SCTDR1A 10 « 1
RAM

64 Channel B Receive data full SCRDR1B 10— 1
RAM

65 Transmit data empty SCTDR1B 10 « 1
RAM

66 Channel C Receive data full SCRDR1C 10— 1
RAM

67 Transmit data empty SCTDR1C 10 « 1
RAM

68 Channel D Receive data full SCRDR1D 10— 1
RAM

69 Transmit data empty SCTDR1D 10 « 1
RAM

70 Channel E Receive data full SCRDR1E 10> 1
RAM

71 Transmit data empty SCTDR1E 10 « 1
RAM
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On-chip RAM
(Alias area)

DMA
transfer

ATU-III (timer F)

CDRF00

Receive data 1

Receive data 2

Receive data 3

Receive data 4

RSPI (channel A)

= SPDRA

RCAN

MBO

Control0

TimeStamp

MB1

In channels for ATU-llI (timers A, C, and F),

the transfer source register corresponds to transfer
destination alias area. The register value is overwritten
to the alias area each time a transfer is requested.

In even channels for RSPl and SCI, a register value
in the transfer source are overwritten to the alias area
each time a transfer is requested. In odd channels
for RSPI and SCI, data in the alias area is transferred
to the register. In an example shown left, the register
values in RSPI channel A are transferred to the alias
areas at four times.

In channels for RCAN, data transfer is performed in
mailbox units. 20 bytes of alias area is assigned to
each mailbox.

Figure 12.5 Transfer Overview
(Channels for ATU-I1I (Timers A, C, and F), RSPI, SCI, and RCAN)
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(1) Channels for ATU-III (Timers A, C, and F) (2) Channels for RSPl and SCI
Initialize Initialize
(ADMAOR, ADMAABR, ADMAIE, (ADMAOR, ADMAABR, ADMAIE,
ADMADV, ADMADE) ADMATE, ADMATCR, ADMAAR)

<
« «

ME =1 & NMIF*1 =0
JTE =0 & ADMATCR # 02

DME =1 & NMIF#1=0
& DE=1?

A transfer request occurs?

A transfer request occurs?

Transfer (one transfer unit)
ADMATCR - 1 — ADMATCR
ADMAAR + 2 — ADMAAR (RSPI channel)
ADMAAR + 1 — ADMAAR (SCI channel)

| Transfer (one transfer unit) |

o >

Yes
| DV =1 |
A
Interrupt request Y
(IE=1) Interrupt request
- (IE=1)
Y

DME =0 or
NMIF*1 =1 or
DE =0?

Notes: 1. Since the A-DMAC is not provided with its own NMIF,
it uses the NMIF of the DMAC instead.
2. Tore-enable data transfer, be sure to set ADMATCR before
clearing the TE bit to 0.

A
( Transfer end*z) ( Normal end*2)

Figure 12.6 Flowchart of DMA Transfer
(Channels for ATU-I11 (Timers A, C, and F), RSPI, and SPI)
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(4)

Operation for A-DMAC Channels Used for RCAN

Overview

A-DMAC channels for the RCAN performs data transfer between mailboxes in the RCAN
module and alias areas. In channel 72, a receive operation is performed (data is transferred
from a mailbox (MBXx) to the alias area). In channel 74, a transmit operation is performed (data
is transferred from alias area to the mailbox (MBXx)). Figure 12.5 shows an overview of the
DMA transfer.

Table 12.12 shows the correspondence between mailboxes (MBx) and alias areas. The alias
area for each mailbox (MBXx) is assigned in 32-byte units. Receive alias areas are common to
transmit alias areas.

For one mailbox (MBx) transfer, data is transferred in long-word units at five times and a total
of 20-byte data is transferred. Fields to be transferred are ID (4 bytes), LAFM (4 bytes), Data
(8 bytes), Control 1 (2 bytes), and TimeStamp (2 bytes).
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Table 12.12 Correspondence between Mailbox (MBXx) and Alias Area Addresses

MBx

RCAN_A

RCAN_B

RCAN_C

©Co~NOOO~WN-—=O

H'0200 to H'0213
H'0220 to H'0233
H'0240 to H'0253
H'0260 to H'0273
H'0280 to H'0293
H'02A0 to H'02B3
H'02C0 to H'02D3
H'02E0 to H'02F3
H'0300 to H'0313
H'0320 to H'0333
H'0340 to H'0353
H'0360 to H'0373
H'0380 to H'0393
H'03AO0 to H'03B3
H'03CO0 to H'03D3
H'03EO to H'03F3
H'0400 to H'0413
H'0420 to H'0433
H'0440 to H'0453
H'0460 to H'0473
H'0480 to H'0493
H'04A0 to H'04B3
H'04C0 to H'04D3
H'04EQ to H'04F3
H'0500 to H'0513
H'0520 to H'0533
H'0540 to H'0553
H'0560 to H'0573
H'0580 to H'0593
H'05A0 to H'05B3
H'05C0 to H'05D3
H'O5EO0 to H'05F3

H'0600 to H'0613
H'0620 to H'0633
H'0640 to H'0653
H'0660 to H'0673
H'0680 to H'0693
H'06A0 to H'06B3
H'06CO0 to H'06D3
H'06EQ to H'06F3
H'0700 to H'0713
H'0720 to H'0733
H'0740 to H'0753
H'0760 to H'0773
H'0780 to H'0793
H'07A0 to H'07B3
H'07CO0 to H'07D3
H'07EQ to H'07F3
H'0800 to H'0813
H'0820 to H'0833
H'0840 to H'0853
H'0860 to H'0873
H'0880 to H'0893
H'08A0 to H'08B3
H'08CO0 to H'08D3
H'08EQ to H'08F3
H'0900 to H'0913
H'0920 to H'0933
H'0940 to H'0953
H'0960 to H'0973
H'0980 to H'0993
H'09A0 to H'09B3
H'09CO0 to H'09D3
H'09EQ to H'09F3

H'0A00 to H'0A13
H'0A20 to H'0A33
H'0A40 to H'0A53
H'0AB0 to H'0A73
H'0A80 to H'0A93
H'0AAQ to H'OAB3
H'0ACO to H'OAD3
H'OAEO to H'OAF3
H'0B0O to H'0B13
H'0B20 to H'0B33
H'0B40 to H'0B53
H'0B60 to H'0B73
H'0B80 to H'0B93
H'0OBAO to H'OBB3
H'0BCO to H'0BD3
H'0OBEO to H'OBF3
H'0C00 to H'0C13
H'0C20 to H'0C33
H'0C40 to H'0C53
H'0C60 to H'0C73
H'0C80 to H'0C93
H'0CAO to H'0CB3
H'0CCO to H'0OCD3
H'OCEO to H'OCF3
H'0DO0O0 to H'0OD13
H'0D20 to H'0D33
H'0D40 to H'0D53
H'0D60 to H'0D73
H'0D80 to H'0D93
H'ODAO to H'0ODB3
H'0DCO to H'0DD3
H'ODEO to H'ODF3

Note: Only the lower addresses are indicated in hexadecimal.
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Transfer request

A channel for reception uses the MBx full information from the RCAN uses a transfer request.

The mailbox (MBXx) to be transferred is detected by scanning the mailbox (MBXx) status.

A channel for transmission is starts transfer by software.

Addressing

Addressing in both transfer source and destination are incremented.

Operation Details and Transfer flow

Channel 72: One mailbox (MBx) transfer is performed by a transfer request. The mailbox

(MBx) number to be transferred is informed by the RCAN synchronously with the transfer

request.

When the mailbox (MBXx) transfer is completed, the RV bit corresponding to the mailbox

(MBx) is set to 1. Even if the mailbox (MBx) transfer whose RV bit is set to 1 is requested

from the RCAN, the A-DMAC does not accept the transfer request. In this case, the A-DMAC

informs the RCAN of the MBx transfer end and the RCAN clears the corresponding bit in the
receive wait register (or frame wait register).

Data transfer is performed in the following sequence. Figure 12.7 shows the flowchart of data

transfer.

A. Performs one mailbox (MBXx) transfer if a transfer request occurs while transfer is enabled
(DME =1,NMIF =0, DE = 1).

B. Sets the RV bit corresponding to the mailbox (MBx) to 1.

C. Suspends data transfer if an NMI interrupt occurs or if the DME bit or DE bit is cleared to
0.

(For details, refer to section 12.3.3, Transfer Suspension and Resumption.) If a transfer
request to the high priority DMA channel occurs during a mailbox (MBx) transfer, channel
72 enters transfer wait state.

Channel 74: The number of mailbox (MBx) to be transferred to the transmit wait register is set

by software. If the transfer enable state is then entered, the specified mailboxes are transferred

according to the mailbox priority (Priority: RCAN_A-MBx1 — RCAN_A-MBx2 —...).

Data transfer is performed in the following sequence. Figure 12.8 shows the flowchart of data

transfer.

1. Sets a bit in ADMATVPR corresponding to the number of mailbox and sets the DE bit to
1. If the DE bit is set to 1 without specifying mailbox (MBx), performs the operation in
step 5 below.

2. Performs one mailbox (MBx) transfer corresponding to the TV bit while transfer is enabled
(DME=1,NMIF=0,DE =1, TE =0).

3. Clears the TV bit corresponding to the mailbox (MBx) to be transferred to 0.

4. Repeats operations in steps 2 and 3 until all the TV bits are cleared to 0.
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5. Sets the TE bit to 1 if all the TV bits are cleared to 0 and if the specified transfer has been
completed. In this case, if an interrupt is enabled (IE = 1), an interrupt is requested to the
CPU.

6. While the TE bit is set to 1, transfer is not performed even if the TV bit is set.

7. Suspends data transfer if an NMI interrupt occurs or if the DME bit or DE bit is cleared to
0.

(For details, refer to section 12.3.3, Transfer Suspension and Resumption.) If a transfer
request to the high DMA channel occurs during a mailbox (MBXx) transfer, channel 74
enters transfer wait state.

e Notes

In a receive transfer, data transfer is enabled when the RV bit is cleared. Accordingly, the alias

area must be referenced before the RV bit is cleared to avoid conflict.

Note that the order that MBx in which RCAN becomes full does not match the order in which

MBx in RCAN is transferred to the alias area. This is because the A-DMAC does not accept a

transfer in MBx units if the RV bit is set to 1 and because the algorithm that selects MBx is not

a FIFO.

In a transmit transfer, the TE bit is set to 1 without transferring data if transfer is enabled while

all the TV bits are cleared to 0. A write to a TV bit is prohibited in the transfer enable state.
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Initialize (ADMAOR, ADMAABR, ADMADE)

AA

DME =1 & NMIF =0 &
DE =17

A transfer request occurs?

Transfer
(One mailbox)

DME =0 or
NMIF =1 or
DE =07?

Note: This flowchart is simplified assuming that no suspension
occurs during one mailbox (MBx) transfer.

Figure 12.7 DMA Transfer Flowchart (Channel for RCAN Reception)
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Initialize (ADMAOR, ADMAABR, ADMADE)

DME =1 & NMIF =0 &
JE=0&DE=17?

x=0

<

Y

TVx =12 No

Yes

Execute transfer
(One mailbox)

!

| TVx=0

|

Yes
No

TE=1

Y

Interrupt request
(IE=1)

Y
( Transfer end }

Note: This flowchart is simplified by indicating the processing relating to
TVO to TV15 of the specific ADMATVPR register. In actual operation,
TVO to TV15in all ADMATVPR registers are scanned.

Figure 12.8  DMA Transfer Flowchart (Channel for RCAN Transmission)
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12.3.3  Transfer Suspension and Resumption

If one of the sources listed in table 12.13 occurs, data transfer is disabled (transfer is suspended).
If it occurs during DMA transfer in a transfer unit, the DMA transfer in a transfer unit is
performed correctly and registers such as ADMADV, ADMATE, ADMATCR, ADMAAR,
ADMARYVPR, and ADMATVPR are also updated correctly.

Table 12.13 Source of Transfer Suspension

Source Channels to be Suspended
NMI interrupt occurrence (NMIF = 1 in the DMAC) All channels

Clearing the DME bit to 0

Clearing the DE bitto 0 Corresponding channel

If one of the sources listed in table 12.13 is cancelled, A-DMAC enters the transfer enable state
(transfer request wait state). A-DMAC channels for the RSPI and SCI refer to the current values
for the next transfer request, and perform transfer (transfer is resumed).

If the transfer is suspended during MBx transfer, the A-DMAC channel for RCAN operation
differs depending on the source of the transfer suspension, as follows.

An NMI interrupt is cancelled: The next data of MBx being transferred is transferred (transfer is
resumed).

The DME (DE) bit is set to 1: Data is transferred from the start of MBx. (In the A-DMA channel
for RCAN reception, MBx is informed synchronously with the next transfer request. In the A-
DMAC channel for RCAN transmission, MBx has the highest priority.)
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12.3.4  Bus Operation in Data Transfer by A-DMAC

Addressing mode

Performs the operation corresponding to the dual address mode in DMAC. Accordingly, in the
read cycle, the transfer source is accessed; while in the write cycle, the transfer destination is
accessed. The transfer size is fixed in each channel.

Bus cycle

The A-DMAC requests the bus mastership of I bus if it receives a transfer request. Upon
acquiring the I-bus mastership, the A-DMAC starts one unit of DMA transfer consisting of two
bus cycles of read and write. In one unit of DMA transfer, the A-DMAC does not release the I-
bus mastership. Figure 12.9 shows the data for data transfer performed from the on-chip
peripheral module to the on-chip RAM.

Note: In the A-DMAC channels for ATU-III (timers A and F) and the RSPI, one unit of DMA

transfer does not include two bus cycles.

Bus mode

The A-DMAC performs data transfer in cycle steal mode. The A-DMAC releases the I-bus
mastership after one unit of DMA transfer even if another A-DMAC channel waits for DMA
transfer (for details, refer to section 12.3.5, Channel Priorities).
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On-chip
RAM
Address bus
| bus
Data bus
@ @4 4@
A-DMAC ¥ Bridge |
Data buffer
A
+@
Address bus
P bus ®
Data bus
A
e v@
On-chip

peripheral module

First bus cycle
Read data from the on-chip peripheral module of the transfer source, and
store the read data in the A-DMAC temporarily.

On-chip
RAM
LY YO)
Address bus '
| bus
Data bus
A
e
A-DMAC Bridge
Data buffer
Address bus
P bus
Data bus
On-chip

peripheral module

Second bus cycle
Write data stored in the data buffer of the A-DMAC to the on-chip RAM in
the transfer destination

Figure 12.9 Data Flow
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(1) Supplementary Description for A-DMAC Channels Used for ATU-111 (timer A)

One unit of DMA transfer consists of three bus cycles of read, write, and write. Figure 12.10
shows the data flow of the A-DMAC channel for timer A.

Note: Because the ADMABUF value, which is transferred to the alias area after DE is changed
from O to 1, is not the input captured value, the ADMABUEF value has no meaning.
Accordingly, this register value must be ignored.

On-chip RAM
(Alias area)
A-DMAC
i
_,_ ADMABUFx ATU-III (Timer A)
< (1)
= Data buffer ICRAX
[Data flow]

(1) Read the input capture register.
(2) Write the ADMABUF register value to the upper 32 bits of the alias area.
(3) Write the input capture register value to the lower 32 bits of the alias area.

Note: The A-DMAC does not release the |-bus mastership during one DMA
transfer.

Figure 12.10 Data Flow in Channels for Timer A
(2) Supplementary Description for A-DMAC Channels Used for ATU-I11 (timer F)

When the MODE bit in ADMAMODE is set to 1, one unit of DMA transfer consists of four bus
cycles of read, write, read, and write. Figure 12.11 shows the data flow of A-DMAC channel for
timer F.

When the MODE bit in ADMAMODE is cleared to 0, one unit of DMA transfer consists of two
bus cycles of read and write. For details, refer to section 12.3.4, Bus Operation in Data Transfer by
A-DMAC.
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On-chip RAM
(Alias area)
A-DMAC ATU-II (Timer F)
2 1
< @ Data buff < @ CDRFx
< ata buffer | GRCFx
4 3)
[Data flow]

(1) Read CDRFx.

(2) Write data to the upper 32 bits of the alias area.

(3) Read the GRCFx register (only when MODE = 1).

(4) Write data to the lower 32 bits of the alias area (only when MODE = 1).

Note: The A-DMAC does not release the I-bus mastership during one DMA transfer.

Figure 12.11 Data Flow in Channels for Timer F
(3) Supplementary Description for A-DMAC Channels Used for RSPI

Because the RSPI is connected to the A-DMAC via the specific bus, the A-DMAC can access the
RSPI data register (SPDR) without the intervention of the P bus. Accordingly, one unit of DMA
transfer in the transmission channel can be performed in one bus cycle of read from the I bus (alias
area read) and that in the reception channel can be performed in one bus cycle of write to the I bus
(alias area write). As a result, high-speed data transfer between the RSPI and on-chip RAM can be
performed.

Figure 12.12 shows the data flow of A-DMAC channel for the RSPI.
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On-chip RAM
OLX
Address bus !
| bus
Data bus
A
OIRNO)
A-DMAC
Data buffer Bridge
A
Address bus
P bus
@ Data bus
RSPI

Bus Cycle for Even Channels (Reception)

Read the data register in RSPI without the intervention of the P bus, store the read data
in the A-DMAC temporarily, and write it to the on-chip RAM via the | bus.

On-chip RAM
@410
Address bus I
| bus
Data bus
| @
A-DMAC v
Data buffer Bridge
Address bus
® P bus
Data bus
RSPl ¥

Bus Cycle for Odd Channels (Transmission)

Read data in the on-chip RAM via the | bus, store the read data in the A-DMAC temporarily,
and write it to the RSP without the intervention of the P bus.

Figure 12.12 Data Flow in Channels for RSPI
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12.3.5 Channel Priorities

If multiple transfer requests to multiple channels occur simultaneously, the transfer request is
accepted according to the channel priority. The channel priority is fixed (channel O > channel 1 >
... > channel 74).

If a transfer request for a channel of higher priority occurs during data transfer in the channel for
the RCAN, the data transfer in channel for the RCAN is suspended and the data transfer of the
high-priority channel is performed. If a transfer request for a RCAN reception channel occurs
during data transfer in the RCAN transmission channel, the current data transfer in the RCAN
transmission channel is suspended and enters the wait state until data transfer in the RCAN
reception channel has been completed.

Figure 12.13 shows the A-DMAC operation when a transfer request for channels 0 and 72 occurs
simultaneously and when a transfer request for channel 1 occurs during channel 72 operation.

A transfer request occurs A transfer request occurs
in channels 0 and 72. in channel 1.
Time
Channels executing
data transfer None Cho Ch72 Ch1 Ch72 None
---------- > > > > g eEEEEEERE &
Channels waiting
for data transfer None Ch72 None Ch72 None None
---------- > - EEEEEEEEE = R

Figure 12.13 Channel Priorities

12.3.6  Transfer Enable/Disable Conditions and Interrupt Requests
Table 12.14 lists the transfer enable and disable conditions for each channel.

The A-DMAC uses an interrupt request signal from the peripheral module as a transfer activation
source.

The A-DMAC requests an interrupt under the following two conditions.
(1) Transfer End Interrupt by the A-DMAC (other than channels 0, 1, and 72)

In the transfer enable state, an interrupt request signal from the peripheral module is used as an A-
DMAC transfer activation source and is not informed to the INTC. If the A-DMAC transfer using
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the interrupt source has been completed, an A-DMAC transfer end is notified to the INCT
(transfer end interrupt) at the timing when the DV or TE bit is set to 1. The transfer end interrupt is
cleared by clearing the TE or DV bit to 0.

A transfer end interrupt can be masked by clearing the IE bit to 0.

(2) Passing through of Transfer Request Interrupts from Peripheral Modules (other than
channels 72 and 74)

Interrupt request signals from peripheral modules are masked by the A-DMAC in the 'transfer-
disabled state (masked)' shown in table 12.14. On the other hand, interrupt request signals from
peripheral modules are directly informed to the INTC in the 'transfer-disabled state (pass-through)'
shown in table 12.14. The transfer requests that have been passed through cannot be masked even
if the IE bit is cleared to 0.

Notes:

e For details on the connections between the A-DMAC and INTC and the transfer request
masking by the A-DMAC and DMAC, refer to section 8, Interrupt Controller (INTC).

e The INTC handles interrupt requests from each A-DMAC channel as different interrupt
sources.

The INTC assigns an A-DMAC transfer end interrupt and transfer request interrupt (pass-
through) for the same interrupt from the peripheral module to the same interrupt vector.

o Transfer request interrupts from channels 8, 12, 16, 20 and 24, which correspond to GRCx0 of
timer C, are informed to the INTC via the DMAC. Transfer request interrupts from other
channels are informed to the INTC directly.

o In the transfer-disabled (masked) state, a DMA transfer request is masked by the A-DMAC. In
this case, data transfer is not performed and the transfer request interrupt is not informed to the
INTC.

o If the transfer-suspended state is entered (for details, refer to section 12.3.3, Transfer
Suspension and Resumption) while the transfer end interrupt is not yet cleared, the interrupt
request is retained.
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Table 12.14 (1) Transfer Enable and Disable Conditions for Channels Used for ATU-I1I
(Timer G) and ADC

NMI DME TCR Transfer Request
1 X x Transfer disabled (masked)
0 0 X Transfer disabled (pass-through)
1 TCR=0 Transfer disabled (pass-through)
TCR!=0 Transfer enabled
[Legend]

x: Don't care

Table 12.14 (2) Transfer Enable and Disable Conditions for Channels Used for ATU-I1I
(Timers A, C,and F)

NMI DME DE DV Transfer Request

1 x X x Transfer disabled (masked)

0 0 X X Transfer disabled (pass-through)
0 X Transfer disabled (pass-through)
1 X Transfer enabled

[Legend]

x: Don't care

Table 12.14 (3) Transfer Enable and Disable Conditions for Channels Used for RSPI and

SCI
NMI DME TCR TE Transfer Request
1 x X X Transfer disabled (masked)
0 0 X X Transfer disabled (pass-through)
TCR=0 0 Transfer disabled (pass-through)
1 Transfer disabled (masked)
TCR!=0 0 Transfer enabled
1

Transfer disabled (masked)

[Legend]
x: Don't care
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Table 12.14 (4) Transfer Enable and Disable Conditions for Channels Used for RCAN
(Reception)

NMI DME DE Transfer Request

1 X X Transfer disabled

0 0 x Transfer disabled
0 Transfer disabled

Transfer enabled

[Legend]
x: Don't care

Table 12.14 (5) Transfer Enable and Disable Conditions for Channels Used for RCAN
(Transmission)

NMI DME DE TE Transfer Request
1 X X x Transfer disabled
0 0 x X Transfer disabled
1 0 x Transfer disabled
0 Transfer enabled
1 Transfer disabled
[Legend]

x: Don't care

12.4  Usage Note

In ADMADYV, ADMATE, and ADMARVPR, when the flag is read by the CPU, even though 0
has been read, the flag may be set to 1 and therefore 1 may be read internally.

In this case, if 0 (in ADMADYV or ADMATE) or 1 (in ADMARVPR) is written to the
corresponding bit, the flag will be cleared even if 1 has not been read by the CPU.

To avoid the malfunction, the clear conditions must be observed, described in the notes of
ADMADYV, ADMATE, and ADMARVPR.

Since the specifications of the flag bits in these registers differ from the ones of the flags in other
modules, the clearing operations of the flags by the CPU must be executed carefully.
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Section 13 Advanced Timer Unit III (ATU-III)

ATU-III consists of nine timer blocks (timer A to timer J), prescalers, and a controller. The timer
blocks have different functions and each can operate independently; timer blocks can also be
linked via the clock bus. Each timer block consists of one or more timer subblocks and each
subblock has one or more channels.

13.1 Features

e Processing of up to 106 pulse input/output signals

e 153 interrupt sources can be generated. This enables to activate the direct memory access
controller (DMAC), automotive direct memory access controller (A-DMAC), and interrupt
processing by the CPU.

e 22 pulse output dedicated for A/D (16 for timer D and 6 for timer G)

e  On-chip 4-channel prescaler provided, wvhich generates four types of clocks by dividing on-
chip peripheral clock (P¢) by 1/1 to 1/1024

e Each channel for a timer can select a count source from among four divided clocks generated
by prescaler, two external clocks, and angle clock generated by timer B.

(1) Timer A

Timer A has a 32-bit free-run counter and six 32-bit input capture registers. Features are shown
below.

e Detection by rising edges, falling edges, or both edges

e A-DMAC activation at capture timing

e Noise canceling function for each external pin with maximum length of 1.64 ms
e Capture interrupt and counter overflow interrupt are available

(2) TimerB

Timer B consists of three subblocks: an edge-interval measuring block, frequency-multiplied
clock generator, and frequency-multiplied clock signal corrector.

1. The edge-interval measuring block is provided with a 32-bit input edge-interval measuring
timer, output compare and input capture registers (three registers), 8-bit event counter, and
output compare register. This provides the following operations:
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e Capture by edges of external event input (rising edge, falling edge, or both edges are
selectable)

e Capture by event compare match of external event input

e Capture interrupt and compare match interrupt (edge-interval compare match, event compare
match)

2. The frequency-multiplied clock generator is provided with 24-bit reloadable counter, reload
register, 20-bit multiplied clock counter, and output compare register. This provides the
following operations:

e Reloadable counting of values captured by edge-interval measuring block with arbitrary
number (1 to 4095)

e Internal clock generated by the underflow of reloadable counter can be used as input of 20-bit
multiplied clock counter

e Compare match interrupt generation.

3. Frequency-multiplied clock signal corrector is provided with 20-bit correcting event counter,
20-bit correcting multiplied clock counter, multiplied-and-corrected clock generating counter,
and correcting counter clearing register. This provides the following operations:

e Frequency-multiplied correcting clock that serves as the count source for other timers can be
generated based on the read count in frequency-multiplied clock generator.

e Free-run counter for timer D can be cleared by multiplied-and-corrected clock generating
counter and correcting counter clearing register

(3) TimerC

Timer C consists of five subblocks that have the same functions. Each subblock consists of four
channels. Each subblock is provided with one 24-bit free running counter and four 24-bit general
registers. This provides the following operations:

e Input capture or output compare is selectable

e Detection edge for input capture is selectable from among rising edge, falling edge, or both
edges.

e Each input capture trigger input has a function that cancels noise with maximum length of 1.64
ms.

e 1,0, or toggle can be output by a compare match.
o Three PWM waveforms can be output for each subblock in PWM mode.

e Input capture/compare match interrupt and overflow interrupt can be generated. 20 input
capture/compare match interrupts activate A-DMAC and five interrupts activate DMAC.
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(4) TimerD

Timer D consists of four subblocks that have the same function. Each subblock consists of four
channels. Each subblock is provided with two 24-bit free run counter, offset base register, and four
channels. Each channel is provided with four 24-bit output compare registers, four general
registers, and four 24-bit down counter for outputting one-shot pulse. This provides the following
operations:

e Enables to start downcounter by software. One-shot pulse can also be generated.

e Compare match between compare match register and general register can be used as the start
trigger for downcounter. One-shot pulse with offset can also be generated.

e Compare match in general register can stop downcounter and forcibly cut off one-shot pulse
output.

e Compare match between compare match register and general register can be output.

e Compare match in compare match register can be used as a trigger and the count number can
be captured by general register.

e Free run value can be captured triggered by timer A
e Provided with counter clearing function from timer B

e Generation of sixteen compare match interrpts, eight counter overflow interrupts, and sixteen
underflow interrupts. The sixteen undeflow interrupts correspond to DMAC activation.

e Output pulses that show interrupts of compare match A or compare match B for A/D
activation. (eight for each)

e Output waveform can be inverted.
(5) Timer E

Timer E consists of six subblocks that have the same function. Each subblock consists of four
channels. Each channel is provided with 16-bit free running counter, duty cycle setting register,
cycle setting register, duty cycle reload register, and cycle reload register. This provides the
following operations:

e PWM output with programmable cycle time and duty cycle ranging from 0 to 100%

e Switchable between on-state and off-state duty modes

e Values in duty cycle reload register/cycle reload register can be transferred to duty cycle
setting register/cycle setting register at every cycle.

e Writng H'0000 to counter can forcibly end PWM cycle and start new PWM cycle.

e Periodic output of interrupt requests (up to twenty four; of these, six can be used to activate the
DMAC.)

RO1UHO0235EJ0200 Rev. 2.00

Page 363 of 1824
Apr 01, 2014 RENESAS



Section 13 Advanced Timer Unit Il (ATU-II1) SH72546R

(6) TimerF

Timer F consists of 20 subblocks. Each subblock is provided with two 24-bit counters, a 16-bit
counter, three 24-bit general registers (for subblocks 12 to 15 only, two for other subblocks), and a
16-bit general register. This provides the following operations:

e Noise canceling function for each external pin with maximum length of 1.64 ms

e Seven operation modes: edge counting in a specified period, valid edge interval counting,
measurement of time during high/low input levels, measurement of PWM input waveform
timing, rotation speed/pulse measurement, up/down event count, and four-time multiplication
event count.

e Activates A-DMAC by input capture interrupt

e Opverflow interrupt generation
(7) Timer G

Timer G consists of six subblocks that have the same function. Each channel is provided with a
16-bit free-run counter and output compare register. This provides the following operations:

e Outputs event that is triggered by compare match. This output can be used as a trigger for AD
activation/interrupt.

e Activates DMAC by compare match interrupt
(8) TimerH

Timer H consists of a pair of 16-bit countr and 16-bit compare match register, and a 32-bit
counter. This provides the following operations:

e Measurement of time ranging from 1 to 2*'times of internal peripheral clock (P¢) using 16-bit
counter and 16-bit compare match register. Can be output as compare match interrupt.

e Equipped with a 32-bit counter to count the compare match occurrence.
(9) TimerJ

Timer J consists of two subblocks that have the same function. Each channel is provided with a
16-bit counter, output compare register, and nine-stage FIFO register. This provides the following
operations:

e Detection by rising edge, falling edge or both edges

e Noise canceling function for each external pin with maximum length of 1.64 ms
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e Capture the counter value in FIFO register (edge input interval) when detecting edges on
external input pin.

e Activates DMAC at the timing when FIFO is full.
e Controls FIFO's effective capture time using compare match register

e FIFI full interrupt, counter overflow, and FIFI overflow interrupt can be generated.

13.2  Register Addresses

Addresses of the ATU-III registers are shown below. To access the registers, the following
procedure should be followed.

e When writing to reserved bits, the value written must be 0.

e Registers which have more than 16 bits must be read from and written to in 32 bit units. These
registers cannot be accessed in 16- or 8-bit units.

Table 13.1 Common Controller Registers

Address 31 24|23 16(15 8 |7 0
H'FFFF FO00 ATUENR CBCNT NCMR
H'FFFF FO04 Reserved

H'FFFF FOFC

Table 13.2 Prescaler Registers

Address 31 24|23 16|15 8 |7 0
H'FFFF F100 PSCRO PSCR1

H'FFFF F104 PSCR2 PSCR3

H'FFFF F108 Reserved

H'FFFF F1FC
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Table 13.3 Timer A Registers

Address 31 2423 16|15 8 |7 0
H'FFFF F200 Reserved TCRA Reserved
H'FFFF F204 TIOR1A TIOR2A

H'FFFF F208 TSRA | TIERA Reserved

H'FFFF F20C Reserved

H'FFFF F210 NCNTAO NCRAO NCNTA1 NCRA1
H'FFFF F214 NCNTA2 NCRA2 NCNTA3 NCRA3
H'FFFF F218 NCNTA4 NCRA4 NCNTAS5 NCRA5
H'FFFF F21C Reserved

H'FFFF F220 TCNTA

H'FFFF F224 Reserved

H'FFFF F228 ICRAD

H'FFFF F22C ICRA1

H'FFFF F230 ICRA2

H'FFFF F234 ICRA3

H'FFFF F238 ICRA4

H'FFFF F23C ICRAS

H'FFFF F240 Reserved

H'FFFF F2FC
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Table 13.4 Timer B Registers

Address 31 2423 1615 8 |7 0
H'FFFF F300 Reserved

H'FFFF F304 TCRB | TIORB | TSRB | TIERB
H'FFFF F308 Reserved

H'FFFF F30C

H'FFFF F310 TCNTBO

H'FFFF F314 ICRBO

H'FFFF F318 OCRBO

H'FFFF F31C TCNTB1 OCRBH1 Reserved
H'FFFF F320 ICRB1

H'FFFF F324 ICRB2

H'FFFF F328 Reserved

H'FFFF F32C

H'FFFF F330 LDB

H'FFFF F334 RLDB

H'FFFF F338 PIMR Reserved
H'FFFF F33C TCNTB2

H'FFFF F340 TCNTB6

H'FFFF F344 OCRB6

H'FFFF F348 OCRB7

H'FFFF F34C Reserved

H'FFFF F350 TCNTB3

H'FFFF F354 TCNTB4

H'FFFF F358 TCNTBS

H'FFFF F35C TCCLRB

H'FFFF F360 Reserved

H'FFFF F3FC
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Table 13.5 Timer C Registers

Address 31 24(23 16 15 8 |7 0
H'FFFF F400 TSTRC Reserved NCCRCO NCCRCT
HFFFF F404 NCCRC2 NCCRC3 NCCRC4 Reserved
H'FFFF F408 Reserved
H'FFFF F40C
HFFFF F410 NCNTCO00 NCNTCO1 NCNTCO02 NCNTCO3
HFFFF F414 NCRCO00 NCRCO1 NCRCO02 NCRCO3
HFFFF F418 NCNTC10 NCNTC11 NCNTC12 NCNTC13
HFFFF F41C NCRC10 NCRC11 NCRC12 NCRC13
H'FFFF F420 NCNTC20 NCNTC21 NCNTC22 NCNTC23
HFFFF F424 NCRC20 NCRC21 NCRC22 NCRC23
H'FFFF F428 NCNTC30 NCNTC31 NCNTC32 NCNTC33
HFFFF F42C NCRC30 NCRC31 NCRC32 NCRC33
HFFFF F430 NCNTC40 NCNTC41 NCNTC42 NCNTC43
HFFFF F434 NCRC40 NCRC41 NCRC42 NCRC43
H'FFFF F438 Reserved
H'FFFF F43C
H'FFFF F440 TCRCO TIERCO TIORCO
HFFFF F444 TSRCO Reserved
H'FFFF F448 GRCO00
H'FFFF F44C GRCO1
H'FFFF F450 GRC02
H'FFFF F454 GRCO03
H'FFFF F458 TCNTCO
H'FFFF F45C Reserved
HFFFF F460 TCRC1 TIERCT TIORCT
HFFFF F464 TSRCT Reserved
H'FFFF F468 GRC10
H'FFFF F46C GRC11
H'FFFF F470 GRC12
HFFFF F474 GRC13
H'FFFF F478 TCNTCH1
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Address 31 2423 16]15 8|7 0
H'FFFF F47C Reserved

H'FFFF F480 TCRC2 TIERC2 | TIORC2
HFFFF F484 TSRC2 Reserved

H'FFFF F488 GRC20

H'FFFF F48C GRC21

H'FFFF F490 GRC22

HFFFF F494 GRC23

H'FFFF F498 TCNTC2

H'FFFF F49C Reserved

H'FFFF F4A0 TCRC3 TIERC3 TIORC3
H'FFFF F4A4 TSRC3 Reserved

HFFFF F4A8 GRC30

H'FFFF F4AC GRC31

H'FFFF F4B0 GRC32

H'FFFF F4B4 GRC33

H'FFFF F4B8 TCNTC3

H'FFFF F4BC Reserved

HFFFF F4CO TCRC4 TIERC4 TIORC4
H'FFFF F4C4 TSRC4 Reserved

H'FFFF F4C8 GRC40

H'FFFF F4CC GRC41

H'FFFF F4DO GRC42

H'FFFF F4D4 GRC43

H'FFFF F4D8 TCONTC4

H'FFFF F4DC Reserved

H'FFFF F4EO Reserved

HFFFF F4FC
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Table 13.6 Timer D Registers

Address 31 24123 16|15 8 |7

H'FFFF F500 TSTRD Reserved

H'FFFF F504 Reserved

H'FFFF F51F

H'FFFF F520 TCNT1DO

H'FFFF F524 TCNT2DO0

H'FFFF F528 OSBRDO

H'FFFF F52C TCRDO TOCRDO CMPODO
H'FFFF F530 TCNT1D1

H'FFFF F534 TCNT2D1

H'FFFF F538 OSBRD1

H'FFFF F53C TCRD1 TOCRD1 CMPOD1
H'FFFF F540 TCNT1D2

H'FFFF F544 TCNT2D2

H'FFFF F548 OSBRD2

H'FFFF F54C TCRD2 TOCRD2 Reserved
H'FFFF F550 TCNT1D3

H'FFFF F554 TCNT2D3

H'FFFF F558 OSBRD3

H'FFFF F55C TCRD3 TOCRD3 Reserved
H'FFFF F560 Reserved

H'FFFF F57C

H'FFFF F580 TIOR1DO TIOR2DO

H'FFFF F584 Reserved Reserved DSRDO
H'FFFF F588 DCRDO Reserved

H'FFFF F58C TSRDO TIERDO

H'FFFF F590 OCRDO00

H'FFFF F594 OCRDO1

H'FFFF F598 OCRDO02
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Address 31 24123 16|15 8 |7 0
H'FFFF F59C OCRDO03

H'FFFF F5A0 GRDO00

H'FFFF F5A4 GRDO1

H'FFFF F5A8 GRDO02

H'FFFF F5AC GRDO03

H'FFFF F5BO DCNTDO0O

H'FFFF F5B4 DCNTDO1

H'FFFF F5B8 DCNTDO02

H'FFFF F5BC DCNTDO03

H'FFFF F5C0 TIOR1D1 TIOR2D1

H'FFFF F5C4 Reserved DSTRD1 Reserved DSRD1
H'FFFF F5C8 DCRD1 Reserved

H'FFFF F5CC TSRD1 TIERD1

H'FFFF F5D0 OCRD10

H'FFFF F5D4 OCRD11

H'FFFF F5D8 OCRD12

H'FFFF F5DC OCRD13

H'FFFF F5EOQ GRD10

H'FFFF F5E4 GRD11

H'FFFF F5E8 GRD12

H'FFFF F5EC GRD13

H'FFFF F5F0 DCNTD10

H'FFFF F5F4 DCNTD11

H'FFFF F5F8 DCNTD12

H'FFFF F5FC DCNTD13

H'FFFF F600 TIOR1D2 TIOR2D2

H'FFFF F604 Reserved DSTRD2 Reserved DSRD2
H'FFFF F608 DCRD2 Reserved

H'FFFF F60C TSRD2 TIERD2

H'FFFF F610 OCRD20

H'FFFF F614 OCRD21

H'FFFF F618 OCRD22
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Address 31 24123 16|15 8 |7 0
H'FFFF F61C OCRD23

H'FFFF F620 GRD20

H'FFFF F624 GRD21

H'FFFF F628 GRD22

H'FFFF F62C GRD23

H'FFFF F630 DCNTD20

H'FFFF F634 DCNTD21

H'FFFF F638 DCNTD22

H'FFFF F63C DCNTD23

H'FFFF F640 TIOR1D3 TIOR2D3

H'FFFF F644 Reserved DSTRD3 Reserved DSRD3
H'FFFF F648 DCRDS3 Reserved

H'FFFF F64C TSRD3 TIERD3

H'FFFF F650 OCRD30

H'FFFF F654 OCRD3H1

H'FFFF F658 OCRD32

H'FFFF F65C OCRD33

H'FFFF F660 GRD30

H'FFFF F664 GRD31

H'FFFF F668 GRD32

H'FFFF F66C GRD33

H'FFFF F670 DCNTD30

H'FFFF F674 DCNTD31

H'FFFF F678 DCNTD32

H'FFFF F67C DCNTD33

H'FFFF F680 Reserved

H'FFFF F6FF
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Table 13.7 Timer E Registers

Address 31 2423 1615 8|7 0
H'FFFF F700 TSTRE Reserved

H'FFFF F704 Reserved

H'FFFF F7FC

H'FFFF F800 TCREO TOCREO TIEREO RLDCREO
H'FFFF F804 TSREO Reserved

H'FFFF F808 PSCREO Reserved

H'FFFF F80C SSTREO Reserved

H'FFFF F810 CYLREOO CYLREO1

H'FFFF F814 CYLREO2 CYLREO3

H'FFFF F818 DTRE00 DTREO1

H'FFFF F81C DTREO2 DTREO3

H'FFFF F820 CRLDEOO CRLDEO1

H'FFFF F824 CRLDEO2 CRLDEO3

H'FFFF F828 DRLDEO0O DRLDEO1

H'FFFF F82C DRLDE02 DRLDEO3

H'FFFF F830 TCNTEO00 TCNTEO1

H'FFFF F834 TCNTEO02 TCNTEO3

H'FFFF F838 Reserved

H'FFFF F83C

H'FFFF F840 TCRET1 TOCRET TIERE1 RLDCRE1
H'FFFF F844 TSRE1 Reserved

H'FFFF F848 PSCRET Reserved

H'FFFF F84C SSTRE1 Reserved

H'FFFF F850 CYLRE10 CYLRE11

H'FFFF F854 CYLRE12 CYLRE13

H'FFFF F858 DTRE10 DTRE11

H'FFFF F85C DTRE12 DTRE13

H'FFFF F860 CRLDE10 CRLDE11

H'FFFF F864 CRLDE12 CRLDE13
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Address 31 2423 16|15 8 |7 0
H'FFFF F868 DRLDE10 DRLDE11

H'FFFF F86C DRLDE12 DRLDE13

H'FFFF F870 TCNTE10 TCNTE11

H'FFFF F874 TCNTE12 TCNTE13

H'FFFF F878 Reserved

H'FFFF F87C

H'FFFF F880 TCRE2 TOCRE2 TIERE2 RLDCRE2
H'FFFF F884 TSRE2 Reserved

H'FFFF F888 PSCRE2 Reserved

H'FFFF F88C SSTRE2 Reserved

H'FFFF F890 CYLRE20 CYLRE21

H'FFFF F894 CYLRE22 CYLRE23

H'FFFF F898 DTRE20 DTRE21

H'FFFF F89C DTRE22 DTRE23

H'FFFF F8AO CRLDE20 CRLDE21

H'FFFF F8A4 CRLDE22 CRLDE23

H'FFFF F8A8 DRLDE20 DRLDE21

H'FFFF FBAC DRLDE22 DRLDE23

H'FFFF F8BO TCNTE20 TCNTE21

H'FFFF F8B4 TCNTE22 TCNTE23

H'FFFF F8B8 Reserved

H'FFFF F8BC

H'FFFF F8CO TCRES3 TOCRE3 TIERE3 RLDCRE3
H'FFFF F8C4 TSRE3 Reserved

H'FFFF F8C8 PSCRE3 Reserved

H'FFFF F8CC SSTRE3 Reserved

H'FFFF F8DO CYLRE30 CYLRE31

H'FFFF F8D4 CYLRE32 CYLRE33

H'FFFF F8D8 DTRES30 DTRE31

H'FFFF F8DC DTRE32 DTRE33

H'FFFF FBEO CRLDES30 CRLDE31

H'FFFF F8E4 CRLDES32 CRLDE33
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Address 31 2423 16|15 8 |7 0
H'FFFF FBE8 DRLDE30 DRLDES31

H'FFFF FBEC DRLDE32 DRLDE33

H'FFFF F8F0 TCNTE30 TCNTE31

H'FFFF F8F4 TCNTES32 TCNTES33

H'FFFF F8F8 Reserved

H'FFFF F8FC

H'FFFF F900 TCRE4 TOCRE4 TIERE4 RLDCRE4
H'FFFF F904 TSRE4 Reserved

H'FFFF F908 PSCRE4 Reserved

H'FFFF F90C SSTRE4 Reserved

H'FFFF F910 CYLRE40 CYLRE41

H'FFFF F914 CYLRE42 CYLRE43

H'FFFF F918 DTRE40 DTRE41

H'FFFF F91C DTRE42 DTRE43

H'FFFF F920 CRLDE40 CRLDE41

H'FFFF F924 CRLDE42 CRLDE43

H'FFFF F928 DRLDE40 DRLDE41

H'FFFF F92C DRLDE42 DRLDE43

H'FFFF F930 TCNTE40 TCNTE41

H'FFFF F934 TCNTE42 TCNTE43

H'FFFF F938 Reserved

H'FFFF F93C
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Address 31 2423 16|15 8 |7 0
H'FFFF F940 TCRES5 TOCRES5 TIERES RLDCRES5
H'FFFF F944 TSRE5 Reserved

H'FFFF F948 PSCRES Reserved

H'FFFF F94C SSTRES Reserved

H'FFFF F950 CYLRE50 CYLRE51

H'FFFF F954 CYLRE52 CYLRES53

H'FFFF F958 DTRES0 DTRE51

H'FFFF F95C DTRES52 DTRE53

H'FFFF F960 CRLDES50 CRLDES51

H'FFFF F964 CRLDES52 CRLDES53

H'FFFF F968 DRLDES50 DRLDE51

H'FFFF F96C DRLDES52 DRLDES53

H'FFFF F970 TCNTE50 TCNTES51

H'FFFF F974 TCNTE52 TCNTE53

H'FFFF F978 Reserved

H'FFFF FOFC
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Table 13.8 Timer F Registers

Address

31

24|23

16|15

H'FFFF FA0O

TSTRF

HFFFF FAO4

NCCRF

H'FFFF FA08

HFFFF FAOC

Reserved

HFFFF FA10

NCNTFAO

NCRFAOQ

NCNTFA1

NCRFA1

H'FFFF FA14

NCNTFA2

NCRFA2

NCNTFA3

NCRFA3

HFFFF FA18

NCNTFA4

NCRFA4

NCNTFA5

NCRFA5

HFFFF FA1C

NCNTFA6

NCRFA6

NCNTFA7

NCRFA7

HFFFF FA20

NCNTFAS8

NCRFA8

NCNTFA9

NCRFA9

HFFFF FA24

NCNTFA10

NCRFA10

NCNTFA11

NCRFA11

H'FFFF FA28

NCNTFA12

NCRFA12

NCNTFA13

NCRFA13

HFFFF FA2C

NCNTFA14

NCRFA14

NCNTFA15

NCRFA15

H'FFFF FA30

NCNTFA16

NCRFA16

NCNTFA17

NCRFA17

HFFFF FA34

NCNTFA18

NCRFA18

NCNTFA19

NCRFA19

H'FFFF FA38

HFFFF FA4C

Reserved

HFFFF FA50

NCNTFBO

NCRFBO

NCNTFB1

NCRFB1

H'FFFF FA54

NCNTFB2

NCRFB2

Reserved

H'FFFF FA58

H'FFFF FA7C

Reserved

H'FFFF FA80

TCRFO

TIERFO \

Reserved

TSRFO

H'FFFF FA84

ECNTAFO

HFFFF FA88

ECNTBFO

GRBFO

H'FFFF FASC

ECNTCFO

H'FFFF FA90

GRAFO0

HFFFF FA94

CDRFO

H'FFFF FA98

GRCFO0

HFFFF FA9C

Reserved
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Address 31 2423 16|15 8 |7 0
H'FFFF FAAO TCRF1 TIERF1 Reserved TSRF1
H'FFFF FAA4 ECNTAFT

H'FFFF FAA8 ECNTBF1 GRBF1

H'FFFF FAAC ECNTCF1

H'FFFF FABO GRAFT

H'FFFF FAB4 CDRF1

H'FFFF FABS GRCF1

H'FFFF FABC Reserved

H'FFFF FACO TCRF2 TIERF2 | Reserved TSRF2
H'FFFF FAC4 ECNTAF2

H'FFFF FAC8 ECNTBF2 \ GRBF2

H'FFFF FACC ECNTCF2

H'FFFF FADO GRAF2

H'FFFF FAD4 CDRF2

H'FFFF FADS GRCF2

H'FFFF FADC Reserved

H'FFFF FAEO TCRF3 TIERF3 | Reserved TSRF3
H'FFFF FAE4 ECNTAF3

H'FFFF FAE8 ECNTBF3 \ GRBF3

H'FFFF FAEC ECNTCF3

H'FFFF FAFO GRAF3

H'FFFF FAF4 CDRF3

H'FFFF FAF8 GRCF3

H'FFFF FAFC Reserved

H'FFFF FBO0O TCRF4 TIERF4 | Reserved TSRF4
H'FFFF FBO4 ECNTAF4

H'FFFF FBO8 ECNTBF4 \ GRBF4

H'FFFF FBOC ECNTCF4

H'FFFF FB10 GRAF4

H'FFFF FB14 CDRF4

H'FFFF FB18 GRCF4

H'FFFF FB1C Reserved
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Address 31 24123 16|15 8 |7 0
H'FFFF FB20 TCRF5 TIERF5 Reserved TSRF5
H'FFFF FB24 ECNTAF5

H'FFFF FB28 ECNTBF5 GRBF5

H'FFFF FB2C ECNTCF5

H'FFFF FB30 GRAF5

H'FFFF FB34 CDRF5

H'FFFF FB38 GRCF5

H'FFFF FB3C Reserved

H'FFFF FB40 TCRF6 TIERF6 ‘ Reserved TSRF6
H'FFFF FB44 ECNTAF6

H'FFFF FB48 ECNTBF6 ‘ GRBF6

H'FFFF FB4C ECNTCF6

H'FFFF FB50 GRAF6

H'FFFF FB54 CDRF6

H'FFFF FB58 GRCF6

H'FFFF FB5C Reserved

H'FFFF FB60 TCRF7 TIERF7 ‘ Reserved TSRF7
H'FFFF FB64 ECNTAF7

H'FFFF FB68 ECNTBF7 ‘ GRBF7

H'FFFF FB6C ECNTCF7

H'FFFF FB70 GRAF7

H'FFFF FB74 CDRF7

H'FFFF FB78 GRCF7

H'FFFF FB7C Reserved

H'FFFF FB80 TCRF8 TIERF8 ‘ Reserved TSRF8
H'FFFF FB84 ECNTAF8

H'FFFF FB88 ECNTBF8 ‘ GRBF8

H'FFFF FB8C ECNTCF8

H'FFFF FB90 GRAF8

H'FFFF FB94 CDRF8

H'FFFF FB98 GRCF8

H'FFFF FB9C Reserved
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Address 31 24123 16|15 8 |7 0
H'FFFF FBAO TCRF9 TIERF9 Reserved TSRF9
H'FFFF FBA4 ECNTAF9

H'FFFF FBA8 ECNTBF9 GRBF9

H'FFFF FBAC ECNTCF9

H'FFFF FBBO GRAF9

H'FFFF FBB4 CDRF9

H'FFFF FBB8 GRCF9

H'FFFF FBBC Reserved

H'FFFF FBCO TCRF10 TIERF10 ‘ Reserved TSRF10
H'FFFF FBC4 ECNTAF10

H'FFFF FBC8 ECNTBF10 ‘ GRBF10

H'FFFF FBCC ECNTCF10

H'FFFF FBDO GRAF10

H'FFFF FBD4 CDRF10

H'FFFF FBDS8 GRCF10

H'FFFF FBDC Reserved

H'FFFF FBEO TCRF11 TIERF11 ‘ Reserved TSRF11
H'FFFF FBE4 ECNTAF11

H'FFFF FBE8 ECNTBF11 ‘ GRBF11

H'FFFF FBEC ECNTCF11

H'FFFF FBFO GRAF11

H'FFFF FBF4 CDRF11

H'FFFF FBF8 GRCF11

H'FFFF FBFC Reserved
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Address 31 2423 16|15 8 |7

H'FFFF FCO00 TCRF12 TIERF12 Reserved TSRF12
H'FFFF FC04 ECNTAF12

H'FFFF FC08 ECNTBF12 GRBF12

H'FFFF FCOC ECNTCF12

H'FFFF FC10 GRAF12

H'FFFF FC14 CDRF12

H'FFFF FC18 GRCF12

H'FFFF FC1C GRDF12 (only F12 to F15)

H'FFFF FC20 TCRF13 TIERF13 |  Reserved TSRF13
H'FFFF FC24 ECNTAF13

H'FFFF FC28 ECNTBF13 | GRBF13

H'FFFF FC2C ECNTCF13

H'FFFF FC30 GRAF13

H'FFFF FC34 CDRF13

H'FFFF FC38 GRCF13

H'FFFF FC3C GRDF13 (only F12 to F15)

H'FFFF FC40 TCRF14 TIERF14 | Reserved |  TSRF14
H'FFFF FC44 ECNTAF14

H'FFFF FC48 ECNTBF14 \ GRBF14

H'FFFF FC4C ECNTCF14

H'FFFF FC50 GRAF14

H'FFFF FC54 CDRF14

H'FFFF FC58 GRCF14

H'FFFF FC5C GRDF14 (only F12 to F15)

H'FFFF FC60 TCRF15 TIERF15 |  Reserved TSRF15
H'FFFF FC64 ECNTAF15

H'FFFF FC68 ECNTBF15 | GRBF15

H'FFFF FC6C ECNTCF15

H'FFFF FC70 GRAF15

H'FFFF FC74 CDRF15

H'FFFF FC78 GRCF15

H'FFFF FC7C GRDF15 (only F12 to F15)
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Address 31 24123 16|15 8 |7 0
H'FFFF FC80 TCRF16 TIERF16 Reserved TSRF16
H'FFFF FC84 ECNTAF16

H'FFFF FC88 ECNTBF16 GRBF16

H'FFFF FC8C ECNTCF16

H'FFFF FC90 GRAF16

H'FFFF FC94 CDRF16

H'FFFF FC98 GRCF16

H'FFFF FCOC Reserved

H'FFFF FCAO TCRF17 TIERF17 ‘ Reserved TSRF17
H'FFFF FCA4 ECNTAF17

H'FFFF FCA8 ECNTBF17 ‘ GRBF17

H'FFFF FCAC ECNTCF17

H'FFFF FCBO GRAF17

H'FFFF FCB4 CDRF17

H'FFFF FCB8 GRCF17

H'FFFF FCBC Reserved

H'FFFF FCCO TCRF18 TIERF18 ‘ Reserved TSRF18
H'FFFF FCC4 ECNTAF18

H'FFFF FCC8 ECNTBF18 ‘ GRBF18

H'FFFF FCCC ECNTCF18

H'FFFF FCDO GRAF18

H'FFFF FCD4 CDRF18

H'FFFF FCD8 GRCF18

H'FFFF FCDC Reserved

H'FFFF FCEO TCRF19 TIERF19 ‘ Reserved TSRF19
H'FFFF FCE4 ECNTAF19

H'FFFF FCES8 ECNTBF19 ‘ GRBF19

H'FFFF FCEC ECNTCF19

H'FFFF FCFO GRAF19

H'FFFF FCF4 CDRF19

H'FFFF FCF8 GRCF19

H'FFFF FCFC Reserved
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Address 31 24123 16|15 8 |7 0
H'FFFF FDOO Reserved

H'FFFF FDFC
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Table 13.9 Timer G Registers

Address 31 2423 1615 8|7 0
H'FFFF FEOO Reserved TSTRG Reserved
H'FFFF FE04 Reserved
H'FFFF FE7C
H'FFFF FE80 TCRGO TSRGO Reserved
H'FFFF FE84 TCNTGO OCRGO
H'FFFF FES8 Reserved
H'FFFF FESC
H'FFFF FE90 TCRG1 TSRG1 Reserved
H'FFFF FE94 TCNTGH OCRGT1
H'FFFF FE98 Reserved
H'FFFF FE9C
H'FFFF FEAO TCRG2 TSRG2 Reserved
H'FFFF FEA4 TCNTG2 OCRG2
H'FFFF FEA8 Reserved
H'FFFF FEAC
H'FFFF FEBO TCRG3 TSRG3 Reserved
H'FFFF FEB4 TCNTG3 OCRG3
H'FFFF FEB8 Reserved
H'FFFF FEBC
H'FFFF FECO TCRG4 TSRG4 Reserved
H'FFFF FEC4 TCNTG4 OCRG4
H'FFFF FEC8 Reserved
H'FFFF FECC
H'FFFF FEDO TCRG5 TSRG5 Reserved
H'FFFF FED4 TCNTG5 OCRG5
H'FFFF FED8 Reserved
H'FFFF FEFC
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Table 13.10 Timer H Registers

Address 31 2423 16(15 8 |7 0
H'FFFF FF0O Reserved

H'FFFF FF3C

H'FFFF FF40 TCRH TSRH Reserved

H'FFFF FF44 TCNT1H OCR1H

H'FFFF FF48 TCNT2H

H'FFFF FF4C Reserved

H'FFFF FF7C

Table 13.11 Timer J Registers

Address 31 24123 16 (15 8 |7 0
H'FFFF FF80 TSTRJ Reserved
H'FFFF FF84 Reserved

H'FFFF FF8C
H'FFFF FF90 TCRJO FCRJO TSRJO Reserved
H'FFFF FF94 TIERJO FDNRJO NCNTJO NCRJO
H'FFFF FF98 TCNTJO OCRJO

H'FFFF FF9C FIFOJO Reserved

H'FFFF FFAO TCRJ1 FCRJ1 TSRJ1 Reserved
H'FFFF FFA4 TIERJ1 FDNRJ1 NCNTJ1 NCRJ1
H'FFFF FFA8 TCNTJ1 OCRJ1

H'FFFF FFAC FIFOJ1 Reserved

H'FFFF FFBO Reserved

HFFFF FFFC
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13.3  Input/Output Pins

Table 13.12 Pin Configuration

Block Symbol 110 Function

Common  TCLKA Input Input pin for the external clock signal to be supplied

controller on signal line 4 of the clock bus
TCLKB Input Input pin for the external clock signal that can be

supplied on signal line 5 of the clock bus
Timer A TIAOO to TIAO5 Input Input pins for input-capture triggers for timer A
channels

Timer C TIOCO0 to TIOCO03, I/O Input pins for input-capture triggers and output pins
TIOC10 to TIOC13, for output-compare signals of timer C (one each for
TIOC20 to TIOC23, channels 0 to 3 in subblocks CO to C4)
TIOC30 to TIOCSS,
TIOC40 to TIOC43

Timer D TODOOA to TOD03A, Output Output pins for compare-match signals of timer D
TOD10A to TOD13A, (one each for channels 0 to 3 in subblocks DO to
TOD20A to TOD23A, D3)
TOD30A to TOD33A
TODOOB to TOD03B, Output Output pins for one-shot pulses of timer D (one
TOD10B to TOD13B, each for channels 0 to 3 in subblocks DO to D3)
TOD20B to TOD23B,
TOD30B to TOD33B

Timer E TOEOQO to TOEO03, Output  Output pins for PWM signals of timer E (one each
TOE10 to TOE13, for channels 0 to 3 in subblocks EO to E5)
TOEZ20 to TOE23,
TOE30 to TOES3,
TOE40 to TOE43,
TOE50 to TOE53

Timer F TIFOA to TIF2A, Input Input pins for event signals for subblocks FO to F19
TIF3to TIF19 of timer F

TIFOA to TIF2A: Input pins for subblocks FO to F2
TIF3 to TIF19: Input pins for subblocks F3 to F19

TIFOB to TIF2B Input Input pins for event signals for subblocks FO to F2 of
timer F
Timer J TIJO and TIJ1 Input Input pins for input-capture triggers for subblocks of
timer J
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13.4 Overview of Common Controller

The common controller controls the ATU-III module as a whole. For example, it enables and
disables the prescalers and timer counters for timers A to J and controls the clock bus.

13.4.1 Clock Bus

The clock bus consists of six signal lines used to distribute the source signals for counting (count
enabling signals) to the timer channels. The timer counters on each of the channels run in
synchronization with the internal peripheral clock (P¢).

Table 13.13 shows the signals which are available for input on the clock bus.

Table 13.13 Signals to be Input on Clock Bus

Bit Number of Clock Bus Input Signals

5 Output signal from timer B (multiplied-and-corrected clock
signal) or external input clock B (TCLKB)

External input clock A (TCLKA)

Output signal from prescaler 3

Output signal from prescaler 2

Output signal from prescaler 1

O|=[N|W|H

Output signal from prescaler 0
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13.5  Register Description of Common Controller

13.5.1  ATU-III Master Enable Register (ATUENR)

ATUENR is a 16-bit readable/writable register. This register is used to enable and disable the
prescalers and the individual timers in ATU-III. Setting an enable bit to 1 enables the
corresponding timer. Clearing the bit to 0 disables the corresponding timer. Even when the enable
bit is cleared to 0, the registers of the corresponding timer remain accessible.

Timers can be synchronized by simultaneously setting multiple bits to 1. Note that a particular
subblock cannot be synchronized with other subblocks while they are counting.

ATUENR can be read from or written to in byte or word units.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | - | - | - | - | - | TJE | THE | TGE | TFE | TEE | TDE | TCE | TBE | TAE |PSCE|
0
R

Initial value: 0 0 0
R/W: R R R

0 0 0 0 0 0 0 0 0 0 0 0
R R RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
15t0 10 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
9 TJE 0 R/W  Timer J Enable

Enables and disables counter operation of timer J.

When the counter is disabled, its value is retained. When
this bit is again set to 1, the counter resumes counting
from the retained value. However, the corresponding bit in
the timer J start register must also be set to 1 to enable the
operation of either of the subblock counters.

0: Timer J counter operation disabled
1: Timer J counter operation enabled
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Initial
Bit Bit Name Value R/W

Description

8 THE 0 R/W

Timer H Enable
Enables and disables counter operation of timer H.

When the counter is disabled, its value is retained. When
this bit is again set to 1, the counter resumes counting
from the retained value.

0: Timer H counter operation disabled
1: Timer H counter operation enabled

7 TGE 0 R/W

Timer G Enable
Enables and disables counter operation of timer G.

When the counter is disabled, its value is retained. When
this bit is again set to 1, the counter resumes counting
from the retained value. However, the corresponding bit in
the timer G start register must also be set to 1 to enable
the operation of either of the subblock counters.

0: Timer G counter operation disabled
1: Timer G counter operation enabled

6 TFE 0 R/W

Timer F Enable
Enables and disables counter operation of timer F.

When the counter is disabled, its value is retained. When
this bit is again set to 1, the counter resumes counting
from the retained value. However, the corresponding bit in
the timer F start register must also be set to 1 to enable
the operation of either of the subblock counters.

0: Timer F counter operation disabled
1: Timer F counter operation enabled

5 TEE 0 R/W

Timer E Enable
Enables and disables counter operation of timer E.

When the counter is disabled, its value is retained. When
this bit is again set to 1, the counter resumes counting
from the retained value. However, the corresponding bit in
the timer E start register must also be set to 1 to enable
the operation of either of the subblock counters.

0: Timer E counter operation disabled
1: Timer E counter operation enabled
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Bit Bit Name

Initial
Value

R/W

Description

4 TDE

0

R/W

Timer D Enable
Enables and disables counter operation of timer D.

When the counter is disabled, its value is retained. When
this bit is again set to 1, the counter resumes counting
from the retained value. However, the corresponding bit in
the timer D start register must also be set to 1 to enable
the operation of either of the subblock counters.

0: Timer D counter operation disabled
1: Timer D counter operation enabled

3 TCE

R/W

Timer C Enable
Enables and disables counter operation of timer C.

When the counter is disabled, its value is retained. When
this bit is again set to 1, the counter resumes counting
from the retained value. However, the corresponding bit in
the timer C start register must also be set to 1 to enable
the operation of either of the subblock counters.

0: Timer C counter operation disabled
1: Timer C counter operation enabled

2 TBE

R/W

Timer B Enable
Enables and disables counter operation of timer B.

When the counter is disabled, its value is retained. When
this bit is again set to 1, the counter resumes counting
from the retained value.

0: Timer B counter operation disabled

1: Timer B counter operation enabled

1 TAE

R/W

Timer A Enable
Enables and disables counter operation of timer A.

When the counter is disabled, its value is retained. When
this bit is again set to 1, the counter resumes counting
from the retained value.

0: Timer A counter operation disabled
1: Timer A counter operation enabled
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Initial

Bit Bit Name Value R/W

Description

0 PSCE 0 R/W

Prescaler Enable

Enables and disables the prescaler counters. When the
prescaler counters are disabled, the counter values are
retained. Once the bit is set to 1 again, the counter
resumes counting from the retained value.

0: Prescaler counter operation disabled

1: Prescaler counter operation enabled

135.2

Clock Bus Control Register (CBCNT)

CBCNT is an 8-bit readable/writable register that selects the source of the clock signal to be
supplied on signal line 5 of the clock bus and the valid edge of external clock signals (only applies
to line 5 when the external input clock is selected).

CBCNT can be read from or written to in bytes.

Bit: 7 6 5 0
| - | |CB4EG[1 :0] | | gEf |CBSEG[1 0]
Initial value: 0 0 0 0
RW: R R PRW R/W R RNV R/W RW
Initial
Bit Bit Name Value R/W  Description
7,6 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
5,4 CB4EG 00 R/W  Clock Bus 4 Edge Select

[1:0]

These bits select the edge sense for external input clock A
(TCLKA). The clock signal is output on signal line 4 of the

clock bus. Counters for which signal line 4 of the clock bus
has been selected as the source for counting count on the
edge selected by these bits.

00: Neither edge of the external clock is sensed

01: Rising edges of the external clock are sensed

10: Falling edges of the external clock are sensed

11: Both rising and falling edges of the external clock are

sensed
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Initial
Bit Bit Name Value R/W  Description
3 — 0 R Reserved
This bit is always read as 0. The write value should always
be 0.
2 CB5SEL 0 R/W  Clock Bus 5 Source Select

Selects the source of the clock to be output on signal line 5
of the clock bus.

0: External input clock B (TCLKB)
1: Multiplied-and-corrected clock output by Timer B

1,0 CB5EG 00 R/W
[1:0]

Clock Bus 5 Edge Select

These bits select the edge sense for external input clock B
(TCLKB). The clock signal is output on signal line 5 of the
clock bus. Counters for which signal line 5 of the clock bus
has been selected as the source for counting count on the
edge selected by these bits. The setting of these bits is
only valid when the TCLKB signal is selected as the
source for line 5 of the clock bus. When the multiplied-and-
corrected clock is selected as the source for line 5 of the
clock bus, the setting of these bits is invalid.

00: Neither edge of the external clock is sensed
01: Rising edges of the external clock are sensed
10: Falling edges of the external clock are sensed

11: Both rising and falling edges of the external clock are
sensed
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13.5.3  Noise Cancellation Mode Register (NCMR)

NCMR is an 8-bit readable/writable register that selects the mode and clock to drive the counter
for of the noise canceler in each of timers A, C, F, and J.

In premature-transition cancellation mode, subsequent changes to the input signal level are
ignored if they come within a given period of a detected change. That is, level changes within a
certain period of an initial one are treated as noise.

In minimum time-at-level cancellation mode, the first and subsequent level changes are ignored
unless the input signal level remains the same over a given period. Level changes occurring within
a shorter period are considered to indicate an unstable signal, and such signals are treated as noise.

The period is set by noise canceler registers in each of the applicable blocks (i.e. in timers A, C, F,
and J) and is counted by a noise canceler counter.

Figures 13.1 and 13.2 show the operation of the premature-transition cancellation and minimum
time-at-level cancellation, using the TIAOO input signal of timer A as an example.

The edge for counting is detected from signals after noise removal in timers A, C, F, and J. Rising
edges are being detected in figures 13.1 and 13.2.

NCMR can be read from and written to in byte units.

Bit: 7 6 5 4 3 2 1 0
| g%f | - | - | - | NCMJ | NCMF | NCMC | NCMA|
Initial value: 0 0 0 0 0 0 0 0
RW: RW R R R RW RW RW RW
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Initial
Bit Bit Name Value

R/W

Description

7 NCCSEL ©

R/W

Noise Canceler Counter Clock Select

Selects the clock for counting by the noise cancelers. The
peripheral clock (P¢) or P¢ divided by 128 can be selected.
The default setting is the clock divided by 128. The same
counter clock must be used for all timers other than timer
A. In the case of timer A, the clock signal on clock-bus line
5 is also available. For details, see section 13.10.3, Timer
I/0 Control Register 2A (TIOR2A).

0: P¢ divided by 128 is used as the counter clock
1: P¢ is used as the counter clock

6to4 — AllO

R

Reserved

These bits are always read as 0. The write value should
always be 0.

3 NCMJ 0

R/W

Timer J Noise Cancellation Mode

Selects the noise cancellation mode for timer J. The same
mode is used on both channels of timer J.

0: Premature-transition cancellation mode

1: Minimum time-at-level cancellation mode

2 NCMF 0

R/W

Timer F Noise Cancellation Mode

Selects the noise cancellation mode for timer F. The same
mode is used on both channels of timer F.

0: Premature-transition cancellation mode

1: Minimum time-at-level cancellation mode

1 NCMC 0

R/W

Timer C Noise Cancellation Mode

Selects the noise cancellation mode for timer C. The same
mode is used on both channels of timer C.

0: Premature-transition cancellation mode

1: Minimum time-at-level cancellation mode

0 NCMA 0

R/W

Timer A Noise Cancellation Mode

Selects the noise cancellation mode for timer A. The same
mode is used on both channels of timer A.

0: Premature-transition cancellation mode

1: Minimum time-at-level cancellation mode
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Po/128 |||||||| |||||||||

NCMA —l Premature-transition cancellation mode

NCEAO J

TIAOO

mpare __~Compare
Jmateh
NCNTAO : /
< Subsequent » < Subsequent > < Subsequent > - Subsequent
1__level changes ' level changes +level changes ;. level changes
Signal after noise over this perio over this period over this perio over this period
removed are treated_‘as noise are treated as noise | are treated as noise are treated as noise
Capture trigger
(when rising-edge
sensing is selected) T T T
Extracted Edge treated Extracted
edge as noise edge

Note: This figure is purely schematic and does not show accurate timing.

Figure 13.1 Operation of Noise Canceler in Premature-Transition Cancellation Mode
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Po/128 |||||||| |||||||||

NCMA J Minimum time-at-level cancellation mode

NCEAO

TIAOO

NCRAO o ¢ ¢ e e
NCNTAO ! | !
HO00 __.(_L___/_.\_
Level changes  ILevel changes , Level ,
within a given within a given maintained over ! maintained over !
period are treated period are treated this period is ' this period is '
as noise as noise treated as signal . treated as signal |
Signal after noise [l ittt
removed H ! ' !
Capture trigger
(when rising-edge
sensing is selected)

Note: This figure is purely schematic and does not show accurate timing.

Figure 13.2 Operation of Noise Canceler in Minimum-Time-at Level Cancellation Mode
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13.6  Overview of Prescalers
ATU-III includes four general prescalers and a prescaler for the noise-canceler clock.

The general prescalers are implemented as 10-bit down-counters, in which the prescaled clock
signals are derived by frequency-dividing the peripheral clock (P¢) by N (1 <N < 1024).

The division ratio is obtained from the following expression.

Division ratio of prescaler = -1 (Settable value: 1/1 to 1/1024)

PSCn[9:0] + 1
A duty cycle of 50% is not guaranteed for the clock-signal outputs of the prescalers. Instead, the
high level is output in one cycle of the P¢ clock and the low level is output in the remaining cycles
within the prescaled period. When 1/1 is selected as the division ratio, the high level is always
output on the clock bus.

The generated clock signals are supplied to the individual timers via the clock bus. The prescalers
for each of the channels operate independently. The prescalers can, however, be started in
synchronization with each other after a reset by setting the PSCE bit in ATUENR to 1 after the
appropriate values have been set. Synchronization of a prescaler is not possible after it has started
or its division ratio has been changed.

The prescaler for the noise-canceler clock is implemented as a 7-bit down-counter. This generates
a clock signal by frequency-dividing the peripheral clock (P$) by 128. The clock signal thus
generated is supplied to the noise cancelers of timers A, C, F, and J.

The peripheral clock of the peripheral clock frequency divided by 128 can be selected for the
noise-canceler clock by the NCCSEL bit in NCMR of the common controller. Further division
ratios are not available.

The down-counters of the prescalers are initialized to H'000 by a power-on reset or a transition to
the hardware standby mode.
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13.7  Register Description of Prescalers

13.7.1  Prescaler Registers 0 to 3 (PSCRO to PSCR3)

PSCRO to PSCR3 are 16-bit readable/writable registers, each of which holds a division ratio for
one of the four prescalers.

After a prescaler counter underflows, counting restarts from the setting in this register. Settable
values range from H'000 to H'3FF.

PSCRO to PSCR3 can be read from or written to in word units.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CT LT T

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RW: R R R R R R RW RW RW RW RW RW RW RW RW RW

Note: n=0to 3

Initial
Bit Bit Name Value R/W  Description
15t0 10 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.

9t0 0 PSCn[9:0] AllO R/W  Division Ratio

These bits specify the division ratio for the corresponding
prescaler.

13.8  Operation of Prescalers

13.8.1  Starting Prescalers

The prescalers start operating when the PSCE bit in the ATU-III master enable register
(ATUENR) is set to 1 and generates a clock with a frequency given by the division ratio in the
PSCn bits. While a prescaler is operating, the high level is output for one cycle of the P clock
each time the corresponding prescaler counter underflows.
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When the setting in the PSCn bits is changed during operation, the division ratio of the output
clock is updated on the first subsequent counter underflow.

Po

PSCE

PSCn[9:0]

Prescaler

Output clock

uuyuiuuTTL

BRI

0600060000 0600060.004¢

Frequency divided by 4 Frequency divided by 5

Figure 13.3 Starting Prescaler

13.8.2  Stopping and Restarting Operation

The prescaler stops operating when the PSCE bit in the ATU-III master enable register
(ATUENR) is cleared to 0. The clock signal stays at the low level and the value in the prescaler
counter is retained while the prescaler is stopped. Setting the PSCE bit to 1 makes counting restart
from the retained value.

Po

PSCE

PSCn[9:0]

Prescaler

Output clock

uuyuiuuumT

EEEEREERR S TR
B8(o00/0}0 000 s m—0l0 00 0

Running Stopped Running

Figure 13.4 Stopping Prescaler
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13.9 Overview of Timer A

Timer A includes a free-running counter A (TCNTA) and input capture registers A0 to A5
(ICRAO to ICRAS). TCNTA is a free-running up counter. An interrupt request can be output when
the counter overflows.

Input capture registers AO to AS (ICRAO to ICRAS) capture the value of free-running counter A
(TCNTA) on an assertion of the corresponding external input signal (TIA0O to TIA0S). The rising
or falling edge, or both edges, can be selected as the trigger for capture. The edge selection is
made timer I/O control register 1A. The interrupt is requested or the A-DMAC is activated at the
same timing as capturing.

Noise on the external input signals can be removed by the noise canceler. Signals on pins TIA00
to TIAO2 can be output to timer B or D as event signals after noise has been removed and their
edges have been extracted. One of TIAOO to TIA02 are selectable for output to timer B as an event
signal (event output 1). TIAO1 and TIAOQ2 are selectable for output to timers DO to D3 (for timers
DO to D2 as event output 2A and for timer D3 as event output 2B) and these event outputs can be
used as capture triggers for timer offset base registers for DO to D3 (OSBRDO to OSBRD3).

When the A-DMAC is activated by a capture operation, it reads the capture register associated
with the interrupt source and transfers the value read from the register and any previously captured
value stored in the A-DMAC buffer register to the on-chip RAM.
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13.9.1 Block Diagram of Timer A

Figure 13.5 is a block diagram of timer A.

Timer A
Eventoutput1 = Event generatorj z Interrupt z Capture
Event output 2A B ‘ »| control » interrupts
Event output 2B Event generator | _ >| circuit > Overflow
> interrupts
° [
Clock bus . ]
: | ToenA (S
5 >
Noise
canceler
clock ol = S
’ ge o -\
TIA00 O »| Noise canceler = extractor . ICRAO —]
[ =g . Edge —N ©
| >
TIA01 O -~ Noise canceler extractor ICRA1 — > 5
> . Edge _ L\ & |-\ Module-
TIA02 O - Noise canceler [ extractor = ICRA2 _— E - internal
*> . Edge _ I bus
TIA03 O > Noise canceler = extractor . ICRA3 ]
o> ) Edge - —N
TIAO4 O - Noise canceler | extractor > ICRA4 —
—> . Edge —N
_ | Noise canceler > > ICRA5 —/
TIAO5 O > extractor Capturing
TCRA TIOR1A TIOR2A TIERA TSRA :
[Legend]
TCRA: Timer control register A

TIOR1A: Timer I/O control register 1A
TIOR2A: Timer I/O control register 2A

TIERA: Timer interrupt enable register A
TSRA: Timer status register A

ICRA: Input capture register A

TCNTA: Free-running counter A

Figure 13.5 Block Diagram of Timer A
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13.10 Description of Timer A Registers

13.10.1 Timer Control Register A (TCRA)

TCRA is an 8-bit readable/writable register that sets the event output generated from external
input signals (TTA0O to TIA02) and the counter clock.

TCRA can be read from and written to in byte or word units.

TCRA is initialized to H'00 by a power-on reset or a transition to the hardware standby mode.

Bt 7 6 5 4 3 2 1 0
EVO | EVO
|SEL2A|SELQB| EVOSELT CKSELA
Initialvale: 0 0 0 0 0 0O 0 0
RW: RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
7 EVOSEL2A 0 R/W  Event Output 2A Select

Selects the signal for output on event output 2A as the
externally input signal TIAO1 or TIAO2 (after the removal
of noise and edge extraction). In timers DO to D2, the
event output 2A signal can be used as a capture trigger
for the corresponding timer-offset base registers
(OSBRDO0 to OSBRD?2).

0: TIAO1 is selected as event output 2A
1: TIAO2 is selected as event output 2A
6 EVOSEL2B 0 R/W  Event Output 2B Select

Selects the signal for output on event output 2B as the
externally input signal TIAO1 or TIAO2 (after the removal
of noise and edge extraction). In timer D3, the event
output 2B signal can be used as a capture trigger for the
corresponding timer-offset base register (OSBRDS3).

0: TIAO1 is selected as event output 2B
1: TIAO2 is selected as event output 2B
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Initial
Bit Bit Name Value R/W  Description
5103 EVOSEL1 000 R/W  Event Output 1 Select
These bits select the signal for output on event output 1
as one of the externally input signal TIAOO to TIA02 (after
the removal of noise and edge extraction). In timer B, the
event output 1 signal can be used as an event output 1 to
timer B.
000: No signal is selected as event output 1
001: TIAQO is selected as event output 1
010: TIAO1 is selected as event output 1
011: Setting prohibited
100: TIAO2 is selected as event output 1
101: Setting prohibited
110: Setting prohibited
111: Setting prohibited
2t00 CKSELA 000 R/W  Clock Select A

These bits select the signal on one of clock-bus lines 0 to
5 as the clock signal for counting. The signal on lines 0 to
3 have been frequency-divided by prescalers 0 to 3,
respectively. Clock-bus line 4 supplies externally input
clock A (TCLKA). Clock-bus line 5 supplies externally
input clock B (TCLKB) or the multiplied-and-corrected
clock output by timer B.

Stop timer A before making or changing the counter-clock
selection.

000: Clock-bus line 0 (prescaler 0)
001: Clock-bus line 1 (prescaler 1)
010: Clock-bus line 2 (prescaler 2)
011: Clock-bus line 3 (prescaler 3)
100: Clock-bus line 4 (TCLKA)

101: Clock-bus line 5 (TCLKB or multiplied-and-corrected
clock)

110: Setting prohibited
111: Setting prohibited

Note: The edge of an external input clock is extracted before it is output on a clock bus. When
using external input clock A or B, select the edge to be extracted by setting the CB4EG and
CB5EG bits in the clock bus control register (CBCNT).
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13.10.2 Timer 1/O Control Register 1A (TIOR1A)

TIORIA is a 16-bit readable/writable register that sets the edge of external inputs (TIA0O to
TIAO5) to be extracted.

TIORI1A can be read from and written to in byte or word unit.

TIORI1A is initialized to H'0000 by a power-on reset or a transition to the hardware standby mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | - | - | - | I0A5 | I0A4 | I0A3 | I0A2 | 10A1 | I0A0 |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
15t012 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.
11,10 |10A5 00 R/W  1/0O Control An
9,8 10A4 00 R/W  These bits select the edge of external inputs (TIAQO to
7 6 IOA3 00 RW  TIAOS) that is to be extracted for use in input-capture
' triggering. When these bits are set to B'00, input capturing
54 10A2 00 R/W is not performed. When a value other than B'00 is set, the
3,2 I0A1 00 R/W  contents of free-running counter A (TCNTA) are
1,0 10A0 00 R/W  transferred to input capture register A (ICRA) on extraction

of the selected edge from one of the external inputs.

Edge extraction is synchronized with the P¢ clock. Make
sure that the frequency of the P¢ clock is at least twice the
frequency of the external input signal. Otherwise, edge
extraction will not performed correctly.

When the noise canceler is disabled, the selected edge is
simply extracted from the external inputs (TIAQO to TIAOS5).
When the noise canceler is enabled, the selected edge is
extracted from the signals after noise removal.

Usage of the extracted edges in other timers is selected by
the settings of bits EVOSEL1, EVOSEL2A, and
EVOSEL2B in TCRA (the signal outputs for other timers as
a result of edge extraction are active high).

00: Input capturing is not performed

01: TCNTA is captured in ICRA on the rising edge of TIA
10: TCNTA is captured in ICRA on the falling edge of TIA

11: TCNTA is captured in ICRA on both edges of TIA

Note: n=0to5
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13.10.3 Timer 1/O Control Register 2A (TIOR2A)

TIOR2A is a 16-bit readable/writable register that selects the noise canceler clock and enables and
disables the noise cancelers for externally input signals (TIAOO to TIAO0S).

TIOR2A can be read from and written to in byte or word unit.

TIOR2A is initialized to H'0000 by a power-on reset or a transition to the hardware standby mode.

Bit: 15 14 13 12 11
| - | - |NCKA5|NCKA4|NCKA3|NCKA2|NCKA1|NCKAO| - | - |NCEA5|NCEA4|NCEA3|NCEA2|NCEA1|NCEAO|

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R RW RW RW RW RW RW R R RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W Description
15,14 — Al0O R Reserved
These bits are always read as 0. The write value should
always be 0.
13 NCKA5 0 R/W  Noise Canceler Clock Select An
12 NCKA4 0 R/W  These bits select the signal that drives counting. The noise
canceler count clock or the signal on clock-bus line 5 can be
11 NCKA R ) . ;
CKAS 0 w selected as the signal for counting. Either the P¢ clock
10 NCKA2 0 R/W  frequency divided by 128 or the P¢ clock can be selected as
9 NCKA1 0 Rr/w the noise canceler count clock by setting the NCCSEL bit of
the common controller.
8 NCKAO 0 R/W ) . .
0: Noise canceler count clock is selected as the signal for
counting by NCNTAn
1: Clock-bus line 5 is selected as the signal for counting by
NCNTAN
7,6 — Al0O R Reserved
These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W Description
5 NCEA5 0 R/W  Noise Canceler Enable An
4 NCEA4 0 R/W These bits enable and disable the noise cancelers for
3 NCEA3 0 RIW externally input signals (TIAQO to TIA05)

When a level change on externally input signals TIA0O to

2 NCEA2 0 RW TIAO5 is detected while this bit is set to 1, it is processed in
1 NCEA1 0 R/W premature-transition cancellation or minimum time-at-level
0 NCEAO 0 R/W  cancellation mode depending on the setting in the noise

cancellation mode register (NCMR) of the common controller.
0: Noise cancelers for TIA are disabled

1: Noise cancelers for TIA are enabled

e In premature-transition cancellation mode

When a level change of the externally input signal is detected,
the change is output as the signal whose noise is removed and
the corresponding noise canceler counter (NCNTAO to NCNTA5)
is started for counting up. Subsequent level changes are masked
until the value in the counter reaches the value in the noise
canceler register (NCRAO to NCRAS). The level of the externally
input signal is output on this compare match.

When these bits are cleared to 0 while the counter (NCNTAO to
NCNTAGS ) is being incremented, counting continues until the
values in the counter and the noise canceler register match. The
subsequent level changes are also masked over this period.

e |n minimum time-at-level cancellation mode

When a level change of the externally input signal is detected,
the corresponding noise canceler counter (NCNTAO to NCNTA5)
is started for counting up. If subsequent level changes are not
detected until the value in the counter reaches the value in the
noise canceler register (NCRAO to NCRA5), the previously
accepted level change is output as the signal whose noise is
removed on compare match of the counter and noise canceler
register. When the subsequent level change is detected before
the values in the counter and noise canceler register match, all
the changes are treated as noise. Therefore the signal whose
noise is removed is not changed.

When these bits are cleared to 0 while the counter (NCNTAO to
NCNTADB) is being incremented, counting continues until the
values in the counter and the noise canceler register match or a
level change on the externally input signal is detected.

For details on operations in each mode, see figures 13.1 and
13.2.

Note: n=0to5
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13.10.4 Timer Status Register A (TSRA)

TSRA is an 8-bit readable/writable register that indicates overflow on free-running counter A
(TCNTA) and input capture on input capture registers AQ to A5 (ICRAO to ICRAS).

The flags in this register are used as interrupts. When the corresponding bit in timer interrupt
enable register A (TIERA) is enabled, setting of a flag can lead to a request DMA transfer by A-
DMAC or sending of an interrupt request to the CPU via the A-DMAC.

TSRA can be read from and written to in byte or word units.
TSRA is initialized to H'00 by a power-on reset or a transition to the hardware standby mode.

Bit: 7 6 5 4 3 2 1 0
|OVFA| - |ICFA5|ICFA4|ICFA3|ICFA2|ICFA1|ICFAO|

Initial value: 0 0 0 0 0 0 0 0
R/W: R/(W)* R R/(W)*R/(W)*R/(W)*R/(W)*R/(W)*R/(W)*

Note: * Only 0 can be written to this bit after it is read as 1 to clear it.
Writing 1 is ignored.

Initial

Bit Bit Name Value R/W Description

7 OVFA 0 R/(W)*  Overflow Flag A
Indicates that free-running counter A (TCNTA) has
overflowed.
This flag cannot be set to 1 by software. To clear this
bit, write 0 to it after reading it as 1. Writing 0 before
reading it as 1 has no effect.
0: Indicates that TCNTA has not overflowed
[Clearing condition]
e When writing O to this bit after reading it as 1
1: Indicates that TCNTA has overflowed
[Setting condition]
e When TCNTA overflows (transition from

H'FFFFFFFF to H'00000000)

6 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W Description
5 ICFA5 0 R/(W)*  Input Capture Flag An
4 ICFA4 0 R/(W)* These bits indicate that the value in free-running
~__counter A (TCNTA) has been captured by input
8 ICFAS 0 RAW) capture register An (ICRAn). When one of these bits
2 ICFA2 0 R/(W)* is read as 1, the value in TCNTA has been stored in
1 ICFA1 0 R/(W)* the corresponding ICRAN.
0 ICFAQ 0 R/(W)* These bits are not set to 1 by software.

These bits are automatically cleared to 0 when ICRAN
is read by the A-DMAC. Accesses by the CPU, AUD,
and DMAC have no effect.

Each bit is cleared by writing 0 to it after reading as 1.
Writing 0 before reading it as 1 has no effect.

0: No input capture has occurred

[Clearing conditions]

e When writing 0 to this bit after reading it as 1

e When ICRAn is read by A-DMAC

1: Input capture has occurred

[Setting condition]

e When TCNTA is transferred to ICRAN on assertion
of the input capture signal (TIAOn)

Note: n=0to5

*  Only writing O to this bit after reading it as 1 to clear the flag. Writing 1 to this bit has no

effect.
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13.10.5 Timer Interrupt Enable Register A (TIERA)

TIERA is an 8-bit readable/writable register that enables and disables an interrupt request of
overflow on free-running counter A (TCNTA) or input capture on input capture registers A0 to AS
(ICRAO to ICRAS). The input capture interrupt request can be used to request DMA transfer
between input capture registers and the on-chip RAM according to the settings in the A-DMAC.

TIERA can be read from and written to in byte or word units.
TIERA is initialized to H'OO by a power-on reset or a transition to the hardware standby mode.

Bit: 7 6 5 4 3 2 1 0
|OVEA| - |ICEA5|ICEA4|ICEA3|ICEA2|ICEA1|ICEAO|

Initial value: 0 0 0 0 0 0 0 0
RW: RW R RW RW RW RW RW R/W

Initial
Bit Bit Name Value R/W  Description
7 OVEA 0 R/W  Overflow Interrupt A Enable
Enables and disables an OVFA interrupt request when
overflow flag A (OVFA) in timer status register A (TSRA) is
setto 1.
0: Disables an OVFA interrupt request
1: Enables an OVFA interrupt request
6 — 0 R Reserved
This bit is always read as 0. The write value should always
be 0.
5 ICEA5 0 R/W  Input Capture Interrupt An Enable
4 ICEA4 0 R/W  Enables and disables an ICFAn interrupt request when bit
ICFAN in TSRA is set to 1. When the interrupt is enabled,
8 ICEA3 0 R/W it can be used to request DMAC transfer by the A-DMAC.
2 ICEA2 0 RW 0: Disables a request of input capture interrupt An
! ICEA1 0 RW 1: Enables a request of input capture interrupt An
0 ICEAO 0 R/W

Note: n=0to5
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13.10.6 Input Capture Registers A0 to A5 (ICRAO to ICRA5)

ICRAO to ICRAS are 32-bit read-only registers used for input capturing. Writing to these registers
is prohibited.

These registers hold the contents of free-running counter A (TCNTA) when an assertion of input
capture signals (TTAOO to TIAOQS) is detected. At this time, the ICFA bit in timer status register A
(TSRA) is set to 1. The bit is cleared to O when ICRAO to ICRAS are read by the A-DMAC.

The edge to be detected is selected by bit I/O control An in timer I/O control registerl A
(TIOR1A).

ICRAO to ICRAS can be read from in longword units.

ICRAO to ICRAS are initialized to H'0000 0000 by a power-on reset or a transition to the
hardware standby mode.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| ICAN[31:16] |

Initial value: 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R

o
o
o
o
o
o

Bitt 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0

| ICAN[15:0] |

Initial value: 0 0 o 0 o 0 o0 o 0 o
RW. R R R R R R R R R R R R R R R R

o
o
o
o
o
o

Note: n=0to 5

Initial
Bit Bit Name Value R/W Description
31t00 ICAN[31:0] AllO R Input Capture An

These bits hold 32-bit input capture value.
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13.10.7 Free-Running Counter A (TCNTA)

TCNTA is a 32-bit readable/writable register that counts on the signal output by the prescaler via
the clock bus, externally input clock signal, or multiplied-and-corrected signal output by timer B.

Timer A is started for counting up by setting the TAE bit in the ATU-III master enable register
(ATUENR) to 1. The clock input to the counter is selected by setting the clock select bit
(CKSELA) in timer control register A (TCRA).

When TCNTA overflows (from H'FFFF FFFF to H'0000 0000), the overflow flag A (OVFA) in
timer status register A (TSRA) is set to 1.

TCNTA can be read from and written to in longword units.

TCNTA is initialized to H'0000 0000 by a power-on reset or a transition to the hardware standby
mode.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| CNTA[31:16] |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CNTA[15:0] |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
31to0 CNTA AllO R/W  Timer Count A

[31:0] These bits hold the counter value in 32-bit units.
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13.10.8 Noise Canceler Counters A0 to A5 (NCNTAO to NCNTADb)

NCNTAO to NCNTAS are an 8-bit readable/writable registers that are started for counting up by
an assertion of externally input signals (TIA0O to TIAOS) as a trigger when the noise cancelers are
enabled by setting the noise canceler enable bit (NCEAS to NCEAO) in timer I/O control register
2A (TIOR2A) to 1. These counters are driven by the clock selected in the noise canceler clock
select bits (NCKAS5 to NCKAO). The counter clock for noise cancelers or clock-bus line 5 are
available.

Input edges are processed in premature-transition cancellation or minimum time-at-level
cancellation mode depending on the setting in the NCMA bit in the noise cancellation mode
register (NCMR) of the common controller.

e Premature-Transition Cancellation Mode
When a level change of the externally input signal (TIAOO to TIA05) is detected while bits
NCEAS to NCEAQO are set to 1 and NCNTAO to NCNTAS are stopped, NCNTAO to NCNTAS
are started for counting up. These counters are cleared to H'00 and stopped on the first edge of
the P¢ clock after the value in NCNTAO to NCNTAS matches the value in noise canceler
registers AO to AS (NCRAO to NCRAS).
NCNTAO to NCNTAS are incremented regardless of the TAE bits in ATUENR.
The first change is output as the signal whose noise is removed and the edge is to be extracted.
Subsequent level changes are masked until the value in the counter reaches the value in the
noise canceler register (NCRAO to NCRAS). The level of the externally input signal is output
on this compare match.
When the NCEA bits are cleared to 0 while the counter (NCNTAO to NCNTADY) is being
incremented, counting continues until the values in the counter and the noise canceler register
match. The subsequent level changes are also masked over this period.

e Minimum Time-at-Level Cancellation Mode
When a level change of the externally input signal (TIAOO to TIAOS) is detected while bits
NCEAS to NCEAO are set to 1 and NCNTAO to NCNTAS are stopped, NCNTAOQ to NCNTAS
are started for counting up. These counters are cleared to H'00 and stopped on the first edge of
the P¢ clock after the value in NCNTAO to NCNTAS matches the value in noise canceler
registers AO to AS (NCRAO to NCRAS) or after the level of the externally input signal (TTA00
to TIAOS) is changed.
NCNTAO to NCNTAS are incremented regardless of the TAE bits in ATUENR.

RO1UH0235EJ0200 Rev. 2.00
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When a level change of the externally input signal is detected, the corresponding noise
canceler counter (NCNTAO to NCNTADY) is started for counting up. If subsequent level
changes are not detected until the value in the counter reaches the value in the noise canceler
register (NCRAO to NCRAS), the previously accepted level change is output as the signal
whose noise is removed on compare match of the counter and noise canceler register. When
the subsequent level change is detected before the values in the counter and noise canceler
register match, all the changes are treated as noise. Therefore the signal whose noise is
removed is not changed.

When the NCEA bits are cleared to 0 while the counter (NCNTAO to NCNTAS) is being
incremented, counting continues until the values in the counter and the noise canceler register
match or a level change on the externally input signal is detected.

NCNTAS to NCNTAO can be read from and written to in byte or word units.

NCNTAS to NCNTAO are initialized to H'00 by a power-on reset or a transition to the hardware
standby mode.

Bit: 7 6 5 4 3 2 1 0
NCCNTAR([7:0]

Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

Note: n=0to 5

Initial
Bit Bit Name Value R/W  Description
7t00 NCCNTAn AllO R/W  Noise Canceler Count An

[7:0] These bits hold the counter value in byte units.
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13.10.9 Noise Canceler Registers A0 to A5 (NCRAO to NCRAS5)

NCRAO to NCRAS are 8-bit readable/writable registers that set the upper limitations of noise
canceler counters (NCNTAO to NCNTAS). For example, when the noise canceler is driven by the
P¢ clock divided by 128 and these registers are set to HFF, a pulse whose width is 1.64 ms (P( is
20 MHz) can be treated as noise.

Input edges are processed in premature-transition cancellation or minimum time-at-level
cancellation mode depending on the setting in the NCMA bit in the noise cancellation mode
register (NCMR) of the common controller.

For details on these modes, see section 13.10.8, Noise Canceler Counters AO to A5 (NCNTAO to
NCNTAS).

NCRAO to NCRAS can be read from and written to in byte or word units.

NCRAO to NCRAS are initialized to H'00 by a power-on reset or a transition to the hardware
standby mode.

Bit: 7 6 5 4 3 2 1 0
NCTAN[7:0]

Initial value: 0 0 0 0 0 0 0 0
R/W: RW RW RW RW RW RW RW RW

Note: n=0to5

Initial
Bit Bit Name Value R/W  Description
7t00 NCTAN AllO R/W  Noise Cancellation Time An

(7:0] These bits set a period for noise cancellation in byte units.
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13.11 Operations of Timer A

13.11.1 Operation of Noise Canceler

Input edges are processed in premature-transition cancellation or minimum time-at-level
cancellation mode depending on the setting in the NCMA bit in the noise cancellation mode
register (NCMR) of the common controller.

Figures 13.6 and 13.8 show examples of noise cancellation in premature-transition cancellation
and minimum time-at-level cancellation modes, respectively. In these examples, edges are input
on pin TIAOO and the rising edge sensing is selected.

In premature-transition cancellation mode, noise canceler counter A (NCNTA) is started by the
level change of the externally input signal as a trigger. At the same time, the level change is output
as the signal after noise removal.

Counting continues until the counter value match the value in noise canceler register A (NCRA).
Level changes within the period are ignored and are not output. When values in the counter and
NCRA match, the level of the externally input signal is output. Note that the levels are changed on
the compare match when the input levels at the start of counting (after the first level change) and
on the compare match differ.

Figure 13.7 shows an example of noise cancellation for two types of waveforms.
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Apr 01,2014 leNESAS

Page 415 of 1824



SH72546R

Section 13 Advanced Timer Unit Il (ATU-II1)

Figure 13.6 Example of Noise Cancellation in Premature-Transition Cancellation

Note: When the rising-edge sensing and subsequent edge canceled mode are selected
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Figure 13.7 Example of Noise Cancellation in Premature-Transition Cancellation for Two

Types of Waveforms
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In minimum time-at-level cancellation, noise canceler counter (NCNTA) is started by the level
change of the externally input signal as a trigger. Counting continues until the counter value match
the value in noise canceler register A (NCRA) or the level change of the input signal is detected.

When the values in the counter and noise canceler register A (NCRA) match, the level change at
the start of counting is output as the signal after noise removal. When the level change is detected
before the compare match, all the changes are treated as noise. Therefore the signal whose noise is

removed is not changed.

maintained over
this period is

Level
treated as signal

period are treated

changes over this
as noise

Subsequent level

Note: Rising-edge sensing and minimum time-at-level cancellation mode are selected in this example.

P
Po/128
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Counter
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Output of
noise
canceler
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Figure 13.8 Example of Noise Cancellation in Minimum Time-at-Level Cancellation
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13.11.2 Operation of Free-Running Counter

Free-running counter A (TCNTA) is started for counting up by setting the TAE bit in ATU-III
master enable register (ATUENR) to 1. When TCNTA overflows (from HFFFFFFFF to
H'00000000), the OVFA bit in timer status register A (TSRA) is set to 1. An interrupt request is
issued for the CPU when the OVEA bit in timer interrupt enable register A (TIERA) is set to 1.
After overflow, TCNTA continues counting up from H'00000000.

When the TAE bit in AUTENR is cleared to 0, TCNTA is stopped but is not cleared. By setting
the TAE bit to 1 again, TCNTA is resumed from the value when stopped.

TCNTA can be written during operation and writing takes priority over counting. After that,
TCNTA is started from the written value. Regardless of the clock driving the counter, the write
access is completed in two cycles of the P¢ clock.

The prescalers run regardless of the TAE bit and are not synchronized with the timing at which the
TAE bit is set. Therefore, the time from when the TAE bit is set to when TCNTA is incremented
for the first time is less than the cycle of the clock of TCNTA.

Figure 13.9 shows an example of free-running counter A (TCNTA) operation.

P

TAE bit BN R R
I S

TONTAclock 311 i [ |_|:|_|: : |_||_||_||_||_[

TCNTA 00000001 XOO000002X00000003X00000004 FFFFFFFEXFFFFFFFFXOOOOOOOO 00000001 OOOOOOOZX

YN S S N N N U N I | U B O

; blealred kl)y scl)ftware

Figure 13.9 Example of Free-Running Counter A (TCNTA) Operation: Overflow Timing
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13.11.3 Input Capture

Input capture is performed by input capture registers AO to A5 (ICRAO to ICRAS) when input
capture is enabled in bits IOAS to IOAQ in timer I/O control register 1A (TIOR1A). ICRAO to
ICRAS capture the value in free-running counter A (TCNTA) by an edge of externally input
signals (TIAOO to TIAOS). Noise on the signals can be removed by the noise cancelers.

TCNTA is started for counting up by setting the TAE bit in AUTENR. When an edge is input on
the corresponding signal, the bit in timer status register A (TSRA) is set to 1 and the value in
TCNTA is transferred to ICRA. The rising or falling edge, or both edges can be selected. Interrupt
requests can be issued for the CPU by setting interrupt enable register A (TIERA) and DMA
transfer by the A-DMAC can be also activated by the interrupt requests.

When input capture registers A0 to AS (ICRAO to ICRAS) and free-running counter A (TCNTA)
are written simultaneously, ICRAOQ to ICRAS capture the previous value stored in TCNTA.

Figure 13.10 shows an example of input capture when the edges to be sensed are rising edges for
TIAOO, falling edges for TIAO1, and both edges for TIA02.

Po

TCNTA

ik

TCNTA x DOOOOOOSXDOOOOOOG 00000007X00000008X00000009
T '

'

T

'

' '
'
'
- o
'
' '
OSSABOCIXOSSABOCSX SSABOC(X 53450()7X 0534B0C8
'

<

mooto===|ss:ss..ss:s:-ss

TIAO2 | oo \ R R Lo |

ICRAO : . e . :X 00000007 I\\I . 00000007 :
o s 3 e e

ICRA1 ! [ ! \\ o :X 0534B0C5 oo

ICRA2 ; <o b -X 00000007 | 1o -X 0534B0C5 b
4 4 . 4+ 4 4 o 1 1 1 |k Cleared by software  Cleared by software

R :|_ Lo

ICFA1 1 1

ICFA2 R

Figure 13.10 Example of Input Capture of Timer A
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Signals after noise cancellation and edge extraction can be output to timer B by setting bits
EVOSELI1[2:0] in timer control register A (TCRA). By setting bits EVOSEL2A or EVOSEL2B,
TIOAO1 and TTIAO2 after noise cancellation and edge extraction can be output to timer D as
events.

Figure 13.11 shows an example of event output when TIAQO is selected as event output 1 and
TIAOL1 is selected as event output 1 (EVOSEL1[2:0] = B'001 and B'010, respectively).

Po

TIAOO

TIAO1

TIA02

Extracted edges :
from TIAOO ;

Extracted edges |
from TIAO1 !

Extracted edges © 1 :l -| |
from TIAO2 R B I

EVOSELA1 goot !l [ o B'010 B'100

Eventoutput1!!!!!!!!!!!!!!!!!!!l!l!!

Note: When the rising-edge sensing is selected for TIA0OO to TIA02

Figure 13.11 Example of Event Output
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13.11.4 DMA Transfer

The A-DMAC can be activated by an input capture interrupt request. DAM transfer by the A-
DMAC transfers data between the input capture register and on-chip RAM. Six 32-bit buffer
registers are in the A-DMAC and store data read through DMA transfer. Values previously and
currently captured from the input capture register are transferred to the on-chip RAM every
interrupt request.

13.12 Overview of Timer B

Timer B generates a multiplied-and-corrected clock signal based on an external-event input and
supplies the generated signal to other timers. Timer B consists of an edge-interval measuring
block, frequency-multiplied clock generator, and frequency-multiplied clock signal corrector.

(1) Edge-Interval Measuring Block

The edge-interval measuring block measures the intervals between edges of external-event signals
input via timer A.

Interrupt requests can be issued for the CPU in response to matches between edge interval
measuring counter BO (TCNTBO) and output compare register BO (OCRB0). TCNTBO can also be
captured in ICRB2 via ICRB1 on matches between event counter B1 (TCNTB1) and output
compare register B1 (OCRB1). Counting by TCNTBI is driven by the external-event input. This
provides a way to measure the intervals between multiple event inputs. Although TCNTBO is
cleared every event input, [ICRB1 keeps a running total of the TCNTBO value. ICRB2 latches the
running totals on compare matches of the event counter.

(2) Frequency-Multiplied Clock Generator

The frequency-multiplied clock generator generates a clock signal by producing from 1 to 4095
cycles in response to an external-event input signal.

A down counter is decremented from values captured from edge-interval measuring counter BO
(TCNTBO) in the edge-interval measuring block. The step size for decrementation is the
frequency-multiplication ratio. When the down counter underflows, the multiplied clock
(AGCK1) signal is asserted. Note that the clock signal generated by this block is only used within
timer B and is not output beyond timer B.

An interrupt request for the CPU can be generated on matches between TCNTB6 and OCRB6.
TCNTB6 counts cycles of the frequency-multiplied clock signal.

RO1UHO0235EJ0200 Rev. 2.00
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(3) Frequency-Multiplied Clock Signal Corrector

The multiplied clock signal (AGCK1) needs to be corrected when two consecutive edge intervals
differ significantly, since the earlier interval is referred to in calculating the multiplier for the
current interval. The frequency-multiplied clock signal corrector generates a multiplied-and-
corrected clock signal (AGCKM) by using three correcting counters (TCNTB3 to TCNTBS) and
correcting counter clearing register (TCCLRB). Output of the clock signal thus produced on
clock-bus line 5 can be selected by using the clock-bus control register (CBCNT). Other timers
can then use this clock as a source for counting.

13.12.1 Block Diagram of Timer B

Figure 13.12 is a block diagram of timer B.
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Page 422 of 1824
9 RENESAS Apr 01, 2014



SH72546R

Section 13 Advanced Timer Unit Il (ATU-III)
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input e
inpu ! Block for measuring edge intervals;
' CLK '
Clock [ %3 ! 1—>| TCNTB1 | | OCRB1 | !
bus - L !
37 : E
Pé ; i
1 CLK_ |
! p TCNTBO | | OCRBO !
! CLR !
' ! Interrupt > Capture interrupt
— ' == ' | control :: Compare-match
:::% 9cap ICRBO | : circuit oS interrupts
Y g I 3
f LDB Block for generating !
| ! frequency-multiplied !
: ~ clock signals :
) MERE E
V—$)I :
2 ; CLK == .
Module & T TonTee :
internal C )| & . LDEN T :
bus £ 1 1
1] [ [
3 1 1
o R S !
. M Block for correcting i
— frequency-multiplied '
E M clock '
i CLK :
o rors | q—»l TONTB3 | | TCCLRB |
m ! i1 CLK H
\v| TIORB | 1 CLKVI TCNTB4 | TCNTBS I ; AGCKM
(N Tiems | 1 RLDEN i
! EN . TCNT1DO to TCNT1D3,
N Tsre | '
| V] i Logic Y . » TCNT2DO0 to TCNT2D3
N T ' Counter
clearing trigger
[Legend]
TCRB: Timer control register B TCNTB5: Generating frequency-multiplied counter B5
TIORB:  Timer I/O control register B TCNTB6: Frequency-multiplied clock counter B6
TIERB:  Timer interrupt enable register B OCRB:  Output compare register B
TSRB: Timer status register B ICRB: Input capture register B
TCNTBO: Edge interval measuring counter BO LDB: Load register B
TCNTB1: Event counter B1 PIMR: Pulse interval multiplier register
TCNTB2: Reloadable counter B2 RLDB: Reload register B
TCNTB3: Correcting event counter B3 TCCLRB: Correcting counter clearing register B
TCNTB4: Correcting frequency-multiplied counter B4

Figure 13.12 Block Diagram of Timer B
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13.13 Descriptions of Timer B Registers

13.13.1 Timer Control Register B (TCRB)

TCRB is an 8-bit readable/writable register that selects the clock driving edge interval measuring
counter BO (TCNTBO) and reloadable counter B2 (TCNTB?2).

TCRB can be read from and written to in byte or word units.

TCRB is initialized to H'00 by a power-on reset or a transition to the hardware standby mode.

Bit Bit Name

6 5 4 3 2 1 0

T - - - ] ome

0 0 0 0 0 0 0
R R R R R RW RW

Description

7t02 —

Reserved

These bits are always read as 0. The write value should
always be 0.

1,0 CKSELB

Clock Select B

These bits select the clock driving TCNTBO and TCNTB2
from clock-bus lines 0 to 3, which are clock signals divided
by prescalers 0 to 3. The counters are incremented on the
rising edge of the selected clock. To select the clock, stop
timer B operation.

00: Clock-bus line 0 is selected
01: Clock-bus line 1 is selected
10: Clock-bus line 2 is selected
11: Clock-bus line 3 is selected
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13.13.2 Timer 1/O Control Register B (TIORB)

TIORB is an 8-bit readable/writable register that selects the source of the frequency-multiplied
clock and enables and disables the externally input signals, loading data, and correcting frequency-
multiplied clock. TIORB also controls multiplied-and-corrected clock generating counter BS
(TCNTBS) and output compare register B6 (OCRB6).

TIORB can be read from and written to in byte or word units.

TIORB is initialized to H'00 by a power-on reset or a transition to the hardware standby mode.

Initial value:

2

SEL |

3
TR
NTBS| S |LDEN| ces| - | - [ioBs]

0 0 0 0

R/W: RNV R/\N R/W RNV R/W R R R/W

Initial
Bit Bit Name Value R/W  Description
7 LDSEL 0 R/W  Loading Data Select
Selects the register to be loaded to reloadable counter B2
(TCNTB2) and to be used for calculating data to be loaded
to reload register B (RLDB) from ICRBO or LDB.
0: ICRBO is selected
1: LDB is selected
6 CTCNTB5 0 R/W  Count Control B5

Selects whether or not the multiplied-and-corrected clock
generating counter B5 (TCNTBS) is stopped.

Setting this bit to 1 stops TCNTB5 and the multiplied-and-
corrected clock to be output to other timers. Even if the
counter is stopped, it is not cleared. Clearing this bit to O
resumes TCNTB5 and multiplied-and-corrected clock.

0: TCNTBS5 is in operation
1: TCNTBS5 is stopped

RO1UHO0235EJ0200 Rev. 2.00
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Initial
Bit Bit Name Value R/W

Description

5 EVCNTB 0 R/W

Event Control B

Disables and enables the externally input events.
Clearing this bit to 0 disables the input. Setting this
bit to 1 enables the input with which input capture or
generating the multiplied-and-corrected clock signal.

0: Disables the externally input events
1: Enables the externally input events

4 LDEN 0 R/W

Load Enable

Selects whether or not the values in reloadable
counter B2 (TCNTB2) and reload register B (RLDB)
are updated on input capture by ICRBO.

0: TCNTB2 and RLDB are updated on ICEBO input
capture

1: TCNTB2 and RLDB are not updated on ICEBO
input capture

3 CCS 0 R/W

Counter Correction Select

Selects whether or not multiplied-and-corrected clock
counter B4 (TCNTB4) is stopped when TCNTB3 =
TCNTB4.

0: TCNTB4 is in operation when TCNTB3 = TCNTB4
1: TCNTB4 is stopped when TCNTB3 = TCNTB4

2,1 — A0 R

Reserved

These bits are always read as 0. The write value
should always be 0.

0 10B6 0 R/W

1/0 Control B6

Enables and disables compare match between
TCNTB6 and OCRB6. When this bit is cleared to 0,
compare match between TCNTB6 and OCRB6 is
disabled. When it is set to 1, compare match
between TCNTB6 and OCRB6 is enabled.

When bit CMEBG in timer interrupt enable register B
(TIERB) is set to 1, a compare-match interrupt
request is issued for the CPU.

0: Compare match between TCNTB6 and OCRB6 is
disabled

1: Compare match between TCNTB6 and OCRBS6 is
enabled
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13.13.3 Timer Status Register B (TSRB)

TSRB is an 8-bit readable/writable register indicating that input capture and compare match has
occurred. When interrupts are enabled by the corresponding bits in timer interrupt enable register
B (TIERB), an interrupt request is issued for the CPU.

TSRB can be read from and written to in byte or word units.

TSRB is initialized to H'00 by a power-on reset or a transition to the hardware standby mode.

Bit: 7

6 5 4 3 2 1

| - | - |CMFB6|CMFB1|ICFBO|CMFBO|

Initial value: 0
RW: R

0 o 0 0 o 0 0
R R R RAW)*R/I(W)*R/(W)*R/(W)*

Note: * Only 0 can be written to this bit after it is read as 1 to clear it.
Writing 1 is ignored.

Initial
Bit Bit Name Value R/W  Description
7to4 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.
3 CMFB6 0 R/(W)* Compare Match Flag B6

Indicates that compare match between output compare
register B6 (OCRB6) and TCNTB6 has occurred. When
this bit is read as 1, the compare match has occurred.

This bit cannot be set to 1 by software.

To clear this bit, write 0 to this bit after read it as 1.
Otherwise, writing 1 to this bit is ignored. Only when the
IREG bits in TIERB are set to B'10, this bit is automatically
cleared to 0 on compare match between TCNTB6 and
OCRBS6.

0: No compare match has occurred

[Clearing conditions]

e When writing O to this bit after reading it as 1

¢ When compare match between TCNTB6 and OCRB7
occurs while IREG = B'10

1: Compare match has occurred

[Setting condition]

o When the values in TCNTB6 and OCRB6 match
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Bit Bit Name

Initial
Value

R/W

Description

2 CMFB1

0

R/(W)*

Compare Match Flag B1

Indicates that compare match between output compare
register B1 (OCRB6) and TCNTB1 has occurred. When
this bit is read as 1, the compare match has occurred.

This bit cannot be set to 1 by software.

To clear this bit, write 0 to this bit after read it as 1.
Otherwise, writing 1 to this bit is ignored.

0: No compare match has occurred

[Clearing condition]

e When writing O to this bit after reading it as 1

1: Compare match has occurred

[Setting condition]

e When the values in TCNTB1 and OCRB1 match

1 ICFBO

0

R/(W)*

Input Capture Flag BO

Indicates that input capture by input capture registerBO
(ICRBO0) has occurred. When this bit is read as 1, the input
capture has occurred.

This bit cannot be set to 1 by software.

To clear this bit, write 0 to this bit after read it as 1.
Otherwise, writing 1 to this bit is ignored.

0: No input capture has occurred

[Clearing condition]

* When writing O to this bit after reading it as 1
1: Input capture has occurred

[Setting condition]

e When the value in TCNTBO is loaded to ICRBO by an
input capture event as a trigger
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Bit

Bit Name

Initial
Value R/W  Description

CMFBO

0 R/(W)* Compare Match Flag BO

Indicates that compare match between output compare
register BO (OCRBO0) and TCNTBO has occurred. When
this bit is read as 1, the compare match has occurred.

This bit cannot be set to 1 by software.

To clear this bit, write 0 to this bit after read it as 1.
Otherwise, writing 1 to this bit is ignored.

0: No compare match has occurred

[Clearing condition]

e When writing O to this bit after reading it as 1

1: Compare match has occurred

[Setting condition]

e When the values in TCNTBO and OCRBO match

Note: *

Only 0 can be written to this bit after it is read as 1 to clear the flag. Writing 1 to this bit

is ignored.

13.13.4 Timer Interrupt Enable Register B (TIERB)

TIERB is an 8-bit readable/writable register that enables and disables interrupt requests on input
capture and compare match.

TIERB can be read from and written to in byte or word units.

TIERB is initialized to H'00 by a power-on reset or a transition to the hardware standby mode.

Bit: 7 6 5 4 3 2 1
| - | - | IREG |CMEBG|CMEB1|ICEBO|CMEBO|

Initial value: 0 0 0 0 0 0 0 0
R/W: R R RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
7,6 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W

Description

5, 4 IREG[1:0] 00 R/W

Interrupt Enable Edge

These bits select the timing at which an interrupt request
by CMFB6 in TSRB is output.

00: An interrupt request is output when CMFB6 is enabled

01: An interrupt request is output when the first externally
input event is detected after CMFB6 is enabled

10: An interrupt request is output when the second
externally input event is detected after CMFB6 is
enabled. However, if compare match B7 has occurred
before the second event is detected, the interrupt
request is not output.

11: Setting prohibited

3 CMEB6 0 R/W

Compare Match Interrupt B6 Enable

Enables and disables the output of the interrupt request
when compare match flag B6 (CMFB6) is setto 1. The
timing at which the interrupt request is output is set by the
IREG bits.

0: Output of compare match interrupt B6 is disabled

1: Output of compare match interrupt B6 is enabled

2 CMEB1 0 R/W

Compare Match Interrupt B1 Enable

Enables and disables the output of the interrupt request
when compare match flag B1 (CMFB1) is set to 1.

0: Output of compare match interrupt B1 is disabled

1: Output of compare match interrupt B1 is enabled

1 ICEBO 0 R/W

Input Capture Interrupt BO Enable

Enables and disables the output of the interrupt request
when input capture flag BO (ICFBO) is set to 1.

0: Input capture flag BO (ICFBO) is disabled
1: Input capture flag BO (ICFBO) is enabled

0 CMEBO 0 R/W

Compare Match Interrupt BO Enable

Enables and disables the output of the interrupt request
when compare match flag BO (CMFBO) is set to 1.

0: Output of compare match interrupt BO is disabled
1: Output of compare match interrupt BO is enabled
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13.13.5 Edge Interval Measuring Counter BO (TCNTBO)

TCNTBO is a 32-bit readable/writable register that functions as a counter driven by the clock
selected in the clock select B bits of timer control register B (TCRB). TCNTBO is cleared to
H'00000001 on input capture by an externally input event.

TCNTBO is started when the timer B enable bit (TBE) in ATU-III master enable register
(ATUENR) is set to 1. Clearing the TBE bit to O stops the counting but the counter value is not
cleared.

TCNTBO can be read from and written to in longword units.

TCNTBO is initialized to H'0000 0001 by a power-on reset or a transition to the hardware standby
mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| CNTBO |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CNTBO |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit Bit Name Initial Value R/W  Description

31to0 CNTBO H'00000001 R/W  Edge Interval Count
These bits store 32-bit counter value.

13.13.6 Input Capture Register BO (ICRBO0)

ICRBO is a 32-bit read-only register that is loaded with the value in TCNTBO when an externally
input event is detected. At this time, bit ICFBO in timer status register B (TSRB) is set to 1.

On this input capture of ICRBO, TCNTBO is cleared to H'00000001.
ICRBO can be read from in longword units.

ICRBO is initialized to H'0000 0000 by a power-on reset or a transition to the hardware standby
mode.
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Bit: 31 30

29 28 27 26 25 24 23 22 21 20 19 18 17 16

ICBO |

Initial value: 0 0
R/W: R R

Bit: 15 14

Initial value: 0 0
R/W: R R

Initial
Bit Bit Name Value R/W  Description
31to0 ICBO All O R Input Capture BO

These bits store 32-bit captured value.

13.13.7 Output Compare Register BO (OCRBO0)

OCRBO is a 32-bit readable/writable register that is constantly compared with free-running
counter BO (TCNTBO). When they match, bit CMFBO in timer status register B (TSRB) is set to 1.
An interrupt request is issued for the CPU by setting bit CMEBO in timer interrupt enable register

B (TIERB) to 1.

OCRBO can be read from and written to in longword units.

OCRBO is initialized to HFFFFFFFF by a power-on reset or a transition to the hardware standby

mode.

Bit: 31 30

29 28 27 26 25 24 23 22 21 20 19 18 17 16

OCBO |

Initial value: 1 1
R/W: R/W R/W

Bit: 15 14

1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW RW RW RW RW RW RW RW RW RW RW RW RW RW

13 12 11 10 9 8 7 6 5 4 3 2 1 0

0OCBO |

Initial value: 1 1
R/W: R/W R/W

1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
31to0 OCBO All 1 R/W  Output Compare BO

These bits store 32-bit data to be compared with TCNTBO.
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13.13.8 Event Counter B1 (TCNTB1)

TCNTBI is an 8-bit readable/writable register that counts the externally input events when the
TBE bit in ATU-III master enable register (ATUENR) is set to 1.

TCNTBI can be read from and written to in byte or word units.
TCNTBI is initialized to H'00 by a power-on reset or a transition to the hardware standby mode.

Bit: 7 6 5 4 3 2 1 0
CNTB1

Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description

7100 CNTBH1 AllO R/W Event Count B1
These bits store 8-bit counter value.

13.13.9 Output Compare Register B1 (OCRB1)

OCRBI is an 8-bit readable/writable register that is constantly compared with event counter B1
(TCNTBI1). Bit CMFBI in timer status register B (TSRB) is set to 1 on the first edge of the P¢
clock after the values in this register and TCNTB1.

An interrupt request is issued for the CPU on compare match by setting bit CMEBI1 in timer
interrupt enable register B (TIERB).

On this compare match, the value in input capture registerB1 (ICRB1) is loaded to input capture
registerB2 (ICRB2) and ICRBI1 is cleared.

OCRBI1 can be read from and written to in byte or word units.
OCRBI is initialized to H'FF by a power-on reset or a transition to the hardware standby mode.

Bit: 7 6 5 4 3 2 1 0
OCB1

Initial value: 1 1 1 1 1 1 1 1
RW: RW RW RW RW RW RW RW RW
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Initial
Bit Bit Name Value R/W  Description
7to0 OCB1 All 1 R/W  Output Compare B1

These bits store 8-bit data to be compared.

13.13.10 Input Capture Register B1 (ICRB1)

ICRBI1 is a 32-bit read-only register. [CRB1 keeps a running total of the value in edge interval
measuring counter BO (TCNTBO) when the externally input event is detected. ICRBI is cleared on
compare match between event counter B1 (TCNTB1) and output compare register B1 (OCRB1).

ICRBI can be read from in longword units.

ICRBI is initialized to H'00000000 by a power-on reset or a transition to the hardware standby
mode.

Bit: _ 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| ICB1 |

Initial value:
R/W: R R R R R R R R R R R R R R R R

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| ICB1 |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R

Initial
Bit Bit Name Value R/W  Description
31to0 ICB1 All O R Input Capture B1

These bits store 32-bit input capture value.
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13.13.11 Input Capture Register B2 (ICRB2)

ICRBI1 is a 32-bit read-only register. ICRB1 keeps a running total of the value in input capture
registerB1 (ICRB1) on compare match between event counter BI (TCNTB1) and output compare

register B1 (OCRB1).

ICRB2 can be read from in longword units.

ICRB2 is initialized to H'00000000 by a power-on reset or a transition to the hardware standby

mode.
Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| ICB2 |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| ICB2 |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R R R R R R R
Initial
Bit Bit Name Value R/W  Description
31to0 ICB2 AllO R Input Capture B2

These bits store 32-bit input capture value.
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13.13.12 Load Register B (LDB)

LDB is a 32-bit readable/writable register that is aligned with a longword boundary. The lower 24
bits are available.

When the LDSEL bit in timer I/O control register B (TIORB) is set to 1, the value in this register
is loaded to reloadable counter B2 (TCNTB?2) and reload register B (RLDB).

LDB can be read from and written to in longword units.

LDB is initialized to H'00000000 by a power-on reset or a transition to the hardware standby
mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

-1 T-[-[-] LovaL |
Initialvalue: © 0 0 0 0 ©0 0 0 ©0 0 0 0 0 0 o0 o0
RWw: R R R R R R R R RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| LDVAL |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
31to24 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.

23to 0 LDVAL AllO R/W  Load Value

These bits store 24-bit data to be loaded to TCNTB2 and
RLDB.
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13.13.13 Reload Register B (RLDB)

RLDB is a 32-bit readable/writable register that is aligned with a longword boundary. The upper
24 bits are available.

This register is updated when the externally input event is detected while the LDEN bit in timer
I/O control register B (TIORB) is cleared to 0.

The value in input capture registerBO (ICRBO) or load register B (LDB) minus the value in the
PIMR bits in PIM is used for updating. ICRBO or LDB is set by the LDSEL bit in TIORB. For
subtraction on ICRBO and PIMR, the lower 24 bits of ICRBO and PIM which is zero-extended.

The value in this register is added to the value in TCNTB2 on the first counter clock after the
value in bits reload count B2 (CNTB2) is equal to or less than the value in the pulse interval
multiplier register (PIM).

RLDB can be read from and written to in longword units.

RLDB is initialized to H'00000000 by a power-on reset or a transition to the hardware standby
mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| RLDVAL |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| S N I N I N

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW R R R R R R R R

Initial
Bit Bit Name Value R/W  Description
31to8 RLDVAL AlO R/W  Reload Value
These bits store 24-bit reload value.
7to0 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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13.13.14 Reloadable Counter B2 (TCNTB2)

TCNTB?2 is a 32-bit readable/writable register that functions as a counter driven by the clock
selected in bit clock select B (CKSELB) in timer control register B (TCRB). Each decrementation
is by the value set in the pulse interval multiplier register (PIMR).

When the TBE bit in ATU-III master enable register (ATUENR) is set to 1, this counter is
decremented. Even if the TBE bit is cleared to O, this counter is not cleared.

This counter is updated when the externally input event is detected while the LEDN bit in timer
I/O control register B (TIORB) is cleared to 0.

The value in input capture registerBO (ICRBO) or load register B (LDB) is used for updating.
ICRBO or LDB is set by the LDSEL bit in TIORB.

The value in reload register B (RLDB) is added to the value stored in this counter on the first
counter clock after the value in this counter is equal to or less than the value in PIM. A single
pulse whose width is equal to the cycle of the P¢ clock on reloading. The pulse is the frequency-
multiplied clock (AGCK1).

TCNTB2 can be read from and written to in longword units.

TCNTB?2 is initialized to H'00000000 by a power-on reset or a transition to the hardware standby
mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| CNTB2 |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

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

| onTe2 I N
Initialvalue: 0 0 0 ©0 0 ©0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW R R R R R R R R

Bit Initial
Bit Name Value R/W  Description
31to8 CNTB2 AllO R/W  Reload Count B2
These bits store 24-bit reload counter value.
7to0 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.
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13.13.15 Pulse Interval Multiplier Register (PIMR)

PIMR is a 16-bit readable/writable register that sets the multiplication ratio of the externally input
event for generation of the frequency-multiplied clock.

The settable value ranges from 1 (H'001) to 4095 (H'FFF). Do not set the PIM bits to H'000. If the
PIM bits are set to H'000, operation cannot be guaranteed.

The value in this register is used in various registers; the step size in decrementation of reloadable
counter B2 (TCNTB2); calculation of the value to be input to reload register B (RLDB);
calculation of the value to be input to corrected event counter B3 (TCNTB3).

PIMR can be read from and written to in word units.

PIMR is initialized to H'0O001 by a power-on reset or a transition to the hardware standby mode.

L-[-[-1-]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
RW: R R R R RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
15t0 12 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
11to0 PIM H'001 R/W  Pulse Interval Multiplier

These bits set the multiplication ratio for the frequency-
multiplied clock. The settable value ranges from 1 to 4095.
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13.13.16 Multiplied Clock Counter B6 (TCNTB6)

TCNTB6 is a 32-bit readable/writable register that functions as an up-counter driven by the
frequency-multiplied clock (AGCK1). This counter is cleared to H'00000000 when the external
input event is detected.

When the TBE bit in ATU-III master enable register (ATUENR) is set to 1, this counter is
incremented. Even if the TBE bit is cleared to 0 and counting up is stopped, the counter value is
not cleared.

TCNTB6 can be read from and written to in longword units.

TCNTBS6 is initialized to H'0000 0000 by a power-on reset or a transition to the hardware standby
mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| CNTB6 |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

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

L_owee [-J-J-J-[-T-J-7-T-T-1-7-]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R'W RW RW RW R R R R R R R R R R R R

Initial
Bit Bit Name Value R/W  Description
31to 12 CNTB6 All O R/W  Frequency-Multiplied Clock Count B6

These bit store 20-bit counter value driven by the
frequency-multiplied clock

11to0 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.
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13.13.17 Output Compare Register B6 (OCRB6)

OCRB®6 is a 32-bit readable/writable register that is aligned with a longword boundary. The upper
20 bits are available.

This register enables and disables compare match between multiplied clock counter B6 (TCNTB6)
and OCRB6 when bit IOB6 in timer I/O control register B (TIORB) is set.

When the edge of the frequency-multiplied clock (AGCK1) is input while the values in this
counter and TCNTB6 have matched with compare match enabled by bit IOB6, bit CMFB6 in
timer status register B (TSRB) is set to 1. An interrupt request is issued for the CPU by setting bit
CMEBS6 in timer interrupt enable register B (TIERB) to 1.

OCRBG6 can be read from and written to in longword units.

OCRB® is initialized to HFFFFF000 by a power-on reset or a transition to the hardware standby
mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| OCB6 |

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

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

Lo [-[-T-J-[-T-[-T-7-7-7-J-]
Initial value: 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW R R R R R R R R R R R R

Initial
Bit Bit Name Value R/W  Description
31to 12 OCB6 All 1 R/W  Output Compare B6
These bits store 20-bit data to be compared.
11to0 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.
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13.13.18 Output Compare Register B7 (OCRB7)

OCRBY7 is a 32-bit readable/writable register that is aligned with a longword boundary. The upper
20 bits are available.

When the edge of the frequency-multiplied clock (AGCK1) is input while the values in this
counter and TCNTB6 have matched with the IREG bits in timer interrupt enable register B
(TIERB) set to B'10, bit CMFB6 in timer status register B (TSRB) is cleared to 0.

There is no status flag indicating the compare match. An interrupt request cannot be issued for the
CPU.

OCRB7 can be read from and written to in longword units.

OCRBY7 is initialized to HFFFFF000 by a power-on reset or a transition to the hardware standby
mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| OCB7 |

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

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

L_oer [-[-T-[]-[-T-T-1-7-7-[T-7-}]
Initial value: 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW R R R R R R R R R R R R

Initial
Bit Bit Name Value R/W  Description
31to 12 OCB7 All 1 R/W  Output Compare B7
These bit store 20-bit data to be compared.
11to0 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.
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13.13.19 Correcting Event Counter B3 (TCNTB3)
TCNTB3 is a 32-bit readable/writable register.

When the externally input event is detected, the value in this counter is transferred to multiplied-
and-corrected clock counter B4 (TCNTB4) and then is incremented by the value in the pulse
interval multiplier register (PIMR)

When the TBE bit in ATU-III master enable register (ATUENR) is set to 1, this counter is
incremented. Even if the TBE bit is cleared to 0, the counter value is not cleared.

TCNTB3 can be read from and written to in longword units.

TCNTB3 is initialized to H'00000000 by a power-on reset or a transition to the hardware standby
mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| CNTB3 |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

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

L_owe [-[-J-J-[-[-[-]-]-]-]-]-]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW R R R R R R R R R R R R

Initial
Bit Bit Name Value R/W  Description
31to 12 CNTB3 All O R/W  Correcting Event Count B3
These bits store 20-bit event count value.
11to0 — All O R Reserved

This bit is always read as 0. The write value should always
be 0.
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13.13.20 Multiplied-and-Corrected Clock Counter B4 (TCNTB4)

TCNTB4 is a 32-bit readable/writable register that is a 20-bit up-counter. The value in TCNTB3 is
loaded to this counter when the externally input event is detected.

This up-counter is driven by the frequency-multiplied clock (AGCK1) output by reloadable
counter B2 (TCNTB2) and is cleared to H'00000 when the externally input event is detected while
CNTB3 = H'00000.

When the values in this counter and TCNTB3 match with the CCS bit in timer I/O control register
B (TIORB) set to 1, counting is stopped.

When the TBE bit in ATU-III master enable register (ATUENR) is set to 1, this counter is
incremented. Even if the TBE bit is cleared to 0 and counting is stopped, the counter value is not
cleared.

TCNTB4 can be read from and written to in longword units.

TCNTB4 is initialized to H'0000 0000 by a power-on reset or a transition to the hardware standby
mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| CNTB4 |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit_15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L_owee |-J]-T-J-[-1-J-J-1-7-7-1-]

Initialvave: 0 0 o0 ©0 0 O0 o0 0O O O 0 0 0 0 0 0

RW: RW RW RW RW R R R R R R R R R R R R

Initial
Bit Bit Name Value R/W  Description
311012 CNTB4 AllO R/W  Multiplied-and-Corrected Clock Count B4

These bits store 20-bit frequency-multiplied clock count
value.

11to0 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.
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13.13.21 Multiplied-and-Corrected Clock Generating Counter B5 (TCNTB5)
TCNTBS is a 32-bit readable/writable register.

This counter is enabled by the TBE bit in ATU-III master enable register (ATUENR) and the
count control B5 bit (CTCNTBS). Incrementation of this counter is driven by the P¢ clock as long
as the counter value is less than the value in multiplied-and-corrected clock counter B4
(TCNTB4). Incrementation is stopped when the counter value matches the value in correcting
counter clearing register B (TCCLRB).

The value in this counter is corrected and cleared when the externally input event is detected while
TCNTB3 = H'00000. The value for the clearing depends on the counter value. When the counter
value is equal to the value in TCCLRB, this counter is cleared to H'00001000. When the counter
value is not equal to the value in TCCLRB, incrementation continues until the counter value
reaches the value in TCCLRB and then TCNTBS is cleared to H'00001000.

Every incrementation of this counter, a single pulse of the multiplied-and-corrected clock
(AGCKM) is output. The clock can be output on clock-bus line 5 by setting the CBSSEL bit in
clock bus control register (CBCNT) to 1. The output of the clock is temporarily stopped by
altering the setting in bit CTCNTBS.

TCNTBS can be read from and written to in longword units.

TCNTBS is initialized to H'0000 1000 by a power-on reset or a transition to the hardware standby
mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| CNTB5 |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RRW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

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

L_owmes [-[-T-J-[-J-[-T-]-7-]-]-]
Initial value: 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW R R R R R R R R R R R R
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Initial
Bit Bit Name Value R/W  Description
31to 12 CNTB5 H'00001 R/W  Multiplied-and-Corrected Clock Generation Count B5

These bit store 20-bit multiplied-and-corrected clock count
value.

11to0 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.

13.13.22 Correcting Counter Clearing Register B (TCCLRB)
TCCLRB is a 32-bit readable/writable register.

TCCLRB is constantly compared with TCNTBS5. When they match, TCNTBS is stopped and a
counter clearing trigger is output to timer D. TCNT1Dn and TCNT2Dn in timer D are separately
cleared by setting the corresponding counter clearing enable bit in timer control register Dn
(TCRDn).

TCCLRB can be read from and written to in longword units.

TCCLRB is initialized to H'00000000 by a power-on reset or a transition to the hardware standby
mode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| CCLRB |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

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

| _ocowe | -J-J-|-J-J-1-J7-J-1-7-J-]
Intialvaue: ©¢ 0 o0 o0 O O o0 O 0 O 0O O 0 0 0 0
RW: RW RW RW RW R R R R R R R R R R R R

Initial
Bit Bit Name Value R/W  Description

31to 12 CCLRB AllO R/W  Correcting Counter Clear B
These bits store 20-bit correcting counter clear value.
11to0 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.
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13.14 Operations of Timer B

13.14.1 Edge Interval Measuring Function and Edge Input Stopping Function

For timer B, input-capture and compare-match operations are unconditionally performed with
input capture register BO (ICRB0) and output compare register BO (OCRBO), respectively. These
registers are connected to free-running counter BO (TCNTBO).

Operation of timer B is started by setting the TBE bit in the ATU-III master enable register
(ATUENR).

ICRBO captures the TCNTBO value when an event (the AGCK signal) is input via timer A. After
that, TCNTBO is set to H'00000001. If the interrupt is enabled by the setting in timer interrupt
enable register B (TIERB), an interrupt request is also generated for the CPU. This enables
measurement of the interval between external event edges.

The value captured by ICRBO is transferred to the frequency-multiplied clock signal generator,
where it is used to be set in reloadable counter B2 (TCNTB2) and reload register B (RLDB).

A compare-match interrupt when the TCNTBO value reaches the OCRBO value can also be
requested. This interrupt indicates that active edge input has stopped for at least time equivalent to
the setting in OCRBO.

Figure 13.13 shows input-capture and compare-match operation of TCNTBO.

Po

TCNTBO
clock

.
l
| L I R S N R R R
T ™\ /T oV T
5676 :00000001 00{ (5554 :X 155555555 :X 155555556 :x '
|
|—"|.
!
\

TCNTBO E 00000001 EX 00000002 :

peok bbb

e

ICRBO ¢+ 1 00000000 .\\ | .X 12345677 \\ RN

TSHB. A I Cleared by software | :
IMFBO ' ' ' ' ' ' ' ' ' ' ' ' ' f ' H ' ' ' ' '

OCRBO R T T . 55555555

TSRB.
CMFBO

N T T

|

Figure 13.13 Input-Capture and Compare-Match Operation of TCNTBO
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Event counter B1 (TCNTBI1) counts the input of signals indicating external events (AGCK).
When a predetermined value is set in output compare register Bl (OCRB1) and TCNTBI1 reaches
that value, a compare-match occurs. At this time, input capture register B2 (ICRB2) captures the
value in input capture register B1 (ICRB1). An interrupt request for the CPU will also be
generated if bit CMEB1 in TIERB is set to 1. The interrupt indicates that the input of edges of the
external-event signal has stopped for at least time equivalent to the setting in OCRBI.

The external event signal (AGCK) drives the capturing of TCNTBO values in ICRB1. Moreover,
latching of ICRB1 in ICRB2 on matches between TCNTB1 and OCRBI can also be selected. This
enables the measurement of multiple edge-to-edge intervals.

Figure 13.14 shows compare-match operation of TCNTB1 and capture operation of ICRB1 and
ICRB2.

TCNTB°J'I H I'I5I'I H H H H I'I5I'I5I'I I'L
clock
TCNTBO x 000OOOOSXO0000004X00000001X00000002X00000003X00000004X00000001X00000002X00000003X00000004X00000001X
oo LT
T T e L
ICRB1 | 00000004 X 100000008 & . Xfxf‘ :oooooooo: : X 00000004
TCNTBH1 R o T A A R A -Cleared oncompare match' I
clock Vo rl o 0 0 |_| , of TCNTB1 with OCRB1 |_|! ,
LI S ) (R G
S
TSRB. T S S PP
CMFB1 ' ' ' ' ' ' ' ' ' ' ' ' ' .l ' ' ' ' Clrearerd bysoﬂware
IcRB2 | i 1 i i oo R SN

Figure 13.14 Compare-Match Operation of TCNTB1 and
Capture Operation of ICRB1 and ICRB2
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13.14.2  Frequency-Multiplied Clock Generator

The frequency-multiplied clock generator generates a clock signal (AGCK1) for use within timer
B. The cycle of this clock signal is obtained by dividing the intervals between selected transitions
of the external-event input (AGCK) by the value in the pulse interval multiplier register (PIMR).

On the selected transition of the external-event input signal, the lower 24 bits of the value captured
in ICRBO of the edge-interval measuring block are transferred to reloadable counter B2
(TCNTB2). At the same time, the value transferred to TCNTB2 minus the value in PIMR (PIM) is
transferred to reload register B (RLDB).

When the LDSEL bit in timer I/O control register B (TIORB) is set to 1, the value in load register
(LDB) instead of that in ICRBO can be transferred to TCNTB2 and RLDB.

Reloadable counter B2 (TCNTB2) is driven by the clock selected by the CKSELB bits in timer
control register B (TCRB). Each decrementation is by the value set in PIMR. When the value in
the down counter is less than or equal to that of the PIM bits, RLDB is automatically read out into
TCNTB2, which again starts to count down with the same step size (the value in PIMR). A single
pulse of the multiplied clock signal (AGCK1) is output in synchronization with the reloading of
TCNTB2. The pulse width is equal to the cycle of the P¢ clock.

Frequency-multiplied clock counter B6 (TCNTB6) is driven by the frequency-multiplied clock
signal (AGCK1). Compare match operation can be performed when the values in TCNTB6 and
output compare register B6 (OCRB6) match.

Incrementaion of TCNTB6 on the assertion of AGCKI1 is unconditional. The values in TCNTB6
and output compare register B6 (OCRB6) are tested for matches, and an interrupt request will be
generated for the CPU when the values match, if this interrupt has been enabled in timer interrupt
enable register B (TIERB). The IREG bits in TIERB can be set so that the interrupt is generated
on the match, on the first AGCK pulse after the match, or on the second AGCK pulse after the
match.

Since AGCK1 is generated with reference to the previous edge-to-edge interval, if two
consecutive edge intervals differ significantly, the clock will not be generated correctly. To correct
this error, AGCKI is corrected by the frequency-multiplied clock signal corrector which produces
the multiplied-and-corrected clock (AGCKM; described in section 13.14.3, Frequency-Multiplied
Clock Signal Corrector).

Figures 13.15 and 13.16 show counting operations with reloading and the frequency-multiplied
clock and figures 13.17 and 13.18 show the generation of interrupt requests on matches between
TCNTB6 and CMFB6, enabled or disabled by the setting in IREG.
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13.14.3 Frequency-Multiplied Clock Signal Corrector

The frequency-multiplied clock signal which is generated by dividing the intervals between
external event inputs by the multiplication ratio set in the PIM bits in PIMR can be corrected by
using correcting event counter B3 (TCNTB3), multiplied-and-corrected clock counter B4
(TCNTB4), multiplied-and-corrected clock generating counter BS (TCNTBS5), and correcting
counter clearing register B (TCCLRB).

TCNTB3 is a 20-bit up-counter that is driven by the external event input (AGCK). On the selected
transition of the AGCK signal, the value in TCNTB3 is transferred to TCNTB4, after which
TCNTB3 is incremented by the value in the PIM bits.

TCNTB4 is a 20-bit up-counter that is driven by the multiplied clock signal (AGCK1). TCNTB3
is loaded to TCNTB4 with the AGCK input as a trigger, and incrementation of TCNTB4 is driven
by the AGCK1 input.

The counter correcting select bit (CCS) in TIORB controls counting by TCNTB4; that is, it selects
whether or not counting stops when TCNTB3 = TCNTB4.

TCNTBS is a 20-bit up-counter that is driven by the P¢ clock, meaning that it operates at a high
speed. TCNTBS is constantly compared with TCNTB4 and is incremented as long as its value is
lower than that in TCNTB4. Each time TCNTBS is actually incremented, it produces a single
pulse whose width is equal to one cycle of the P¢ clock. pulse of the peripheral clock signal,
namely the multiplied-and -corrected clock signal (AGCKM), for which output on clock-bus line
5 can be selected by bit CBSSEL in the clock bus control register (CBCNT). The AGCKM signal
is then available on clock-bus line 5 as a source to drive counting by other timers.

As state above, TCNTBS is not incremented when its value is greater that in TCNTB4 (for
example, after TCNTB3 has been loaded to TCNTB4), TCNTBS can also be disabled by the count
control BS (CTCNTB)) bit in timer I/O control register B (TIORB). This halts the output of the
AGCKM signal.

As long as its value is lower that that in TCNTB4, TCNTBS is incremented until it reaches the
value in correcting counter clearing register B (TCCLRB). Incrementation of TCNTBS5 then stops,
regardless of the relation between its value and that of TCNTB4. In addition, counters of timer D
(TCNT1Dn and TCNT2Dn) can be separately cleared by this match as a trigger when the
corresponding counter clearing enable bit (C1CEDn/C2CEDn) in timer control register Dn
(TCRDn) is set to 1.
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TCNTB4 is unconditionally cleared to H'00000000 when a pulse of the external-event signal
(AGCK) is input while TCNTB3 = H'00000000. TCNTBS is unconditionally set to H'00001000
when a pulse of the external-event signal (AGCK) is input while TCNTB3 = H'00000000.
However, when TCNTBS5 has not reached TCCLRB, TCNTBS is incremented until it reaches
TCCLRB. After that, it is set to H'00001000.

Figure 13.19 shows operations of TCNTB3 and TCNTB4, figure 13.20 shows operation when
TCNTBS is being started up, figure 13.21 shows TCNTBS5 operation with correction at the end of
a cycle, and figure 13.22 shows TCNTBS operation with no correction at the end of a cycle.
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clock
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Figure 13.19 Operation of TCNTB3 and TCNTB4
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13.15 Overview of Timer C

Timer C consists of five subblocks and has the following functions.

e Input capture and output compare matches

e Choice of rising edge, falling edge, or both edge sensing as the edge of input capture trigger
signal

e Qutput of a waveform on compare match

e Choice of a logical one, a logical zero, or a toggled output by setting a register

e OQutput of an interrupt request on input capture or compare match

e GRCO00, GRC10, GRC20, GRC30, and GRC40, which are used for interrupt requests for the
DMAC, can be cleared by the ACK signal.

e Qutput of an interrupt request on timer counter overflow
e (learing counter GRCn0 on compare match (not supported by GRCn1 to GRCn3)
e Qutput of forced compare match by setting the forced compare match bit

e Each input capture trigger input has noise canceling function.

13.15.1 Block Diagram of Timer C

Timer C consists of five subblocks. Each subblock consists of timer counter C (TCNTC), four
general registers (GRCm), and controller. The general registers can be used for input
capture/compare match operations and input capture trigger input and output compare output
signals (TIOCnm) are available.

The initial output value on the TIOCnm pin is 0 for output compare operation. During operation,
the previous state is reflected.

Figure 13.23 is a block diagram of timer C.
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Only GRCnO in each subblock can issue interrupt requests for the DMAC.
[Legend]
TCNTC: Timer counter C
GRC:  General register C

Figure 13.23 Block Diagram of Timer C
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13.16 Description of Timer C Registers

13.16.1 Timer Start Register C (TSTRC)

TSTRC is an 8-bit readable/writable register that enables and disables timer counter Cn
(TCNTCn) in subblocks CO to C4. When the both the STRC bits in this register and the TCE bit in
ATU-III master enable register (ATUENR) are set to 1, counting is enabled.

TSTRC can be read from and written to in byte or word units.
TSTRC is initialized to H'00 by a power-on reset or a transition to the hardware standby mode.

Bit: 7 6 5 4 3 2 1
| - | - | - |STRC4|STRCS|STRC2|STRC1|STRCO|

Initial value: 0 0 0 0 0 0 0 0
R/W: R R R RW RW RW RW RW

Initial
Bit Bit Name Value R/W  Description
7to5 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.
4 STRC4 0 R/W  Counter C4 Start
3 STRC3 0 R/W  These bits enable and disable timer counter Cn (TCNTCn)
5 STRC2 0 RIW in a subblock.
When bit STRCn is cleared to 0, TCNTCn is stopped.
! STRCH 0 R/W While TCNTCn is stopped, the previous counter value is
0 STRCO 0 R/W  retained and TCNTChn is resumed from the value when

this bit is set to 1 again.

Note that counting is enabled when both this bit and the
TCE bit in ATUENR must be set to 1.

0: TCNTCn is disabled
1: TCNTCn is enabled

Note: The prescalers run regardless of this bit and are not
synchronized with the timing at which this bit is set.
Therefore, the time from when this bit is set to 1 until
TCNTCn is incremented for the first time is less than
the cycle time of the clock of TCNTCn.

Note: n=0to4
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13.16.2 Noise Canceler Control Register CO to C4 (NCCRCO to NCCRC4)

NCCRCO to NCCRCH4 is an 8-bit readable/writable register. The noise cancellation is performed
on the input capture trigger signal input from pin TIOCnm in subblock CO to C4 by setting this
register. Two modes are available in noise cancellation and can be switched by bit NCMChn.

NCCRCO to NCCRCH4 can be read from and written to in byte or word units.

NCCRCO to NCCRCH4 are initialized to H'0O by a power-on reset or a transition to the hardware
standby mode.

Bit: 7 6 5 4 3 2 1 0

| i | i | | NCEC [ NCEC [NCEC NCEC|
n3 n2 ni n0
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R RW RW RW RW
Initial
Bit Bit Name Value R/W  Description
7t04 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W  Description
3 NCECn3 0 R/W Noise Canceler Enable Cn3 to Cn0
2 NCECn2 0 R/W  These bits enable and disable the noise cancelers for pins
1 NCECn1 0 R/W TIOCnm in subblock CO to C4.
0 NCECnO 0 RW 0: Noise cancelers for inputs on TIOCnm are disabled

1: Noise cancelers for inputs on TIOCnm are enabled

When a level change on externally input signals TIOCnm is
detected while this bit is set to 1, it is processed in premature-
transition cancellation or minimum time-at-level cancellation
mode depending on the setting in the noise cancellation mode
register (NCMR) of the common controller.

In premature-transition cancellation mode

When a level change of the externally input signal is detected,
the change is output as the signal whose noise is removed
and the corresponding noise canceler counter (NCNTCnm) is
started for counting up. Subsequent level changes are
masked until the value in the counter reaches the value in the
noise canceler register (NCRCnm). The level of the externally
input signal is output on this compare match.

When these bits are cleared to 0 while the counter
(NCNTCnm) is being incremented, counting continues until
the values in the counter and the noise canceler register
match. The subsequent level changes are also masked over
this period.

In minimum time-at-level cancellation mode

When a level change of the externally input signal is detected,
the corresponding noise canceler counter (NCNTCnm) is
started for counting up. If subsequent level changes are not
detected until the value in the counter reaches the value in the
noise canceler register (NCRCnm), the previously accepted
level change is output as the signal whose noise is removed
on compare match of the counter and noise canceler register.
When the subsequent level change is detected before the
values in the counter and noise canceler register match, all
the changes are treated as noise. Therefore the signal whose
noise is removed is not changed.

When these bits are cleared to 0 while the counter
(NCNTCnm) is being incremented, counting continues until
the values in the counter and the noise canceler register
match or a level change on the externally input signal is
detected.

For details on operations in each mode, see figures 13.1 and
13.2.

Note: n=0t04, m=0to 3
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13.16.3 Timer Control Registers CO to C4 (TCRCO0 to TCRC4)

TCRCO to TCRC4 are 8-bit readable/writable registers that select the counter clock for subblocks
C0 to C4 and enable and disable the PWM mode and the forced compare matches.

TCRCO to TCRC4 can be read from and written to in byte or word units.

TCRCO to TCRCH4 are initialized to H'00 by a power-on reset or a transition to the hardware
standby mode.

Bit: 7 6 5 4 3 2 1 0
FCMC|FCMC|FCMC|FCMC| PWM .
| n3 | n2 | n1 | n0 | no | CKSELCn[2:0]

Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

Note: n =0 to 4 (correspond to subblocks CO to C4)
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Initial
Bit Bit Name Value R/W  Description
7 FCMCn3 0 R/W  Forced Compare Match Cnm
6 FCMCn2 0 R/W  Setting these bits to 1 generates forced compare match
5 FCMCni_ 0 RIW when a general register (GRCnm) is used for compare
match.
4 FCMCn0O O R/W

0: No forced compare match occurs on general register
GRCnm

1: Forced compare match generated on general register
GRCnm

A compare match flag (IMFCnm) in timer status register
Cn (TSRCn) is set to 1 in the cycle following the cycle in
which the FCMCnm bit is set to 1. An output level on the
TIOCnm signal is also changed in a similar way of normal
compare match.

While this bit is set to 1, the state of a compare match
occurrence is retained regardless of GRCnm and
TCNTCn. TCNTCn continues counting up on its counting
clock.

When the compare match flag bit (IMFCnm) in timer status
register Cn (TSRCn) is cleared to 0, this bit is
automatically cleared to 0. Any of compare match on a
general register and a counter is ignored until this bit is
cleared.

After this bit is cleared to 0, compare match of TCNTCn
and GRCnm can be performed.

When both bits PWMn0 and FCMCnO are set to 1 and
forced compare match occurs. At this time, a counter is
cleared and a signal is output on pin TIOCnm according to
the value in the IOCnO0 bits. TCNTCn restarts counting up
from H'000000. After that, while bit FCMCnO is set to 1,
another compare match is not generated. (Only a counter
of channel 0 in each subblock can be cleared on compare
match.)
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Initial
Bit Bit Name Value R/W  Description
3 PWMnO 0 RW  PWM Mode

Setting this bit to 1 makes subblock Cn operate in PWM
mode. In PWM mode, TCNTCn is cleared on compare
match between TCNTCn and general register GRCnO. The
setting of this bit is valid when GRCnO functions as a
compare match register.

When general register GRCnm (m = 1 to 3) functions as a
compare match register, a signal is output on pin TIOCnm
according to the setting in the IOCnm bits in TIORCn.

A signal level of a logical one can be output on cycle
compare match with GRCnO, and a signal level of a logical
zero can be output on duty cycle compare match with
GRCn1 to GRCn3.

To make the subblock operate in PWM mode, further
setting is needed. Select the compare match by the
IOCnm bits in timer 1/O control register C (TIORCn) for
GRCn1 to GRCn3 which operate in PWM mode and
GRCnO. Note that a logical zero output on compare match
must be selected for GRCn 1 to GRCn3.

0: Subblock Cn does not operate in PWM mode
1: Subblock Cn operates in PWM mode

When TCNTCn matches GRCnO while this bit is set to 1,
TCNTCn is cleared. However, when clearing the counter
on compare match and incrementation occur
simultaneously, TCNTCn is set to H'000001. This occurs
when TCNTChn is driven by the clock whose frequency is
equal to the P¢ clock.

In PWM mode, do not set GRCnO to GRCn3 to H'000000.
If GRCnO is set to H'000000, compare match occurs at
illegal cycles.
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Initial
Bit Bit Name Value R/W  Description
2t00 CKSELCn 000 R/W  TCNTCn Clock Select

(2:0] These bits select the counter clock of subblock Cn.

Counters in subblock Cn (TCNTCn) are driven by the clock
selected in these bits.

000: Counters are driven by clock-bus line 0
001: Counters are driven by clock-bus line 1
010: Counters are driven by clock-bus line 2
011: Counters are driven by clock-bus line 3
100: Counters are driven by clock-bus line 4
101: Counters are driven by clock-bus line 5
11x: Reserved

x denotes don't care.

Note: n =0 to 4 (n denotes subblock number), m = 0 to 3 (m denotes general register number)

13.16.4 Timer Status Registers CO to C4 (TSRCO to TSRC4)

TSRCO to TSRC4 are 8-bit readable/writable registers indicate occurrence of overflow of timer
counter Cn (TCNTCn) in subbblocks CO to C4 and input capture and compare match of GRCO0O to
GRC43.

The flags are in this register are used as interrupts. When the corresponding bit in timer interrupt
enable register C (TIERC) is set to 1, an interrupt request is issued.

TSRCO to TSRC4 can be read from and written to in byte or word units.

TSRCO to TSRC4 are initialized to H'00 by a power-on reset or a transition to the hardware
standby mode.

Bit: 7 6 5 4 3 2 1 0
| - | - | - |OVFCnIMFCn3IMFCn2IMFCn1IMFCn(i

Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R/(W)*R/(W)*R/(W)*R/(W)*R/(W)*

Note: n =0 to 4 (correspond to subblocks CO to C4)
* Only 0 can be written to this bit after it is read as 1 to clear it.
Writing 1 is ignored.
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Bit Initial
Bit Name  Value R/W Description
7t05 — All0 R Reserved
These bits are always read as 0. The write value should
always be 0.
4 OVFCn 0 R/W Overflow Flag Cn

Indicates whether or not TCNTCn has overflowed. This
flag cannot be set to 1 by software.

0: TCNTCn has not overflowed

[Clearing condition]

e When writing 0 to this bit after reading it as 1

1: TCNTCn has overflowed

[Setting condition]

e When TCNTCn overflows (from H'FFFFFF to
H'000000)

When TCNTCn is incremented while it is H'FFFFFF, it

overflows. When writing H'000000 to TCNTCn or TCNTCn

is started from H'000000, this bit is not set to 1.

When writing to TCNTCn at the same time as

incrementation while it is H'FFFFFF, this bit is set to 1.

However, TCNTCn is started from the written value.
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Bit Initial

Bit Name  Value R/W Description

3t00 IMFCn3 Al O R/W Input Capture/Compare Match Flag Cnm

to
IMFCnO

These bits indicate whether or not input capture and
compare match between general register GRCnm and
TCNTCn has occurred. This flag cannot be set to 1 by
software. Setting and clearing conditions are shown
below.

0: Neither input capture nor compare match has occurred

[Clearing conditions: input capture/output compare]

e When writing 0 to this bit after reading it as 1

¢ When bits in subblocks C00, C10, C20, C30, and C40
are cleared by the ACK signal output from the DMAC

[Clearing condition: input capture]

e When this bit is automatically cleared on read access
to general register GRCnm by the A-DMAC

1: Input capture or compare match has occurred

[Setting condition: input capture]

e When GRCnm functions as an input capture register
and the value in TCNTCn is transferred to GRCnm on
an assertion of the input capture signal

[Setting conditions: output compare]

e When GRCnm functions as an compare match

register and the values in TCNTCnm and GRCnm
match

¢ When the forced compare match bit (FCMCnm) in
TCRCnis setto 1

Even if these bits are set to 1 meaning that the flag has
not been cleared, another input capture or output compare
signal can be input. A value of 1 is written to these bits.

Even if the compare match flag is cleared to 0 while
TCNTCn = GRCnm after the compare match is detected,
these bits are not set to 1.

Bits in subblocks C00, C10, C20, C30, and C40 can be
used as the interrupt request to the D-MAC. These bits
can be automatically cleared to 0 by the ACK signal.

Notes: n =0 to 4 (n denotes subblock number), m = 0 to 3 (m denotes channel number)
Only 0 can be written to this bit after it is read as 1 to clear the flag. Writing 1 to this bit

%

is ignored.
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13.16.5 Timer Interrupt Enable Registers C0 to C4 (TIERCO to TIERC4)

TIERCO to TIERC4 are 8-bit readable/writable registers that enable and disable interrupt requests
for timer C as the input capture, output compare, and overflow-interrupt.

TIERCO to TIERC4 can be read from and written to in byte or word units.

TIERCO to TIERCH4 are initialized to H'0O by a power-on reset or a transition to the hardware
standby mode.

Bit: 7 6 5 4 3 2 1 0
| - | - | - |OVECn IMECn4

Initial value: 0 0 0 0 0 0 0 0
R/W: R R R RW RW RW RW RW

IMECn3

IMECn2

IMECn1

Note: n =0 to 4 (correspond to subblocks CO to C4)

Bit Initial

Bit Name Value R/W Description

7to5 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.

4 OVECn 0 R/W Overflow Interrupt Enable Cn
Enables and disables an interrupt request when the
overflow flag (OVFCn) in timer status register Cn (TSRCn)
is setto 1.
0: Disables an OVFCn interrupt request
1: Enables an OVFCn interrupt request

3 IMECn3 0 R/W Input Capture/Compare Match Interrupt Enable nm

2 IMECn2 0 R/W These bits enable and disable an interrupt request when
the input capture/compare match flag in timer status

! IMECn1 0 R/W register Cn (TSRCn).

0 IMECnO 0O R/W

0: Disables an IMFCnm interrupt request
1: Enables an IMFCnm interrupt request

Note: n =0 to 4 (n denotes subblock number), m = 0 to 3 (m denotes channel number)
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13.16.6 Timer 1/O Control Registers CO to C4 (TIORCO to TIORC4)
TIORCO to TIORC4 are 16-bit readable/writable registers.

Compare match and input capture functions are switched by the setting in the [OCnm|[2] bit.
Before changing the IOCnm|[2] bit, clear the IOCnm[1:0] bits to B'00. After that, the output signal
level for compare match or the input capture edge for input capture can be set.

When the compare match function is selected, the initial level of the compare match signal is a
logical zero. During operation, the previous level is retained. When two functions are switched,
the counter must be stopped. Otherwise, operation cannot be guaranteed.

TIORCO to TIORC4 can be read from and written to in byte- or word-units.

TIORCO to TIORCH4 are initialized to H'0000 by a power-on reset or a transition to the hardware
standby mode.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | 10Cn3[2:0] | - | 10Cn2[2:0] | - | 10Cn1[2:0] | - | 10Cn0[2:0]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R RW RW RW R RW RW RW R RW RW RW R RW RW RW

Note: n =0 to 4 (correspond to subblocks CO to C4)

Initial
Bit Bit Name Value R/W  Description
15 — 0 R Reserved
This bit is always read as 0. The write value should always
be 0.
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Initial
Bit Bit Name Value

R/W

Description

14 to 12 10Cn3[2:0] 000

R/W

I/0 Control

These bits select the function of general register GRCn3.
When GRCn3 functions as the output compare register
000: Compare match function disabled

001: Logical zero is output on compare match

010: Logical one is output on compare match

011: Output levels are toggled every compare match
When GRCn3 functions as the input capture register
100: Input capture function disabled

101: Input capture on the rising edge of TIOCnm

110: Input capture on the falling edge of TIOCnm

111: Input capture on both edges of TIOCnm

Reserved

This bit is always read as 0. The write value should always
be 0.

10to 8 10Cn2[2:0] 000

R/W

I/0 Control

These bits select the function of general register GRCn2.
When GRCn2 functions as the output compare register
000: Compare match function disabled

001: Logical zero is output on compare match

010: Logical one is output on compare match

011: Output levels are toggled every compare match
When GRCn2 functions as the input capture register
100: Input capture function disabled

101: Input capture on the rising edge of TIOCnm

110: Input capture on the falling edge of TIOCnm

111: Input capture on both edges of TIOCnm

Reserved

This bit is always read as 0. The write value should always
be 0.
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Bit

Initial
Bit Name Value

R/W

Description

6to4

I0Cn1[2:0] 000

R/W

I/0 Control

These bits select the function of general register GRCn1.
When GRCn1 functions as the output compare register
000: Compare match function disabled

001: Logical zero is output on compare match

010: Logical one is output on compare match

011: Output levels are toggled every compare match
When GRCn1 functions as the input capture register
100: Input capture function disabled

101: Input capture on the rising edge of TIOCnm

110: Input capture on the falling edge of TIOCnm

111: Input capture on both edges of TIOCnm

Reserved

This bit is always read as 0. The write value should always
be 0.

2to0

IOCn0[2:0] 000

R/W

I/0 Control

These bits select the function of general register GRCnO.
When GRCnO functions as the output compare register
000: Compare match function disabled

001: Logical zero is output on compare match

010: Logical one is output on compare match

011: Output levels are toggled every compare match
When GRCnO functions as the input capture register
100: Input capture function disabled

101: Input capture on the rising edge of TIOCnm

110: Input capture on the falling edge of TIOCnm

111: Input capture on both edges of TIOCnm

Note: n =0 to 4 (n denotes subblock number), m = 0 to 3 (m denotes channel number)
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