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Notice

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

2. 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.

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

4. 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.

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

6. 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.

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

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

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

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

8. 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.

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

10.  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.

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.
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General Precautions in the Handling of MPU/MCU Products

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

1. Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in

the manual.

The input pins of CMOS products are generally in the high-impedance state. In operation
with an unused pin in the open-circuit state, extra electromagnetic noise is induced in
the vicinity of LSI, an associated shoot-through current flows internally, and malfunctions
may occur due to the false recognition of the pin state as an input signal. Unused pins
should be handled as described under Handling of Unused Pins in the manual.

2. Processing at Power-on

The state of the product is undefined at the moment when power is supplied.

The states of internal circuits in the LSI are indeterminate and the states of register settings
and pins are undefined at the moment when power is supplied.

In a finished product where the reset signal is applied to the external reset pin, the
states of pins are not guaranteed from the moment when power is supplied until the
reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on
reset function are not guaranteed from the moment when power is supplied until the
power reaches the level at which resetting has been specified.

3. Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

The reserved addresses are provided for the possible future expansion of functions. Do not
access these addresses; the correct operation of LSI is not guaranteed if they are
accessed.

4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has

become stable. When switching the clock signal during program execution, wait until the

target clock signal has stabilized.

When the clock signal is generated with an external resonator (or from an external
oscillator) during a reset, ensure that the reset line is only released after full stabilization
of the clock signal. Moreover, when switching to a clock signal produced with an
external resonator (or by an external oscillator) while program execution is in progress,
wait until the target clock signal is stable.

5. Differences between Products

Before changing from one product to another, i.e. to one with a different type number,

confirm that the change will not lead to problems.

The characteristics of MPU/MCU in the same group but having different type numbers may
differ because of the differences in internal memory capacity and layout pattern. When
changing to products of different type numbers, implement a system-evaluation test for
each of the products.
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Preface

ThisLSl isaRISC (Reduced Instruction Set Computer) microcomputer which includes a Renesas
Electronics-origina RISC CPU (SH-4A) and various peripheral functions required to configure a
system.

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

Objective:  This manual was written to explain the hardware functions and electrical
characteristics of thisL Sl to the above users.

Notes on reading this manual:

e Inorder to understand the overall functions of the chip
Read the manual according to the contents. This manual consists of parts on the CPU, system
control functions, and peripheral functions.

e Inorder to understand individual instructionsin detail

Read the separate manuals SH-4A Extended Functions Software Manual and SH-4A Software
Manual.

Rules: Bit order: The MSB ison the left and the LSB is on the right.
Number notation:  Binary is B'xxxx, hexadecimal is H'xxxx, decimal is Xxxx.
Signal notation: An overbar is added to active-low signals: xxxx
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Abbreviations

ALU

ASID

BGA

CPG

CPU

DBSC3

DDR

DMA

DMAC

FIFO

FPU

HAC

H-UDI

INTC

JTAG

LBSC

LRAM

LRU

LSB

MMU

MSB

PC

Arithmetic Logic Unit
Address Space Identifier
Ball Grid Array

Clock Pulse Generator
Central Processing Unit
DDR3-SDRAM Interface
Double Data Rate

Direct Memory Access
Direct Memory Access Controller
First-In First-Out
Floating-point Unit

Audio Codec

User Debugging Interface
Interrupt Controller

Joint Test Action Group
Local Bus State Controller
L Memory

Least Recently Used

Least Significant Bit
Memory Management Unit
Most Significant Bit

Program Counter
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PCI Peripheral Component I nterconnect

PCIEC PCI Express Controller

PFC Pin Function Controller

RISC Reduced Instruction Set Computer

SCIF Serial Communication Interface with FIFO
SSl Serial Sound Interface

TAP Test Access Port

TLB Trandation Lookaside Buffer

TMU Timer Unit

UART Universal Asynchronous Receiver/Transmitter
UBC User Break Controller

WDT Watchdog Timer
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All trademarks and registered trademarks are the property of their respective owners.
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SH7786 Group Section 1 Overview

Section1 Overview

The SH7786 is an integrated system-on-a-chip microprocessor of SuperH™ RISC engine family
SH7780 seriesthat is designed as a high performance and embedded processor aimed at the
multimedia, information, networking, infotainment and CIS (car information system) market.

The SH7786 features a PCI Express interface, USB 2.0 interface, and Ethernet MAC, DDR3
interface that can be coupled to the DDR3-SDRAM. And aso featuresa DMA controller, timers,
serial communications functions with an audio interface, and a display unit (DU) that supports
digital RGB display. These independent external bus interfaces enable large-size data transfer and
streaming data processing.

The SH7786 has adual SH-4A processor core which isa 32-bit RISC (reduced instruction set
computer) multiprocessor including an FPU as well as a CPU, providing upward compatibility
(instruction set level) with the SH-1, SH-2, SH-3, and SH-4 microcomputers. The CPU and FPU
run at 533 MHz (1.9 GIPS, 7.4 GFLOPS). The processor also includes an instruction cache, an
operand cache for which copy-back or write-through mode is selectable, afour-entry fully
associative instruction TLB (trandation look-aside buffer), and an MMU (memory management
unit) with a64-entry fully associative unified TLB

Note: The CPU-related functions of the SH7786 are significantly extended from those of the
SH7785. Those extensions are summarized in "Appendix A".
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Section1 Overview

SH7786 Group

1.1 SH7786 Features

Tablel.1 SH7786 Features

Iltem

Features

LSI

Operating frequency: 533MHz (1.92GIPS,7.46GFLOPS)

Voltage: 1.25 V (internal), 1.5 V (DDR3-SDRAM/PCI Express), 3.3V (/0
/PCI Express)

Pakages: 593-pin BGA (size: 25 x 25mm, pitch: 0.8mm)

Local bus interface (external bus)

Separate 26-bit address and 32-bit data buses

External bus frequency: 88.9 MHz

DDR3-SDRAM bus interface (external bus)

Separate 16-bit address and 32-bit data buses

External bus frequency: 533 MHz (maximum data transmission rate 1066
Mbps)

PCI Express bus interface (external bus)

4/2/1 lanes + 1 lane

Root point/end point selectable

CPU (each CPU)

Renesas Electronics original architecture

32-bit internal data bus

General-register file:

Sixteen 32-bit general registers (eight 32-bit shadow registers)

Seven 32-hit control registers

Four 32-bit system registers

RISC-type instruction set (providing upward compatibility with code for
the SH-1, SH-2, SH-3 and SH-4 processors)

Instruction length: 16-bit fix length for improved code efficiency
Load/store architecture

Delayed branch instructions

Conditional instruction execution

Instruction-set design on the C language

Super-scalar architecture covering both the FPU and CPU provides for
the simultaneous execution on any two instructions
Instruction-execution time: Two instructions per cycle (max)

Virtual address space: 4 Gbytes

ASIDs (address-space identifiers): 8 bits, for 256 virtual address spaces
Internal multiplier
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SH7786 Group

Section1 Overview

Iltem Features

FPU (each CPU)

On-chop floating-point coprocessor

Supports single (32-bit) and double (64-bit) precisions

Supports IEEE754 compliant data types and exceptions

Two rounding modes. Round to nearest and Round to Zero.
Handling of denormalized numbers: Truncation to zero or interrupt
generation for IEEE754 compliance

Floating-point registers: 32-bit x 16 registers x 2 banks
(single-precision x 16 registers or double-precision x 8 registers) x 2
32-bit CPU-FPU floating-point communications register (FPUL)
FMAC (multiply and accumulate) instruction

FDIV (divide) and FSQRT (square root) instructions

FLDIO/FLDI1 (load constants 0 and 1) instructions

Instruction execution times:
Latency (FADD/FSUB): 3 cycles (single-precision),
5 cycles (double-precision)
Latency (FMAC/FMUL): 5 cycles (single-precision),
7 cycles (double-precision)
Pitch (FADD/FSUB): 1 cycle (single-precision/double-precision)
Pitch (FMAC/FMUL): 1 cycle (single-precision),
3 cycles (double-precision)

Note: FMAC only supports single-precision operands

3-D graphics instructions (single-precision only)
4-dimensional vector conversion and matrix operations (FTRV):
4 cycles (pitch), 8 cycles (latency)

4-dimensional vector (FIPR) inner product:
1 cycle (pitch), 5 cycles (latency)

Memory .
management unit
(MMU) (each CPU)

4-Gbyte address space, 256 address space identifiers (8-bit ASID)
Single virtual memory mode and multiple virtual memory mode

Multiple page sizes: 1, 4, 8, 64, or 256 Kbytes, or 1, 4, or 64 Mbytes
4-entry fully associative TLB for instructions

64-entry fully associative TLB for instructions ond operands

Selection of software-driven or random-counter replacement algorithms
The TLB is address-mapped, making its contents directly accessible
29-bit and 32-bit physical address modes
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Section1 Overview

SH7786 Group

Iltem Features

Cache memory o
(each CPU)

Instruction cache (IC)
32-Kbyte 4-way set associative
256 entries/way, 32-byte block length

Operand cache (OC)
32-Kbyte 4-way set associative
256 entries/way, 32-byte block length

Selectable write method (copy-back or write-through)
Storage queue (32-byte x 2 entries)

1-stage copy-back buffer and 1-stage write-through buffer
Supports Cache coherency

Write method: Copy-back or write-through

LRAM (each CPU)

IL memory

8-Kbyte high-speed memory

Three independent read/write ports
8/16/32/64-bit access from CPU or FPU

8/16/32/64-bit access and 16/32-byte access in response to external
requests

Support for protection of memory from CPU or FPU access
OL memory

16-Kbyte high-speed memory

Three independent read/write ports

8/16/32/64-bit access from CPU or FPU

8/16/32-bit access and 16/32-byte access in response to external
requests

Support for protection of memory from CPU or FPU access

L2 cache / Shared e
memory
(each CPU)

256-Kbyte L2 cache memory

4-way set associative

Write method: Write-through

Compatible with IC only mode, OC only mode and IC/OC common mode

Available for use as a shared memory (L2 256K, shared memory 256K
and L2 128K/shared memory 128K selectable)
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SH7786 Group Section 1 Overview

Iltem Features

Interrupt controller e  Two interrupt distribution methods:
(INTC) Static: Configurable routing to dedicated processor cores
Dynamic: Broadcasted to all cores and ACK'ed exclusively
¢ Nine independent external interrupts: NMI and IRQ7 to IRQO
NMI: Falling/rising edge selectable
IRQ: Falling/rising edge or high level/low level selectable
e 15-level encoded external interrupts: IRL3 to IRLO, or IRL7 to IRL4
e On-chip module interrupts: A priority level can be set for each module
The following modules can issue on-chip module interrupts:

TMU, DU, SCIF, WDT, H-UDI, DMACO, DMAC1, HPB-DMAC, HAC,
PCIE, USB, HSPI, SDIF, SSI, FLCTL, 12C, GPIO

Local bus state e A dedicated Local bus interface

controller (LBSC) Controls the external memory space divided into five 64-Mbyte (max)
areas
The interface type, bus width, and wait-cycle insertion can be set for each
area

e SRAM interface
Wait-cycle insertion can be set by register values
Wait-cycle insertion by the RDY pin
Connectable as any area (CS0/CS1/CS2/CS3/CS4/CS5/CS6)
Selectable bus width: 32/16/8-bit

e Burst ROM interface
Wait-cycle insertion can be set by register values
Number of units in burst transfers can be set by register values
Connectable as any area(CS0/CS1/CS2/CS3/CS4/CS5/CS6)
Selectable bus width: 32/16/8-bit

¢ MPX interface
Address/data multiplexing
Connectable as any area(CS0/CS1/CS2/CS3/CS4/CS5/CS6)
Selectable bus width: 32-bit

e SRAM interface with byte-control
Connectable as area CS1, CS4
Selectable bus width 32/16-bit

e PCMCIA interface (only for little-endian mode)
Wait-cycle insertion can be set by register values
Bus-sizing function for adaptation to the I/O bus width
Connectable as area CS5, CS6
Selectable bus width: 16/8-bit

e Supports transfer to and from E-IDE/ATAPI devices (ATA3)
Supports PIO mode 4 and multi-word DMA mode 2
Connectable as area CS5, CS6

e Big or little endian selectable

REJ09B0501-0100 Rev. 1.00 Page 5 of 2004
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Section1 Overview SH7786 Group

Iltem Features

DDR3-SDRAM bus e A dedicated DDR3-SDRAM bus interface
controller (DBSC) Multi-bank support: Supports multi-bank (four banks) operation

Number of banks: Supports four or eight banks (however, no more than
four banks can be opened concurrently)

Bus width: 32-bit
Supports preceding precharging and activation
Burst length: Eight
Burst type: Sequential (fixed)
CAS latency: 5, 6, 7, 8, 9, 10 cycles
¢ Auto-refresh mode
An average interval is selectable by a register setting. Preceding refresh
operations are performed when there are no pending requests.
e Self-refresh mode

e Connectable memory capacity: Up to 2 Ghytes
With a 32-bit bus width
16M x 16bit (256Mbit) x 2, 32M x 16bit (512Mbit) x 2,
64M x 16bit (1Gbit) x 2, 128M x 16bit (2Gbit) x 2,
32M x 8bit (256Mbit) x 4, 64M x 8bit (512Mbit) x 4,
128M x 8bit (1Gbit) x 4, 256M x 8bit (2Gbit) x 4
PCI Express e Subsets PCI Express Base Specification, revision 1.1
controller (PCIEC) Lane: 4-lane (x4) + 1-lane (x1), bus frequency: 2.5 GHz

e Operate as PCl Express Root point or End point

e Supports multiple lanes (4/2/1)
¢ Virtual channel (VC): 1-channel
e Supports automatically Retry (re-transmission) function by Ack/Nak

e Maximum payload size: 1-Kbytes(PCIECO0), 512-bytes(PCIEC1 and
PCIEC2)
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SH7786 Group

Section1 Overview

Iltem

Features

USB controller
(USB)

Compatible with the Universal Serial Bus Ver.2.0 Specifications

Ports: 2 ports (one is host/function and the other is host only)

Host: EHCI version 1.0, OHCI version 1.0a

Function: On-chip UDC (USB device controller) compatible with USB 2.0
Signaling bit rate: High-speed (480 Mbps), full-speed (12 Mbps)

Equipped each one module for host/function, and host 2 port works with a
built-in root hub

OTG is not supported

Ethernet MAC
controller (Ether)

IEEE802.3u MAC layer
10M/100Mbps transfer

Flow control (802.3x/back pressure)
IEEE802.3u MIl interface

Magic packet detection

Dedicated DMA controller

Direct memory
access controller 0
(DMACO)

Number of channels: 6-channel

6-channel physical address DMA controller

Four channels support external requests (channels 0 to 3)
Address space: 4 Gbytes (physical address)

Transfer data size: 8, 16, or 32 bits, 16 or 32 bytes
Address mode: Dual address mode

Transfer request: External (channels 0 to 3), on-chip peripheral module or
auto-requests

DACK/DRAK selectable (four external pins)
Bus mode: Cycle-still mode or burst mode
Channel priority fixed priority mode or round robin mode

Supports scatter-gather mechanism

REJ09B0501-0100 Rev. 1.00
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Section1 Overview

SH7786 Group

Iltem Features

Direct memory .
access controller 1
(DMAC1)

Number of channels: 4-channel
4-channel psysical address DMA controller
Adress space: 4 Gbytes

Transfer data size: 32 bits, 8, 16 or 32 bytes (channels 0 and 1)
8, 16, 32 hits or 8,16, 32bytes (channels 2 and 3)

Address mode: Dual address mode

Transfer request: Auto-requests

Supports command chain (only on channels 0 and 1)
Supports cache coherency (only on channels 0 and 1)

Supports scatter-gather mechanism (only on channels 0 and 1)

Clock pulse .
generator (CPG)

CPU clock selection: 533 MHz (max)
Local bus: 88.9MHz (max)
DDR3-SDRAM interface: 533MHz (max)
Peripheral bus: 66MHz (max)

Power down mode

CPU sleep mode (each CPU)

Module standby mode
DDR power supply backup mode

Watchdog timer
(WDT)

Number of channels: 3-channel (local 1-channel, each CPU 1-channel)

Local watchdog timer (only power-on reset)
(operation in watchdog-timer mode or interval-timer mode is selectable)

Each CPU watchdog timer (only manual reset)

Timer Unit (TMU) o

Number of channels: 12-channel
12-channel auto-reloading 32-bit down-counter
Input-capture function (only on channel 2)

Up to six input signals to clock of counter are each selectable from
external or peripheral clock

Page 8 of 2004
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SH7786 Group

Section1 Overview

Item Features
Display unit (DU) e Display plane
4 planes (a maximum number at 854 dots x 480 dots)
3 planes (a maximum number at 800 dots x 600 dots)
e CRT scanning method: Non-interlaced, interlaced, interlaced sync &
video
e Synchronization modes: Master mode (internal synchronization mode),
TV synchronization mode (external synchronization mode),
synchronization-mode switching mode
¢ Incorporates color palettes
Displays 256 colors from among 260 thousand possible colors
Four palettes (one can be set for each layer)
e Blending ratio setting
Number of color-palette planes with blending ratios: 4 planes
o plane: (used in common with the display plane)
¢ Digital RGB output: 6-bit precision for each of R, G, and B
¢ Dot clock: Can be switched between external input and internal clock
(division ratio: 1 to 32)
Serial e Number of channels: 6-channel (max)

communications
interface with FIFO
(SCIF)

On-chip 64-byte (8 bits x 64) FIFO for each of the 6 channels
2 full-duplex channels
Selectable mode: Asynchronous mode or synchronous mode

Any bit rate that can be generated by the on-chip baud-rate generator is
selectable

On-chip modem-control function (RTS and CTS) for channel 0

Internal clock signal from the baud-rate generator or external clock signal
from the SCK pin is selectable

I°C Bus interface
("C)

Number of channels: 2-channel
Subset with Philips 1IC bus interface
Supports master/slave mode
Supports multi-master capability
Supports fast mode

Clock frequency can be selectable

Note: Does not comply with I°C timing specification because I°C buffers
are 3.3 V LVTTL interface

REJ09B0501-0100 Rev. 1.00
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Section1 Overview

SH7786 Group

Iltem

Features

Serial peripheral
interface (HSPI)

e Number of channels: 1-channel
e Supports full duplex transceiver
e Supports master/slave mode

e Any bit rate that can be generated by the on-chip baud-rate generator is
selectable

SD host interface
(SDIF)

¢ Number of channels: 2-channel (max)

e SD memory I/O card interface (1-/4-bits SD bus)

e Error check function: CRC7 (command), CRC16 (data)

¢ Interrupt requests: Card access interrupt, SDIO access interrupt, card
detect interrupt

e DMAC transfer request: SD_BUF write, SD_BUF read

e Card detection and write protection supported

e The SD host interface manual is available, subject to a confidentially
agreement. (Please contact a Renesas Technology sales representative
for details.)

Audio CODEC
interface (HAC)

e Number of channels: 2-channel (max)

¢ Digital interface for audio CODECs

e Supports transfer via slots 1 to 4

o DMAC transfer rates for transmission/reception are selectable from 16- or
20-bit

e Supports various sampling rates by adjusting the allocation of data to
slots

Serial sound
interface (SSI)

¢ Number of channels: 4-channel (max)
e Supports transfer of compressed and non-compressed data
e Selectable frame size

NAND flash
memory controller
(FLCTL)

e Number of channels: 1-channel (max)

e Exclusively for NAND-type flash memory

e Operating modes: Command-access mode, sector-access mode

e Data transfer FIFOs
On-chip 224-byte FIFO for transfer of data to and from flash memory
On-chip 32-byte FIFO for transfer of control codes

Flag bit to indicate overruns and underruns during access from the CPU
or DMA

General purpose
I/0 (GPIO)

e General purpose I/O port pins: 103

e Some GPIO pins are configurable as interrupts
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SH7786 Group Section 1 Overview

Item Features
User break e Supports user-break interrupts as a facility for debugging
controller (UBC) 15 preak channels

(each CPU)
e Addresses, data values, types of access, and widths of data are all

specifiable as break conditions
e Supports a sequential break function

User debug e JTAG interface (TCK, TMS, TRST, TDI, TDO)
interface (H-UDI)

e Supports the E10A emulator
¢ Realtime branch tracing

Package e 593-pin FC-BGA, 25 mm x 25 mm, ball pitch: 0.8 mm
Power supply e Core (VDD), PCI Express Core (VDD-PCIE) , PLL2 (VDDAI): 1.25V
voltage e DDR3 /0 (VCCQ-DDR15), PCI Express 1/0 (VCCQ-PCI15): 1.5V

e 1/0 (VCCQ), PCI Express I/0 (VCCQ-PCI): 3.3V
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SH7786 Group

12 Block Diagram

A block diagram of the SH7786 is given asfigure 1.1.

DDR3-SDRAM
DDR3-1066 (max)

SRAM/
NOR Flash ROM /
PC Card NAND Flash

32 bit
533 MHz

32/16/8 bit
88.9 MHz

SH-4A_0
Super scalar CPU
FPU / MMU
32KB I-cache/O-cache
8KB IL Memory
16KB OL Memory

SH-4A 1
Super scalar CPU
FPU / MMU
32KB I-cache/O-cache
8KB IL Memory
16KB OL Memory

L2 Cache
256KB

WDTO || WDT1

SCIF

SCIF/SDIF

SDIF/HAC/SSI

SCIF/SSI

I*C/SCIF

SCIF/NAND

DU/Ether-Net Controller/

HSPI

DDR3-SDRAM
Controller

Peripheral Bus Controller

Local Bus
Controller
(SRAM ROM
PCMCIA MPX)
FLCTL

wDT CPG TMU DBG

2ch

DMAC INTC
PCI Express uUsB
Controller Controller

4-lane + 1-lane

or
2-lane + 1-lane + 1-lane

Figurel1l.1 SH7786 Block Diagram
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SH7786 Group Section 1 Overview

13 Pin Arrangement Table

No. |Pin name 1/0 |Function No. |Pin name /0 |Function

1 |MDQO IO |DDR data 0 32 |MDQ31 I0 |DDR data 31

2 MDQ1 10 |DDR data 1 33 |MDMO (0] DDR data mask 0

3 MDQ2 10 |DDR data 2 34 |MDM1 (0] DDR data mask 1

4 |MDQ3 IO |DDR data 3 35 |MDM2 O |DDR data mask 2

5 |MDQ4 IO |DDR data 4 36 |MDM3 O |DDR data mask 3

6 |MDQ5 IO |DDRdata 5 37 |MDQSO IO |DDR data strobe 0

7 |MDQ6 IO |DDR data 6 38 |MDQS1 IO |DDR data strobe 1

8 |MDQ7 IO |DDRdata 7 39 |MDQS2 IO |DDR data strobe 2

9 |MDQ8 IO |DDRdata 8 40 |MDQS3 IO |DDR data strobe 3

10 |MDQ9 10 |DDR data 9 41 |MDQSO 10 |DDR data strobe 0

11 |MDQ10 IO |DDR data 10 42 |MDQST I0 |DDR data strobe 1

12 |MDQ11 10 |DDR data 11 43 |MDQS2 IO |DDR data strobe 2

13 |[MDQ12 I0 |DDR data 12 44 |MDQS3 10 |DDR data strobe 3

14 |MDQ13 I0 |DDR data 13 45 |MAO O |DDR address 0

15 |MDQ14 IO |DDR data 14 46 |MAl O |DDR address 1

16 |MDQ15 IO |DDR data 15 47 |MA2 O |DDR address 2

17 |MDQ16 IO |DDR data 16 48 |MA3 O |DDR address 3

18 |MDQ17 I0 |DDR data 17 49 |MA4 O |DDR address 4

19 |MDQ18 IO |DDR data 18 50 |MA5 O |DDR address 5

20 |MDQ19 IO |DDR data 19 51 |MA6 O |DDR address 6

21 |MDQ20 IO |DDR data 20 52 |MA7 O |DDR address 7

22 |MDQ21 I0 |DDR data 21 53 |MAS8 O |DDR address 8

23 |MDQ22 IO |DDR data 22 54 |MA9 O |DDR address 9

24 |MDQ23 IO |DDR data 23 55 |MA10 O |DDR address 10

25 |MDQ24 IO |DDR data 24 56 |MA1l O |DDR address 11

26 |MDQ25 I0 |DDR data 25 57 |MA12 O |DDR address 12

27 |MDQ26 IO |DDR data 26 58 |MA13 O |DDR address 13

28 |MDQ27 IO |DDR data 27 59 |MAl4 O |DDR address 14

29 |MDQ28 I0 |DDR data 28 60 |MA15 O |DDR address 15

30 |MDQ29 I0 |DDR data 29 61 |MBAO O |DDR bank address 0

31 |[MDQ30 IO |DDR data 30 62 |MBAL O |DDR bank address 1
63 |MBA2 (0] DDR bank address 2
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Section1 Overview

SH7786 Group

No. |Pin name /0 |Function No. |Pin name /0 |Function
64 |MCKO (0] DDR clock 0 90 |D7/FD7 10/ |Local bus data 7/
10 |[NAND flash data 7
65 [MCKO O |DDR clock 0
91 |D8 10 |Local bus data 8
66 |MCK1 O |DDR clock 1
67 |IMCKi o DDR clock 1 92 |D9 10 |Local bus data 9
68 |MCS0 o DDR chip select 93 |D10 10 |Local bus data 10
69 |McSi o DDR chip select 94 |D11 10 |Local bus data 11
70 |MRAS o DDR row address 95 (D12 10 |Local bus data 12
select 96 |D13 I0 |Local bus data 13
71 |MCAS (0] DDR column address 97 |D14 10 |Local bus data 14
select
— 98 (D15 10 |Local bus data 15
72 |MWE (0] DDR write enable .
- - 99 (D16 10 |Local bus data 16
73 |MODTO (0] DDR on chip terminator
- - 100 |D17 10 |Local bus data 17
74 |MODT1 O |DDR on chip terminator
101 |D18 10 |Local bus data 18
75 |MCKEO (0] DDR clock enable
102 |D19 10 |Local bus data 19
76 |MCKE1 (0] DDR clock enable
77 |[MVREFO | |DDR reference voltage | |- P20 10 |Local bus data 20
DQ 104 |D21 10 |Local bus data 21
78 |MVREF1 | DDR reference voltage | |105 |D22 10 |Local bus data 22
ADR/CMD
106 |D23 10 |Local bus data 23
79 |MBKPRST | DDR backup reset
107 |D24 10 |Local bus data 24
80 |MzQ I DDR MZQ
108 |D25 10 |Local bus data 25
81 |[MRESET | DDR reset
109 |D26 10 |Local bus data 26
82 |SDBUP | DDR backup mode
in 110 |D27 10 |Local bus data 27
put
83 |DO/FDO IO/ |Local bus data 0/ 111 /D28 IO |Local bus data 28
10 |NAND flash data 0 112 |D29 10 [Local bus data 29
84 |D1/FD1 10/ |Local bus data 1/
10 |NAND flash data 1 113 |D30 10 |Local bus data 30
85 |D2/FD2 10/ |Local bus data 2/ 114 D31 IO |Local bus data 31
IO |NAND flash data 2 115 |A0 O |Local bus address 0
86 |D3/FD3 10/ |Local bus data 3/
10 |NAND flash data 3 116 |Al (0] Local bus address 1
87 |D4/FD4 10/ |Local bus data 4/ 117 |A2 O |Local bus address 2
IO |NAND flash data 4 118 |A3 O |Local bus address 3
88 |D5/FD5 10/ |Local bus data 5/
10 |NAND flash data 5 119 |A4 (0] Local bus address 4
89 |D6/FD6 10/ |Local bus data 6/ 120 |AS O |tocal bus address 5
10 |NAND flash data 6 121 |A6 (0] Local bus address 6
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Section1 Overview

No. |Pin name 1/0 |Function No. |Pin name /O |Function
122 |A7 (e} Local bus address 7 152 |WE1/FWE O/O |Write enable 1/NAND
123 |A8 (0] Local bus address 8 flash write enable
124 | A9 0 |Local bus address 9 153 E2/IORD O/O |Write enable 2/
PCMCIA IF IORD
125 |A10 O _ |Local bus address 10 154 |WE3/IOWR O/O |Write enable 3/
126 |All (0] Local bus address 11 PCMCIA IF IOWR
127 |A12 O |Local bus address 12 155 |RDY | Bus ready
128 |A13 O [Local bus address 13 156 |CLKOUT O |Clock out
129 |A14 O [Local bus address 14 157 |CLKOUTENB O |Clock out enable
130 |A15 O [Local bus address 15 158 |GCLK | PCI Express differential
clock input
131 |Al6 (0] Local bus address 16
159 |GCLK | PCI Express differential
132 |A17 O |Local bus address 17 clock input
133 |A18 O |Local bus address 18 160 |PCIE_TX0_O O |PCI Express transmit
differential data 0 chO
134 |A19 (0] Local bus address 19
161 |PCIE_TX0_0 O |PCI Express transmit
135 |A20 O |Local bus address 20 differential data 0 chO
136 [A21 O |Local bus address 21 162 [PCIE_RX0_0 I PCI Express receive
137 |A22 O [Local bus address 22 differential data 0 cho
163 |PCIE_RX0_0 | PCI Express receive
138 |A23 (0] Local bus address 23 differential data 0 ch0
139 |A24 O |Local bus address 24 164 |PCIE_TX0_1 O |PCI Express transmit
140 |A25 O [Local bus address 25 differential data 1 cho
p— . 165 [PCIE_TXO0_1 O |PCI Express transmit
141 |CSO O/O | Chip select 0 differential data 1 cho
142 |CS1/A26 O/O |Chip select 1/Local bus | |166 |PCIE RX0 1 | PCI Express receive
address 26 differential data 1 chO
143 |CS2 O |Chip select 2 167 |PCIE_RXO0_1 | PCI Express receive
p— - differential data 1 chO
144 |CS3 O |Chip select 3
—— - 168 |PCIE_TXO0_2 (0] PCI Express transmit
145 (CS4 O |Chip select 4 differential data 2 ch0O
146 |CS5 O |Chip select 5 169 |PCIE_TXO0_2 O |PCI Express transmit
147 |CS6 0 |Chip select 6 differential data 2 chO
e — 170 [PCIE_RXO0 2 | PCI E i
143 |RD/FRAME/  |O/O |Read strobe/MPX IF 0 |PCIE_RXO_ digereﬁ{:fjartgcglgﬁo
FRE FRAME/NAND flash
read enable 171 |PCIE_RX0_2 | PCI Express receive
— - differential data 2 ch0
149 |R/W (0] Read/Write
— 172 |PCIE_TX0_3 O |PCI Express transmit
150 |BS O |Bus start differential data 3 ch0
151 |WEO/REG O/O | Write enable 0/ 173 |PCIE_TX0_3 O |PCI Express transmit
PCMCIA IF REG differential data 3 ch0
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SH7786 Group

No. |Pin name 1/0 |Function No. |Pin name 1/0 |Function
174 |PCIE_RXO0_3 | PCI Express receive 199 |IRL2 | IRL interrupt request 2
differential data 3 chO -
- 200 |IRL3 | IRL interrupt request 3
175 |PCIE_RX0_3 | PCI Express receive
differential data 3 chO 201 [TCK | H-UDI clock
176 |PCIE_TX1_0 (0] PCI Express transmit 202 | TMS | H-UDI emulator
differential data 0 chl
203 |TDI | H-UDI data
177 |PCIE_TX1_0 O |PCI Express transmit
differential data 0 ch1 204 |TDO O |H-UDI data
178 |PCIE_RX1_0 | PCI Express receive 205 [TRST | H-UDI emulator
differential data O chl | I IR SEBRK) /O |H-UDI emulator
179 |PCIE_RX1_0 | PCI Express receive BRKACK
differential data 0 chl
207 |MPMD I H-UDI emulator mode
180 |USB_DPO 10 |USB cho differential
data 208 |AUDCK 10 |H-UDI emulator clock
181 [USB_DMO 10 |USB cho differential 209 |AUDSYNC 10 [H-UDI emulator
data 210 | AUDATAO 10 |H-UDI emulator data 0
182 |USB_DP1 10 |USB chl differential
data 211 |AUDATA1 10 |H-UDI emulator data 1
183 |USB_DM1 10 |USB chi differential 212 |AUDATA2 10 |H-UDI emulator data 2
data 213 | AUDATA3 10 |H-UDI emulator data 3
184 |USB_REXT | USB ext | ist .
= eXIena TeGISter | 1214 [scIFL_TXD O |SCIF1 transmit data
185 |USB_OVCO | USB chO over current -
control 215 |SCIF1_RXD | SCIF1 receive data
186 |USB_VBUS1_ |l USB ch1 over current 216 |SCIF1_SCK 10 |SCIF1 serial clock
ovci control / Voltage bus | 1517 |pro/ETH_TXDO |0/O |Digital red 0/
187 |USB_EXTAL [ USB crystal resonator ether transmit data
188 |USB_XTAL O |USB crystal resonator | |218 |DRI/ETH_TXD1 |O/O |Digital red 1/
ether transmit data
B_PEN B ch I -
189 |USB_PENCO O t’osmrgl 0 power enable | 1515 pros 0/0 | Digital red 2/
ETH_TXD2 ether transmit data
190 [USB_PENC1 O |USB chl power enable —
- conia P 220 [DR3/ 0/0 | Digital red 3/
ETH_TXD3 ether transmit data
191
91 |VTHREF | [Temperature sensor 221 |DR4/ 0/O | Digital red 4/ether
192 |VTHSENSE [ Temperature sensor ETH_TX_EN transmit data enable
c|0ck/crysta| resonator ETH_TX_ER ether transmit error
194 |XTAL O |Crystal resonator 223 |DGO/ETH_CRS |O/I |Digital green 0/
ether carrier sense
195 |PRESET | Power on reset 224 |DG1/ O/l |Digital green 1/
196 |NMI | Nonmaskable interrupt ETH_TX_CLK ether transmit clock
197 |IRLO | IRL interrupt request 0 225 [DG2/ETH_COL |O/I |Digital green 2/
198 |IRLT I IRL interrupt request 1 ether collision detect
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Section1 Overview

No. [Pin name /O |Function No. [Pin name /O |Function
226 |DG3/ETH_MDC |O/O |Digital green 3/Ether 245 |DACK1/BACK/ |O/O |DMA acknowledgment
managed data clock FALE /O |1/Bus
— acknowledgement/
227 |DG4/ O/l |Digital green 4/I ) NAND flash address
ETH_RX_CLK Ether receive clocl latch enable
228 |DGS/ETH_MDIO |0/ Di%ita' green 5é § 246 |12C_SCLO/ 10/l [12C0 clock/SCIF2
IO |Ether managed data SCIF2_RXD receive data
229 |\DBO/ O/l |Digital blue 0/ 247 [12C_SDAO/ 10/ [12C0 data/SCIF2
ETH_RX_ER Ether receive error SCITZZ_TXD O |transmit data
230 |DBL/ O/l |Digital blue 1/ 248 [12c_scLy/ 10/ [12C1clock/SCIF2 serial
ETH_RX_DV Ether receive data valid SCIF2_SCK 10 |clock
231 |DB2/ETH_RXDO | O/l D'g'ta' blue 2/ d 249 |I2c_SDAV/ 10/ |12C1data/interrupt
Ether receive data [RQOUT O |request output
232 |DB3/ETH_RXD1 | O/l D'g'ta' blue 3/ d 250 |[HACO_BITCLK/ |1/ |HACO bit clock/SSIO
Etherreceive data SSI0_CLK/ IO |serial bit clock/Data bus
233 |DB4/ETH_RXD2 |O/I |Digital blue 4/ SDIF1DO0 SD1 data bus signal 0
Ether receive data 251 |HACO_SYNC/ |0/ |HACO flame
234 |DB5/ETH_RXD3 |0/l |Digital blue 5/ SSI0_Ws/ 10/ |synchronous/SSI0 word
Ether receive data SDIF1D1 10 select/Data bus SD1
- data bus signal 1
235 |DISP/ETH_LINK [O/I |DU display/ :
Ether PHY Link 252 [HACO_SDIN/ 1/10/ |HACO serial data
SSI0_SCK/ 10 |incoming to Rx
236 |CDE/ O/O | DU color detect/Ether SDIF1D2 frame/SSI0 serial bit
ETH_MAGIC magic packet detect clock/Data bus SD1
237 |ODDF/ 10/ |DU OddEven data bus signal 2
HSPI_CS 10  |frame/HSPI chip 253 |HACO_SDOUT/ |O/ |HACO serial data/SSI0
selection SSIO_SDATA/  (I0/ |serial data/Data bus
238 |VSYNC/ 10/ |DU VSYNC/HSPI serial SDIF1D3 IO |SD1 data bus signal 3
HSPI_CLK IO |clock 254 |HAC1_BITCLK/ |I/I/O |HACL bit clock/SSI1
(ST \Te) SSI1_CLK/ serial bit clock/Output
239 |HSYNC/ 10/ |DU HSYNC/HSPI —
HSPI_TX O |transmit data SDIF1CLK gilr?ck SD1 clock output
240 [DCLKIN/ 1 DU Dot clock in/HSPI
HSPI RX eceive data 255 |HAC1_SYNC/ |0/ [HACL
= SSI1_Ws/ 10/ |synchronous/SSI1
241 |DCLKOUT O |DU dot clock out SDIF1IWP 10 |serial bit clock/SD1
242 |DREQO/ | |DMA channel 0 write-protection signal
USB_OVCO request/USB chO over 256 |HAC1_SDIN/ 1/10/ |HAC1 serial data/SSI1
current control SSI1_SCK/ | serial data/SD1 card
243 |DREQI/BREQ/ |l |DMA channel 1 SDIF1CD detection signal
USB_OVC1 request/Bus 257 |HAC1_SDOUT/ |O/ |HAC1 serial data/SSI1
request/USB ch1l over SSI1_SDATA/ 10/ |serial data/
current control SDIF1CMD I0 |SD1lcommand output
244 |DACKO/IFCLE  |O/O |DMA acknowledgment 2%‘:];?5‘30”36 nput
O0/NAND flash
command latch enable | 258 |SCIF3 TXD/ O/O | SCIF3 transmit
HAC_RES/ /IO |data/SSI2 word
SSI2_WS select/HAC Reset
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No. |Pin name 1/0 |Function No. |Pin name 1/0 |Function
259 |SCIF3_RXD/ O/ |SCIF3 receive 1/SSI3 serial data
TCLK/SS|2_SCK 10/ |data/SSI2 serial 273 |MODE10/ 1/10/ |Mode 10/SCIF4
IO |clock/TMU clock SCIF4_SCK/ O/ |synchronous/DMA
260 |SCIF3_SCK/ 10/ |SCIF3 synchrounous/ DRAK2/ IO |transfer request
SSI2_SDATA |10 |SSI2 serial data SSI3_WS acknowledge 2/SSI3
word select
261 |STATUSO/ O/l |Status 0/
SSI2 CLK SSI2 serial bit clock 274 |MODE11/ 1/0/ |Mode 11/DMA transfer
— DRAK3/CE2A O [request acknowledge
262 |STATUS1/ O/l |Status 1/ 3/PCMCIA CE2A
SSI3_CLK SSI3 serial bit clock
275 |MODE12/ 1/0/ |Mode 12/SCIF5
263 [MODEO/ 1/0/1 |Mode O/IRL interrupt SCIF5 TXD/ O |transmit data/PCMCIA
SCIFO_TXD/ /10 |request 4/SCIFQ CE2B CE2B
IRL4/SDIFODO transmit data/Data bus -
SDO data bus signals 0 276 |MODE13/ 1/1/0 |Mode 13/SCIF5 receive
SCIF5_RXD/ data/PCMCIA 101S16
264 MODE1/ I1/I/ |Mode 1/IRL interrupt 101S16
SCIF0_RXD/ 10 |request 5/SCIFO
IRL5/SDIFOD1 receive data/Data bus | |277 [MODE14/ ___ |I/I0/|Mode 14/SCIFS
SDO data bus signals 1 SCIF5_SCK/FRB || synchronous/NAND
flash ready or busy
265 [MODE2/ 1/10/ |Mode 2/IRL interrupt
SCIFO_SCK/ I/10 |request 6/SCIFO serial
IRL6/SDIFOD2 clock/Data bus SDO
data bus signals 2
266 [MODE3/ 1/10/ |Mode 3/IRL interrupt
SCIFO_RTS/ /10 |request 7/SCIFO
IRL7/ modem control/Data
SDIFOD3 bus SDO data bus
signals 3
267 |MODE4/ 1/10/ Mode 4/DMA channel 2
SCIFO_CTS/ /0 |request/SCIFO modem
DREQ2/ control/Output clock
SDIFOCLK SDO clock output pin
268 [MODES5/ I/l |Mode 5/DMA channel 3
DREQ3/ request/SDO write-
SDIFOWP protection signal
269 |MODEG6/DACK?2/ |1/O/l {Mode 6/DMA
SDIFOCD acknowledgment 2/SDO
card detection signal
270 |MODE7/DACK3/ [I/O/ |Mode 7/DMA
SDIFOCMD 10 |acknowledgment 3/SDO
command output and
response input signal
271 |MODES8/ 1/0/ |Mode 8/SCIF4 transmit
SCIF4_TXD/ O/ |data/DMA transfer
DRAKO/ _ [IO/ [request acknowledge
SSI3_SCK/FSE |[O |0/SSI3 serial bit
clock/NAND FSE
272 |MODE9/SCIF4_ |I/I/O |Mode 9/SCIF4 receive
RXD/DRAK1/SSI |/IO |data/DMA transfer
3_SDATA request acknowledge
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SH7786 Group

Section1 Overview

14

Pin Arrangement

Package: 593-pin FC-BGA, 25 mm x 25 mm, ball pitch: 0.8 mm

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
— veea | vcoa PCIE_ PCIE_| PCIE — PCIE_ | PCIE
A [ vSS | MRAS | MAT0 | MA2 [n5p o) MAS [ VSS | MATS [0 |WBkPRST|SDBUP| VSS >0 Vss | vss 03| TX0 2 VSS | GCLK | GCLK | VSS 01| TX0.0 VSS | vSS | vss [ vss | vsS
cca.| PCIE_ PCIE_ | PCIE. PCIE_ | PCIE. prESET|
8 [opmis| VSS [WCAS | WWE | mat | MAS | MATT | MAs | Mata | MZQ | NC | vss |ZOES| VsS | VsS |prsf " | vss | vss | vss | vss | ZEEC|TOEC) vSs | VSS | VSS | MPMD [PRESETI
veea| PCIE PCIE_| PCIE_ PCIE_ | PCIE. .
| VS o0pes| VSS | MBAZ [ Mats | MAO | MAT2 | MA¢ | wiA7 (WRESETI VSS | VSS | SRSl VSS | VSS | perst oo | vss | vss | vss | vss | foEL| PREC| vss | vss |veca | IRLO | vss
— [T T
vcea_|veca vcoa VDD_ | PCIE_ PCIE_ | PCIE veea_{veea | PCIE_ | PCIE, sl |
v | . | ET
D [ vss L o | VSS [nouas| MBAO | MBAT [ vss | wmas | Mas | vss | LR | FEECH VeS| vSS || eyo s VSS ecis | pons | VSS [axo 1|mxos| VSS | VSS | S [se o
vcoa_|veca veea veca,| voo, voo_ | voo. o | maco | ot
| | voD_ |veca_|veca_| vob. | voo_ |veca _ _ [veca_| voo_ jveca sowd | o | swor
£ |MDQ2 | MDQ6 | MDQ4  MDQ7 | VsS vss vss - | | VOD_ - | VDD_ | NC | vss
DDR15|DDR15 V8S |poRis PCIE | PCIE | PCI15 | PCIE | PCIE | PCIE | PCI15 | PCIE | PCIE | PCIt5 | PCIE | PCIE e oEion | SoEWH
oo oo | vAco_ | naco_
E Q| \iomo [oass|mpaso| vss [V vss | vss vss |VeOQ[ yss [VvoD_ |veca |veca | vop_ [veca | vbD_ | vop_ | vDD_ VDD | vDD_ | voD_ [veca_| vss | vss | B [<Sme, | 2o
DDR15 DDR15 DDR15 PCIE | PCIE | PCii5 | PCIE | PCIE | PCIE | PCIE | PCIE | PCE | PCIE | PCE | PCIE sonras |'sorFios | rsoiFrool
bREGH
G [MDQ1 | MDQ5 | MDQO | MDQ3 | vSS | VSS | vsS vss | vss | P | TR2 | RS | TALT
PKG T
vcea_|veea | Op usB_ [UsB_ | usB
H|vss | vss | vss | vss [JE5@TPR0 veea |veca |veea | guio Th e |
vcca_|MVREF| usB_
J [Mpas [woatsfmats Mpar1|TE08- M Avi2 |voca |veea | Avas | AGSs | pexT
USB_
K YS9 o+ [moas1 woasi| vss | vss act2 | vss | vss [vBusi| USB- [ USB-
DDR15 ovor| M1 [ DP1
L [wbatalmpata| mpas |vpato| vss | vss vop | vss [ vss | vop | voo | vss | vss | vop vss | vss [USB|USB. | USE | USB
PENCO|PENCH | EXTAL | XTAL
[oREQo| 120 | 2o | sors
M [mcko| vss | vss | vss [veCa-|veca | vss | vss | vss | vop | vop | vss | vss | vss veea [veea [uss._ | soat | SR | 2o
DDR15|DDR15 _ sciFz.. [Fic e
OVCO |IRQOUT | “Txo~ |issiz w}
- R 12c_ | scrs | SOF3 [status:
N [MCKo | vss |MopTo| MCS0 [MCKEo[VCCA| vss [ vss | vss | vbp | voD | vss | vss | vss veea [veca | S5 | iR | s [ rssie
DDR15 -
RXD_[ssiz sck| sDATA [ LK
2C_
P|vss | vss | vss | vss | vss | vss vop | vop | vop | vop | vop | vop | vop | vbD vss | vss | S8 | D3t | pao | pao
RXD
vcca [STATUS1
R |MIOKT | vsS |MCKE! | MCST [MODT1| =24 vssA | vop | vop | vop | vop | vop | vop | vbD vss | vss | /ssis | D28 | pos | po7
CLK
T |Mckt| vss | vss | vss ‘é%%?g‘é%%% VREFA| vss | vss | voD | vop | vss [ vss | vss veea [veca| p26 | D23 | p2o | D2
U [MDQ22|MDQ18|MDQ20|MDQ23| VSS | vss vss | vss | vss | vop | vop | vss | vss | vss veea [veca| 21 | D19 | p17 | D20
cca [— WEZ/ | WET/
| DSz [MDQ: VEf
v |oomis| MOM2 vss | vss vop | vss | vss | vop | vbp | vss | vss | vbp vss | vss | o5 | fwe | D18 | D16
W [MDQ21|MDQ17[MDQ16|MDQ19[VCCAMVREF] vss | vss | p1s | D14 | p1s | WES
DDR15| 1 OWR
vcea_|veea, WE0
Y vss | vss | vss | veea
vss DOR1S|DDRIS veea [p7ro7| 11 | b2 | WEY
AA [MDQ29|MDQ25(MDQ31 [MDQ27| VSS | vss veca | veea [pe/Fos| D10 | ps | D9
cca oS3l vcca f—
AB | MDM3 [MDQS3|MDAS3| vss | vss
boRis DoRIS vss |D3/FD3| AW [Da4/FD4|D5/FDS|
AC|MDQ28|MDQ30[MDQ24 | MDQ2S| ‘é%%?g vss ‘é%%% vss |veca|veea| vss | vss |veca|veca| vss | vss |veca|veca| vss | vss |veca|veca| vss | vss | 8BS [porpo|oi/Fo1|pesrosl
v VTHSE
AD| VSS [ vsS [ VvSS Dg%?g Vvss | vss | vss | vss |voca|veea| vss | vss [veca|veca | vss | vss [veca|veca| vss | vss |vecalveca| vss | vss | vss | yge [VTHREF| CTL::‘)BU
cca v veea HSYNC| DB1 | DGO | DR1 | mooes: [ Moo
AE [ppmis D%?a?é Dons| ves | vss | TRst S‘S:‘CF; Do‘ﬂf HsPI [ ETH_ | ETH_ [ /ETH_ | orecs G| a6 | 11 | Ate | A23 | SO | ato |vssai|vopal| CS3 | vss | vss | A24 | RDY |otkouT]
- _TX_| RXDV | CRS | TXD1 [soiFowe| ssiaws
ODDF/|DCLKIN DISP/ [ DBS/ | DB2/ | DG4/ | DR3/ o MODES/ | Mook DACK1 MODET2 | MODE11
AF [FUDSY|VCCQ_[AUDAT| vss | oI | SOIFT | iop) " ispr | ETH_ | ETH. | ETH. | ETH. | ETH. [CRo (™| oacker |*5i®| a2 A9 | A12 | ata | A2t | Gs6 | ©sa [/BACK|VveCQ | 5SS | ipRaka
NC |DDR1s| A2 -™XP| ©s | Rx_| LINK | RxD3 | RXDO |RXCLK| TXD3 | soruo: | soraor e IFALE icezs | icE2a
VSYNC| CcDE/ | B4/ | DGa/ | DG/ | DRs/ [ DR2/ | Mooeo [O05 ) 57 [
AG [AUDCK| AU;AT vss | VSS | TCK | TDO | XTAL | /HSPI | ETH_ | ETH_ | ETH_ | ETH_ | ETH_ | ETH_ || oo | A0 Al As | A8 | A13 | A17 | A20 | TS5 iz‘s/ ??g:? S5 | A2s
_CLK WDC | coL | TXER | TxD2 | orams | st ioISTe
_— DGS/ | DG1/ | DR4/ | DRo/ | HooEw [ oozt T oo Fo/ | wooe
AH| vss [AUDAT|AUDAT| vss [ASFBRK( s |exTaL ngu‘ _ | ETH_| ETH_ | ETH_ | ETH ¥ o[ 20 | a3 | aa | A7 | a15 | ate | ato | aze | csz [FRAME| S | vss
Al A3 RXD1 | RXER | MDIO | TXCLK| TXEN [ TXDO | soroos /FRE | 7B

Note : To prevent possible malfunctions, implement anti-noise measures for the PRESET, NMI, and MPMD pins.

Figure 1.2 SH7786 Pin Arrangement (Top View)
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Section1 Overview SH7786 Group

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 1617 18 19 20 21 22 23 24 25 26 27 28
DB/ | DBO/ | DGS/ | DG1/ | DR#/ | DRO/ | MODEs [ woDew Twoper/ RD/ |mooEts

AH | vss |AUDATIAUDAT| ygg [ASEBRK| g |xray | SCIFT | ey | ern | ETH. | ETH_ [ ETH. [ ETH [/SCFO-ISO0CT oackar | As | s | a7 | ats | ate | ato | a2z | ©S2 |FRAME|scrs. | vss
AL A8 BRKACK -RXD | mxp1 | RXER | MDIO [TXCLK| TXEN | TXDO ooLsorroono] JFRE_|scrirg|
VSYNC| CDE | DB4 | DG3 | DG2 | DR5 | DR2 |MODE | opey 3 MODE1S

AG |AUDCK|AUDAT vss | vss | ToK | Too | XTAL | /Hser | ETH_ | /ETH_ [ ETH_ | ETH_ | /ETH. | ETH |SSRalB| a0 | At | as | s | s | a1 | a0 | Css | GOV '?:CCLKEO S | A2s
A0 _CLK |MAGIC| RXD2 | MDC | COL | TXER | TXD2 |isoiFobo| *%Fet™ 6 foIste

ODDF/[DCLKIN| DISP | DBS | DB2 | DG4 | DR3 [MODE2 | MODET fpopEG/| MooEy DACK1 MODE12 yopE+ 1|

AF AUN[?V ‘é%%?s AUDATI vss | 7oi [SSF [ Hsel [Pt | /ETH. | ETH_ [/ETH_ | /ETH | ETH_ (8o laor oacke G| a2 | ao | Atz | Ata | A2t | TS5 | G54 |/BACK |veca | Rl |oraks

a2 - cs_| Rx | LINK | RXD3 | RXDO |RXCLK| TXD3 |soiFon: Dlssi sonTy JFALE ioEzs | ioE2A

FSYNC| DB1 | DGO [ DR1 |mopEs/f S2ey - J—
AE [VCCQ_|VCCQ_VCOQ_| g | yss | 1rsT | SCIF! | OCLK [hiap)| /eTH_ | eTH_ | ETH_ |oREcar| sk | ae | a11 | ate | a2s | ©s0 | ato |vssai|vooal| css | vss | vss | a2s | RBY |owour]
DDR15(DDR15|DDR15 sk | out | MR | B | "She | TXor |sorove) 2

sz ws|

Apf vss | vss | vss [Y00%1 vss | vss | vss | vss [vecafveea| vss | vss |veca|veca| vss | vss |veca|veca| vss | vss [veca[vecal vss | vss | vss Vo e |

AC [MDQ28|MDQ30[MDA24[MDA28| ‘é‘é‘;ﬁ‘g vss ‘SCD%% vss |veca|vecal| vss | vss |veca|vecal| vss | vss [veca|veca| vss | vss [voca|vecal vss | vss | BS  [porFooloi/roi|p2iFo2|

a8 [VCC0| vowis [upass|voasa| vss [veca ] vss | vss [DaFD3| RW [D4/FD4|DS/FD5|
DDR15| DDR15

PKG Bottom

AA [MDQ29|MDQ25|MDQ31|MDQ27| VSS | VSS veca | veca [De/Fbsf D10 D8 D9

veea_fveca WED/
vss | vss | v — = WEY
v | vss [ vss | vss | vss [{00QTC00 veea | veea [p7ro7f 11 | D2 | EX
w [MpQ21|MDQ17|MDQ16[MDQ19|YCCA- MVREF1 vss | vss | p13 | D14 | p1s | WES
DDR15 TOWR
veca — WE2 | WET/
| oMz [MDasziMba vop | vss | vss | vop | voD | vss | vss | vop WE2/ | WET/
v [oores vss | vss vss | vss | =2 | Do | D18 | pis
U [Mbazz|vpate|mpazo|mpazs| vss | vss vss [ vss [vss [vop [ vop | vss | vss | vss veea |veca| p21 | p19 | 017 | p2o
T |moki | vss | vss | vss [VCOQ|VCCQ VRerA| vss | vss | vop | vop | vss | vss | vss veca |veca| 26 | D23 | b2z | pas
DDR15|DDR15
lveea [STATUS1|
R [MOKT | vss. [moKet| most [wopTi[/OCR vssa | vop | voo | voo [ vop | vop | vob | vop vss | vss [ssis | D28 | p2s | pe7
oLk
2
p|vss | vss | vss | vss |vss |vss vop | voo | vop | voo | vop | vop | vop | voo vss | vss [ &Se | D31 | 3o | pee
ScK
[veca 2| sors | SOFS [sTATUSY
N | MCKO | vsS [MODTO| MCSO [MCKEO| o2 | vss | vss | vss [ vDD | voD [ vss | vss | vss veea [veea | S| o | S [ stz
mxo~ |ssiz scx| spaTa | CLK
DREQO| tec. | 2C | sors
w [moko | vss | vss [ vss [/OCA[vO0Q vss | vss | vss | voo | voo | vss | vss | vss veca | veca | Uss. | soar [ S2A0 X0l |
0VCO |IRQOUT| “txp~ [issia_ws]
usB_|usa_|uss_ | uss
MDQ14) MDQ8 v - _ | USB_
L [MDQ14[MDQ12( MDQ8 [MDQ10 [ VSS [ VSS voD | vss | vss | vbD | voD | vss | vss | vDD vss | vss [oencolpenc | exrad | xTat
vee . USB_
k [YC9-| viow1 [past|woasi| vss | vss act2 | vss | vss |vBusi | USB- | USB
DDR15| ovC1 DM1 DP1
veca UsB.
13|MDQ15[MDQ1 _ -
J | Mpas [mpa 1| poens [MvReF Avi2 | veea | veea | Avas | AG33 [ peyr
veea_|veea | uss_ | uss_ | uss_
H | vss | vss [ vss | vss [[EEA-[TOCR veea [veeaveea | nues | pmo | bro
DREaT
G [MDQ1 [ MDQs [ MDQO | MDQ3 | VSS | vss | vsS vss | vss | B3 | L2 | RIS | TRCT
ovei
veca veca veca vob_ [veea_fveca_| voo_ fveca | voo_ | vbo_ | voo_| voo_ | voo_ | vop_ veca spour | taco, [ ince
SastIMba | | _ _veca_( vop_ | voo_ 3 | vop_ | voo_ 1 Soves | sia
F |ooris| MPMO VSS |ppris| VSS | VSS | VSS |pppis| VSS | peie | peie |Poits | peie | PoiE | PeiE | peiE | peie | PeiE | PoiE | PoiE | poie | VSS | VSS | 555, |sso ws fsso o
SoRTas | soiEror | isoieino
veca_[veca voca vob_ [veea_|veca_| voo_ fveea | voo_ | voo_ | voo_| vop_ |vopa_| voo_ veca oircurs | ‘Son | Svue
1 1 1 | voo_ | sk | 'sow | swe
E [MDQ2 | MDQS | MDQ4 | MDQ7 | VSS | png it pppys| VSS | VSS [hpni| VSS | peie | poie |peis | peie | peie | poiE |peits | peie | peie | poits | poie | poie | NC [ VSS s ssio_sox] ssi ws|
vcea_fveca voea | vDD_ | PCIE_ PCIE_| POIE_ voDQ |vDDA | PCIE_ | PCTE_
o | vss (o onis| VSS [opmis| MBAO [MBAT | vss | mac | was | vss | Lo [aeiof ves | ves | [0S PO | vss [VPDOVDRA vss | | e G| ves | vss | [ Esr LGP
- S5t 1D SDIFTCD,
vcea POIE FCIE_ | PCIE. PCIE_ | PCIE _
v, vss | vss [PCIE_PCIE_| , vss | v v
C | VS Srs| VSS | MBA2 | MAts | wao | mat2 | was | ma7 [VRESET| vss | vss |ERISS| ves | vss | RS PO | vss | ves | uss | vss |FREa TORCH vss | vss [veca| o | vss
veea | wicas | wiwe PCIE_ | PCIE POIE_ | PCIE_
B _
ooris| VSS MCAS | MWE | MAT | MA3 | MA11 | MA5 | MA14 | MZQ | NC | VSS vss 03| X0 2 VSS | VSS | VSS | VSS |oos Txoo| VSS | VSS | VSS |mPMD [PRESET]
___ veca_ veea PCIE. PCIE_ | PCIE, PCIE_| PCIE PCIE_| PCTE_
MA1 _ _ | PCTEZ _| PCIE_ _| POIE_
A | vss | MRAS 0 [ MA2 |ppgis| MA9 | VSS | MAT3 | pno o DBUP| VSS | 1,075 vss | vss TX0_3 | TX0.2 VSS | ceen| Rere | VSS [1xo0.1 TXoo| VS | ves [ vSS | vss | vss
Note : To prevent possible malfunctions, implement anti-noise measures for the PRESET, NMI, and MPMD pins.
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SH7786 Group Section 1 Overview

15 Address map

The SH7786 supports 32-bit virtual address space, and supports both 29-bit and 32-bit physical
address spaces (29-bit or 32-bit address space is selected by the mode pin settings). For details of
the virtual address space and the physical address spaces, see section 7, Memory Management
Unit.

Figure 1.4 shows the memory address map of the SH7786. The memory address map of the
SH7786 is decided by the MM _SEL hbit of MMSELR in the LBSC, the spaces from CS2 to CS5
are changed.

For details of internal memory of the CPUO/1 (IL Memory/OL Memory), see section 9, On-Chip
Memory.
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Section1 Overview SH7786 Group
000 001 010 011 100 101 110 111
H'00000000 to H'O3FFFFFF ~ CS0O LBSC
H'04000000 to H'O7FFFFFF  CS1 LBSC
H'08000000 to H'OBFFFFFF  CS2 DBSC (2)
H'0C000000 to H'OFFFFFFF ~ CS3 DBSC (3)
H'10000000 to H'13FFFFFF ~ CS4 | LBSC PCI Express Och DBSC (4) | LBSC PCI Express Och DBSC (4)
CPUO CPUO

H'14000000 to H'147FFFFF ~ CS5 LBSC LBSC |IL Memory/| DBSC (5) LBSC LBSC |IL Memory/| DBSC (5)

OL Memory OL Memory

CPU1 CPU1

H'14800000 to H'14FFFFFF IL Memory/ IL Memory/

OL Memory OL Memory
H'15000000 to H'17FFFFFF RESERVED RESERVED
H'18000000 to H'1BFFFFFF  CS6 LBSC
H'1C000000 to H'1FFFFFFF RESERVED
H'20000000 to H'2FFFFFFF PCI Express 2ch
H'30000000 to H'3FFFFFFF PCIl Express 1ch
H'40000000 to H'43FFFFFF DBSC (0)
H'44000000 to H'47FFFFFF DBSC (1)
H'48000000 to H'4BFFFFFF DBSC (2)
H'4C000000 to H'4FFFFFFF DBSC (3)
H'50000000 to H'63FFFFFF DBSC (4)
H'54000000 to H'57FFFFFF DBSC (5)
H'58000000 to H'5BFFFFFF DBSC (6)
H'5C000000 to H'5FFFFFFF DBSC (7)
H'60000000 to H'63FFFFFF DBSC (8)
H'64000000 to H'67FFFFFF DBSC (9)
H'68000000 to H'6BFFFFFF DBSC (10)
H'6C000000 to H'6FFFFFFF DBSC (11)
H'70000000 to H'73FFFFFF DBSC (12)
H'74000000 to H'77FFFFFF DBSC (13)
H'78000000 to H'7BFFFFFF DBSC (14)
H'7C000000 to H'7FFFFFFF DBSC (15)
H'80000000 to H'83FFFFFF DBSC (16)
H'84000000 to H'87FFFFFF DBSC (17)
H'88000000 to H'8BFFFFFF DBSC (18)
H'8C000000 to H'8FFFFFFF PCI Express 2ch DBSC (19)
H'90000000 to H'93FFFFFF DBSC (20)
H'94000000 to H'97FFFFFF DBSC (21)
H'98000000 to H'9BFFFFFF DBSC (22)
H'9C000000 to H'9FFFFFFF DBSC (23)
H'A0000000 to H'ASFFFFFF DBSC (24)
H'A4000000 to H'A7FFFFFF DBSC (25)
H'A8000000 to H'ABFFFFFF DBSC (26)
H'AC000000 to H'AFFFFFFF PCI Express 1ch DBSC (27)
H'BO000000 to H'B3FFFFFF DBSC (28)
H'B4000000 to H'B7FFFFFF DBSC (29)
H'B8000000 to H'BBFFFFFF DBSC (30)
H'BC000000 to H'BFFFFFFF DBSC (31)
H'C0000000 to H'DFFFFFFF PCI Express Och
H'E0000000 to H'E3FFFFFF CPU Internal Modules
H'E4000000 to H'E4FFFFFF Shared Memow *
H'E5000000 to H'F7FFFFFF CPU Internal Modules
H'E8000000 to H'E87FFFFF CPUO IL Memory/OL Memory
H'E8800000 to H'E8FFFFFF CPU1 IL Memory/OL Memory
H'E9000000 to H'FBFFFFFF CPU Internal Modules
H'FC000000 to H'FFFFFFFF Peripheral Modules

Note: * When the secondary cache is used as shared memory, the area from H'E400 0000 to H'E403 FFFF (256 KB) is in RAM.

Figure1.4 Memory Address Map of SH7786
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Section 2 Programming Model

The programming model of thisL S| isexplained in this section. ThisLSI has registers and data
formats as shown below.

2.1 Data Formats

The data formats supported in this LSl are shown in figure 2.1.

Byte (8 bits)

i

Word (16 bits)

31
Longword (32 bits) |

iyl

31 30 22
Single-precision floating-point (32 bits) |s| e | f

63 62 51 0
Double-precision floating-point (64 bits) |S| e | f |

Legend:

s: Sign field

e: Exponent field
f: Fraction field

Figure2.1 Data Formats
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Section 2 Programming Model SH7786 Group

2.2 Register Descriptions

221 Privileged M ode and Banks
(1) Processing Modes

This LSl has two processing modes, user mode and privileged mode. This LSl normally operates
in user mode, and switches to privileged mode when an exception occurs or an interrupt is
accepted. There are four kinds of registers—general registers, system registers, control registers,
and floating-point registers—and the registers that can be accessed differ in the two processing
modes.

(2) General Registers

There are 16 general registers, designated RO to R15. General registers RO to R7 are banked
registers which are switched by a processing mode change.

e Privileged mode
In privileged mode, the register bank bit (RB) in the status register (SR) defines which banked
register set is accessed as general registers, and which set is accessed only through the load
control register (LDC) and store control register (STC) instructions.

When the RB bit is 1 (that is, when bank 1 is selected), the 16 registers comprising bank 1
general registers RO BANK1 to R7_BANK1 and non-banked general registers R8 to R15 can
be accessed as general registers RO to R15. In this case, the eight registers comprising bank 0
general registers RO BANKO to R7_BANKO are accessed by the LDC/STC instructions.
When the RB hit is O (that is, when bank O is selected), the 16 registers comprising bank 0
general registers RO_BANKO to R7_BANKO and non-banked general registers R8 to R15 can
be accessed as general registers RO to R15. In this case, the eight registers comprising bank 1
general registers RO BANK1to R7_BANKZ1 are accessed by the LDC/STC instructions.

e User mode

In user mode, the 16 registers comprising bank 0 general registers RO BANKO to R7_BANKO
and non-banked general registers R8 to R15 can be accessed as general registers RO to R15.
The eight registers comprising bank 1 general registers RO BANK 1 to R7_BANK1 cannot be
accessed.

(3) Control Registers

Control registers comprise the global base register (GBR) and status register (SR), which can be
accessed in both processing modes, and the saved status register (SSR), saved program counter
(SPC), vector base register (VBR), saved general register 15 (SGR), and debug base register
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(DBR), which can only be accessed in privileged mode. Some bits of the status register (such as
the RB hit) can only be accessed in privileged mode.

(4) System Registers

System registers comprise the multiply-and-accumulate registers (MACH/MACL), the procedure
register (PR), and the program counter (PC). Access to these registers does not depend on the
processing mode.

(5) Floating-Point Registersand System Registers Related to FPU

There are thirty-two floating-point registers, FRO—FR15 and XFO—XF15. FRO—FR15 and XFO—
XF15 can be assigned to either of two banks (FPRO_BANKO—-PR15 BANKO or FPRO_BANK1-
FPR15 BANK1).

FRO—R15 can be used as the eight registers DR0/2/4/6/8/10/12/14 (double-precision floating-
point registers, or pair registers) or the four registers FV0/4/8/12 (register vectors), while XFO—
XF15 can be used as the eight registers XD0/2/4/6/8/10/12/14 (register pairs) or register matrix
XMTRX.

System registers related to the FPU comprise the floating-point communication register (FPUL)
and the floating-point status/control register (FPSCR). These registers are used for communication
between the FPU and the CPU, and the exception handling setting.

Register values after areset are shown in table 2.1.
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Table2.1 Initial Register Values

Type Registers Initial Value*

General registers RO_BANKO to R7_BANKO, Undefined
RO_BANK1 to R7_BANK1,
R8 to R15

Control registers SR MD bit =1, RB bit = 1, BL bit = 1, FD bit = 0,
IMASK = B'1111, reserved bits = 0,
others = undefined

GBR, SSR, SPC, SGR, DBR Undefined

VBR H'00000000
System registers MACH, MACL, PR Undefined

PC H'A0000000
Floating-point FRO to FR15, XFO to XF15, Undefined
registers FPUL

FPSCR H'00040001

Note: * Initialized by a power-on reset and manual reset.

The CPU register configuration in each processing mode is shown in figure 2.2.

User mode and privileged mode are switched by the processing mode bit (MD) in the status
register.
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31 0 31 0 31 0
RO_BANKOQ*1#2 RO_BANK{ *1:#3 RO_BANKO*1+4
R1_BANKO*? R1_BANK1*3 R1_BANKO**
R2_BANKO*? R2_BANK1*3 R2_BANKO**
R3_BANKO*? R3_BANK1*3 R3_BANKO**
R4_BANKO*2 R4_BANK1*3 R4_BANKO™
R5_BANKO*? R5_BANK1#3 R5_BANKO**
R6_BANKO*? R6_BANK1#3 R6_BANKO**
R7_BANKO*? R7_BANK1#3 R7_BANKO**
R8 R8 R8
R9 R9 R9
R10 R10 R10
R11 R11 R11
R12 R12 R12
R13 R13 R13
R14 R14 R14
R15 R15 R15
L SR | SR | | SR ]
| SSR 1 1 SSR |
GBR GBR GBR
MACH MACH MACH
MACL ACL MACL
PR R R
VBR VBR
| PC | | PC | | PC |
| SPC ] 1 SPC |
| SGR 1 1 SGR |
| DBR ] | DBR ]
RO_BANKOQ*T#4 RO_BANKT 1+
R1_BANKO** R1_BANK{*3
R2_BANKO** R2_BANK{*3
R3_BANKO** R3_BANKT1*?
R4_BANKO** R4_BANK1*3
R5_BANKO*4 R5_BANK1*3
R6_BANKO*4 R6_BANK1*3
R7_BANKO*4 R7_BANK1*3
(a) Register configuration (b) Register configuration in (c) Register configuration in
in user mode privileged mode (RB = 1) privileged mode (RB = 0)

Notes: 1. RO is used as the index register in indexed register-indirect addressing mode and

indexed GBR indirect addressing mode.

2. Banked registers

3. Banked registers
Accessed as general registers when the RB bit is set to 1 in SR. Accessed only by
LDC/STC instructions when the RB bit is cleared to 0.

4. Banked registers
Accessed as general registers when the RB bit is cleared to 0 in SR. Accessed only
by LDC/STC instructions when the RB bit is set to 1.

Figure2.2 CPU Register Configuration in Each Processing Mode
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222 General Registers

Figure 2.3 shows the relationship between the processing modes and general registers. This LSl

has twenty-four 32-bit general registers (RO_BANKO to R7_BANKO, RO BANK1to

R7_BANK1, and R8 to R15). However, only 16 of these can be accessed as general registers RO
to R15 in one processing mode. This LS| has two processing modes, user mode and privileged

mode.

¢ RO BANKOto R7_BANKO
Allocated to RO to R7 in user mode (SR.MD = 0)
Allocated to RO to R7 when SR.RB = 0 in privileged mode (SR.MD = 1).
¢ RO BANK1toR7 BANK1

Cannot be accessed in user mode.

Allocated to RO to R7 when SR.RB = 1 in privileged mode.

SR.MD =0 or

(SR.MD =1, SR.RB =0)

RO
R1
R2
R3
R4
R5
R6
R7

RO-BANK1
R1-BANK1
R2_BANK1
R3-BANK1
R4-BANK1
R5-BANK1
R6-BANK1
R7-BANK1

R8
R9
R10
R11
R12
R13
R14
R15

(SR.MD =1, SR.RB=1)

RO_BANKO

R1_BANKO

R2_BANKO

R3_BANKO

R4_BANKO

R5_BANKO

R6_BANKO

R7_BANKO

RO_BANK1

R1_BANK1

R2_BANK1

R3_BANK1

R4_BANK1

R5_BANK1

R6_BANK1

R7_BANK1

R8

R9

R10

R11

R12

R13

R14

R15

RO-BANKO
R1-BANKO
R2_BANKO
R3-BANKO
R4_BANKO
R5-BANKO
R6-BANKO
R7-BANKO

RO
R1
R2
R3
R4
R5
R6
R7

R8
R9
R10
R11
R12
R13
R14
R15

Figure2.3 General Registers
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Note on Programming: Asthe user's RO to R7 are assigned to RO BANKO to R7_BANKO, and
after an exception or interrupt RO to R7 are assigned to RO_BANK1 to
R7_BANK1, it is not necessary for the interrupt handler to save and
restore the user's RO to R7 (RO_BANKO to R7_BANKDO).

223 Floating-Point Registers

Figure 2.4 shows the floating-point register configuration. There are thirty-two 32-bit floating-
point registers, FPRO_BANKO to FPR15_BANKO, AND FPRO_BANK1 to FPR15 BANK1,
comprising two banks. These registers are referenced as FRO to FR15, DR0/2/4/6/8/10/12/14,
FV0/4/8/12, XFO to XF15, XD0/2/4/6/8/10/12/14, or XMTRX. Reference names of each register
are defined depending on the state of the FR bit in FPSCR (see figure 2.4).

1. Floating-point registers, FPRn_BANK] (32 registers)
FPRO_BANKO to FPR15_BANKO
FPRO_BANK1to FPR15 BANK1
2. Single-precision floating-point registers, FRi (16 registers)
When FPSCR.FR = 0, FRO to FR15 are assigned to FPRO_BANKO to FPR15 BANKO;
when FPSCR.FR = 1, FRO to FR15 are assigned to FPRO_BANK1 to FPR15 BANK1.
3. Double-precision floating-point registers or single-precision floating-point registers, DRi (8
registers): A DR register comprises two FR registers.
DRO = {FRO, FR1}, DR2 = {FR2, FR3}, DR4 = { FR4, FR5}, DR6 = { FR6, FR7},
DR8 = {FR8, FR9}, DR10 = { FR10, FR11}, DR12 = { FR12, FR13}, DR14 = { FR14, FR15}
4. Single-precision floating-point vector registers, FVi (4 registers): An FV register comprises
four FR registers.
FVO = {FRO, FR1, FR2, FR3}, FV4 = { FR4, FR5, FR6, FR7},
Fv8 ={FR8, FR9, FR10, FR11}, FV12 = {FR12, FR13, FR14, FR15}
5. Single-precision floating-point extended registers, XFi (16 registers)
When FPSCR.FR = 0, XF0 to XF15 are assigned to FPRO_BANK1 to FPR15 BANK1;
when FPSCR.FR = 1, XF0 to XF15 are assigned to FPRO_BANKO to FPR15 BANKUO.
6. Double-precision floating-point extended registers, XDi (8 registers): An XD register
comprises two XF registers.
XDO0 = {XF0, XF1}, XD2 = { XF2, XF3}, XD4 = { XF4, XF5}, XD6 = { XF6, XFT7},
XD8 = {XF8, XF9}, XD10 = { XF10, XF11}, XD12 = { XF12, XF13}, XD14 = { XF14, XF15}

REJ09B0501-0100 Rev. 1.00 Page 29 of 2004

Nov 30, 2010 RENESAS



Section 2 Programming Model SH7786 Group

7. Single-precision floating-point extended register matrix, XMTRX: XMTRX comprises all 16
XF registers.

XMTRX = | XFO XF4 XF8 XF12
XF1 XF5 XF9 XF13
XF2 XF6 XF10 XFi4
XF3 XF7 XF11  XF15

FPSCR.FR =0 EPSCR.FR =1
FVo DRO FRO FPRO_BANKO XFO XDO XMTRX
FR1 FPR1_BANKO XF1
DR2 FR2 FPR2_BANKO XF2 XD2
FR3 FPR3_BANKO XF3
FV4 DR4 FR4 FPR4_BANKO XF4 XD4
FR5 FPR5_BANKO XF5
DR6 FR6 FPR6_BANKO XF6 XDé6
FR7 FPR7_BANKO XF7
Fv8 DR8 FR8 FPR8_BANKO XF8 XD8
FR9 FPR9_BANKO XF9
DR10 FR10 FPR10_BANKO XF10 XD10
FR11 FPR11_BANKO XF11
FV12 DR12 FR12 FPR12_BANKO XF12 XD12
FR13 FPR13_BANKO XF13
DR14 FR14 FPR14_BANKO XF14 XD14
FR15 FPR15_BANKO XF15
XMTRX XDO XFO FPRO_BANK1 FRO DRO FVO
XF1 FPR1_BANK1 FR1
XD2 XF2 FPR2_BANK1 FR2 DR2
XF3 FPR3_BANK1 FR3
XD4 XF4 FPR4_BANK1 FR4 DR4 FV4
XF5 FPR5_BANK1 FR5
XD6 XF6 FPR6_BANK1 FR6 DR6
XF7 FPR7_BANK1 FR7
XD8 XF8 FPR8_BANK1 FR8 DR8 FV8
XF9 FPR9_BANK1 FR9
XD10 XF10 FPR10_BANK1 FR10 DR10
XF11 FPR11_BANK1 FR11
XD12  XF12 FPR12_BANK1 FR12 DR12 FV12
XF13 FPR13_BANK1 FR13
XD14  XF14 FPR14_BANK1 FR14 DR14
XF15 FPR15_BANK1 FR15

Figure2.4 Floating-Point Registers
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224 Control Registers

(1) StatusRegister (SR)

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[-IwmofmefoL | -] [ - -] -J]-[-JT-J]-T-]-0]-]
Initial value: 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0
RW: R RW RW RW R R R R R R R R R R R R
Bitt 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
o[ -[-[-J-[-]mfal IMASK [ -[s]7]
Initial value: 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0
RW: RW R R R R R RW RW RW RW RW RW R R PRW RW
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.
30 MD 1 R/W Processing Mode
Selects the processing mode.
0: User mode (Some instructions cannot be executed
and some resources cannot be accessed.)
1: Privileged mode
This bit is set to 1 by an exception or interrupt.
29 RB 1 R/W Privileged Mode General Register Bank Specification
Bit
0: RO_BANKO to R7_BANKO are accessed as general
registers RO to R7 and RO_BANK1 to R7_BANK1
can be accessed using LDC/STC instructions
1: RO_BANK1 to R7_BANK1 are accessed as general
registers RO to R7 and RO_BANKO-R7_BANKO can
be accessed using LDC/STC instructions
This bit is set to 1 by an exception or interrupt.
28 BL 1 R/W Exception/Interrupt Block Bit
This bit is set to 1 by a reset, a general exception, or an
interrupt.
While this bit is set to 1, an interrupt request is masked.
In this case, this processor enters the reset state when
a general exception other than a user break occurs.
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Initial

Bit Bit Name  Value R/W Description

27t016 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

15 FD 0 R/W FPU Disable Bit
When this bit is set to 1 and an FPU instruction is not in
a delay slot, a general FPU disable exception occurs.
When this bit is set to 1 and an FPU instruction is in a
delay slot, a slot FPU disable exception occurs. (FPU
instructions: H'F*** instructions and LDS (.L)/STS(.L)
instructions using FPUL/FPSCR)

14t010 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

9 M 0 R/W M Bit
Used by the DIVOS, DIVOU, and DIV1 instructions.

8 Q 0 R/W Q Bit
Used by the DIVOS, DIVOU, and DIV1 instructions.

7to04 IMASK 1111 R/W Interrupt Mask Level Bits
An interrupt whose priority is equal to or less than the
value of the IMASK bits is masked. It can be chosen by
CPU operation mode register (CPUOPM) whether the
level of IMASK is changed to accept an interrupt or not
when an interrupt is occurred. For details, refer to
section 5.2.4, CPU Operation Mode Register
(CPUOPM).

3,2 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.

1 S 0 R/W S Bit
Used by the MAC instruction.

0 T 0 R/W T Bit

Indicates true/false condition, carry/borrow, or
overflow/underflow.

For details, see section 3, Instruction Set.
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(2) Saved Status Register (SSR) (32 bits, Privileged Mode, Initial Value = Undefined)
The contents of SR are saved to SSR in the event of an exception or interrupt.

(3) Saved Program Counter (SPC) (32 bits, Privileged Mode, Initial Value = Undefined)
The address of an instruction at which an interrupt or exception occursis saved to SPC.

(4) Global Base Register (GBR) (32 bits, Initial Value = Undefined)

GBRisreferenced as the base address of addressing @(disp,GBR) and @(R0,GBR).

(5) Vector Base Register (VBR) (32 bits, Privileged Mode, Initial Value = H'00000000)

VBR isreferenced as the branch destination base address in the event of an exception or interrupt.
For details, see section 5, Exception Handling.

(6) Saved General Register 15 (SGR) (32 bits, Privileged Mode, Initial Value = Undefined)
The contents of R15 are saved to SGR in the event of an exception or interrupt.
(7) Debug Base Register (DBR) (32 bits, Privileged Mode, Initial Value = Undefined)

When the user break debugging function is enabled (CBCR.UBDE = 1), DBR isreferenced as the
branch destination address of the user break handler instead of VBR.

225 System Registers

(1) Multiply-and-Accumulate Registers (MACH and MACL) (32 bits, Initial Value=
Undefined)

MACH and MACL are used for the added value in aMAC instruction, and to store the operation
result of aMAC or MUL instruction.

(2) ProcedureRegister (PR) (32 bits, Initial Value = Undefined)

The return addressis stored in PR in asubroutine call using a BSR, BSRF, or JSR instruction. PR
isreferenced by the subroutine return instruction (RTS).

(3) Program Counter (PC) (32 bits, Initial Value = H'A0000000)

PC indicates the address of the instruction currently being executed.
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(4) Floating-Point Statug/Control Register (FPSCR)

22 21 20 19 18 17 16

Bit: 3

[Fr [ sz]Pr|DON| cause

1 30 29 28 27 26 25 24 23
I I I e B e N
0 0 0 0 0 0 0 0

Initial value: 0 0 0 0 0 1 0 0
R/W: 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
Cause Enable (EN) Flag RM
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

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 FR 0 R/W Floating-Point Register Bank
0: FPRO_BANKO to FPR15_BANKO are assigned to
FRO to FR15 and FPRO_BANK1 to FPR15_BANK1
are assigned to XFO to XF15
1: FPRO_BANKO to FPR15_BANKO are assigned to
XF0 to XF15 and FPRO_BANK1 to FPR15_BANK1
are assigned to FRO to FR15
20 Sz 0 R/W Transfer Size Mode
0: Data size of FMQOV instruction is 32-bits
1: Data size of FMOV instruction is a 32-bit register
pair (64 bits)
For relationship between the SZ bit, PR bit, and endian,
see figure 2.5.
19 PR 0 R/W Precision Mode
0: Floating-point instructions are executed as single-
precision operations
1: Floating-point instructions are executed as double-
precision operations (graphics support instructions
are undefined)
For relationship between the SZ bit, PR bit, and endian,
see figure 2.5
18 DN 1 R/W Denormalization Mode

0: Denormalized number is treated as such
1: Denormalized number is treated as zero
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Initial
Bit Bit Name Value

R/W

Description

17to 12 Cause 000000

R/W

11to7 Enable (EN) 00000

R/W

6to2 Flag 00000

R/W

FPU Exception Cause Field

FPU Exception Enable Field

FPU Exception Flag Field

Each time an FPU operation instruction is executed, the
FPU exception cause field is cleared to 0. When an
FPU exception occurs, the bits corresponding to FPU
exception cause field and flag field are setto 1. The
FPU exception flag field remains set to 1 until it is
cleared to 0 by software.

For bit allocations of each field, see table 2.2.

1,0 RM 01

R/W

Rounding Mode

These bits select the rounding mode.
00: Round to Nearest

01: Round to Zero

10: Reserved

11: Reserved

REJ09B0501-0100 Rev. 1.00
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<Big endian>
63 0
Floating-point register | DR (2i) |
63 0
| FR (2i) | FR (2i+1) |
63 1 32 31 I 0
Memory area | | |
8n 8n+3 8n+4 8n+7
<Little endian>
63 0 63 0 63 0
Floating-point register | DR (2i) | | DR (2i) | | DR (2i) |
51, %2 #2
63 0 63 0 63 0
| FR (2i) | FR (2i+1) | | FR (2i) | FR (2i+1) | | FR (2i) | FR (2i+1) |
63 3231 0 63 32 31 0 63 32 31 0
Memory area | I | | I | | I |
4n+3 4n4m+3 4m  8n+3 8n 8n+7 8n+4 8n+7 8n+4 8n+3 8n
(1)Sz=0 (2)SZ=1,PR=0 (3)SZ2=1,PR=1

Notes: 1. In the case of SZ = 0 and PR = 0, DR register can not be used.

2. The bit-location of DR register is used for double precision format when PR = 1.
(In the case of (2), it is used when PR is changed from 0 to 1.)

Figure2.5 Relationship between SZ bit and Endian

Table2.2 Bit Allocation for FPU Exception Handling
FPU Invalid Division Overflow Underflow Inexact

Field Name Error (E) Operation (V) by Zero (Z) (O) V) 0]

Cause FPU exception Bit 17 Bit 16 Bit 15 Bit 14 Bit 13 Bit 12
cause field

Enable FPU exception None Bit 11 Bit 10 Bit 9 Bit 8 Bit 7
enable field

Flag FPU exception None Bit 6 Bit 5 Bit 4 Bit 3 Bit 2
flag field

(5) Floating-Point Communication Register (FPUL) (32 bits, Initial Value = Undefined)

Information is transferred between the FPU and CPU via FPUL.
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2.3 Memory-Mapped Registers

Some control registers are mapped to the following memory areas. Each of the mapped registers
has two addresses.

H'1C00 0000 to H'1FFF FFFF
H'FC00 0000 to H'FFFF FFFF

These two areas are used as follows.

e H'1C00 0000 to H'1FFF FFFF
This area must be accessed using the address trand ation function of the MMU.
Setting the page number of this areato the corresponding field of the TLB enables accessto a
memory-mapped register.
The operation of an access to this area without using the address trand ation function of the
MMU is not guaranteed.

e H'FC00 0000 to H'FFFF FFFF
Access to area H'FC00 0000 to H'FFFF FFFF in user mode will cause an address error.
Memory-mapped registers can be referenced in user mode by means of access that involves
address trandlation.

Note: Do not access addresses to which registers are not mapped in either area. The operation of
an access to an address with no register mapped is undefined. Also, memory-mapped
registers must be accessed using a fixed data size. The operation of an access using an
invalid data size is undefined.
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24 Data Formatsin Registers

Register operands are always longwords (32 bits). When amemory operand is only a byte (8 bits)
or aword (16 bits), it is sign-extended into alongword when loaded into aregister.

7 6 0

s| |
31/7 6 0
Is ........................................ SI I
1514 0

[s] |
31/1514 0
|3 .......................... Sl |

Figure2.6 Formatsof Byte Data and Word Data in Register
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25 Data Formatsin Memory

Memory dataformats are classified into bytes, words, and longwords. Memory can be accessed in
an 8-bit byte, 16-bit word, or 32-bit longword form. A memory operand less than 32 bitsin length
is sign-extended before being loaded into aregister.

A word operand must be accessed starting from aword boundary (even address of a 2-byte unit:
address 2n), and a longword operand starting from alongword boundary (even address of a 4-byte
unit: address 4n). An address error will result if thisrule is not observed. A byte operand can be
accessed from any address.

Big endian or little endian byte order can be selected for the data format. The endian should be set
with the external pin after a power-on reset. The endian cannot be changed dynamically. Bit
positions are numbered left to right from most-significant to least-significant. Thus, in a 32-bit
longword, the leftmost bit, bit 31, isthe most significant bit and the rightmost bit, bit 0, isthe least
significant bit.

The data format in memory is shown in figure 2.7.

A A+1 A+2 A+3 A+11 A+10 A+9 A+8
31 23 15 7 0 31 23 15 7 0
7 0|7 o7 0|7 0 7 o[7 o7 0|7 0

Address A | Byte 0|Byte 1| Byte 2| Byte 3 Byte 3| Byte 2 | Byte 1| Byte 0| Address A + 8
15 0[15 0 15 0[15 0

Address A + 4 Word 0 Word 1 Word 1 Word 0 Address A + 4
31 0 31 0

Address A + 8 Longword Longword Address A
Big endian Little endian

Figure2.7 DataFormatsin Memory

For the 64-bit dataformat, see figure 2.5.
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2.6 Processing States

This LS| has major three processing states: the reset state, instruction execution state, and power-
down state.

(1) Reset State

In this state the CPU isreset. The reset stateis divided into the power-on reset state and the
manual reset.

In the power-on reset state, the interna state of the CPU and the on-chip peripheral module
registers are initialized. In the manual reset state, the internal state of the CPU and some registers
of on-chip peripheral modules are initialized. For details, see register descriptions for each section.

(2) Instruction Execution State

In this state, the CPU executes program instructions in sequence. The Instruction execution state
has the normal program execution state and the exception handling state.

(3 Power-Down State

In a power-down state, CPU halts operation and power consumption is reduced. The power-down
state is entered by executing a SLEEP instruction. There are two modes in the CPU power-down
state: sleep mode and light sleep mode. For details, see section 20, Power-Down mode.

From any state
when reset/manual
reset input l

Reset state
Reset/manual

reset clearance

Reset/manual Reset/manual
reset input reset input

Sleep instruction execution
Instruction execution state >
- — Power-down state
Interrupt occurence

Figure2.8 Processing State Transitions
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2.7 Usage Notes

271 Notes on Self-M odifying Code

To accelerate the processing speed, the instruction prefetching capability of this LS| has been
significantly enhanced from that of the SH-4. Therefore, in the case when a code in memory is
rewritten and attempted to be executed immediately, there isincreased possibility that the code
before being modified, which has already been prefetched, is executed.

To ensure execution of the modified code, one of the following sequence of instructions should be
executed between the code rewriting instruction and execution of the modified code.

(1) When the Codesto be Modified arein Non-Cacheable Area

SYNCO
ICBI @Rn

The target for the ICBI instruction can be any address within the range where no address error
exception occurs.

(2) When the Codesto be Modified arein Cacheable Area (Write-Through)

SYNCO
ICBI @Rn

All instruction cache areas corresponding to the modified codes should be invalidated by the ICBI
instruction. The ICBI instruction should be issued to each cache line. One cachelineis 32 bytes.

(3) When the Codesto be Modified arein Cacheable Area (Copy-Back)

OCBP @Rm or OCBWB @Rm

SYNCO

ICBI @Rn
All operand cache areas corresponding to the modified codes should be written back to the main
memory by the OCBP or OCBWB instruction. Then all instruction cache areas corresponding to
the modified codes should be invalidated by the ICBI instruction. The OCBP, OCBWB, and ICBI
instruction should be issued to each cache line. One cache line is 32 bytes.

Note: Self-modifying code is the processing which executes instructions while dynamically
rewriting the codes in memory.
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272 Instruction Prefetching and Its Side Effects

ThisLSl is provided with an internal buffer for holding pre-read instructions, and always performs
pre-reading. Therefore, program code must not be located in the last 64-byte area of any memory
space. If program code islocated in these areas, a bus access for instruction prefetch may occur
exceeding the memory areas boundary. A case in which thisis aproblem is shown below.

Address Instruction
H'03FF FFF8 ADD R1,R4 <«— PC (Program Counter)
H'03FF FFFA JMP @R2
H'03FF FFFC NOP
Area 0 H'O3FF FFFE NOP

Area 1 H'0400 0000
H'0400 0002 ~&———— Instruction prefetch address

Figure 2.9 Instruction Prefetch

Figure 2.9 presupposes a case in which the instruction (ADD) indicated by the program counter
(PC) and the address H'04000002 instruction prefetch are executed simultaneously. It is also
assumed that the program branchesto an area other than area 1 after executing the following IMP
instruction and delay slot instruction.

In this case, a bus access (instruction prefetch) to area 1 may unintentionally occur from the
programming flow.

(1) Instruction Prefetch Side Effects

1. It ispossible that an external bus access caused by an instruction prefetch may result in
misoperation of an external device, such as a FIFO, connected to the area concerned.

2. If thereis no device to reply to an external bus request caused by an instruction prefetch,
hangup will occur.

(2) Remedies
1. Theseillegal instruction fetches can be avoided by using the MMU.

2. The problem can be avoided by not locating program code in the last 64 bytes of any area.
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Section 3 Instruction Set

ThisLSlI'sinstruction set isimplemented with 16-bit fixed-length instructions. ThisLSI can use
byte (8-bit), word (16-bit), longword (32-hit), and quadword (64-bit) data sizes for memory
access. Single-precision floating-point data (32 bits) can be moved to and from memory using
longword or quadword size. Double-precision floating-point data (64 bits) can be moved to and
from memory using longword size. When this LSl moves byte-size or word-size data from
memory to aregister, the datais sign-extended. For details of the extended function, refer to
appendix A corresponding section.

31 Execution Environment

(1) PC

At the start of instruction execution, the PC indicates the address of the instruction itself.
(2) Load-StoreArchitecture

This LSl has aload-store architecture in which operations are basically executed using registers.
Except for bit-manipulation operations such as logical AND that are executed directly in memory,
operands in an operation that requires memory access are |oaded into registers and the operation is
executed between the registers.

(3) Delayed Branches

Except for the two branch instructions BF and BT, this LSI's branch instructions and RTE are
delayed branches. In a delayed branch, the instruction following the branch is executed before the
branch destination instruction.

(4) Delay Slot

This execution dlot following adelayed branch is called a delay dot. For example, the BRA
execution sequenceis asfollows:
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Table3.1 Execution Order of Delayed Branch Instructions

Instructions Execution Order
BRA TARGET (Delayed branch instruction) BRA
ADD (Delay slot) 2
ADD
{
TARGET target-inst (Branch destination instruction)  target-inst

A dot illegal instruction exception may occur when a specific instruction is executed in a delay
slot. For details, see section 5, Exception Handling. The instruction following BF/S or BT/S for
which the branch is not taken is also a delay slot instruction.

(5) T Bit

The T bit in SR is used to show the result of a compare operation, and is referenced by a
conditional branch instruction. An example of the use of a conditional branch instruction is shown
below.

ADD #1, RO ; T bit isnot changed by ADD operation
CMP/EQ R1, RO ;IFfRO=R1, Thitissettol
BT TARGET ; Branchesto TARGET if T bit=1 (R0 =R1)

In an RTE delay dot, the SR bits are referenced as follows. In instruction access, the MD hit is
used before modification, and in data access, the MD hit is accessed after modification. The other
bits—S, T, M, Q, FD, BL, and RB—after modification are used for delay dot instruction
execution. The STC and STC.L SR instructions access all SR hits after modification.

(6) Constant Values

An 8-hit constant value can be specified by the instruction code and an immediate value. 16-bit
and 32-bit constant values can be defined as literal constant valuesin memory, and can be
referenced by a PC-relative load instruction.

MOV.W  @(disp, PC), Rn
MOV.L @(disp, PC), Rn

There are no PC-relative load instructions for floating-point operations. However, it is possible to
set 0.0 or 1.0 by using the FLDIO or FLDI1 instruction on a single-precision floating-point
register.
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3.2 Addressing M odes

Addressing modes and effective address cal cul ation methods are shown in table 3.2. When a
location in virtual memory spaceis accessed (AT in MMUCR = 1), the effective addressis
tranglated into a physical memory address. If multiple virtual memory space systems are selected
(SV in MMUCR = 0), the least significant bit of PTEH is also referenced as the access ASID. For
details, see section 7, Memory Management Unit (MMU).

Table3.2 Addressing Modesand Effective Addresses

Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Register Rn Effective address is register Rn. —
direct (Operand is register Rn contents.)
Register @Rn Effective address is register Rn contents. Rn —» EA
et sty
n n address)
Register @Rn+ Effective address is register Rn contents. Rn — EA
indirect A constant is added to Rn after instruction After instruction
with post- execution: 1 for a byte operand, 2 for a word execution
increment operand, 4 for a longword operand, 8 for a Byte:
quadword operand. Rn+1-—Rn
Word:
Rn+2 — Rn
Longword:
Rn+4 — Rn
Quadword:
Rn+8 — Rn
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Register @-Rn Effective address is register Rn contents, Byte:
indirect decremented by a constant beforehand: Rn—1—>Rn
with pre- 1 for a byte operand, 2 for a word operand, Word:
decrement 4 for a longword operand, 8 for a quadword Rn—2 — RN
operand.
Longword:
Rn-4 - Rn
Quadword:
Rn —1/2/4/8 Rn—-8 — Rn
Rn — EA
(Instruction
executed
with Rn after
calculation)
Register @(disp:4, Rn) Effective address is register Rn contents with Byte: Rn + disp
indirect with 4-bit displacement disp added. After disp is —> EA
displacement zero-extended, it is multiplied by 1 (byte), 2 (word), \word: Rn + disp
or 4 (longword), according to the operand size. %2 5 EA
Longword:

Rn + disp x 4 —>

disp Rn + disp x 1/2/4 | EA
(zero-extended)_l T
1/2/4
Indexed @(RO, Rn) Effective address is sum of register Rn and RO Rn + RO —» EA
register contents.
indirect

Rn

(— An+Ro_|
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
GBR indirect @(disp:8, Effective address is register GBR contents with Byte: GBR +
with displace- GBR) 8-bit displacement disp added. After disp is disp - EA

ment

zero-extended, it is multiplied by 1 (byte), 2 (word), \word: GBR +

or 4 (longword), according to the operand size. disp x 2 - EA
GBR Longword:
GBR + disp x
disp (H— _GBR 45 EA
(zero-extended) + disp x 1/2/4
Indexed GBR @(RO, GBR)  Effective address is sum of register GBR and RO GBR + RO —»
indirect contents. EA
GBR
(+) GBR + RO
PC-relative  @(disp:8, PC) Effective address is PC + 4 with 8-bit displacement Word: PC + 4
with disp added. After disp is zero-extended, it is +dispx2—>
displacement multiplied by 2 (word), or 4 (longword), according EA
to the operand size. With a longword operand, Longword:
the lower 2 bits of PC are masked. PC & H'FFFF
FFFC + 4 +
disp x 4 - EA

disp
(zero-extended)

PC + 4 + disp
X 2
or PC &

+4 +disp x4

H'FFFF FFFC

* With longword operand
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Addressing Instruction Calculation

Mode Format Effective Address Calculation Method Formula

PC-relative  disp:8 Effective address is PC + 4 with 8-bit displacement PC + 4 + disp
disp added after being sign-extended and x 2 — Branch-
multiplied by 2. Target

° |PC+4+disp><2

disp
(sign-extended)

PC-relative  disp:12 Effective address is PC + 4 with 12-bit displacement PC + 4 + disp
disp added after being sign-extended and x 2 — Branch-
multiplied by 2. Target

B
I l

(+)—{PC + 4 + disp x 2

disp
(sign-extended)

Rn PC+4+Rn—

Branch-Target

PC+4+Rn
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Immediate #imm:8 8-bit immediate data imm of TST, AND, OR, or XOR —
instruction is zero-extended.
#imm:8 8-bit immediate data imm of MOV, ADD, or CMP/EQ —

instruction is sign-extended.

#imm:8 8-bit immediate data imm of TRAPA instruction is —
zero-extended and multiplied by 4.

Note: For the addressing modes below that use a displacement (disp), the assembler descriptions
in this manual show the value before scaling (x1, x2, or x4) is performed according to the
operand size. This is done to clarify the operation of the LSI. Refer to the relevant
assembler notation rules for the actual assembler descriptions.

@ (disp:4, Rn) ; Register indirect with displacement
@ (disp:8, GBR) ; GBR indirect with displacement

@ (disp:8, PC) ; PC-relative with displacement
disp:8, disp:12 ; PC-relative
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3.3 I nstruction Set

Table 3.3 shows the notation used in the SH instruction lists shown in tables 3.4 to 3.13.

Table3.3 Notation Used in Instruction List
Item Format Description
Instruction OP.Sz SRC, DEST OFP: Operation code
mnemonic Sz: Size
SRC: Source operand
DEST: Source and/or destination operand
Rm: Source register
Rn: Destination register
imm: Immediate data
disp: Displacement
Operation -, Transfer direction
notation (xx) Memory operand
M/Q/T SR flag bits
& Logical AND of individual bits
| Logical OR of individual bits
A Logical exclusive-OR of individual bits
~ Logical NOT of individual bits
<<n, >>n n-bit shift
Instruction code MSB <> LSB mmmm: Register number (Rm, FRm)
nnnn: Register number (Rn, FRn)
0000: RO, FRO
0001: R1, FR1
1111: R15, FR15
mmm Register number (DRm, XDm, Rm_BANK)
nnn: Register number (DRn, XDn, Rn_BANK)
000: DRO, XD0, RO_BANK
001: DR2, XD2, R1_BANK
111: DR14, XD14, R7_BANK
mm: Register number (FVm)
nn: Register number (FVn)
00: FVO
01: Fv4
10: Fv8
11: FV12
iiii: Immediate data
dddd: Displacement
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Item Format Description

Privileged mode "Privileged" means the instruction can only be executed
in privileged mode.

T bit Value of T bit after ~—: No change

instruction execution

New — "New" means the instruction which has been newly
added in the SH-4A with H'20-valued VER bits in the
processor version register (PVR).

Note: Scaling (x1, x2, x4, or x8) is executed according to the size of the instruction operand.
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Table3.4 Fixed-Point Transfer Instructions

Instruction Operation Instruction Code Privileged T Bit New

MOV #imm,Rn imm — sign extension »  1110nnnniiiiiiii — — —
Rn

MOV.W @(disp*,PC), Rn  (disp x 2 + PC + 4) - sign  1001nnnndddddddd — — —
extension — Rn

MOV.L @(disp*,PC), Rn  (disp x 4 + 1101nnnndddddddd — — —
PC & H'FFFF FFFC + 4)
— Rn

MOV Rm,Rn Rm — Rn 0110nnnnmmmm0011 — — —

MOV.B Rm,@Rn Rm — (Rn) 0010nnnnmmmm0000 — — —

MOV.W Rm,@Rn Rm — (Rn) 0010nnnnmmmm0001  — — —

MOV.L Rm,@Rn Rm — (Rn) 0010nnnnmmmm0010 — — —

MOV.B @Rm,Rn (Rm) — sign extension - 0110nnnnmmmm0000 — — —
Rn

MOV.W @Rm,Rn (Rm) — sign extension - (0110nnnnmmmm0001  — — —
Rn

MOV.L @Rm,Rn (Rm) > Rn 0110nnnnmmmm0010 — — —

MOV.B Rm,@-Rn Rn-1 - Rn, Rm — (Rn) 0010nnnnmmmm0100 — — —

MOV.W Rm,@-Rn Rn-2 — Rn, Rm — (Rn) 0010nnnnmmmm0101  — — —

MOV.L Rm,@-Rn Rn-4 - Rn, Rm — (Rn) 0010nnnnmmmm0110 — — —

MOV.B @Rm+,Rn (Rm)— sign extension - 011 0nnnnmmmm0100 — — —
Rn, Rm+1 - Rm

MOV.W @Rm+,Rn (Rm) — sign extension - 0110nnnnmmmm0101  — — —
Rn, Rm +2 - Rm

MOV.L @Rm+,Rn (Rm) > Rn,Rm+4 - Rm 0110nnnnmmmm0110 — — —

MOV.B RO,@(disp*,Rn) RO — (disp + Rn) 10000000nnnndddd — — —

MOV.W RO,@(disp*,Rn) RO — (disp x 2 + Rn) 10000001nnnndddd — — —

MOV.L Rm,@(disp*,Rn) Rm — (disp x 4 + Rn) 000 1Innnnmmmmdddd — — —

MOV.B @(disp*,Rm),RO (disp + Rm) —» 100001 00mmmmdddd — — —
sign extension — RO

MOV.W @(disp*,Rm),R0O (disp x 2 + Rm) — 10000101 mmmmdddd — — —
sign extension — RO

MOV.L @(disp*,Rm),Rn (disp x 4 + Rm) > Rn 0101nnnnmmmmdddd — — —

MOV.B Rm,@(RO,Rn) Rm — (RO + Rn) 0000nnnnmmmm0100 — — —

MOV.W Rm,@(R0O,Rn) Rm — (RO + Rn) 0000nnnnmmmm0101 — — —

MOV.L Rm,@(RO,Rn) Rm — (RO + Rn) 0000nnnnmmmm0110 — — —
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Instruction Operation Instruction Code Privileged T Bit New
MOV.B @(RO,Rm),Rn (RO + Rm) — 0000nnnnmmmm1 100 — — —
sign extension — Rn
MOV.W @(RO,RmM),Rn (RO +Rm) — 0000nnnnmmmm1101 — — —
sign extension — Rn
MOV.L @(RO,Rm),Rn (RO + Rm) > Rn 0000nnnnmmmm1110 — — —
MOV.B RO,@(disp*.GBR) RO — (disp + GBR) 11000000dddddddd — — —
MOV.W RO, @(disp*,GBR) RO — (disp x 2 + GBR) 11000001dddddddd — — —
MOV.L RO,@(disp*.GBR) RO — (disp x 4 + GBR) 11000010dddddddd — — —
MOV.B @(disp*,GBR),R0 (disp + GBR) —> 11000100dddddddd — — —
sign extension — RO
MOV.W @(disp*,GBR),R0 (disp x 2 + GBR) —» 11000101dddddddd — — —
sign extension —» RO
MOV.L @(disp*,GBR),R0 (disp x 4 + GBR) —» RO 11000110dddddddd — — —
MOVA @(disp*,PC),R0  disp x 4 + 11000111dddddddd — — —
PC & H'FFFF FFFC
+4 — RO
MOVCO.L RO,@Rn LDST > T 0000nnnn01110011 — LDST New
If (T==1) RO — (Rn)
0 — LDST
MOVLILL @Rm,RO 1 - LDST 0000mmmm01100011 — — New
(Rm) -» RO
When interrupt/exception
occurred 0 — LDST
MOVUA.L @Rm,RO (Rm) - RO 0100mmmm10101001 — — New
Load non-boundary
alignment data
MOVUA.L @Rm+,RO (Rm) > RO,Rm+4 — 0100mmmm11101001 — — New
Rm
Load non-boundary
alignment data
MOVT Rn T—Rn 0000nnnn00101001 — — —
SWAP.B Rm,Rn Rm — swap lower 2 bytes 011 0nnnnmmmm1000 — — —
— Rn
SWAP.W Rm,Rn Rm — swap upper/lower  0110nnnnmmmm1 001 — — —
words — Rn
XTRCT Rm,Rn Rm:Rn middle 32 bits >  0010nnnnmmmm1101 — — —
Rn
Note: * The assembler of Renesas uses the value after scaling (x1, x2, or x4) as the

displacement (disp).
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Table3.5 Arithmetic Operation Instructions

Instruction Operation Instruction Code Privileged T Bit New

ADD Rm,Rn Rn + Rm — Rn 001lnnnnmmmml100 — — —

ADD #imm,Rn  Rn +imm — Rn 011lnnnniiiiiiii — — —

ADDC Rm,Rn Rn+Rm+ T — Rn, 0011lnnnnmmmml1110 — Carry —
carry > T

ADDV Rm,Rn Rn + Rm — Rn, 0011lnnnnmmmml11l — Overflow —
overflow —» T

CMP/EQ  #imm,RO WhenRO=imm,1—>T 100010001iiiiiiii — Comparison —
Otherwise, 0 > T result

CMP/EQ Rm,Rn WhenRn=Rm,1->T 001 1lnnnnmmmm0000 — Comparison —
Otherwise, 0 > T result

CMP/HS  Rm,Rn When Rn > Rm (unsigned), 001lnnnnmmmm0010 — Comparison —
15T result
Otherwise, 0 > T

CMP/GE  Rm,Rn When Rn > Rm (signed), 0011nnnnmmmm0011 — Comparison —
15T result
Otherwise, 0 > T

CMP/HI Rm,Rn When Rn > Rm (unsigned), 001lnnnnmmmm0110 — Comparison —
1->T result
Otherwise, 0 > T

CMP/GT  Rm,Rn When Rn > Rm (signed), 001lnnnnmmmm0111 — Comparison —
1->T result
Otherwise, 0 > T

CMP/PZ Rn WhenRn>0,1->T 0100nnnn00010001 — Comparison —
Otherwise, 0 > T result

CMP/PL Rn WhenRn>0,1->T 0100nnnn00010101 — Comparison —
Otherwise, 0 > T result

CMP/STR Rm,Rn When any bytes are equal, 0010nnnnmmmm1100 — Comparison —
15T result
Otherwise, 0 > T

DIV1 Rm,Rn 1-step division (Rn + Rm) 0011nnnnmmmm0100 — Calculation —

result

DIVOS Rm,Rn MSB of Rn — Q, 0010nnnnmmmm0111 — Calculation —
MSB of Rm - M, M*\Q —»> T result

DIVOU 0 - M/IQIT 0000000000011001 — 0 —

DMULS.L Rm,Rn Signed, 0011lnnnnmmmml101l — — —
Rn x Rm — MAC,
32 x 32 — 64 bits
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Instruction Operation Instruction Code Privileged T Bit New

DMULU.L Rm,Rn Unsigned, 0011lnnnnmmmm0101 — — —
Rn x Rm — MAC,
32 x 32 — 64 bits

DT Rn Rn—-1— Rn; 0100nnnn00010000 — Comparison —
whenRN=0,1->T result
WhenRn=0,0 > T

EXTS.B Rm,Rn Rm sign-extended from 0110nnnnmmmml1110 — — —
byte - Rn

EXTS.W  Rm,Rn Rm sign-extended from 0110nnnnmmmml1111 — — —
word - Rn

EXTU.B Rm,Rn Rm zero-extended from 0110nnnnmmmml1100 — — —
byte - Rn

EXTU.W Rm,Rn Rm zero-extended from 0110nnnnmmmml1101 — — —
word - Rn

MAC.L @Rm+,  Signed, 0000nnnnmmmm1111 — — —

@Rn+ (Rn) x (Rm) + MAC — MAC

Rn+4 - Rn,Rm+4 — Rm
32 x 32 + 64 — 64 bits

MAC.W @Rm+,  Signed, 0100nnnnmmmm1111l — — —

@Rn+ (Rn) x (Rm) + MAC —» MAC

Rn +2 — Rn,
Rm+ 2 —> Rm
16 x 16 + 64 — 64 bits

MUL.L Rm,Rn Rn x Rm —» MACL 0000nnnnmmmm0111 — — —
32 x 32 — 32 bits

MULS.W  Rm,Rn Signed, 0010nnnnmmmml1111l — — —
Rn x Rm — MACL
16 x 16 — 32 hits

MULUW  Rm,Rn Unsigned, 0010nnnnmmmml1110 — — —
Rn x Rm — MACL
16 x 16 — 32 bits

NEG Rm,Rn 0-Rm —>Rn 0110nnnnmmmml1011l — — —

NEGC Rm,Rn 0-Rm-T—Rn, 0110nnnnmmmm1010 — Borrow —
borrow —» T

SUB Rm,Rn Rn—Rm — Rn 0011lnnnnmmmml1000 — — —

SUBC Rm,Rn Rn—Rm—-T— Rn, 0011lnnnnmmmml1010 — Borrow —
borrow —» T

SUBV Rm,Rn Rn—Rm — Rn, 0011lnnnnmmmm1011 — Underflow —
underflow — T
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Table3.6 Logic Operation Instructions

Instruction Operation Instruction Code Privileged T Bit New

AND Rm,Rn Rn & Rm — Rn 0010nnnnmmmm1001 — — —

AND  #imm,RO RO & imm — RO 11001001iidiiiiii — — —

AND.B #imm, @(R0O,GBR) (RO + GBR) & imm 11001101iiiiiiii — — —
— (RO + GBR)

NOT Rm,Rn ~Rm — Rn 0110nnnnmmmm0111 — — —

OR Rm,Rn Rn[Rm — Rn 0010nnnnmmmm1011 — — —

OR #imm,R0O RO | imm — RO 110010114iiiiiidii — — —

OR.B #imm, @(R0,GBR) (RO + GBR) | imm 11001111iiiiiiii — — —
— (RO + GBR)

TAS.B @Rn When (Rn)=0,1->T 0100nnnn00011011 — Test —
Otherwise, 0 > T result
In both cases,
1 — MSB of (Rn)

TST Rm,Rn Rn & Rm; 0010nnnnmmmm1000 — Test —
whenresult=0,1—>T result
Otherwise, 0 > T

TST #imm,R0O RO & imm; 110010001iiiiiiii — Test —
whenresult=0,1—>T result
Otherwise, 0 > T

TST.B #imm, @(R0O,GBR) (RO + GBR) & imm; 110011004iiiiiiii — Test —
whenresult=0,1—>T result
Otherwise, 0 > T

XOR Rm,Rn Rn A Rm — Rn 0010nnnnmmmm1010 — — —

XOR  #imm,RO RO A imm — RO 11001010iiiiiiii — — —

XOR.B #imm, @(R0,GBR) (RO + GBR) A imm — 110011104iiiiiiii — — —
(RO + GBR)
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Table3.7  Shift Instructions
Instruction Operation Instruction Code Privileged T Bit New
ROTL Rn T < Rn« MSB 0100nnnn00000100 — MSB —
ROTR Rn LSB>Rn—>T 0100nnnn00000101 — LSB —
ROTCL Rn T<Rn«T 0100nnnn00100100 — MSB —
ROTCR Rn T->Rn->T 0100nnnn00100101 — LSB —
SHAD Rm,Rn WhenRm>0,Rn<<Rm —> Rn  0100nnnnmmmm1100 — — —
When Rm <0, Rn >>Rm —»
[MSB — Rn]
SHAL Rn T« Rn«0 0100nnnn00100000 — MSB —
SHAR Rn MSB—->Rn—>T 0100nnnn00100001 — LSB —
SHLD Rm,Rn WhenRm>0,Rn<<Rm —> Rn  0100nnnnmmmm1101 — — —
When Rm <0, Rn >>Rm —»
[0 > Rn]
SHLL Rn T« Rn«0 0100nnnn00000000 — MSB —
SHLR Rn 0O->Rn->T 0100nnnn00000001 — LSB —
SHLL2 Rn Rn<<2 - Rn 0100nnnn00001000 — — —
SHLR2 Rn Rn>>2 > Rn 0100nnnn00001001 — - -
SHLLS8 Rn Rn<<8 - Rn 0100nnnn00011000 — — -
SHLRS8 Rn Rn>>8 —» Rn 0100nnnn00011001 — — -
SHLL16 Rn Rn << 16 - Rn 0100nnnn00101000 — — -
SHLR16 Rn Rn >>16 - Rn 0100nnnn00101001 — - —
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Table3.8 Branch Instructions

Instruction Operation Instruction Code Privileged T Bit New

BF label WhenT=0,dispx2+PC+ 10001011dddddddd — — —
4 > PC
When T =1, nop

BF/S label  Delayed branch; when T =0, 10001111dddddddd — — —
dispx2+PC+4—>PC
When T =1, nop

BT label WhenT=1,dispx2+PC+ 10001001dddddddd — — —
4—>PC
When T =0, nop

BT/S label  Delayed branch; when T =1, 10001101dddddddda — — —
dispx2+PC+4—>PC
When T =0, nop

BRA label  Delayed branch, disp x 2 + 1010dddddddddddd — — —
PC+4—PC

BRAF Rn Delayed branch, Rn + PC+4 - 0000nnnn00100011 — — —
PC

BSR label  Delayed branch, PC + 4 - PR, 1011dddddddddddd — — —
dispx2+PC+4—>PC

BSRF Rn Delayed branch, PC +4 - PR, 0000nnnn00000011 — — —
Rn+PC+4 - PC

JMP @Rn  Delayed branch, Rn — PC 0100nnnn00101011 — — —

JSR @Rn  Delayed branch, PC+4 - PR, 0100nnnn00001011 — — —
Rn —» PC

RTS Delayed branch, PR —» PC 0000000000001011 — — —
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Table3.9 System Control Instructions
Instruction Operation Instruction Code Privileged T Bit  New
CLRMAC 0 - MACH, MACL 0000000000101000 — — —
CLRS 0—>S 0000000001001000 — — —
CLRT 0T 0000000000001000 — 0 —
ICBI @Rn Invalidates instruction cache 0000nnnn11100011 — — New
block
LDC Rm,SR Rm —» SR 0100mmmm00001110 Privileged LSB —
LDC Rm,GBR Rm — GBR 0100mmmm00011110 — — —
LDC Rm,VBR Rm — VBR 0100mmmm00101110 Privileged — —
LDC Rm,SGR Rm —» SGR 0100mmmm00111010 Privileged — New
LDC Rm,SSR Rm — SSR 0100mmmm00111110 Privileged — —
LDC Rm,SPC Rm — SPC 0100mmmm01001110 Privileged — —
LDC Rm,DBR Rm — DBR 0100mmmm11111010 Privileged — —
LDC Rm,Rn_BANK Rm - Rn_BANK (n=0t07) 0100mmmmlnnn1110 Privileged — —
LDC.L @Rm+,SR (Rm) -> SR, Rm +4 - Rm 0100mmmm00000111 Privileged LSB —
LDCL  @Rm+GBR (Rm)— GBR,Rm+4 —>Rm 0100mmmm00010111 — — —
LDC.L @Rm+,VBR (Rm) - VBR,Rm+4 —- Rm 0100mmmm00100111 Privileged — —
LDC.L @RmM+,SGR  (Rm) »> SGR,Rm+4 —>Rm  0100mmmm00110110 Privileged — New
LDC.L @Rm+,SSR  (Rm) -» SSR, Rm +4 —» Rm 0100mmmm00110111  Privileged — —
LDC.L @Rm+,SPC  (Rm) - SPC,Rm +4 — Rm 0100mmmm01000111  Privileged — —
LDC.L @Rm+,DBR (Rm) - DBR, Rm +4 — Rm 0100mmmm11110110 Privileged — —
LDC.L @Rm+,Rn_  (Rm) »> Rn_BANK, 0100mmmmlnnn0111 Privileged — —
BANK Rm +4 — Rm
LDS Rm,MACH Rm — MACH 0100mmmm00001010 — — —
LDS Rm,MACL Rm — MACL 0100mmmmO00011010 — — —
LDS Rm,PR Rm — PR 0100mmmm00101010 — — —
LDS.L @Rm+,MACH (Rm) > MACH,Rm+4 - Rm 0100mmmm00000110 — — —_
LDS.L @Rm+,MACL (Rm) > MACL,Rm+4 —>Rm 0100mmmm00010110 — — —_
LDS.L @Rm+,PR (Rm) > PR, Rm +4 - Rm 0100mmmm00100110 — — —
LDTLB PTEH/PTEL (/PTEA) —» TLB 0000000000111000 Privileged — —
MOVCA.L RO,@Rn RO — (Rn) (without fetching 0000nnnn11000011 — — —
cache block)
NOP No operation 0000000000001001 — — —
OcCBI @Rn Invalidates operand cache 0000nnnnl10010011 — — —
block
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Instruction Operation Instruction Code Privileged T Bit  New
OCBP @Rn Writes back and invalidates 0000nnnnl10100011 — — —
operand cache block
OCBWB @Rn Writes back operand cache 0000nnnnl10110011 — — —
block
PREF @Rn (Rn) — operand cache 0000nnnn10000011 — — —
PREFI @Rn Reads 32-byte instruction block 0000nnnn11010011 — — New
into instruction cache
RTE Delayed branch, SSR/SPC —» 0000000000101011 Privileged — —
SR/PC
SETS 1->S 0000000001011000 — —_ —_
SETT 15T 0000000000011000 — 1 —_
SLEEP Sleep 0000000000011011 Privileged — —
STC SR,Rn SR > Rn 0000nnnn00000010 Privileged — —
STC GBR,Rn GBR — Rn 0000nnnn00010010 — — —
STC VBR,Rn VBR — Rn 0000nnnn00100010 Privileged — —
STC SSR,Rn SSR - Rn 0000nnnn00110010 Privileged — —
STC SPC,Rn SPC - Rn 0000nnnn01000010 Privileged — —
STC SGR,Rn SGR - Rn 0000nnnn00111010 Privileged — —
STC DBR,Rn DBR — Rn 0000nnnn11111010 Privileged — —
STC Rm_BANK,Rn Rm_BANK > Rn(m=0t07) 0000nnnnlmmm0010 Privleged — —
STC.L  SR,@-Rn Rn—4 - Rn, SR — (Rn) 0100nnnn00000011 Privileged — —
STC.L GBR,@-Rn Rn -4 — Rn, GBR — (Rn) 0100nnnn00010011 — — —
STC.L VBR,@-Rn Rn -4 — Rn, VBR — (Rn) 0100nnnn00100011 Privileged — —
STC.L  SSR@-Rn  Rn-4-Rn, SSR — (Rn) 0100nnnn00110011 Privileged — —
STC.L SPC,@-Rn Rn -4 — Rn, SPC — (Rn) 0100nnnn01000011 Privileged — —
STC.L  SGR@-Rn  Rn-4-Rn, SGR - (Rn) 0100nnnn00110010 Privileged — —
STC.L DBR,@-Rn Rn -4 — Rn, DBR — (Rn) 0100nnnn11110010 Privileged — —
STC.L Rm_BANK, Rn -4 — Rn, 0100nnnnlmmm0011 Privileged — —
@-Rn Rm_BANK — (Rn) (m=0to 7)
STS MACH,Rn MACH — Rn 0000nnnn00001010 — - -
STS MACL,Rn MACL — Rn 0000nnnn00011010 — - -
STS PR,Rn PR - Rn 0000nnnn00101010 — - -
STS.L MACH,@-Rn  Rn—4 — Rn, MACH — (Rn) 0100nnnn00000010 — — —
STS.L MACL,@-Rn  Rn -4 — Rn, MACL — (Rn) 0100nnnn00010010 — — —
STS.L PR,@-Rn Rn -4 — Rn, PR — (Rn) 0100nnnn00100010 — — —
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Instruction Operation Instruction Code Privileged T Bit  New
SYNCO Data accesses invoked by the  0000000010101011 — — New
following instructions are not
executed until execution of
data accesses which precede
this instruction has been
completed.
TRAPA  #imm PC +2 — SPC, 11000011iiiiiiii — — —
SR - SSR, R15 > SGR, 1 —»
SR.MD/BL/RB, #imm << 2 —
TRA, H'160 — EXPEVT,
VBR + H'0100 — PC
Table3.10 Floating-Point Single-Precision I nstructions
Instruction Operation Instruction Code Privileged T Bit New
FLDIO FRn H'0000 0000 — FRn 1111nnnn10001101 — —_ —_
FLDI1 FRn H'3F80 0000 — FRn 1111nnnnl10011101 — — —
FMOV FRm,FRn FRm — FRn 111 Innnnmmmm1100 — — —
FMOV.S @Rm,FRn (Rm) - FRn 1111nnnnmmmm1 000 — — —
FMOV.S @(RO,Rm),FRn (RO + Rm) — FRn 1111nnnnmmmm0110 — — —
FMOV.S @Rm+,FRn (Rm) > FRn,Rm+4 - 1111nnnnmmmml1001 — — —
Rm
FMOV.S FRm,@Rn FRm — (Rn) 1111nnnnmmmml 010 — — —
FMOV.S FRm,@-Rn Rn-4 - Rn, FRM — (Rn) 1111nnnnmmmml1011 — — —
FMOV.S FRm,@(RO,Rn) FRm — (RO + Rn) 1111nnnnmmmm0111  — — —
FMOV DRm,DRnN DRm — DRn 1111nnnOmmm01100 — — —
FMOV @Rm,DRn (Rm) - DRn 1111nnnOmmmm1 000 — — —
FMOV @(RO,Rm),DRn (RO + Rm) — DRn 1111nnnOmmmm0110 — — —
FMOV @Rm+,DRn (Rm) > DRn,RM+8 > 1111nnnOmmmm1001 — — —
Rm
FMOV DRm,@Rn DRm — (Rn) 1111nnnnmmm01010 — — —
FMOV DRm,@-Rn Rn-8 > Rn, DRM — (Rn) 1111nnnnmmm01011 — — —
FMOV DRm,@(R0,Rn) DRm — (RO + Rn) 1111nnnnmmm00111 — — —
FLDS FRm,FPUL FRm — FPUL 1111mmmm00011101 — — —
FSTS FPUL,FRn FPUL — FRn 1111nnnn00001101 — — —
FABS FRn FRn & H7FFF FFFF »  1111nnnn01011101 — — —
FRn
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Instruction Operation Instruction Code Privileged T Bit New
FADD FRm,FRn FRn + FRm — FRn 111Innnnmmmm0000 — - -
FCMP/EQ FRm,FRn When FRn=FRm,1 > T 1111nnnnmmmm0100 — Comparison —
Otherwise, 0 > T result
FCMP/GT FRm,FRn When FRn>FRm, 1 > T 1111lnnnnmmmm0101 — Comparison —
Otherwise, 0 > T result
FDIV FRmM,FRn FRn/FRm — FRn 1111nnnnmmmm0011 — — -
FLOAT FPUL,FRn (float) FPUL — FRn 1111nnnn00101101 — — —
FMAC FRO,FRm,FRn FRO*FRm +FRn - FRn 1111nnnnmmmm1110 — — —
FMUL FRm,FRn FRn*FRm — FRn 1111nnnnmmmm0010 — — —
FNEG FRn FRn A H'8000 0000 — 1111nnnn01001101 — — -
FRn
FSQRT FRn VFRn — FRn 1111nnnn01101101 — — —
FSUB FRm,FRn FRn — FRm — FRn 1111nnnnmmmm0001 — — -
FTRC FRm,FPUL (long) FRm — FPUL 1111mmmm00111101 — — —
Table3.11 Floating-Point Double-Precision I nstructions
Instruction Operation Instruction Code Privileged T Bit New
FABS DRn DRn & H'7FFF FFFF FFFF  1111nnn001011101 — — —
FFFF — DRn
FADD DRm,DRn DRn + DRm — DRn 1111nnnOmmm00000 — — —
FCMP/EQ DRm,DRn WhenDRNn=DRm,1—>T  1111nnn0mmm00100 — Comparison —
Otherwise, 0 > T result
FCMP/GT DRm,DRn WhenDRn>DRm,1—>T 1111nnn0mmm00101 — Comparison —
Otherwise, 0 > T result
FDIV DRm,DRn DRn/DRm — DRn 1111nnnOmmm00011 — — —
FCNVDS  DRm,FPUL double_to_ float(DRm) —» 1111mmm010111101 — — —
FPUL
FCNVSD FPUL,DRn float_to_double (FPUL) > 1111nnn010101101 — — —
DRn
FLOAT FPUL,DRn (float)FPUL — DRn 1111nnn000101101 — —_ -
FMUL DRm,DRn DRn *DRm — DRn 1111nnnOmmm00010 — — —
FNEG DRn DRn ~ H'8000 0000 0000 1111nnn001001101 — — —
0000 — DRn
FSQRT DRn \DRn — DRn 1111nnn001101101 — — —
FSUB DRm,DRn DRn - DRmM — DRn 1111InnnOmmm00001 — —_ -
FTRC DRm,FPUL (long) DRm — FPUL 1111mmm000111101 — — -
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Table3.12 Floating-Point Control Instructions

Instruction Operation Instruction Code Privileged T Bit New
LDS Rm,FPSCR Rm — FPSCR 0100mmmm01101010 — — —
LDS Rm,FPUL Rm — FPUL 0100mmmm01011010 — — —

LDS.L @Rm+,FPSCR (Rm) - FPSCR,Rm+4 - Rm 0100mmmm01100110

LDS.L @Rm+,FPUL  (Rm) —» FPUL, Rm+4 —» Rm 0100mmmm01010110

STS FPSCR,Rn FPSCR — Rn

0000nnnn01101010

STS FPUL,Rn FPUL — Rn

0000nnnn01011010

STS.L FPSCR,@-Rn Rn-4 — Rn, FPSCR — (RN) 0100nnnn01100010

STS.L FPUL,@-Rn Rn -4 — Rn, FPUL — (Rn) 0100nnnn01010010

Table3.13 Floating-Point Graphics Acceleration Instructions

Instruction Operation Instruction Code Privileged T Bit New
FMOV  DRm,XDn DRm — XDn 1111nnnlmmm01100 — — —
FMOV  XDm,DRn XDm — DRn 1111nnnOmmm11100 — — —
FMQOV  XDm,XDn XDm — XDn 1111nnnlmmml11100 — — —
FMOV ~ @Rm,XDn (Rm) —» XDn 1111nnnlmmmml1 000 — — —
FMOV  @Rm+,XDn (Rm) —» XDn, Rm + 8 - Rm 1111nnnlmmmml 001 — — —
FMOV ~ @(RO,Rm),XDn (RO + Rm) — XDn 1111nnnimmmm0110 — — —
FMOV  XDm,@Rn XDm — (Rn) 1111nnnnmmm11010 — — —
FMOV  XDm,@-Rn Rn -8 — Rn, XDm — (Rn) 1111lnnnnmmml1 1011  — — —
FMOV  XDm,@(R0O,Rn) XDm — (RO + Rn) 1111nnnnmmm1 0111 — — —
FIPR FVm,Fvn inner_product (FVm, FVn) » 1111nnmm11101101 — — —
FR[n+3]
FTRV ~ XMTRX,FVn transform_vector (XMTRX, 1111nn0111111101 — — —
FVn) - FVn
FRCHG ~FPSCR.FR —» FPSCR.FR 1111101111111101 — — —
FSCHG ~FPSCR.SZ —» FPSCR.SZ 1111001111111101 — — —
FPCHG ~FPSCR.PR —» FPSCR.PR 1111011111111101 — — New
FSRRA FRn 1/sqgrt(FRn) - FRn* 1111nnnn01111101 — — New
FSCA  FPUL,DRn sin(FPUL) — FRn 1111nnn011111101 — — New

cos(FPUL) — FR[n + 1]

Note: * sqrt(FRn) is the square root of FRn.
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Section 4 Pipelining
ThisLSl isa2-ILP (instruction-level-parallelism) superscalar pipelining microprocessor.
Instruction execution is pipelined, and two instructions can be executed in parallel.
4.1 Pipeines

Figure 4.1 shows the basic pipelines. Normally, a pipeline consists of eight stages: instruction
fetch (11/12/13), decode and register read (ID), execution (E/E2/E3), and write-back (WB). An
instruction is executed as a combination of basic pipelines.

1. General Pipeline

| 11 | 12 | 13 | [5) | E1 | E2 | E3 | WB |
! -Instruction fetch 1-Predecode ' -Instruction 1-Forwarding ! -Operation 1-Write-back !
i i 1decode i i i i
' ' | -lssue ' ' ' '
. . ! -Register read | . . .
2. General Load/Store Pipeline
| 11 | 12 | 13 | 1D | E1 | E2 | E3 | WB |
! -Instruction fetch \-Predecode | -Instruction | -Address | -Memory data access 1 -Write-back .
! ! ! decode ! calculation ! ! !
' ' 1 -Issue ' ' ' '
1 1 | -Register read | 1 1 1
3. Special Pipeline
| 11 | 12 | 13 | [5) | E1 | E2 | E3 | WB |
! -Instruction fetch '-Predecode  !-Instruction !-Forwarding ! -Operation !-Write-back !
' ' 1 decode ' ' ' '
' ' | -lssue ' ' ' '
i i \-Register read | i i i
4. Special Load/Store Pipeline
| 11 | 12 | 13 | [5) | E1 | E2 | E3 | WB |
-Instruction fetch ' -Predecode 1 -Instruction ]
, | | decode |
' ' 1 -Issue |
! ! '-Register read !
5. Floating-Point Pipeline
| 11 | 12 | 13 ] 1D | S | ___FS2 | _Fs3 | Fs4a | FS |
! -Instruction fetch 1-Predecode ! -Instruction '-Register read !-Operation !-Operation ! -Operation ! -Operation !
' ' 1 decode -Forwarding ' ' +-Write-back
' ' ' ' ' ' ' ' '
' ' 1 -Issue ' ' ' ' ' '
6. Floating-Point Extended Pipeline
| 11 | 12 | 13 | ID | FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS |
1 -Instruction fetch 1 -Predecode | -Instruction  -Register read:-Operation :-Operation :-Operation :-Operation :-Operation :-Operation !
' ' 1 decode Forwarding ' ' ' ' -Write-back 1
: : [esue ] : : : : : | :
Figure4.1 Basic Pipelines
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Figure 4.2 shows the instruction execution patterns. Representations in figure 4.2 and their
descriptions are listed in table 4.1.

Table4.1 Representations of Instruction Execution Patterns

Representation Description

| E1 | E2 [ E3 [wB] CPU EX pipe is occupied

|.s1]s2]|s3|wB] CPU LS pipe is occupied (with memory access)
[s1]s2]s3]ws] CPU LS pipe is occupied (without memory access)
Either CPU EX pipe or CPU LS pipe is occupied

, Both CPU EX pipe and CPU LS pipe are occupied
CPU MULT operation unit is occupied
[FE1]FE2]FE3[FE4] FE5]FE6] FS | FPU-EX pipe is occupied

[Fs1]Fs2]Fs3]Fs4] Fs | FPU-LS pipe is occupied

ID stage is locked

L Both CPU and FPU pipes are occupied
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(1-1) BF, BF/S, BT, BT/S, BRA, BSR:1 issue cycle + 0 to 3 branch cycles

Lt J 12 | 13 | ID |E1/S1|E2/s2] E3/s3] WB | Note: In branch instructions that are categorized
[ as (1-1), the number of branch cycles
i may be reduced by prefetching.

L1 121 (3 1 (D) | (Branch destination instruction)

(1-2) JSR, JMP, BRAF, BSRF: 1 issue cycle + 4 branch cycles

| 1 | 12 | 18 | ID [E1/STJE2/S2] E3/S3
|

I m 05 T (Branch destination instruction)

(1-3) RTS: 1 issue cycle + 0 to 4 branch cycles

L J 2 ] 1383 ] 1ID !E1/S1IE2/82IE3/S3I WB | Note: The number of branch cycles may be
' 0 by prefetching instruction.

O @=L (Branch destination instruction)

(1-4) RTE: 4 issue cycles + 2 branch cycles

[T 1T B 1T 10 i T s | s3 | ws]|
I ETsT] E2s2 [ E3s3] WB |
(.

[T T (2T (3 T (IDY | (Branch destination instruction)

(1-5) TRAPA: 8 issue cycles + 5 cycles + 2 branch cycle

11 12 31D ST S2] S3| WB Note: Itis 15 cycles to the ID stage
LD | Fis1|E2s2|E3s3| WB | in the first instruction of exception handler

| ID_J E1s1lF2s2 |E3s3
LD JE1s1]|E2s2
D S1]E2s2|E3s3| WB
LD 151|E2s2| E3s3| WB
E2s2|E3s3] WB |
LD JE1s1|E2s2 [E3s3| WB
'

[ (D] (12)] (13) (D) |
(1-6) SLEEP: 2 issue cycles
11 12 13 D S1 S2 S3 WB Note: Itis not constant cycles to
[ D N E1s1| E2s2 | E3s3| WB | the clock halted period.

Figure4.2 Instruction Execution Patterns (1)
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(2-1) 1-step operation (EX type): 1 issue cycle
EXT[SU].[BW], MOVT, SWAP, XTRCT, ADD*, CMP*, DIV*, DT, NEG*, SUB*, AND, AND#,
NOT, OR, OR#, TST, TST#, XOR, XOR#, ROT*, SHA*, SHL*, CLRS, CLRT, SETS, SETT

Note: Except for AND#, OR#, TST#, and XOR# instructions using GBR relative
addressing mode

Lt [ 2 1 138 | b | E1t | E2 1 E3 | wB |
(2-2) 1-step operation (LS type): 1 issue cycle
MOVA

Lt [ 2 1 13 1 1> | st | s2 | s38 | WB |

(2-3) 1-step operation (MT type): 1 issue cycle
MOV#, NOP

L | 12 | 138 | D |E1/s1]E2/s2] E3/s3] WB |

(2-4) MOV (MT type): 1 issue cycle
MOV

[T 12 T 13 T 1D [Et/st [E2/s2]E3/S3] WB ]

Figure4.2 Instruction Execution Patterns(2)
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(3-1) Load/store: 1 issue cycle
MOV.[BWL], MOV.[BWL] @(d,GBR)
Lt | 12 | 138 | b ] s1 | s2 ] s3 | wB |

(3-2) AND.B, OR.B, XOR.B, TST.B: 3 issue cycles
L1t [ i 2] 13 ] ID]Sst s2 | s3 | ws |

| B
LD _VETST] E2s2[E3S3| WB |

(3-3) TAS.B: 4 issue cycles

L | 12 | 13 ] D] st S2 S3 | wB |
LD E1S1 ]| E2S2| E3S3| WB |

1D
| D_JE1S1 | E2S2 | E3S3 | WB |

(8-4) PREF, OCBI, OCBP, OCBWB, MOVCA.L, SYNCO: 1 issue cycle
L 1 2 1 13 1 b st ] s2] s3] wB]

(3-5) LDTLB: 1 issue cycle
[ T 12 T 13 T 1D JEisT [ E2s2 [ E3s3 | WB |

(3-6) ICBI: 8 issue cycles + 5 cycles + 4 branch cycle

I 12 13 ID s1 s2 s3 | WB

ID_0Fisi]E2s2 [E3s3| WB

LR JEis1[E2s2] F3s3 WB|
5 cycles (min.) B ) Eis1| E2s2| E3s3] WB

| (] (2] (3) ] (D) |
(Branch to the next instruction of ICBI.)

(3-7) PREFI: 5 issue cycles + 5 cycles + 4 branch cycle

11 12 13 ID si] s2 s3 | WB
| E2s2| E3s3] WB |

1D N Eisi | E2s2 | E3s3 | WB

5 cycles (min.) LD E1s1 | E2s2 | E3s3 WB|
1D Eis1 | E2s2 | E3s3| WB

(3-8) MOVLI.L: 1 issue cycle (Branch to the next instruction of PREFI.)

L it [ 2 ] 13 1 mDJst | s2] s3] wsl]j

(3-9) MOVCO.L: 1 issue cycle
L | e | 13 | b ]| st | s2] s3 | ws |

(3-10) MOVUA.L: 2 issue cycles

Lo J 2] 13 ] o7Jst | s2] s3 | ws]
st ] s2 1 s3 | wB|

Figure4.2 Instruction Execution Patterns (3)
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(4-1) LDC to Rp_BANK/SSR/SPC/VBR: 1 issue cycle
Lt | 12 [ 138 ] DJ st | s2] s3 [ wB]

(4-2) LDC to DBR/SGR: 4 issue cycles

[T 12 T 138 T D [ st s2 | s3 | wB |
| )

(4-3) LDC to GBR: 1 issue cycle

LT 27T 81T D] st ] s2] s31WB]J

(4-4) LDC to SR: 4 issue cycles + 4 branch cycles

[ T 12 T 138 T 1D JEtst [E2s2] E3s3] WB |
| D

e o

(Branch to the
(4-5) LDC.L to Rp_BANK/SSR/SPC/VBR: 1 issue cycle next instruction.)

L 1 12 | 138 | o | s1 | s2 ] s3] wWB |

(4-6) LDC.L to DBR/SGR: 4 issue cycles

LT 12 7T 138 1 1> ]s1 S2 | S3 | wWB]

| TP

(4-7) LDC.L to GBR: 1 issue cycle

LT 2T 138 [ D ]st ] s2] s3] ws]j

(4-8) LDC.L to SR: 6 issue cycles + 4 branch cycles
[t T 12T 138 T b Jeis1iJE2s2[E3S3] wB ]

Lo

O NEEREERON|

(Branch to the next instruction.)

Figure4.2 Instruction Execution Patterns (4)
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(4-9) STC from DBR/GBR/Rp_BANK/SSR/SPC/VBR/SGR: 1 issue cycle

L[ 2 T 138 T D[ st | s2 [ s3 [ wB]|

(4-10) STC from SR: 1 issue cycle

Lt [ 12 | 13 | 1D [E1s1 | E2s2 | E3s3 | WB |

(4-11) STC.L from DBR/GBR/Rp_BANK/SSR/SPC/VBR/SGR: 1 issue cycle
L T 12 [ 18 ] b s1 ] s2] s3] wBj

(4-12) STC.L from SR: 1 issue cycle

[ T 12 T 13 T 1D JEIST[E2S2] E3S3] WB |

L[ 21 1’8 T b st | s2 [ s3] wB]|

(4-14) LDS.L to PR: 1 issue cycle
L[ 2T i’ [ b [ st [ s2 1 s3] wB]|

(4-15) STS from PR: 1 issue cycle
L 12T 13 | b st | s2 | s3 [ wB]|

(4-16) STS.L from PR: 1 issue cycle
L [ 12 1 138 | b | s1 | s2 | s3 | wB |

(4-17) BSRF, BSR, JSR delay slot instructions (PR set): 0 issue cycle
Lan 1 @ f 3 | D) |@21) [(?72) | (223) | (WB) |

Notes: The value of PR is changed in the E3 stage of delay slot instruction.
When the STS and STS.L instructions from PR are used as delay slot instructions,
changed PR value is used.

Figure4.2 Instruction Execution Patterns (5)
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(5-1) LDS to MACHY/L: 1 issue cycle

L1 | 12 | 138 | 1D | st | s2 s3_ | wB |
| HYEN
(5-2) LDS.L to MACHY/L: 1 issue cycle
Lt T2 T 13 1 b st | s2 S3 | ws |
Lms |
(5-3) STS from MACH/L: 1 issue cycle
Lt | 12 |1 13 ] Ib | st | s2 s3_| wB |
| HYEN
(5-4) STS.L from MACH/L: 1 issue cycle
Lt T 2T 13 1 b ] st | s2 S3 | wB |
™S |
(5-5) MULS.W, MULU.W: 1 issue cycle
L. [ 2 T 3 [ b [ Et | m2 M3 | MsS |
(5-6) DMULS.L, DMULU.L, MUL.L: 1 issue cycle
L. [ 2 [ 38 | b | E1 | M2 M3 |
M2 | M3 | MS |
(5-7) CLRMAC: 1 issue cycle
[ 1T 12 T 13 1 Db [ E1 | M2 M3 | MS |
(5-8) MAC.W: 2 issue cycle
L | 12 ] 138 | ID S1 S2 S3 | WB
1D S1 s2 | s3 | ws
M2 [ M3 T MsS ]
(5-9) MAC.L: 2 issue cycle
L | 12 ] 138 | ID S1 S2 S3 | WB
[5) S1 s2 | s3 | wB
M2 | M3 |
M2 | M3 | MS |

Figure4.2 Instruction Execution Patterns (6)
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(6-1) LDS to FPUL: 1 issue cycle

[ T 12 T 13 T D [ st | s2 | s3]
L FS1 [ Fs2 | FS3 | Fs4 | FS |

(6-2) STS from FPUL: 1 issue cycle

Lt T 2 T 183 1T 1D [Fs1 | Fs2 | Fs3 | Fs4 |
L s1 | s2 | s3 [ wB |
(6-3) LDS.L to FPUL: 1 issue cycle
[ T 12 T 13 T m [ st ] s2 ] s3] wBl]
L FSt [ Fs2 [ FS3 | Fs4 | FS |
(6-4) STS.L from FPUL: 1 issue cycle
L1 [ 2 | 138 1 1D [Fst ] Fs2 | Fs3 ] Fs4 |
L—["Ss1 [ s2 | s3 | wB |

(6-5) LDS to FPSCR: 1 issue cycle

[ T 121 13 D ] st | s2 | s3]
L[ FS1T | FS2 [ FS3 | Fs4 | FS |

(6-6) STS from FPSCR: 1 issue cycle

L [ 12 T 13 | b [Fs1 | Fs2 | Fs3
L— s1 | s2 | s3

FS4
wWB

(6-7) LDS.L to FPSCR: 1 issue cycle

L | 12 | 138 ] 1D [ st ] s2 | s3 | wB|
L—[FS1T | FS2 [ FS3 | FS4 | FS |

(6-8) STS.L from FPSCR: 1 issue cycle

[ T 12 T 13 T b [ Fs1 | FS2 | Fs3
L— s1 | s2 | s3

FS4

=
@

(6-9) FPU load/store instruction FMOV: 1 issue cycle

LT 121 13 1 b [st | s2] s3 | ws]
L[ Fs1 | Fs2 | FS3 | Fs4 | FsS |

(6-10) FLDS: 1 issue cycle

L. [ 2 T 38 [ b [ st ] s2 [ s3 [ wB]|
C—TFST | FS2 | FS3 | FS4 | FS |

(6-11) FSTS: 1 issue cycle

[ [T 121 13 ] D | st s2 | s3]
T FS1 | FS2 | FS3 | Fs4 | FS |

Figure4.2 Instruction Execution Patterns (7)
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(6-12) Single-precision FABS, FNEG/double-precision FABS, FNEG: 1 issue cycle

12 1 13 1 b [ st | s2 | s3]
T FST | FS2 | FS3 | FS4 | _FS |

L

(6-13) FLDIO, FLDI1: 1 issue cycle
| | 12 | 3 | b | st | s2 | s3 |
L FSs1 | FS2 | FS3 | FS4 | FS |

(6-14) Single-precision floating-point computation: 1 issue cycle
FCMP/EQ, FCMP/GT, FADD, FLOAT, FMAC, FMUL, FSUB, FTRC, FRCHG, FSCHG, FPCHG
FS_|

[ T 12 T 13 T 1D JFE1T ] FE2 | FE3 [ FE4 | FE5 | FE6 |
(6-15) Single-precision FDIV/FSQRT: 1 issue cycle
Lt [ 2] 131 b |FE1 FE2 | FE3 | FE4 | FE5 | FE6 | FS | (
FEDS (Divider occupied cycle) \

|LFE3 | FE4 | FE5 | FE6 | FS |

(6-16) Double-precision floating-point computation: 1 issue cycle
FCMP/EQ, FCMP/GT, FADD, FLOAT, FSUB, FTRC, FCNVSD, FCNVDS
| FE2 | FE3 | FE4 | FE5 | FE6 | FS |

[T 2T 13T b TFET
(6-17) Double-precision floating-point computation: 1 issue cycle
FMUL
Lt [ 12 | 3 1 D [Fe1 | FE2 [ FE3 | FE4 | FE5 | FE6 | FS
|L_FE1 FE2 FE3 FE4 FE5 | FE6 FS |
FE1 FE2 FE3 FE4 | FE5 FE6 | FS |

1|

(6-18) Double-precision FDIV/FSQRT: 1 issue cycle
L1 1 12 | 183 | ID | FE1 FE2 | FE3 | FE4 | FE5 | FE6
FEDS (Divider occupied cycle)

L FE3 | FE4 | FE5 | FE6 FS
FE3 | FE4 | FE5 | FE6

FS_|

Figure4.2 Instruction Execution Patterns(8)
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(6-19) FIPR: 1 issue cycle

[ T 2 [ 13 ] D [ Fel | FE2 | FE3 | FE4 | FE5 | FE6 | FS |

[ [ 12 | 13 ] D | Fel | FE2 | FE3 | FE4 | FE5 | FE6 | FS
FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS
FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS
FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS |

FS |

[ T 12 T 13 T 1D [FE1T ] FE2 [ FE3 | FE4 | FE5 | FE6
| FEPL ]

Function computing unit occupied cycle

(6-22) FSCA: 1 issue cycle

[ T 2 T 13 T 1D JFE1T [ FE2 ] FE3 | FE4 | FE5 | FE6 | FS
FE1 | FE2 | FE3 | FE4 | FE5 | FE6 FS
FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS |
| FEPL

Function computing unit occupied cycle

Figure4.2 Instruction Execution Patterns(9)
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4.2 Par allel-Executability

Instructions are categorized into six groups according to the internal function blocks used, as
shown in table 4.2. Table 4.3 shows the parallel-executability of pairs of instructions in terms of
groups. For example, ADD in the EX group and BRA in the BR group can be executed in paralel.

Table4.2 Instruction Groups

Instruction

Group Instruction

EX ADD DT ROTL SHLRS
ADDC EXTS ROTR SHLR16
ADDV EXTU SETS SUB
AND #imm,R0 MOVT SETT SUBC
AND Rm,Rn MUL.L SHAD SUBV
CLRMAC MULS.W SHAL SWAP
CLRS MULU.W SHAR TST #imm,R0O
CLRT NEG SHLD TST Rm,Rn
CMP NEGC SHLL XOR #imm,R0O
DIVOS NOT SHLL2 XOR Rm,Rn
DIVOU OR #imm,R0 SHLL8 XTRCT
DIV1 OR Rm,Rn SHLL16
DMUS.L ROTCL SHLR
DMULU.L ROTCR SHLR2

MT MOV #imm,Rn MOV Rm,Rn NOP

BR BF BRAF BT JSR
BF/S BSR BT/S RTS
BRA BSRF IJMP

LS FABS FMOV.S FR,@adr  MOV.[BWL] STC CR2,Rn
FNEG FSTS @adr,R STC.L CR2,@-Rn
FLDIO LDC Rm,CR1 MOV.[BWL] STS SR2,Rn
FLDI1 LDC.L @Rm+,CcR1  R.@adr STS.L SR2,@-Rn
FLDS LDS Rm,SR1 MOVA STS SR1,Rn
FMOV @adr,FR LDS Rm,SR2 MOVCA.L STS.L SR1,@-Rn
FMOV FR,@adr LDS.L @adr,SR2 ~ MOVUA
FMOV FR,FR LDS.L @Rm+,SR1 ~ OCBI
FMOV.S @adr,FR  LDS.L @Rm+,SR2  ©OCBP

OCBWB
PREF
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Instruction
Group Instruction
FE FADD FDIV FRCHG FSCA
FSuUB FIPR FSCHG FSRRA
FCMP (S/D) FLOAT FSQRT FPCHG
FCNVDS FMAC FTRC
FCNVSD FMUL FTRV
CcoO AND.B LDC.L @Rm+,SR PREFI TRAPA
#imm,@(RO,GBR) | DTLB RTE TST.B
ICBI MAC.L SLEEP #imm,@(R0,GBR)
LDC Rm,DBR MAC.W STC SR,Rn XOR.B
LDC Rm, SGR MOVCO STC.LSR,@-Rn #iMM @(RO,GBR)
LDC Rm,SR MOVLI SYNCO
LDC.L @RM+,DBR  oR g #imm,@(R0,GBR) TAS.B
LDC.L @Rm+,SGR
Legend:
R: Rm/Rn

@adr: Address

SR1: MACH/MACL/PR

SR2: FPUL/FPSCR

CR1: GBR/Rp_BANK/SPC/SSR/VBR
CR2: CRI1/DBR/SGR

FR: FRmM/FRn/DRmM/DRn/XDm/XDn

The parallel execution of two instructions can be carried out under following conditions.

1. Both addr (preceding instruction) and addr+2 (following instruction) are specified within the
minimum page size (1 Kbyte).

2. The execution of these two instructions is supported in table 4.3, Combination of Preceding
and Following Instructions.

3. Dataused by aninstruction of addr does not conflict with data used by a previous instruction

4. Dataused by aninstruction of addr+2 does not conflict with data used by a previous
instruction

5. Bothinstructions are valid
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Table4.3 Combination of Preceding and Following Instructions

Preceding Instruction (addr)

EX MT BR LS FE CcO
Following EX No Yes Yes Yes Yes
ngtég;) n MT Yes Yes Yes Yes Yes
BR Yes Yes No Yes Yes
LS Yes Yes Yes No Yes
FE Yes Yes Yes Yes No
CoO No
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4.3 I ssue Rates and Execution Cycles

Instruction execution cycles are summarized in table 4.4. Ingtruction Group in the table 4.4
corresponds to the category in the table 4.2. Penalty cycles dueto a pipeline stall are not
considered in the issue rates and execution cyclesin this section.

1. Issue Rate

Issue rates indicates the issue period between one instruction and next instruction.

E.g. AND.B instruction

L 12 | 13 | ID S1 S2 | s3 | wB |
1D
1D E1S1| E2S2 | E3S3| WB |
Issue rate: 3
Next instruction 1y T 2y 1 _(3) ) ]
E.g. MAC.W instruction
Lt [ 2 | 13 D S1 S2 S3 WB
1D S1 S2 S3 WB
M2 M3 [ wms |
Issue rate: 2
DE—
Next instruction [_(i11) @2 [ 3 | (D) |

2. Execution Cycles
Execution cycles indicates the cycle counts an instruction occupied the pipeline based on the next rules.

CPU instruction

E.g. AND.B instruction Execution Cycles: 3
[ T 12 T 13T 1D S1 s2 | s3 | wB]
1D
ID | E1S1] E2s2 | E3S3| wB

E.g. MAC.W instruction Execution Cycles: 4

[T 12T 13 ] 1D S1 32 S3_ | _WB
) S1 S2 S3 | WB
M2 M3 | MS

FPU instruction
E.g. FMUL instruction Execution Cycles: 3

L1t | 12 | 13 | b [ FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS
_FE1 E2 E3 E4 | FE5 | FE6 | FS |
FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS

E.g. FDIV instruction | Execution Cycles: 14

I
[T 2T 13T 1D TFE1[FE2]FE3[FE4 [FE5[FE6 [ FS 1((
Divider occupation cycle  \\ | FE3| FE4] FE5| FE6 | FS
))
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Table4.4 Issue Ratesand Execution Cycles
Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate Cycles Pattern
Pata transfer 1 EXTS.B Rm,Rn EX 1 1 2-1
instructions 2 EXTS.W Rm,Rn EX 1 1 2-1

3 EXTU.B Rm,Rn EX 1 1 2-1

4 EXTU.W Rm,Rn EX 1 1 2-1

5 MOV Rm,Rn MT 1 1 2-4

6 MOV #imm,Rn MT 1 1 2-3

7 MOVA @(disp,PC),R0 LS 1 1 2-2

8 MOV.W @(disp,PC),Rn LS 1 1 31

9 MOV.L @(disp,PC),Rn LS 1 1 3-1

10 MOV.B @Rm,Rn LS 1 1 3-1

11 MOV.W @Rm,Rn LS 1 1 3-1

12 MOV.L @Rm,Rn LS 1 1 3-1

13 MOV.B @Rm+,Rn LS 1 1 3-1

14 MOV.W @Rm+,Rn LS 1 1 3-1

15 MOV.L @Rm+,Rn LS 1 1 3-1

16 MOV.B @(disp,Rm),R0 LS 1 1 31

17 MOV.W @(disp,Rm),R0O LS 1 1 31

18 MOV.L @(disp,Rm),Rn LS 1 1 31

19 MOV.B @(RO,Rm),Rn LS 1 1 31

20 MOV.W @(RO,Rm),Rn LS 1 1 3-1

21 MOV.L @(RO,Rm),Rn LS 1 1 31

22 MOV.B @(disp,GBR),R0 LS 1 1 3-1

23 MOV.W @(disp, GBR),R0O LS 1 1 31

24  MOV.L @(disp, GBR),R0 LS 1 1 3-1

25 MOV.B Rm,@Rn LS 1 1 3-1

26 MOV.W Rm,@Rn LS 1 1 3-1

27 MOV.L Rm,@Rn LS 1 1 3-1

28 MOV.B Rm,@-Rn LS 1 1 3-1

29 MOV.W Rm,@-Rn LS 1 1 3-1
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Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate Cycles Pattern
_D’clta traﬁsfer 30 MOV.L Rm,@-Rn LS 1 1 3-1
nstruetions =1 vov.e RO, @(disp,Rn) LS 1 1 31
32 MOV.W RO,@(disp,Rn) LS 1 1 3-1
33 MOV.L Rm,@(disp,Rn) LS 1 1 3-1
34 MOV.B Rm,@(RO,Rn) LS 1 1 3-1
35 MOV.W Rm,@(R0O,Rn) LS 1 1 3-1
36 MOV.L Rm,@(RO,Rn) LS 1 1 31
37 MOV.B RO,@(disp,GBR) LS 1 1 3-1
38 MOV.W RO, @(disp,GBR) LS 1 1 31
39 MOV.L RO, @(disp,GBR) LS 1 1 31
40 MOVCA.L RO,@Rn LS 1 1 3-4
41 MOVCO.L RO,@Rn CcO 1 1 3-9
42  MOVLI.L @Rm,R0O CcO 1 1 3-8
43 MOVUA.L @Rm,RO LS 2 2 3-10
44  MOVUA.L @Rm+,R0 LS 2 2 3-10
45  MOVT Rn EX 1 1 2-1
46 OCBI @RnN LS 1 1 3-4
47 OCBP @RnN LS 1 1 3-4
48 OCBWB @Rn LS 1 1 3-4
49 PREF @RnN LS 1 1 3-4
50 SWAP.B Rm,Rn EX 1 1 2-1
51 SWAP.W Rm,Rn EX 1 1 2-1
52 XTRCT Rm,Rn EX 1 1 2-1
Fixed-point 53 ADD Rm,Rn EX 1 1 2-1
arithmetic "5, App #imm,Rn EX 1 1 21
instructions
55 ADDC Rm,Rn EX 1 1 2-1
56 ADDV Rm,Rn EX 1 1 2-1
57 CMP/EQ #imm,R0O EX 1 1 2-1
58 CMP/EQ Rm,Rn EX 1 1 2-1
59 CMP/GE Rm,Rn EX 1 1 2-1
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Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate Cycles Pattern
Fixed-point 60 CMP/GT Rm,Rn EX 1 1 2-1
arithmetic 51 cpp/yy Rm,Rn EX 1 1 2.1
instructions

62 CMP/HS Rm,Rn EX 1 1 2-1

63 CMP/PL Rn EX 1 1 2-1

64 CMP/PZ Rn EX 1 1 2-1

65 CMP/STR Rm,Rn EX 1 1 2-1

66 DIVOS Rm,Rn EX 1 1 2-1

67 DIVOU EX 1 1 2-1

68 DIVl Rm,Rn EX 1 1 2-1

69 DMULS.L Rm,Rn EX 1 2 5-6

70 DMULU.L Rm,Rn EX 1 2 5-6

71 DT Rn EX 1 1 2-1

72 MAC.L @Rm+,@Rn+ (e{0] 2 5 5-9

73 MAC.W @Rm+,@Rn+ co 2 4 5-8

74 MUL.L Rm,Rn EX 1 2 5-6

75 MULS.W Rm,Rn EX 1 1 5-5

76  MULU.W Rm,Rn EX 1 1 5-5

77 NEG Rm,Rn EX 1 1 2-1

78 NEGC Rm,Rn EX 1 1 2-1

79 SUB Rm,Rn EX 1 1 2-1

80 SUBC Rm,Rn EX 1 1 2-1

81 SUBV Rm,Rn EX 1 1 2-1
Logical 82 AND Rm,Rn EX 1 1 2-1
nstructions “g3 AND #mm,RO EX 1 1 2-1

84 AND.B #imm,@(R0O,GBR) CcO 3 3 3-2

85 NOT Rm,Rn EX 1 1 2-1

86 OR Rm,Rn EX 1 1 2-1

87 OR #imm,R0O EX 1 1 2-1

88 OR.B #mm,@(RO,GBR) co 3 3 3-2

89 TAS.B @RnN Cco 4 4 3-3
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Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate Cycles Pattern
Logical 90 TST Rm,Rn EX 1 1 2-1
instructions g7 g7 #mm,RO EX 1 1 21
92 TST.B #imm,@(R0O,GBR) CcO 3 3 3-2
93 XOR Rm,Rn EX 1 1 2-1
94 XOR #imm,R0O EX 1 1 2-1
95 XOR.B #imm,@(R0O,GBR) CO 3 3 3-2
Shift 96 ROTL Rn EX 1 1 2-1
instructions - “g7 RoTR Rn EX 1 1 21
98 ROTCL Rn EX 1 1 2-1
99 ROTCR Rn EX 1 1 2-1
100 SHAD Rm,Rn EX 1 1 2-1
101 SHAL Rn EX 1 1 2-1
102 SHAR Rn EX 1 1 2-1
103 SHLD Rm,Rn EX 1 1 2-1
104 SHLL Rn EX 1 1 2-1
105 SHLL2 Rn EX 1 1 2-1
106 SHLL8 Rn EX 1 1 2-1
107 SHLL16 Rn EX 1 1 2-1
108 SHLR Rn EX 1 1 2-1
109 SHLR2 Rn EX 1 1 2-1
110 SHLRS8 Rn EX 1 1 2-1
111 SHLR16 Rn EX 1 1 2-1
Branch 112 BF disp BR 1+0to 2 1 1-1
instructions 43 pr/g disp BR 140t02 1 11
114 BT disp BR 1+0to 2 1 1-1
115 BT/S disp BR 1+0to 2 1 1-1
116 BRA disp BR 1+0to 2 1 1-1
117 BRAF Rm BR 1+3 1 1-2
118 BSR disp BR 1+0to 2 1 1-1
119 BSRF Rm BR 1+3 1 1-2
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Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate Cycles Pattern
Branch 120 JMP @Rn BR 1+3 1 1-2
instructions ~y51 ~ 3sR @Rn BR 143 1 12
122 RTS BR 1+0to 3 1 1-3
System 123 NOP MT 1 1 2-3
control 124 CLRMAC EX 1 1 5-7
instruction
125 CLRS EX 1 1 2-1
126 CLRT EX 1 1 2-1
127 ICBI @Rn CcO 8+5+3 13 3-6
128 SETS EX 1 1 2-1
129 SETT EX 1 1 2-1
130 PREFI @Rn CcO 5+5+3 10 3-7
131 SYNCO CO Undefined Undefined 3-4
132 TRAPA #imm CcO 8+5+1 13 1-5
133 RTE CO 4+1 4 1-4
134 SLEEP CcO Undefined Undefined 1-6
135 LDTLB CcO 1 1 3-5
136 LDC Rm,DBR CO 4 4 4-2
137 LDC Rm,SGR CcO 4 4 4-2
138 LDC Rm,GBR LS 1 1 4-3
139 LDC Rm,Rp_BANK LS 1 1 4-1
140 LDC Rm,SR CcO 4+3 4 4-4
141 LDC Rm,SSR LS 1 1 4-1
142 LDC Rm,SPC LS 1 1 4-1
143 LDC Rm,VBR LS 1 1 4-1
144 LDC.L @Rm+,DBR CcO 4 4 4-6
145 LDC.L @Rm+,SGR CcO 4 4 4-6
146 LDC.L @Rm+,GBR LS 1 1 4-7
147 LDC.L @Rm+,Rp_BANK LS 1 1 4-5
148 LDC.L @Rm+,SR CO 6+3 4 4-8
149 LDC.L @Rm+,SSR LS 1 1 4-5
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Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate Cycles Pattern
System 150 LDC.L @Rm+,SPC LS 1 1 4-5
control 151 LDC.L @Rm+,VBR LS 1 1 45
instructions
152 LDS Rm,MACH LS 1 1 5-1
153 LDS Rm,MACL LS 1 1 5-1
154 LDS Rm,PR LS 1 1 4-13
155 LDS.L @Rm+,MACH LS 1 1 5-2
156 LDS.L @Rm+,MACL LS 1 1 5-2
157 LDS.L @Rm+,PR LS 1 1 4-14
158 STC DBR,RN LS 1 1 4-9
159 STC SGR,Rn LS 1 1 4-9
160 STC GBR,Rn LS 1 1 4-9
161 STC Rp_BANK,Rn LS 1 1 4-9
162 STC SR,Rn CcO 1 1 4-10
163 STC SSR,Rn LS 1 1 4-9
164 STC SPC,Rn LS 1 1 4-9
165 STC VBR,Rn LS 1 1 4-9
166 STC.L DBR,@-Rn LS 1 1 4-11
167 STC.L SGR,@-Rn LS 1 1 4-11
168 STC.L GBR,@-Rn LS 1 1 4-11
169 STC.L Rp_BANK,@-Rn LS 1 1 4-11
170 STC.L SR,@-Rn CcOo 1 1 4-12
171 STC.L SSR,@-Rn LS 1 1 4-11
172 STC.L SPC,@-Rn LS 1 1 4-11
173 STC.L VBR,@-Rn LS 1 1 4-11
174 STS MACH,Rn LS 1 1 5-3
175 STS MACL,Rn LS 1 1 5-3
176 STS PR,Rn LS 1 1 4-15
177 STS.L MACH,@-Rn LS 1 1 5-4
178 STS.L MACL,@-Rn LS 1 1 5-4
179 STS.L PR,@-Rn LS 1 1 4-16
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Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate Cycles Pattern
Single- 180 FLDIO FRn LS 1 1 6-13
][’I;i‘;i:g’_goim 181 FLDI1 FRN LS 1 1 6-13
instructions 182 FMOV FRm,FRn LS 1 1 6-9
183 FMOV.S @Rm,FRn LS 1 1 6-9
184 FMOV.S @Rm+,FRn LS 1 1 6-9
185 FMOV.S @(RO,Rm),FRn LS 1 1 6-9
186 FMOV.S FRm,@Rn LS 1 1 6-9
187 FMOV.S FRmM,@-Rn LS 1 1 6-9
188 FMOV.S FRm,@(RO,Rn) LS 1 1 6-9
189 FLDS FRm,FPUL LS 1 1 6-10
190 FSTS FPUL,FRn LS 1 1 6-11
191 FABS FRn LS 1 1 6-12
192 FADD FRm,FRn FE 1 1 6-14
193 FCMP/EQ FRmM,FRnN FE 1 1 6-14
194 FCMP/GT FRmM,FRn FE 1 1 6-14
195 FDIV FRm,FRn FE 1 14 6-15
196 FLOAT FPUL,FRn FE 1 1 6-14
197 FMAC FRO,FRm,FRn FE 1 1 6-14
198 FMUL FRmM,FRn FE 1 1 6-14
199 FNEG FRn LS 1 1 6-12
200 FSQRT FRn FE 1 14 6-15
201 FSUB FRmM,FRnN FE 1 1 6-14
202 FTRC FRm,FPUL FE 1 1 6-14
203 FMOV DRm,DRn LS 1 1 6-9
204 FMOV @Rm,DRn LS 1 1 6-9
205 FMOV @Rm+,DRn LS 1 1 6-9
206 FMOV @(RO,Rm),DRn LS 1 1 6-9
207 FMOV DRm,@Rn LS 1 1 6-9
208 FMOV DRm,@-Rn LS 1 1 6-9
209 FMOV DRm,@(RO,Rn) LS 1 1 6-9
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Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate Cycles Pattern
Double- 210 FABS DRn LS 1 1 6-12
][’I;i‘;i:g’_goim 211 FADD DRm,DRnN FE 1 1 6-16
instructions 212 FCMP/EQ  DRm,DRn FE 1 1 6-16
213 FCMP/GT DRm,DRn FE 1 1 6-16
214 FCNVDS DRm,FPUL FE 1 1 6-16
215 FCNVSD FPUL,DRn FE 1 1 6-16
216 FDIV DRm,DRn FE 1 30 6-18
217 FLOAT FPUL,DRn FE 1 1 6-16
218 FMUL DRm,DRn FE 1 3 6-17
219 FNEG DRn LS 1 1 6-12
220 FSQRT DRn FE 1 30 6-18
221 FSUB DRm,DRn FE 1 1 6-16
222 FTRC DRm,FPUL FE 1 1 6-16
FPU system 223 LDS Rm,FPUL LS 1 1 6-1
control 224 LDS Rm,FPSCR Ls 1 1 65
instructions
225 LDS.L @Rm+,FPUL LS 1 1 6-3
226 LDS.L @Rm+,FPSCR LS 1 1 6-7
227 STS FPUL,Rn LS 1 1 6-2
228 STS FPSCR,Rn LS 1 1 6-6
229 STS.L FPUL,@-Rn LS 1 1 6-4
230 STS.L FPSCR,@-Rn LS 1 1 6-8
Graphics 231 FMOV DRm,XDn LS 1 1 6-9
;csctflﬂgfg'nosn 232 FMOV XDm,DRn Ls 1 1 69
233 FMOV XDm,XDn LS 1 1 6-9
234 FMOV @Rm,XDn LS 1 1 6-9
235 FMOV @Rm+,XDn LS 1 1 6-9
236 FMOV @(R0O,Rm),XDn LS 1 1 6-9
237 FMOV XDm,@Rn LS 1 1 6-9
238 FMOV XDm,@-Rn LS 1 1 6-9
239 FMOV XDm,@(RO,Rn) LS 1 1 6-9
240 FIPR FVm,FVn FE 1 1 6-19
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Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate Cycles Pattern
Graphics 241 FRCHG FE 1 1 6-14
acceleration 15 tochg FE 1 1 6-14
instructions

243 FPCHG FE 1 1 6-14

244 FSRRA FRn FE 1 1 6-21

245 FSCA FPUL,DRnN FE 1 3 6-22

246 FTRV XMTRX,FVn FE 1 4 6-20
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Section 5 Exception Handling

5.1

Summary of Exception Handling

Exception handling processing is handled by a special routine which is executed by areset,
general exception handling, or interrupt. For example, if the executing instruction ends
abnormally, appropriate action must be taken in order to return to the original program sequence,
or report the abnormality before terminating the processing. The process of generating an
exception handling request in response to abnormal termination, and passing control to a user-
written exception handling routine, in order to support such functions, is given the generic name of

exception handling.

The exception handling in this LSl is of three kinds: resets, general exceptions, and interrupts.

52 Register Descriptions

Table 5.1 lists the configuration of registers related exception handling.

Table5.1 Register Configuration
Area 7

Register Name Abbr. R/W P4 Address* Address* Access Size
TRAPA exception register TRA R/W HFF00 0020  H'1F00 0020 32

Exception event register EXPEVT R/W HFFO00 0024  H'1F00 0024 32

Interrupt event register INTEVT R/W HFF00 0028  H'1F00 0028 32

CPU operation mode register CPUOPM R/W HFF2F 0000 H'1F2F 0000 32
Non-support detection EXPMASK R/W H'FF2F 0004 H'1F2F 0004 32

exception register

Note: *

when physical address space area 7 is accessed by using the TLB.

P4 is the address when virtual address space P4 area is used. Area 7 is the address
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Table5.2 Statesof Register in Each Operating Mode

Power-on Sleep/
Register Name Abbr. Reset Manual Reset Light Sleep
TRAPA exception register TRA Undefined Undefined Retained
Exception event register EXPEVT H'0000 0000  H'0000 0020 Retained
Interrupt event register INTEVT Undefined Undefined Retained
CPU operation mode register CPUOPM H'0000 03CO H'0000 03CO Retained

Non-support detection exception EXPMASK

register

H'0000 0013 H'0000 0013 Retained

521 TRAPA Exception Register (TRA)

The TRAPA exception register (TRA) consists of 8-bit immediate data (imm) for the TRAPA
instruction. TRA is set automatically by hardware when a TRAPA instruction is executed. TRA

can aso be modified by software.

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
|7|7 - - - 7| TRACODE |—|—|
Initial value: 0 0 0 0 0 0 — — — — — — — — 0 0
RW: R R R R R R RW RW RW RW RW RW RW RW R R
Bit Bit Name Initial Value R/W  Description
31t0 10 — All0 R Reserved
These bits are always read as 0. The write value
should always be 0.
9to 2 TRACODE Undefined R/W  TRAPA Code
8-bit immediate data of TRAPA instruction is set
1,0 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.
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522 Exception Event Register (EXPEVT)

The exception event register (EXPEVT) consists of a 12-bit exception code. The exception code
set in EXPEVT isthat for areset or general exception event. The exception code is set
automatically by hardware when an exception occurs. EXPEVT can a so be modified by software.

Bitt 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 1110 9 8 7 6 5 4 3 2 1 0
| - -1 - | — | EXPCODE |
Initial value: 0 0 0 0 0 0 0 0 0 0o o1 o 0 0 0 0
RW: R R R R RW RW RW RW RW RW RW RW RW RW RW RW
Bit Bit Name Initial Value R/W Description
3l1to12 — AllO R Reserved

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

11to0 EXPCODE H'000 or H'020 R/W

Exception Code

The exception code for a reset or general exception
is set. For details, see table 5.3.
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523 Interrupt Event Register (INTEVT)

Theinterrupt event register INTEVT) consists of a 14-bit exception code. The exception code is
set automatically by hardware when an exception occurs. INTEV T can also be modified by

software.

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 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
| — | — | INTCODE |

Initial value: 0 0 —
R/W: R R

RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit Bit Name Initial Value R/W Description

3lto14 — All0 R Reserved
These bits are always read as 0. The write value
should always be 0.

13to0 INTCODE Undefined R/W  Exception Code
The exception code for an interrupt is set. For
details, see table 5.3.
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524 CPU Operation Mode Register (CPUOPM)

The CPUOPM s used to control the CPU operation mode. This register can be read from or
written to the address H'FF2F0000 in P4 area or H'1F2F0000in area 7 as 32-bit size. The write
value to the reserved bits should be the initial value. The operation is not guaranteed if the write
valueis not the initial value.

The CPUOPM register should be updated by the CPU store instruction not the access from
SuperHyway bus master except CPU.

After the CPUOPM is updated, read CPUOPM once, and execute one of the following two
methods.

1. Execute abranch using the RTE instruction.
2. Executethe ICBI instruction for any address (including non-cacheable area).

After one of these methods is executed, it is guaranteed that the CPU runs under the updated
CPUOPM value.

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

-t 1-J-f-1-J-J-J-J-T-T-T-T-7T-]

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 1110 9 8 7 6 5 4 3 2 1 0
A G A I N
Initial value: 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0
RW: R R R R R R R R R R RW R RW R R R
Bit Bit Name Initial Value R/W Description
3l1to10 — AllO R Reserved
9t0 6 — 1111 The write value must be the initial value.
5 RABD 0 R/W  Speculative execution bit for subroutine return

0: Instruction fetch for subroutine return is issued
speculatively.*
1: Instruction fetch for subroutine return is not
issued speculatively.
4 — 0 R Reserved
The write value must be the initial value.
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Bit Bit Name Initial Value R/W Description

3 INTMU 0 R/W  Interrupt mode switch bit

0: SR.IMASK is not changed when an interrupt is
accepted.

1: SR.IMASK is changed to the accepted interrupt
level.

2to0 — AllO R Reserved
The write value must be the initial value.

Note: * Speculative instruction fetch may issue the access to the address that should not be
accessed from the program. Therefore a bus access to an unexpected area or an internal
instruction address error may cause a problem. As for the effect of this bus access to
unexpected memory area, refer to Section 2.7.2, Instruction Prefetching and Its Side
Effects. When the speculative execution for subroutine return is enabled, the RTS
instruction should be used to return to the address set in PR by the JSR, BSR, or BSRF
Instructions. It can prevent the access to unexpected address and avoid the problem.
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525 Non-Support Detection Exception Register (EXPMASK)

The non-support detection exception register (EXPMASK) is used to enable or disable the
generation of exceptionsin response to the use of any of functions 1 to 3 listed below. The
functions of 1 to 3 are planned not to be supported in the future SuperH-family products. The
exception generation functions of EXPMASK can be used in advance of execution; the detection
function then checks for the use of these functions in the software. Thiswill ease the transfer of
software to the future SuperH-family products that do not support the respective functions.

1. Handling of an instruction other than the NOP instruction in the delay slot of the RTE
instruction.

2. Handling of the SLEEP instruction in the delay slot of the branch instruction.
3. Performance of 1C/OC memory-mapped associative write operations.

According to the value of EXPMASK, functions 1 and 2 can generate aslot illegal instruction
exception, and 3 can generate a data address error exception.

Generation of each exception can be disabled by writing 1 to the corresponding bit in EXPMASK.
However, it is recommended that the above functions should not be used when making a program
to maintain the compatibility with the future products.

Use the store instruction of the CPU to update EXPMASK. After updating the register and then
reading the register once, execute either of the following instructions. Executing either instruction
guarantees the operation with the updated register value.

e Execute the RTE instruction.
o Execute the ICBI instruction for any address (including non-cacheable area).

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
-1-r-f-r-r-7T-7T-7-7T-1T-7T-7T-7T-7T-7-1

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 R R R R

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L- -1 -T-T-T-T-T-T-T-7-T&8[-]- %%

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

o
o
o
o
-
o
X o
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Bit Bit Name

Initial Value R/W

Description

3lto5 —

All 0

R

Reserved

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

4 MMCAW

1

R/W

Memory-Mapped Cache Associative Write

0: Memory-mapped cache associative write is
disabled. (A data address error exception will
occur.)

1: Memory-mapped cache associative write is
enabled.

For further details, refer to section 8.6.5, Memory-

Mapped Cache Associative Write Operation.

3,2 —

All O

Reserved

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

1 BRDSSLP

1

R/W

Delay Slot SLEEP Instruction

0: The SLEEP instruction in the delay slot is
disabled. (The SLEEP instruction is taken as a
slot illegal instruction.)

1: The SLEEP instruction in the delay slot is
enabled.

0 RTEDS

1

R/W

RTE Delay Slot

0: An instruction other than the NOP instruction in
the delay slot of the RTE instruction is disabled.
(An instruction other than the NOP instruction is
taken as a slot illegal instruction).

1: Aninstruction other than the NOP instruction in
the delay slot of the RTE instruction is enabled.
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53 Exception Handling Functions
531 Exception Handling Flow

In exception handling, the contents of the program counter (PC), status register (SR), and R15 are
saved in the saved program counter (SPC), saved status register (SSR), and saved general
registerl5 (SGR), and the CPU starts execution of the appropriate exception handling routine
according to the vector address. An exception handling routine is a program written by the user to
handl e a specific exception. The exception handling routine is terminated and control returned to
the original program by executing a return-from-exception instruction (RTE). Thisinstruction
restores the PC and SR contents and returns control to the normal processing routine at the point at
which the exception occurred. The SGR contents are not written back to R15 with an RTE
instruction.

The basic processing flow is as follows. For the meaning of the SR bits, see section 2,
Programming Model.

The PC, SR, and R15 contents are saved in SPC, SSR, and SGR, respectively.

The block bit (BL) in SRissetto 1.

The mode bit (MD) in SRisset to 1.

The register bank bit (RB) in SRissetto 1.

In areset, the FPU disable bit (FD) in SR is cleared to 0.

The exception code is written to bits 11 to 0 of the exception event register (EXPEVT) or

interrupt event register (INTEVT).

7. When the interrupt mode switch bit (INTMU) in CPUOPM has been 1, the interrupt mask
level bit IMASK) in SR is changed to accepted interrupt level.

8. The CPU branches to the determined exception handling vector address, and the exception

handling routine begins.

o gk w DD

5.3.2 Exception Handling Vector Addresses

The reset vector address is fixed at H'A0000000. Exception and interrupt vector addresses are
determined by adding the offset for the specific event to the vector base address, which is set by
software in the vector base register (VBR). In the case of the TLB miss exception, for example,
the offset is H'00000400, so if H'9C080000 is set in VBR, the exception handling vector address
will be H'9C080400. If afurther exception occurs at the exception handling vector address, a
duplicate exception will result, and recovery will be difficult; therefore, addresses that are not to
be converted (in P1 and P2 areas) should be specified for vector addresses.
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54 Exception Typesand Priorities

Table 5.3 shows the types of exceptions, with their relative priorities, vector addresses, and

exception/interrupt codes.

Table5.3  Exceptions

Exception Transition

Direction*®
Exception Execution Priority  Priority  vector Exception
Category Mode Exception Level*> Order*” Address Offset Code**
Reset Abort type  Power-on reset 1 1 CPUO: — H'000
H'A000 0000
CPUL:
Module stop
Manual reset 1 2 Address set in — H'020
CPUNRESETVEC
register
H-UDI reset 1 1 CPUO: — H'000
H'A000 0000
CPUL:
Module stop
Instruction TLB multiple-hit 1 3 Address setin — H'140
exception CPUNRESETVEC
registe
Data TLB multiple-hit exception 1 4 Address set in — H'140
CPUNRESETVEC
registe
General Re- User break before instruction 2 0 (VBR/DBR) H'100/ H'1EO0
exception  execution execution*" —
type Instruction address error 2 1 (VBR) H'100 H'OEO
Instruction TLB miss exception 2 2 (VBR) H'400 H'040
Instruction TLB protection 2 3 (VBR) H'100 H'0A0
violation exception
General illegal instruction 2 4 (VBR) H'100 H'180
exception
Slot illegal instruction exception 2 4 (VBR) H'100 H'1A0
General FPU disable exception 2 4 (VBR) H'100 H'800
Slot FPU disable exception 2 4 (VBR) H'100 H'820
Data address error (read) 2 5 (VBR) H'100 H'OEO
Data address error (write) 2 5 (VBR) H'100 H'100
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Exception Transition

Direction*®
Exception Execution Priority Priority vector Exception
Category Mode Exception Level** Order** address Offset  Code**
General Re- Data TLB miss exception (read) 2 6 (VBR) H'400 H'040
exception ;Xpif“t'on Data TLB miss exception (write) 2 6 (VBR) H400  H060
Data TLB protection 2 7 (VBR) H'100 H'0AO0
violation exception (read)
Data TLB protection 2 7 (VBR) H'100 H'0CO
violation exception (write)
FPU exception 2 8 (VBR) H'100 H'120
Initial page write exception 2 9 (VBR) H'100 H'080
Completion  Unconditional trap (TRAPA) 2 4 (VBR) H'100 H'160
type User break after instruction 2 10 (VBRIDBR)  H'100/— H'1EO
execution*
Interrupt Completion Nonmaskable interrupt 3 — (VBR) H'600 H'1CO0
type General interrupt request 4 — (VBR) H'600 —

Notes: 1. When UBDE in CBCR =1, PC = DBR. In other cases, PC = VBR + H'100.

2. Priority is first assigned by priority level, then by priority order within each level (the
lowest number represents the highest priority).

3. Control passes to H'A000 0000 in a reset, and to [VBR + offset] in other cases.
4. Stored in EXPEVT for a reset or general exception, and in INTEVT for an interrupt.
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55 Exception Flow
551 Exception Flow

Figure 5.1 shows an outline flowchart of the basic operations in instruction execution and
exception handling. For the sake of clarity, the following description assumes that instructions are
executed sequentially, one by one. Figure 5.1 shows the relative priority order of the different
kinds of exceptions (reset, general exception, and interrupt). Register settingsin the event of an
exception are shown only for SSR, SPC, SGR, EXPEVT/INTEVT, SR, and PC. However, other
registers may be set automatically by hardware, depending on the exception. For details, see
section 5.6, Description of Exceptions. Also, see section 5.6.4, Priority Order with Multiple
Exceptions, for exception handling during execution of a delayed branch instruction and a delay
slot instruction, or in the case of instructions in which two data accesses are performed.
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Reset Yes

requested?

Execute next instruction

Is highest-
priority exception
re-exception

General
exception requested?

type?

Cancel instruction execution
No result

Interrupt Yes
requested?

]

\

SSR « SR
No SPG « PC
SGR « R15
EXPEVT/INTEVT « exception code
SR.{MD,RB,BL} « 111
SR.IMASK « received interuupt level (*)
PC « (CBCR.UBDE=1 && User_Break?

DBR: (VBR + Offset))

EXPEVT « exception code
SR. {MD, RB, BL, FD, IMASK} « 11101111
PC « H'A000 0000

Y Y

Note: * When the exception of the highest priority is an interrupt.
Whether IMASK is updated or not can be set by software.
"Accepted interrupt level" is B'1111 for NMI.

Figure5.1 Instruction Execution and Exception Handling

REJ09B0501-0100 Rev. 1.00

RENESAS

Nov 30, 2010

Page 101 of 2004




Section 5 Exception Handling SH7786 Group

55.2 Exception Sour ce Acceptance

A priority ranking is provided for all exceptions for use in determining which of two or more
simultaneously generated exceptions should be accepted. Five of the general exceptions—general
illegal instruction exception, slot illegal instruction exception, general FPU disable exception, slot
FPU disable exception, and unconditional trap exception—are detected in the process of
instruction decoding, and do not occur simultaneoudly in the instruction pipeline. These
exceptions therefore all have the same priority. General exceptions are detected in the order of
instruction execution. However, exception handling is performed in the order of instruction flow
(program order). Thus, an exception for an earlier instruction is accepted before that for alater
instruction. An example of the order of acceptance for general exceptionsis shown in figure 5.2.

Pipeline flow: VvV TLB miss (data access) Legend:
Instruction n M| 12|13 |ID|E1|E2|E3|WB 11,12,13:  Instruction fetch
Instruction n + 1 11 12 | 13 | ID|[E1|E2| E3 |WB ID: Instruction decode
A General illegal instruction exception ET1, E2, E3: Instruction execution
l v TLB miss (instruction access) WB: \(lsﬁt elfal\élke mory access)
Instruction n + 2 |1 1213 ID]E1]|E2][E3[wB] '
Instruction n + 3 | {1213 [iD]|E1][E2][E3 |wWB]

Order of detection:
General illegal instruction exception (instruction n + 1) and
TLB miss (instruction n + 2) are detected simultaneously

TLB miss (instruction n)

Order of exception handling: Program order

TLB miss (instruction n) j
* 1

Re-execution of instruction n

General illegal instruction exception
(instruction n + 1)

Re-execution of instruction n + 1

TLB miss (instruction n + 2) j
; 3

Re-execution of instruction n + 2

Execution of instruction n + 3 4

Figure5.2 Example of General Exception Acceptance Order
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55.3 Exception Requests and BL Bit
When the BL hit in SR is 0, general exceptions and interrupts are accepted.

When the BL bit in SR is 1 and an general exception other than a user break is generated, the
CPU'sinterna registers and the registers of the other modules are set to their states following a
manual reset, and the CPU branches to the same address asin areset (H'A0000000). For the
operation in the event of auser break, see section 31, User Break Controller (UBC). If an ordinary
interrupt occurs, the interrupt request is held pending and is accepted after the BL bit has been
cleared to 0 by software. If anonmaskable interrupt (NM1) occurs, it can be held pending or
accepted according to the setting made by software. For further details, refer to section 10,
Interrupt Controller (INTC).

Thus, normally, SPC and SSR are saved and then the BL bit in SR is cleared to 0, to enable
multiple exception state acceptance.

55.4 Return from Exception Handling

The RTE instruction is used to return from exception handling. When the RTE instruction is
executed, the SPC contents are restored to PC and the SSR contents to SR, and the CPU returns
from the exception handling routine by branching to the SPC address. If SPC and SSR were saved
to external memory, set the BL bit in SR to 1 before restoring the SPC and SSR contents and
issuing the RTE instruction.
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5.6 Description of Exceptions

The various exception handling operations explained here are exception sources, transition address
on the occurrence of exception, and processor operation when a transition is made.

56.1 Resets
(1) Power-On Reset

e Condition:
Power-on reset request

e Operations:
Exception code H'000 is set in EXPEVT, initiaization of CPUQ and its on-chip peripheral
modulesis carried out, and then a branch is made to the reset vector (H'A0000000). CPUL is
initialized and then enters the module stop state. For details, see the register descriptionsin the
relevant sections. A power-on reset should be executed when power is supplied.

(2) Manual Reset

e Condition:
Manual reset request

e Operations:
Exception code H'020 is set in EXPEVT, initiaization of the CPU and on-chip periphera
modulesis carried out, and then a branch is made to the reset vector (the address set in the
CPUNRESETVEC register). Theregistersinitialized by a power-on reset and manual reset are
different. For details, see the register descriptionsin the relevant sections.

(3) H-UDI Reset

e Source: SDIR.TI[7:4] = B'0110 (negation) or B'0111 (assertion)
e Transition address. H'A0000000
e Transition operations:

Exception code H'000 is set in EXPEVT. For CPUOQ, VBR and SR areinitialized, and a branch
is made to PC = H'A000 0000. For CPU1, VBR and SR areinitialized, and atransition is made
to the module stop state.

CPU and on-chip peripheral module initialization is performed. For details, see section 32,
User Debugging Interface (H-UDI), and the register descriptionsin the relevant sections.
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4

©)

Instruction TLB Multiple Hit Exception

Source: Multiple ITLB address matches

Transition address: H'A0000000

Transition operations:

The virtual address (32 bits) at which this exception occurred is set in TEA, and the

corresponding virtual page number (22 bits) isset in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

Exception code H'140 is set in EXPEVT. After VBR and SR are initialized, a branch is made
to the reset vector (the address set in the CPUNRESETVEC register).

CPU and on-chip peripheral moduleinitialization is performed in the same way as in a manual
reset. For details, see the register descriptions in the relevant sections.

Data TLB Multiple-Hit Exception

Source: Multiple UTLB address matches

Transition address: H'A0000000

Transition operations:

The virtual address (32 bits) at which this exception occurred is set in TEA, and the

corresponding virtual page number (22 bits) isset in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

Exception code H'140 is set in EXPEVT. After VBR and SR are initialized, a branch is made
to the reset vector (the address set in the CPUNRESETVEC register).

CPU and on-chip peripheral module initialization is performed in the same way asin a manual
reset. For details, see the register descriptions in the relevant sections.
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56.2 General Exceptions
(1) DataTLB MissException

e Source: Address mismatch in UTLB address comparison

e Transition address: VBR + H'00000400

e Transition operations:
The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) isset in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.
The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at thistime are saved in SGR.
Exception code H'040 (for aread access) or H'060 (for awrite access) isset in EXPEVT. The
BL, MD, and RB bitsare set to 1 in SR, and a branch is made to PC = VBR + H'0400.
To speed up TLB miss processing, the offset is separate from that of other exceptions.

Data_TLB_miss_exception()
{
TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_NUMBER;
SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = read_access ? H'0000 0040 : H'0000 0060;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;
PC = VBR + H'0000 0400;
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Instruction TLB Miss Exception

Source: Address mismatch in ITLB address comparison
Transition address: VBR + H'00000400
Transition operations:

The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) isset in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at thistime are saved in SGR.

Exception code H'40 is set in EXPEVT. The BL, MD, and RB hitsare setto 1in SR, and a
branch ismade to PC = VBR + H'0400.

To speed up TLB miss processing, the offset is separate from that of other exceptions.

ITLB_miss_exception()

{

TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_NUMBER;

SPC = PC;

SSR = SR;

SGR = R15;

EXPEVT = H'0000 0040;
SR.MD = 1;

SR.RB = 1;

SR.BL = 1;

PC = VBR + H'0000 0400;
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(3) Initial Page Write Exception

e Source: TLB ishitin astore access, but dirty bit D =0

e Transition address: VBR + H'00000100

e Transition operations:
The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) isset in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.
The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at thistime are saved in SGR.
Exception code H'080 is set in EXPEVT. The BL, MD, and RB hitsare setto 1in SR, and a
branch ismadeto PC = VBR + H'0100.

Initial_write_exception ()

{
TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_NUMBER;

SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = H'0000 0080;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'0000 0100;
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(4) DataTLB Protection Violation Exception

e Source: The access does not accord with the UTLB protection information (PR bits or EPR
bits) shown in table 5.4 and table 5.5.

Table5.4 UTLB Protection Information (TLB Compatible M ode)

PR Privileged Mode User Mode

00 Only read access possible Access not possible

01 Read/write access possible Access not possible

10 Only read access possible Only read access possible
11 Read/write access possible Read/write access possible

Table5.5 UTLB Protection Information (TLB Extended Mode)

EPR [5] Read Permission in Privileged Mode
0 Read access not possible

1 Read access possible

EPR [4] Write Permission in Privileged Mode
0 Write access not possible

1 Write access possible

EPR [2] Read Permission in User Mode

0 Read access not possible

1 Read access possible

EPR [1] Write Permission in User Mode

0 Write access not possible

1 Write access possible

e Transition address; VBR + H'00000100
e Transition operations:

The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) isset in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.
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The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at thistime are saved in SGR.

Exception code H'0AO (for aread access) or H'0OCO (for awrite access) is set in EXPEVT. The
BL, MD, and RB bitsare set to 1 in SR, and a branch is made to PC = VBR + H'0100.

Data_TLB_protection_violation_exception()
{

TEA = EXCEPTION_ADDRESS;

PTEH.VPN = PAGE_NUMBER;

SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = read_access ? H'0000 O0OAO0 : H'0O000 00CO;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'0000 0100;
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(5) Instruction TLB Protection Violation Exception

e Source: The access does not accord with the ITLB protection information (PR bits or EPR bits)
shown in table 5.6 and table5.7.

Table5.6 ITLB Protection Information (TLB Compatible M ode)

PR Privileged Mode User Mode
0 Access possible Access not possible
Access possible Access possible

Table5.7 ITLB Protection Information (TLB Extended M ode)

EPR [5], EPR [3] Execution Permission in Privileged Mode

11 Execution of instructions possible

10 Instruction fetch not possible
Execution of Rn access by ICBI possible

00 Execution of instructions not possible

EPR [2], EPR[0] Execution Permission in User Mode

11,01 Execution of instructions possible

10 Instruction fetch not possible
Execution of Rn access by ICBI possible

00 Execution of instructions not possible

e Transition address. VBR + H'00000100
e Transition operations:
The virtual address (32 bits) at which this exception occurred is set in TEA, and the

corresponding virtual page number (22 bits) isset in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at thistime are saved in SGR.

Exception code H'OAO isset in EXPEVT. The BL, MD, and RB bitsaresetto 1in SR, and a
branch is made to PC = VBR + H'0100.
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ITLB_protection_violation_exception ()
{

TEA = EXCEPTION_ADDRESS;

PTEH.VPN = PAGE_NUMBER;

SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = H'0000 OOQOAOQ;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'0000 0100;
}

(6) DataAddressError

e Sources:

— Word data access from other than aword boundary (2n +1)

— Longword data access from other than alongword data boundary (4n +1, 4n + 2, or 4n +3)
(Except MOVLIA)

— Quadword data access from other than a quadword data boundary (8n +1, 8n + 2, 8n +3, 8n
+4,8n+58n+6,0r8n+7)

— Access to area H'80000000 to H'FFFFFFFF in user mode
Areas H'EO000000 to H'E3FFFFFF and H'E5000000 to H'ESFFFFFF can be accessed in
user mode. For details, see section 7, Memory Management Unit (MMU) and section 9,
On-Chip Memory.

— The MMCAW bit in EXPMASK is 0, and the IC/OC memory mapped associative write is
performed. For details of memory mapped associative write, see section 8.6.5, Memory-
Mapped Cache Associative Write Operation.

e Transition address. VBR + H'0000100
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Transition operations:
The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.
The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at thistime are saved in SGR.
Exception code H'0EO (for aread access) or H'100 (for awrite access) is set in EXPEVT. The
BL, MD, and RB bitsare set to 1 in SR, and a branch is made to PC = VBR + H'0100. For
details, see section 7, Memory Management Unit (MMU).

Data_address_error ()

{

TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_NUMBER;
SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = read_access? H'0000 O0EO: H'0000 0100;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;
PC = VBR + H'0000 0100;
}
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(7) Instruction AddressError

e Sources:
— Instruction fetch from other than aword boundary (2n +1)
— Instruction fetch from area H'80000000 to H'FFFFFFFF in user mode
Area H'E5000000 to H'ESFFFFFF can be accessed in user mode. For details, see section 9,
On-Chip Memory.
e Transition address. VBR + H'00000100
e Transition operations:
The virtual address (32 bits) at which this exception occurred is set in TEA, and the
corresponding virtual page number (22 bits) isset in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.
The PC and SR contents for the instruction at which this exception occurred are saved in the
SPC and SSR. The R15 contents at thistime are saved in SGR.
Exception code H'OEQ isset in EXPEVT. The BL, MD, and RB bitsareset to 1 in SR, and a

branch is madeto PC = VBR + H'0100. For details, see section 7, Memory Management Unit
(MMU).

Instruction_address_error ()
{
TEA = EXCEPTION_ADDRESS;
PTEH.VPN = PAGE_NUMBER;
SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = H'0000 0O0EOQ;
SR.MD
SR.RB

1;
1;
SR.BL = 1;
PC = VBR + H'0000 0100;
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(8) Unconditional Trap

e Source: Execution of TRAPA instruction

e Transition address: VBR + H'00000100

e Transition operations:
Asthisis a processing-completion-type exception, the PC contents for the instruction
following the TRAPA instruction are saved in SPC. The value of SR and R15 when the
TRAPA instruction is executed are saved in SSR and SGR. The 8-bit immediate value in the
TRAPA instruction is multiplied by 4, and the result is set in TRA [9:0]. Exception code H'160
issetin EXPEVT. The BL, MD, and RB bitsare set to 1 in SR, and a branch ismadeto PC =
VBR + H'0100.

TRAPA_exception()
{
SPC = PC + 2;
SSR = SR;
SGR = R15;
TRA = imm << 2;

EXPEVT = H'0000 0160;

SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'0000 0100;
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(9) General lllegal Instruction Exception

Sources:

— Decoding of an undefined instruction not in adelay slot
Delayed branch instructions: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
Undefined instruction: H'FFFD

— Decoding in user mode of a privileged instruction not in adelay slot
Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP, but excluding LDC/STC
instructions that access GBR

Transition address. VBR + H'00000100

Transition operations:

The PC and SR contents for the instruction at which this exception occurred are saved in SPC

and SSR. The R15 contents at thistime are saved in SGR.

Exception code H'180 isset in EXPEVT. The BL, MD, and RB hitsaresetto 1 in SR, and a

branch is made to PC = VBR + H'0100. Operation is hot guaranteed if an undefined code other
than H'FFFD is decoded.

General_illegal_instruction_exception()
{

SPC = PC;

SSR = SR;

SGR = R15;

EXPEVT = H'0000 0180;

SR.MD = 1;

SR.RB = 1;

SR.BL = 1;

PC = VBR + H'0000 0100;
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(10) Slot Illegal Instruction Exception

Sources:

— Decoding of an undefined instruction in adelay slot
Delayed branch instructions: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
Undefined instruction: H'FFFD

— Decoding of an instruction that modifies PC in adelay ot
Instructions that modify PC: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT, BF,
BT/S, BF/S, TRAPA, LDC Rm,SR, LDC.L @Rm+,SR, ICBI, PREFI

— Decoding in user mode of a privileged instruction in a delay slot

Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP, but excluding LDC/STC
instructions that access GBR

— Decoding of a PC-relative MOV instruction or MOV A instruction in adelay slot

— The BRDSSLP bitin EXPMASK is 0, and the SLEEP instruction in the delay slot is
executed.

— The RTEDS bit in EXPMASK is 0, and an instruction other than the NOP instruction in the
delay dot is executed.

Transition address: VBR + H'000 0100

Transition operations:

The PC contents for the preceding delayed branch instruction are saved in SPC. The SR and

R15 contents when this exception occurred are saved in SSR and SGR.

Exception code H'1AO isset in EXPEVT. The BL, MD, and RB bitsaresetto 1in SR, and a
branch is made to PC = VBR + H'0100. Operation is nhot guaranteed if an undefined code other
than H'FFFD is decoded.

Slot_illegal_instruction_exception()

{

SPC = PC - 2;

SSR = SR;
SGR = R15;
EXPEVT = H'0000 01AO0;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'0000 0100;
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(11) General FPU Disable Exception

e Source: Decoding of an FPU instruction* not in adelay slot with SR.FD =1
e Transition address: VBR + H'00000100
e Transition operations:

The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at thistime are saved in SGR.

Exception code H'800 is set in EXPEVT. The BL, MD, and RB hitsare setto 1in SR, and a
branch ismade to PC = VBR + H'0100.

Note: * FPU instructions are instructions in which the first 4 bits of the instruction code are F
(but excluding undefined instruction H'FFFD), and the LDS, STS, LDS.L, and STS.L
instructions corresponding to FPUL and FPSCR.

General_fpu_disable_exception()

{

SPC = PC;
SSR = SR;
SGR = R15;
EXPEVT = H'0000 0800;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'0000 0100;
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(12) Slot FPU Disable Exception

e Source: Decoding of an FPU instruction in adelay sot with SR.FD =1

e Transition address: VBR + H'00000100

e Transition operations:
The PC contents for the preceding delayed branch instruction are saved in SPC. The SR and
R15 contents when this exception occurred are saved in SSR and SGR.
Exception code H'820 is set in EXPEVT. The BL, MD, and RB hitsaresetto 1in SR, and a
branch ismadeto PC = VBR + H'0100.

Slot_fpu_disable_exception()
{
SPC = PC - 2;

SSR = SR;
SGR = R15;
EXPEVT = H'0000 0820;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

PC = VBR + H'0000 0100;
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(13) Pre-Execution User Break/Post-Execution User Break

e Source: Fulfilling of abreak condition set in the user break controller
e Transition address: VBR + H'00000100, or DBR
e Transition operations:

In the case of a post-execution break, the PC contents for the instruction following the
instruction at which the breakpoint is set are set in SPC. In the case of a pre-execution break,
the PC contents for the instruction at which the breakpoint is set are set in SPC.

The SR and R15 contents when the break occurred are saved in SSR and SGR. Exception code
H'1EQ isset in EXPEVT.

The BL, MD, and RB hitsare set to 1 in SR, and abranch is made to PC = VBR + H'0100. It is
also possible to branch to PC = DBR.

For details of PC, etc., when adata break is set, see section 31, User Break Controller (UBC).

User_break_exception ()

{

SPC = (pre_execution break? PC : PC + 2);
SSR = SR;
SGR = R15;
EXPEVT = H'0000 01EO0;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;
PC = (BRCR.UBDE==1 ? DBR : VBR + H'0000 0100);
}
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(14) FPU Exception

e Source: Exception due to execution of a floating-point operation

e Transition address: VBR + H'00000100

e Transition operations:
The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR . The R15 contents at thistime are saved in SGR. Exception code H'120 isset in
EXPEVT. The BL, MD, and RB bitsare set to 1 in SR, and abranch is madeto PC = VBR +
H'0100.

FPU_exception()
{

SPC = PC;

SSR = SR;

SGR = R15;

EXPEVT = H'0000 0120;
SR.MD = 1;

SR.RB = 1;

SR.BL = 1;

PC = VBR + H'0000 0100;
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5.6.3 Interrupts
(1) NMI (Nonmaskable I nterrupt)

e Source: NMI pin edge detection

e Transition address: VBR + H'00000600

e Transition operations:
The PC and SR contents for the instruction immediately after this exception is accepted are
saved in SPC and SSR. The R15 contents at thistime are saved in SGR.
Exception code H'1CO isset in INTEVT. The BL, MD, and RB bitsare setto 1in SR, and a
branch is madeto PC = VBR + H'0600. When the BL bit in SR is 0, thisinterrupt is not
masked by the interrupt mask bitsin SR, and is accepted at the highest priority level. When the
BL bitin SR is 1, a software setting can specify whether thisinterrupt is to be masked or
accepted. When the INTMU bit in CPUOPM is 1 and the NMI interrupt is accessed, B'1111 is
set to IMASK hit in SR. For details, see section 10, Interrupt Controller (INTC).

NMTI ()

{
SPC = PC;
SSR = SR;
SGR = R15;
INTEVT = H'0000 01CO;
SR.MD =
SR.RB =
SR.BL =
If (cond) SR.IMASK = B'1111;
PC = VBR + H'0000 0600;

7

i

i

-

}
(2) General Interrupt Request

e Source: Theinterrupt mask level bits setting in SR is smaller than the interrupt level of
interrupt request, and the BL bit in SR is O (accepted at instruction boundary).

e Transition address; VBR + H'00000600
e Transition operations:

The PC contentsimmediately after the instruction at which the interrupt is accepted are set in
SPC. The SR and R15 contents at the time of acceptance are set in SSR and SGR.
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The code corresponding to the each interrupt sourceisset in INTEVT. The BL, MD, and RB
bitsare set to 1 in SR, and abranch is made to VBR + H'0600. When the INTMU bit in
CPUOPM is1, IMASK hit in SR is changed to accepted interrupt level. For details, see section
10, Interrupt Controller (INTC).

Module_interruption ()
{
SPC = PC;
SSR = SR;
SGR R15;
INTEVT = H'0000 0400 ~ H'0000 3FEO;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1

if (cond) SR.IMASK = level_of accepted_interrupt ();
PC = VBR + H'0000 0600;

564 Priority Order with Multiple Exceptions

With some instructions, such as instructions that make two accesses to memory, and the
indivisible pair comprising a delayed branch instruction and delay slot instruction, multiple
exceptions occur. Care isrequired in these cases, as the exception priority order differs from the
normal order.

(1) Instructionsthat Make Two Accessesto Memory

With MAC instructions, memory-to-memory arithmetic/logic instructions, TAS instructions, and
MOV UA instructions, two data transfers are performed by a single instruction, and an exception
will be detected for each of these datatransfers. In these cases, therefore, the following order is
used to determine priority.

Data address error in first data transfer

TLB missin first data transfer

TLB protection violation in first data transfer
Initial page write exception in first data transfer
Data address error in second data transfer

TLB missin second data transfer

TLB protection violation in second data transfer

N o g kMwwDdPE
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8. Initia page write exception in second data transfer
(2) Indivisible Delayed Branch Instruction and Delay Slot I nstruction

Asadelayed branch instruction and its associated delay slot instruction are indivisible, they are
treated as a single instruction. Consequently, the priority order for exceptions that occur in these
instructions differs from the usual priority order. The priority order shown below isfor the case
where the delay slot instruction has only one data transfer.

1. A check is performed for the interrupt type and re-execution type exceptions of priority levels
1 and 2 in the delayed branch instruction.

2. A check is performed for the interrupt type and re-execution type exceptions of priority levels
1 and 2 in the delay dot instruction.

3. A check is performed for the completion type exception of priority level 2 in the delayed
branch instruction.

4. A check is performed for the completion type exception of priority level 2 in the delay ot
instruction.

5. A check is performed for priority level 3 in the delayed branch instruction and priority level 3
in the delay dot instruction. (Thereis no priority ranking between these two.)

6. A check is performed for priority level 4 in the delayed branch instruction and priority level 4
in the delay dot instruction. (Thereis no priority ranking between these two.)

If the delay dot instruction has a second data transfer, two checks are performed in step 2, asin
the above case (Instructions that make two accesses to memory).

If the accepted exception (the highest-priority exception) isadelay dot instruction re-execution
type exception, the branch instruction PR register write operation (PC — PR operation performed
inaBSR, BSRF, or JSR instruction) is not disabled. Note that in this case, the contents of PR
register are not guaranteed.
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5.7 Usage Notes
(1) Returnfrom Exception Handling

A. Check the BL bit in SR with software. If SPC and SSR have been saved to memory, set
the BL bit in SR to 1 before restoring them.

B. Issue an RTE instruction. When RTE is executed, the SPC contents are saved in PC, the
SSR contents are saved in SR, and branch is made to the SPC address to return from the
exception handling routine.

(2) If aGeneral Exception or Interrupt OccursWhen BL Bitin SR=1

A. General exception
When ageneral exception other than auser break occurs, the PC value for the instruction at
which the exception occurred in SPC, and a manual reset is executed. The valuein
EXPEVT at thistime is H'00000020; the SSR contents are undefined.

B. Interrupt
If an ordinary interrupt occurs, the interrupt request is held pending and is accepted after
the BL bit in SR has been cleared to 0 by software. If a nonmaskable interrupt (NMI)
occurs, it can be held pending or accepted according to the setting made by software.
In sleep or light sleep mode, however, an interrupt is accepted even if the BL bitin SR is
setto 1.

(8) SPC when an Exception Occurs

A. Re-execution type general exception
The PC value for the instruction at which the exception occurred is set in SPC, and the
instruction is re-executed after returning from the exception handling routine. If an
exception occursin adelay dot instruction, however, the PC value for the delayed branch
instruction is saved in SPC regardless of whether or not the preceding delay slot instruction
condition is satisfied.

B. Completion type general exception or interrupt
The PC value for the instruction following that at which the exception occurred isset in
SPC. If an exception occurs in a branch instruction with delay slot, however, the PC value
for the branch destination is saved in SPC.
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(4 RTE Instruction Delay Slot

A. Theinstruction in the delay slot of the RTE instruction is executed only after the value
saved in SSR has been restored to SR. The acceptance of the exception related to the
instruction access is determined depending on SR before restoring, while the acceptance of
other exceptions is determined depending on the processing mode by SR after restoring or
the BL bit. The completion type exception is accepted before branching to the destination
of RTE instruction. However, if the re-execution type exception is occurred, the operation
cannot be guaranteed.

B. The user break is not accepted by the instruction in the delay dot of the RTE instruction.
(5) Changingthe SR Register Value and Accepting Exception

A. When the MD or BL bit in the SR register is changed by the LDC instruction, the
acceptance of the exception is determined by the changed SR value, starting from the next
instruction.* In the completion type exception, an exception is accepted after the next
instruction has been executed. However, an interrupt of completion type exception is
accepted before the next instruction is executed.

Note: * Whenthe LDC instruction for SR is executed, following instructions are fetched again
and the instruction fetch exception is evaluated again by the changed SR.
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Section 6 Floating-Point Unit (FPU)

6.1 Features

The FPU has the following features.

Conformsto |EEE754 standard

32 single-precision floating-point registers (can aso be referenced as 16 double-precision
registers)

Two rounding modes: Round to Nearest and Round to Zero

Two denormalization modes: Flush to Zero and Treat Denormalized Number

Six exception sources. FPU Error, Invalid Operation, Divide By Zero, Overflow, Underflow,
and Inexact

Comprehensive instructions. Single-precision, double-precision, graphics support, and system
control

In the SH-4A, the following three instructions are added on to the instruction set of the SH-4
FSRRA, FSCA, and FPCHG

When the FD bit in SR is set to 1, the FPU cannot be used, and an attempt to execute an FPU
instruction will cause an FPU disable exception (general FPU disable exception or slot FPU
disable exception).
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6.2 Data Formats

6.2.1 Floating-Point For mat
A floating-point number consists of the following three fields:

e Signhit (s)
e Exponent field (e)
e Fraction field (f)

This LSl can handle single-precision and double-precision floating-point numbers, using the
formats shown in figures 6.1 and 6.2.

31 30 28 22 0

] o | f

Figure6.1 Format of Single-Precision Floating-Point Number

63 62 52 51 0

|s| e f

Figure6.2 Format of Double-Precision Floating-Point Number
The exponent is expressed in biased form, as follows:
e =E + bias

The range of unbiased exponent EisE,_, —1toE__ + 1. Thetwovaluesk  —1landE __ +1are
distinguished asfollows. E_, — 1 indicates zero (both positive and negative sign) and a
denormalized number, and E,_, + 1 indicates positive or negative infinity or a non-number (NaN).
Table 6.1 shows floating-point formats and parameters.
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Table6.1 Floating-Point Number Formats and Parameters

Parameter Single-Precision Double-Precision
Total bit width 32 bits 64 bits

Sign bit 1 bit 1 bit

Exponent field 8 bits 11 bits

Fraction field 23 bits 52 bits

Precision 24 bits 53 bits

Bias +127 +1023

E.. +127 +1023

E -126 -1022

‘min

Floating-point number value v is determined as follows:

IfE=E,  +1andf=0,visanon-number (NaN) irrespective of sign s
IfE=E_ +1landf=0,v=(-1) (infinity) [positive or negative infinity]
IfE, <E<E,_ V= (-1)2"(Lf) [normalized number]

IfE=E_ —1andf=0,v=(-1)2"" (0.f) [denormalized number]
IfE=E,, —1andf=0,v = (-1)0 [positive or negative zero]

Table 6.2 shows the ranges of the various numbers in hexadecimal notation. For the signaling non-
number and quiet non-number, see section 6.2.2, Non-Numbers (NaN). For the denormalized
number, see section 6.2.3, Denormalized Numbers.
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Table 6.2

Type

Floating-Point Ranges

Single-Precision

Double-Precision

Signaling non-number

H'7FFF FFFF to H'7FCO 0000

H'7FFF FFFF FFFF FFFF to
H'7FF8 0000 0000 0000

Quiet non-number

H'7FBF FFFF to H'7F80 0001

H'7FF7 FFFF FFFF FFFF to
H'7FFO 0000 0000 0001

Positive infinity

H'7F80 0000

H'7FFO0 0000 0000 0000

Positive normalized
number

H'7F7F FFFF to H'0080 0000

H'7FEF FFFF FFFF FFFF to
H'0010 0000 0000 0000

Positive denormalized

H'007F FFFF to H'0000 0001

H'000F FFFF FFFF FFFF to

number H'0000 0000 0000 0001
Positive zero H'0000 0000 H'0000 0000 0000 0000
Negative zero H'8000 0000 H'8000 0000 0000 0000
Negative denormalized H'8000 0001 to H'807F FFFF  H'8000 0000 0000 0001 to

number

H'800F FFFF FFFF FFFF

Negative normalized
number

H'8080 0000 to H'FF7F FFFF

H'8010 0000 0000 0000 to
H'FFEF FFFF FFFF FFFF

Negative infinity

H'FF80 0000

H'FFFO 0000 0000 0000

Quiet non-number

H'FF80 0001 to H'FFBF FFFF

H'FFFO 0000 0000 0001 to
H'FFF7 FFFF FFFF FFFF

Signaling non-number

H'FFCO 0000 to H'FFFF FFFF

H'FFF8 0000 0000 0000 to
H'FFFF FFFF FFFF FFFF
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6.2.2 Non-Numbers (NaN)

Figure 6.3 shows the bit pattern of a non-number (NaN). A valueis NaN in the following case:

e Sign bit: Don't care
e Exponent field: All bitsare 1

e Fractionfield: At least one bitis1

The NaN isasignaling NaN (sNaN) if the MSB of the fraction field is 1, and aquiet NaN (gNaN)

if the MSB isO0.

31 30

23 22

X 11111111

NXXXXXXXXXXXXXXXXXXXXXX

N = 1:sNaN
N = 0:gNaN

Figure6.3 Single-Precision NaN Bit Pattern

An sNaN is assumed to be the input data in an operation, except the transfer instructions between
registers, FABS, and FNEG, that generates a floating-point value.

e When the EN.V bit in FPSCR is 0, the operation result (output) is agNaN.

e Whenthe EN.V bitin FPSCR is 1, an invalid operation exception will be generated. In this

case, the contents of the operation destination register are unchanged.

Following three instructions are used as transfer instructions between registers.

e FMOV FRm,FRn
e FLDSFRm,FPUL
e FSTSFPUL,FRn

If agNaN isinput in an operation that generates a floating-point value, and an sNaN has not been
input in that operation, the output will always be agNaN irrespective of the setting of the EN.V bit
in FPSCR. An exception will not be generated in this case.

The gNAN values as operation results are as follows:

e Single-precision gNaN: H'7FBF FFFF
e Double-precision gNaN: H'7FF7 FFFF FFFF FFFF

REJ09B0501-0100 Rev. 1.00
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See section 10, Instruction Descriptions of the SH-4A Extended Functions Software Manual for
details of floating-point operations when a non-number (NaN) isinput.

6.2.3 Denormalized Numbers

For a denormalized number floating-point value, the exponent field is expressed as 0, and the
fraction field as a non-zero value.

When the DN bit in FPSCR of the FPU is 1, adenormalized number (source operand or operation
result) is aways positive or negative zero in afloating-point operation that generates avalue (an
operation other than transfer instructions between registers, FNEG, or FABS).

When the DN bit in FPSCR is 0, a denormalized number (source operand or operation result) is
processed asit is. See section 10, Instruction Descriptions of the SH-4A Extended Functions
Software Manual for details of floating-point operations when a denormalized number isinput.
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6.3 Register Descriptions

6.3.1 Floating-Point Registers

Figure 6.4 shows the floating-point register configuration. There are thirty-two 32-bit floating-
point registers comprised with two banks: FPRO_BANKO to FPR15 BANKO, and FPRO_BANK1
to FPR15 BANKZ1. These thirty-two registers are referenced as FRO to FR15,
DRO0/2/4/6/8/10/12/14, FV0/4/8/12, XFO to XF15, XD0/2/4/6/8/10/12/14, and XM TRX.
Corresponding registersto FPRO_BANKO to FPR15 BANKO, and FPRO_BANK1 to
FPR15_BANK1 are determined according to the FR bit of FPSCR.

1. Floating-point registers, FPRi_BANK;] (32 registers)
FPRO_BANKO to FPR15_BANKO
FPRO_BANK1to FPR15 BANK1
2. Single-precision floating-point registers, FRi (16 registers)
When FPSCR.FR = 0, FRO to FR15 are allocated to FPRO_BANKO to FPR15 BANKO;
when FPSCR.FR = 1, FRO to FR15 are allocated to FPRO_BANK1 to FPR15 BANK1.
3. Double-precision floating-point registers, DRi (8 registers): A DR register comprises two FR
registers.
DRO = {FRO, FR1}, DR2 = {FR2, FR3}, DR4 = { FR4, FR5}, DR6 = { FR6, FR7},
DR8 = {FR8, FR9}, DR10 = { FR10, FR11}, DR12 = { FR12, FR13}, DR14 = { FR14, FR15}
4. Single-precision floating-point vector registers, FVi (4 registers): An FV register comprises
four FR registers.
FVO0 = {FRO, FR1, FR2, FR3}, FV4 = { FR4, FR5, FR6, FR7},
Fv8 ={FR8, FR9, FR10, FR11}, FV12 = {FR12, FR13, FR14, FR15}
5. Single-precision floating-point extended registers, XFi (16 registers)
When FPSCR.FR = 0, XF0 to XF15 are allocated to FPRO_BANK1 to FPR15 BANKZ,;
when FPSCR.FR = 1, XF0 to XF15 are allocated to FPRO_BANKO to FPR15 _BANKO.
6. Double-precision floating-point extended registers, XDi (8 registers): An XD register
comprisestwo XF registers.
XDO0 = {XF0, XF1}, XD2 = { XF2, XF3}, XD4 = { XF4, XF5}, XD6 = { XF6, XFT7},
XD8 = {XF8, XF9}, XD10 = { XF10, XF11}, XD12 = { XF12, XF13}, XD14 = { XF14, XF15}
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7. Single-precision floating-point extended register matrix, XMTRX: XMTRX comprises all 16

XF registers.
XMTRX = | XFO XF4 XF8 XF12
XF1 XF5 XF9 XF13
XF2 XF6 XF10  XF14
XF3 XF7 XF11  XF15
FPSCR.FR =0 FPSCR.FR = 1
FVO DRO FRO FPRO BANKO XFO  XDO XMTRX
FR1 FPR1 BANKO XF1
DR2 FR2 FPR2 BANKO XF2 XD2
FR3 FPR3 BANKO XF3
Fv4 DR4 FR4 FPR4 BANKO XF4 XD4
FR5 FPR5 BANKO XF5
DR6 FR6 FPR6 BANKO XF6 XD6é
FR7 FPR7 BANKO XF7
Fv8 DR8 FR8 FPR8 BANKO XF8 XD8
FR9 FPR9 BANKO XF9
DR10 FR10 FPR10 BANKO XF10 XD10
FR11 FPR11 BANKO XF11
FvVi2 DR12 FR12 FPR12 BANKO XF12 XD12
FR13 FPR13 BANKO XF13
DR14 FR14 FPR14 BANKO XF14 XD14
FR15 FPR15 BANKO XF15
XMTRX XDO XFO FPRO BANK1 FRO DRO FVOo
XF1 FPR1 BANK1 FR1
XD2 XF2 FPR2 BANK1 FR2 DR2
XF3 FPR3 BANK1 FR3
XD4  XF4 FPR4 BANK1 FR4 DR4 Fv4
XF5 FPR5 BANK1 FR5
XD6  XF6 FPR6 BANK1 FR6 DR6
XF7 FPR7 BANK1 FR7
XD8 XF8 FPR8 BANK1 FR8 DR8 Fv8
XF9 FPR9 BANK1 FR9
XD10 XF10 FPR10 BANK1 FR10 DR10
XF11 FPR11 BANK1 FR11
XD12 XF12 FPR12 BANK1 FR12 DR12 FV12
XF13 FPR13 BANK1 FR13
XD14 XF14 FPR14 BANK1 FR14 DR14
XF15 FPR15 BANK1 FR15

Figure6.4 Floating-Point Registers
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6.3.2 Floating-Point Status/Control Register (FPSCR)

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[ [ -1-[-[-T-T-fT-[-]—-[e[sz]pr|on| caumse
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 RW RW RW RW RW RW
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Cause Enable (EN) Flag RM
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

RW: RRW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit Bit Name Initial Value R/W

Description

3l1to22 — AllO

R

Reserved

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

21 FR 0

R/W

Floating-Point Register Bank

0: FPRO_BANKO to FPR15_BANKO are assigned
to FRO to FR15 and FPRO_BANK1 to
FPR15_BANK1 are assigned to XF0 to XF15

1: FPRO_BANKO to FPR15_BANKO are assigned
to XFO to XF15 and FPRO_BANK1 to
FPR15_BANK1 are assigned to FRO to FR15

20 Sz 0

R/W

Transfer Size Mode

0: Data size of FMQV instruction is 32-bits

1: Data size of FMOV instruction is a 32-bit register
pair (64 bits)

For relations between endian and the SZ and PR

bits, see figure 6.5.

19 PR 0

R/W

Precision Mode

0: Floating-point instructions are executed as
single-precision operations

1: Floating-point instructions are executed as
double-precision operations (graphics support
instructions are undefined)

For relations between endian and the SZ and PR

bits, see figure 6.5.

18 DN 1

R/W

Denormalization Mode
0: Denormalized number is treated as such
1: Denormalized number is treated as zero
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Bit Bit Name Initial Value R/W  Description

17to 12 Cause All0 R/W  FPU Exception Cause Field

11to7 Enable AllO R/W FPU Exception Enable Field

6t02 Flag All O rR/w FPU Exception Flag Field
Each time an FPU operation instruction is executed,
the FPU exception cause field is cleared to 0. When
an FPU exception occurs, the bits corresponding to
FPU exception cause field and flag field are set to 1.
The FPU exception flag field remains set to 1 until it
is cleared to 0 by software.
For bit allocations of each field, see table 6.3.

1 RM1 R/W  Rounding Mode

RMO 1 R/W  These bits select the rounding mode.

00: Round to Nearest
01: Round to Zero
10: Reserved

11: Reserved
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<Big endian>

63 0
Floating-point register | DR (2i) |

63 0
[ Ry [ Frein |

63 32 31 0
Memory area | | |

8n 8n+3 8n+4 8n+7

<Little endian>

63 0 63 0 63 0
Floating-point register | DR (2i) | | DR (2i) | | DR (2i) |
*1, *2 %2

63 0 63 0 63 0
| FR (2i) | FR (2i+1) | | FR (2i) | FR (2i+1) | | FR (2i) | FR (2i+1) |

63 32 31 0 63 32 31 0 63 I 32 31 I 0
Memory area | | | | | | | | |

4n+3 4n 4m+3 4m  8n+3 8n 8n+7 8n+4 8n+7 8n+4 8n+3 8n

(1)8Z=0 (2)SZ=1,PR=0 (3)SZ2=1,PR=1

Notes: 1. In the case of SZ = 0 and PR = 0, DR register can not be used.

2. The bit-location of DR register is used for double precision format when PR = 1.
(In the case of (2), it is used when PR is changed from 0 to 1.)

Figure6.5 Relation between SZ Bit and Endian

Table6.3 Bit Allocation for FPU Exception Handling

FPU Invalid Division Overflow Underflow Inexact
Field Name Error (E) Operation (V) by Zero (2) (O) ()] U]
Cause FPU exception Bit 17 Bit 16 Bit 15 Bit 14 Bit 13 Bit 12
cause field
Enable FPU exception None Bit 11 Bit 10 Bit9 Bit 8 Bit 7
enable field
Flag FPU exception None Bit 6 Bit 5 Bit 4 Bit 3 Bit 2
flag field
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6.3.3 Floating-Point Communication Register (FPUL)

Information is transferred between the FPU and CPU via FPUL. FPUL is a 32-hit system register
that is accessed from the CPU side by means of LDS and STSinstructions. For example, to
convert the integer stored in general register R1 to a single-precision floating-point number, the
processing flow is asfollows:

R1 — (LDSinstruction) — FPUL — (single-precision FLOAT instruction) — FR1
6.4 Rounding

In afloating-point instruction, rounding is performed when generating the final operation result
from the intermediate result. Therefore, the result of combination instructions such as FMAC,
FTRV, and FIPR will differ from the result when using a basic instruction such as FADD, FSUB,
or FMUL. Rounding is performed once in FMAC, but twicein FADD, FSUB, and FMUL.

Which of the two rounding methods is to be used is determined by the RM bitsin FPSCR.

FPSCR.RM[1:0] = 00: Round to Nearest
FPSCR.RM[1:0] = 01: Round to Zero

(1) Round to Nearest

The operation result is rounded to the nearest expressible value. If there are two nearest
expressible values, the one with an LSB of 0is selected.

If the unrounded valueis 2°™ (2 — 2) or more, the result will be infinity with the same sign as the
unrounded value. The values of Emax and P, respectively, are 127 and 24 for single-precision, and

1023 and 53 for double-precision.
(2) RoundtoZero
The digits below the round bit of the unrounded value are discarded.

If the unrounded value is larger than the maximum expressible absolute value, the value will
become the maximum expressible absolute value with the same sign as unrounded value.
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6.5 Floating-Point Exceptions

6.5.1 General FPU Disable Exceptions and Slot FPU Disable Exceptions

FPU-related exceptions are occurred when an FPU instruction is executed with SR.FD set to 1.
When the FPU instruction isin other than delayed slot, the general FPU disable exception is
occurred. When the FPU instruction isin the delay slot, the slot FPU disable exception is
occurred.

6.5.2 FPU Exception Sources
The exception sources are as follows:

o FPU error (E): When FPSCR.DN = 0 and a denormalized number is input
e Invalid operation (V): In case of an invalid operation, such as NaN input
o Division by zero (2): Division with a zero divisor

e Overflow (O): When the operation result overflows

e Underflow (U): When the operation result underflows

¢ Inexact exception (1): When rounding occurs

The FPU exception cause field in FPSCR contains bits corresponding to all of above sourcesE, V,
Z,0, U, and |, and the FPU exception flag and enable fieldsin FPSCR contain bits corresponding
to sourcesV, Z, O, U, and I, but not E. Thus, FPU errors cannot be disabled.

When an FPU exception occurs, the corresponding bit in the FPU exception cause field issetto 1,
and 1 is added to the corresponding bit in the FPU exception flag field. When an FPU exception
does not occur, the corresponding bit in the FPU exception cause field is cleared to 0, but the
corresponding bit in the FPU exception flag field remains unchanged.
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6.5.3 FPU Exception Handling
FPU exception handling isinitiated in the following cases:

e FPU error (E): FPSCR.DN = 0 and adenormalized number is input

¢ Invalid operation (V): FPSCR.Enable.V = 1 and (instruction = FTRV or invalid operation)

e Division by zero (Z): FPSCR.Enable.Z = 1 and division with a zero divisor or the input of
FSRRA iszero

o Overflow (0): FPSCR.Enable.O = 1 and possibility of operation result overflow

e Underflow (U): FPSCR.Enable.U = 1 and possibility of operation result underflow

e Inexact exception (1): FPSCR.Enable.l = 1 and instruction with possibility of inexact operation
result

Please refer section 11, Instruction Descriptions of the SH-4A Extended Functions Software
Manual about the FPU exception case in detail.

All exception eventsthat originate in the FPU are assigned as the same exception event. The
meaning of an exception is determined by software by reading from FPSCR and interpreting the
information it contains. Also, the destination register is not changed by any FPU exception
handling operation.

If the FPU exception sources except for above are generated, the bit corresponding to source V, Z,
O, U, or | isset to 1, and adefault value is generated as the operation result.

o Invalid operation (V): gNaN is generated as the result.
o Division by zero (2): Infinity with the same sign as the unrounded value is generated.
e Overflow (O):
When rounding mode = RZ, the maximum normalized number, with the same sign as the
unrounded value, is generated.
When rounding mode = RN, infinity with the same sign as the unrounded value is generated.
e Underflow (U):

When FPSCR.DN = 0, adenormalized number with the same sign as the unrounded value, or
zero with the same sign as the unrounded value, is generated.
When FPSCR.DN = 1, zero with the same sign as the unrounded value, is generated.

e Inexact exception (1): Aninexact result is generated.
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6.6 Graphics Support Functions

This LSI supports two kinds of graphics functions: new instructions for geometric operations, and
pair single-precision transfer instructions that enable high-speed data transfer.

6.6.1 Geometric Operation Instructions

Geometric operation instructions perform approximate-val ue computations. To enable high-speed
computation with aminimum of hardware, this LS| ighores comparatively small valuesin the
partial computation results of four multiplications. Consequently, the error shown below is
produced in the result of the computation:

Maximum error = MAX (individual multiplication result x
2—MIN (number of multiplier significant digits—1, number of multiplicand significant d\gi(s—l)) + MAX (I’esuhﬁ Value x 2—23’ 2—149)

The number of significant digitsis 24 for a normalized number and 23 for a denormalized number
(number of leading zeros in the fractional part).

In afuture version of the SH Series, the above error is guaranteed, but the same result between
different processor coresis not guaranteed.

() FIPRFVM,FVn(m,n:0,4,8,12)
Thisinstruction is basically used for the following purposes:

e Inner product (m = n):

This operation is generally used for surface/rear surface determination for polygon surfaces.
e Sum of square of elements (m = n):

This operation is generally used to find the length of a vector.

Since an inexact exception is not detected by an FIPR instruction, the inexact exception (1) bitin
both the FPU exception cause field and flag field are always set to 1 when an FIPR instruction is
executed. Therefore, if the | bit is set in the FPU exception enable field, FPU exception handling
will be executed.
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(2) FTRV XMTRX, FVn (n:0,4,8,12)
Thisinstruction is basically used for the following purposes:

e Matrix (4 x 4) - vector (4):
This operation is generally used for viewpoint changes, angle changes, or movements called
vector transformations (4-dimensional). Since affine transformation processing for angle +
parallel movement basically requires a4 x 4 matrix, this LS| supports 4-dimensional
operations.

o Matrix (4 x 4) x matrix (4 x 4):
This operation requires the execution of four FTRV instructions.

Since an inexact exception is not detected by an FIRV instruction, the inexact exception (1) bitin
both the FPU exception cause field and flag field are always set to 1 when an FTRV instruction is
executed. Therefore, if the | bit is set in the FPU exception enable field, FPU exception handling
will be executed. It is not possible to check all datatypesin the registers beforehand when
executing an FTRV instruction. If the V bit is set in the FPU exception enable field, FPU
exception handling will be executed.

(3) FRCHG

This instruction modifies banked registers. For example, when the FTRV instruction is executed,
matrix elements must be set in an array in the background bank. However, to create the actual
elements of atranglation matrix, it is easier to use registers in the foreground bank. When the LDS
instruction is used on FPSCR, this instruction takes four to five cyclesin order to maintain the
FPU state. With the FRCHG instruction, the FR bit in FPSCR can be changed in one cycle.
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6.6.2 Pair Single-Precision Data Transfer

In addition to the powerful new geometric operation instructions, this LS| aso supports high-
speed data transfer instructions.

When the SZ bit is 1, thisL S| can perform data transfer by means of pair single-precision data
transfer instructions.

e FMOV DRm/XDm, DRn/XDRn (m, n: 0, 2, 4, 6, 8, 10, 12, 14)
e FMOV DRm/XDm, @Rn (m: 0, 2, 4, 6, 8, 10, 12, 14; n: 0 to 15)

These instructions enable two single-precision (2 x 32-bit) dataitemsto be transferred; that is, the
transfer performance of these instructionsis doubled.

e FSCHG

Thisinstruction changes the value of the SZ bit in FPSCR, enabling fast switching between use
and non-use of pair single-precision data transfer.
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Section 7 Memory Management Unit (MMU)

This LSl supports an 8-bit address space identifier, a 32-bit virtual address space, and a 29-bit or
32-hit physical address space. Address translation from virtual addressesto physical addressesis
enabled by the memory management unit (MMU) in thisLSI. The MMU performs high-speed
address trand ation by caching user-created address translation table information in an address
trandation buffer (translation lookaside buffer: TLB). For details of the extended function, refer to
appendix A corresponding section.

This LSl hasfour instruction TLB (ITLB) entries and 64 unified TLB (UTLB) entries. UTLB
copies are stored in the ITLB by hardware. A paging system is used for address trangdation. It is
possible to set the virtual address space access right and implement memory protection
independently for privileged mode and user mode.

The MMU of thisLSI runsin several operating modes. In view of physical address mapping
ranges, 29-bit address mode and 32-bit address extended mode are provided. In view of flag
functions of the MMU, TLB compatible mode (four paging sizes with four protection bits) and
TLB extended mode (eight paging sizes with six protection bits) are provided.

Selection between 29-bit address mode and 32-bit address extended mode is made by setting the
relevant control register (bit SE in the PASCR register) by software. This LS| supports 32-bit boot
mode (the system starts up in 32-bit address extended mode at power-on reset), which is specified
through external pins.

Selection between TLB compatible mode and TLB extended mode is made by setting the relevant
control register (bit ME in the MMUCR register) by software. The range of physical address
mapping is explained through sections 7.1, Overview of MMU, to 7.7, Memory-Mapped TLB
Configuration, for the case of 29-bit address mode, which isfollowed by section 7.8, 32-Bit
Address Extended Mode, where differences from 29-bit address mode are explained.

The flag functions of the MMU are explained in parallel for both TLB compatible mode and TLB
extended mode.
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7.1 Overview of MMU

The MMU was conceived as ameans of making efficient use of physical memory. Asshown in
(0) infigure 7.1, when a process is smaller in size than the physical memory, the entire process
can be mapped onto physical memory, but if the process increases in size to the point where it
does not fit into physical memory, it becomes necessary to divide the process into smaller parts,
and map the parts requiring execution onto physical memory as occasion arises ((1) in figure 7.1).
Having this mapping onto physical memory executed consciously by the process itself imposes a
heavy burden on the process. The virtual memory system was devised as a means of handling all
physical memory mapping to reduce this burden ((2) in figure 7.1). With avirtual memory system,
the size of the available virtual memory is much larger than the actual physical memory, and
processes are mapped onto this virtual memory. Thus processes only have to consider their
operation in virtual memory, and mapping from virtual memory to physical memory is handled by
the MMU. The MMU is normally managed by the OS, and physical memory switching is carried
out so as to enable the virtual memory required by a process to be mapped smoothly onto physical
memory. Physical memory switching is performed via secondary storage, etc.

The virtual memory system that came into being in this way works to best effect in atime sharing
system (TSS) that allows a number of processesto run simultaneously ((3) in figure 7.1). Running
anumber of processesin a TSS did not increase efficiency since each process had to take account
of physical memory mapping. Efficiency isimproved and the load on each process reduced by the
use of avirtual memory system ((4) in figure 7.1). In this virtual memory system, virtual memory
isalocated to each process. The task of the MMU isto map a number of virtual memory areas
onto physical memory in an efficient manner. It is also provided with memory protection functions
to prevent a process from inadvertently accessing another process's physical memory.

When address tranglation from virtual memory to physical memory is performed using the MMU,
it may happen that the trandation information has not been recorded in the MMU, or the virtual
memory of adifferent processis accessed by mistake. In such cases, the MMU will generate an
exception, change the physical memory mapping, and record the new address translation
information.

Although the functions of the MMU could be implemented by software alone, having address
trangdlation performed by software each time a process accessed physical memory would be very
inefficient. For this reason, a buffer for address tranglation (the translation lookaside buffer: TLB)
is provided by hardware, and frequently used address translation information is placed here. The
TLB can be described as a cache for address trandlation information. However, unlike a cache, if
address tranglation fails—that is, if an exception occurs—switching of the address trandation
information is normally performed by software. Thus memory management can be performed in a
flexible manner by software.
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There are two methods by which the MMU can perform mapping from virtual memory to physical

memory: the paging method, using fixed-length address translation, and the segment method,
using variable-length address trand ation. With the paging method, the unit of trandation isa

fixed-size address space called a page.

In the following descriptions, the address space in virtual memory inthisLSl isreferred to as
virtual address space, and the address space in physical memory as physical address space.

4 Virtual h
MemOrY MMU Physical
e U (" Physical ) Process 1__ Memory
Physical Process 1 Memory
Memory -
Process 1 .
N\ ©)
\ a )/ N\ /
e N - N
Physical Virtual
Process 1 Memory Process 1 Memory
*MMU Physical
L X Memory
Process 2 /* Process 2 i
Process 3, / Process 3 )
N ®) L “)

Figure7.1 Roleof MMU
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711 Address Spaces
(1) Virtual Address Space

This LSl supports a 32-bit virtual address space, and can access a 4-Gbyte address space. The
virtual address space is divided into a number of areas, as shownin figures 7.2 and 7.3. In
privileged mode, the 4-Gbyte space from the PO area to the P4 area can be accessed. In user mode,
a 2-Gbyte space in the UO area can be accessed. When the SQMD bit in the MMU control register
(MMUCR) is 0, a 64-Mbyte space in the store queue area can be accessed. When the RMD bit in
the on-chip memory control register (RAMCR) is 1, a 16-Mbyte space in on-chip memory area
can be accessed. Accessing areas other than the UO area, store queue area, and on-chip memory
areain user mode will cause an address error.

When the AT bitin MMUCR is set to 1 and the MMU is enabled, the PO, P3, and UQ areas can be
mapped onto any physical address spacein 1-, 4-, 64-Kbyte, or 1-Mbyte page unitsin TLB
compatible mode and in 1-, 4-, 8-, 64-, 256-Kbyte, 1-, 4-, or 64-Mbyte page unitsin TLB extended
mode. By using an 8-bit address space identifier, the PO, P3, and UQ areas can be increased to a
maximum of 256. Mapping from the virtual address space to the 29-bit physical address spaceis
carried out using the TLB.

Physical
. _address space
H'0000 0000 Aroa 0 H'0000 0000
| Areal |\
/| Area2 |\
! Area 3 '
PO area [ |_Aread | U0 area
Cacheable /| Area5 |\ Cacheable
i | Areab |t
! Area 7 !
L \
1 : \ \\\
H'8000 0000 P1 area :' :' ! l'. H'8000 0000
Cacheable ! ,:f' ‘\\ '
H'A000 0000 P2 area ! ,:j' o Address error
Non-cacheable |/« I
HC000 0000 P3 area ",'.,” \| Store queue area | H'E000 0000
HE000 0000 [t Address eror_| [0 0o
----- Pdarea ____ | On-chip memory area | \ =600 0000
HFFFF FRFF[_Non-cacheable Address error__| | FFFF FFFF
Privileged mode User mode

Figure7.2 Virtual Address Space (AT in MMUCR =0)
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256, ‘.. Physical 256 -7
i *+address space. -7 I
H'0000 0000 /et HAE- -2 gy S H'0000 0000
Area 0
Area 1
Area 2
PO area Area 3 U0 area
Cacheable Area 4
Address translation possible Cacheable
p Area 5 Address translation possible
Area 6
Area 7
H'8000 0000 e ' N iy H'8000 0000
P1 area ,’,/
Cacheable !
H'A000 0000 Address translation not possible , ,'
P2 area S Address error
Non-cacheable K
Address translation not possible )
H'C000 0000 A
P3 area !
Cacheaple . Store queue area H'E000 0000
H'E000 0000 | Address translation possible q Address error H'E400 0000
.......... P4area _________] - H'E500 0000
Non-cacheable On-chip memory area H'E600 0000
H'FFFF FFFF| Address translation not possible Address error H'FFFF FFFF
Privileged mode User mode

Figure7.3 Virtual Address Space (AT in MMUCR =1)
(@ PO, P3,and U0 Areas

The PO, P3, and U0 areas allow address trandation using the TLB and access using the cache.

When the MMU is disabled, replacing the upper 3 bits of an address with Os gives the
corresponding physical address. Whether or not the cache is used is determined by the CCR
setting. When the cache is used, switching between the copy-back method and the write-
through method for write accesses is specified by the WT bit in CCR.

When the MMU is enabled, these areas can be mapped onto any physical address spacein 1-,
4-, 64-Kbyte, or 1-Mbyte page unitsin TLB compatible mode and in 1-, 4-, 8-, 64, 256-Kbyte,
1-, 4-, or 64-Mbyte page unitsin TLB extended mode using the TLB. When CCRisin the
cache enabled state and the C bit for the corresponding page of the TLB entry is 1, accesses
can be performed using the cache. When the cache is used, switching between the copy-back
method and the write-through method for write accesses is specified by the WT bit of the TLB
entry.

When the PO, P3, and UQ areas are mapped onto the control register areawhich isalocated in

the area 7 in physical address space by means of the TLB, the C bit for the corresponding page
must be cleared to 0.
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(b) PlArea

The P1 area does not allow address trandlation using the TLB but can be accessed using the

cache.

Regardless of whether the MMU is enabled or disabled, clearing the upper 3 bits of an address
to 0 gives the corresponding physical address. Whether or not the cache is used is determined
by the CCR setting. When the cache is used, switching between the copy-back method and the
write-through method for write accesses is specified by the CB bit in CCR.

(c) P2Area

The P2 area does not allow address trandlation using the TLB and access using the cache.

Regardless of whether the MMU is enabled or disabled, clearing the upper 3 bits of an address
to 0 gives the corresponding physical address.

(d) P4Area

The P4 areais mapped onto the internal resource of this LSI. This area except the store queue
and on-chip memory areas does not allow address trandation using the TLB. This area cannot
be accessed using the cache. The P4 areais shown in detail in figure 7.4.

H'E000 0000

H'E400 0000
H'E500 0000
H'E600 0000

H'FO00 0000
H'F100 0000
H'F200 0000
H'F300 0000
H'F400 0000
H'F500 0000
H'F600 0000
H'F700 0000
H'F800 0000

H'FC00 0000

H'FFFF FFFF

Store queue

Reserved area

On-chip memory area

Reserved area

Instruction cache address array

Instruction cache data array

Instruction TLB address array

Instruction TLB data array

Operand cache address array

Operand cache data array

Unified TLB and PMB address array

Unified TLB and PMB data array

Reserved area

Control register area

Figure7.4 P4 Area
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The area from H'E000 0000 to H'E3FF FFFF comprises addresses for accessing the store queues
(SQs). In user mode, the accessright is specified by the SQMD bit in MMUCR. For details, see
section 8.7, Store Queues.

The area from H'E500 0000 to H'ESFF FFFF comprises addresses for accessing the on-chip
memory. In user mode, the access right is specified by the RMD bit in RAMCR. For details, see
section 9, On-Chip Memory.

The area from H'FO00 0000 to H'FOFF FFFF is used for direct access to the instruction cache
address array. For details, see section 8.6.1, |C Address Array.

The area from H'F100 0000 to H'F1FF FFFF is used for direct access to the instruction cache data
array. For details, see section 8.6.2, IC Data Array.

The area from H'F200 0000 to H'F2FF FFFF is used for direct access to the instruction TLB
address array. For details, see section 7.7.1, ITLB Address Array.

The area from H'F300 0000 to H'F37F FFFF is used for direct accessto instruction TLB data
array. For details, see section 7.7.2, ITLB Data Array (TLB Compatible Mode) and section 7.7.3,
ITLB Data Array (TLB Extended Mode).

The areafrom H'F400 0000 to H'FAFF FFFF is used for direct access to the operand cache address
array. For details, see section 8.6.3, OC Address Array.

The area from H'F500 0000 to H'F5FF FFFF is used for direct access to the operand cache data
array. For details, see section 8.6.4, OC Data Array.

The area from H'F600 0000 to H'F60F FFFF is used for direct access to the unified TLB address
array. For details, see section 7.7.4, UTLB Address Array.

The areafrom H'F610 0000 to H'F61F FFFF is used for direct access to the PMB address array.
For details, see section 7.8.5, Memory-Mapped PMB Configuration.

The areafrom H'F700 0000 to H'F70F FFFF is used for direct access to unified TLB data array.
For details, see section 7.7.5, UTLB Data Array (TLB Compatible Mode) and 7.7.6, UTLB Data
Array (TLB Extended Mode).

The areafrom H'F710 0000 to H'F71F FFFF is used for direct access to the PMB data array. For
details, see section 7.8.5, Memory-Mapped PMB Configuration.

The area from H'FC00 0000 to H'FFFF FFFF is the on-chip peripheral module control register
area. For details, see register descriptionsin each section.
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(2) Physical Address Space

This LSl supports a 29-bit physical address space. The physical address space is divided into eight
areas as shown in figure 7.5. Area 7 isareserved area. For details, see section 11, Local Bus State
Controller (LBSC).

Only when area 7 in the physical address space is accessed using the TLB, addresses H'1C00 0000
to H'1FFF FFFF of area 7 are not designated as areserved area, but are equivalent to the control
register areain the P4 area, in the virtual address space.

H'0000 0000

Area 0
H'0400 0000 Area 1
H'0800 0000 Area 2
H'0C00 0000 Area 3
H'1000 0000 Area 4
H'1400 0000 Area 5
H'1800 0000 Area 6
::1 'C:Z'(:)l(:) 2'2?:?: Area 7 (reserved area)

Figure7.5 Physical Address Space
(3) AddressTrandation

When the MMU is used, the virtual address space is divided into units called pages, and
trandation to physical addressesis carried out in these page units. The address trandation tablein
external memory contains the physical addresses corresponding to virtual addresses and additional
information such as memory protection codes. Fast address trandation is achieved by caching the
contents of the address trandlation table located in external memory into the TLB. In thisLSl,
basically, the ITLB isused for instruction accesses and the UTLB for data accesses. In the event
of an access to an area other than the P4 areg, the accessed virtual addressistrandated to a
physical address. If the virtual address belongsto the P1 or P2 area, the physical addressis
uniquely determined without accessing the TLB. If the virtual address belongsto the PO, UO, or P3
area, the TLB is searched using the virtual address, and if the virtual addressis recorded in the
TLB, aTLB hit ismade and the corresponding physical addressisread from the TLB. If the
accessed virtual addressis not recorded in the TLB, a TLB miss exception is generated and
processing switches to the TLB miss exception handling routine. In the TLB miss exception
handling routine, the address tranglation table in external memory is searched, and the
corresponding physical address and page management information are recorded in the TLB. After
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the return from the exception handling routine, the instruction which caused the TLB miss
exception is re-executed.

(4) SingleVirtual Memory Mode and Multiple Virtual Memory Mode

There are two virtual memory systems, single virtual memory and multiple virtual memory, either
of which can be selected with the SV bit in MMUCR. In the single virtual memory system, a
number of processes run simultaneously, using virtual address space on an exclusive basis, and the
physical address corresponding to a particular virtual addressis uniquely determined. In the
multiple virtual memory system, a number of processes run while sharing the virtual address
space, and particular virtual addresses may be trandated into different physical addresses
depending on the process. The only difference between the single virtual memory and multiple
virtual memory systemsin terms of operation isin the TLB address comparison method (see
section 7.3.3, Address Trand ation Method).

(5) Address Space | dentifier (ASID)

In multiple virtual memory mode, an 8-bit address space identifier (ASID) is used to distinguish
between multiple processes running simultaneously while sharing the virtual address space.
Software can set the 8-bit ASID of the currently executing processin PTEH in the MMU. The
TLB does not have to be purged when processes are switched by means of ASID.

In single virtual memory mode, ASID is used to provide memory protection for multiple processes
running simultaneously while using the virtual address space on an exclusive basis.

Note: Two or more entries with the same virtual page number (VPN) but different ASID must
not be set in the TLB simultaneoudly in single virtual memory mode.
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7.2 Register Descriptions

The following registers are related to MMU processing.

Table7.1 Register Configuration

Register Name Abbreviation R/W P4 Address* Area 7 Address* Size
Page table entry high register PTEH R/W  H'FFO0 0000 H'1F00 0000 32
Page table entry low register PTEL R/W  H'FF00 0004 H'1F00 0004 32
Translation table base register TTB R/W  HFFO00 0008 H'1F00 0008 32
TLB exception address TEA R/W  H'FFO0 000C H'1F00 000C 32
register

MMU control register MMUCR R/W  HFF00 0010 H'1F00 0010 32
Page table entry assistance PTEA R/W  H'FF00 0034 H'1F00 0034 32
register

Physical address space PASCR R/W  H'FF00 0070 H'1FO00 0070 32
control register

Instruction re-fetch inhibit IRMCR R/W  HFF00 0078 H'1F00 0078 32

control register

Note: * These P4 addresses are for the P4 area in the virtual address space. These area 7
addresses are accessed from area 7 in the physical address space by means of the
TLB.
Table7.2 Register Statesin Each Processing State
Power-on Manual Sleep/
Register Name Abbreviation Reset Reset Light Sleep
Page table entry high register PTEH Undefined Undefined Retained
Page table entry low register PTEL Undefined Undefined Retained
Translation table base register TTB Undefined Undefined Retained
TLB exception address register TEA Undefined Retained Retained
MMU control register MMUCR H'0000 0000 H'0000 0000 Retained
Page table entry assistance register PTEA H'0000 xxx0 H'0000 xxx0 Retained
Physical address space control PASCR H'0000 0000 H'0000 0000 Retained
register
Instruction re-fetch inhibit control IRMCR H'0000 0000 H'0000 0000 Retained
register
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721 Page Table Entry High Register (PTEH)

PTEH consists of the virtual page number (VPN) and address space identifier (ASID). When an
MMU exception or address error exception occurs, the VPN of the virtual address at which the
exception occurred is set in the VPN bit by hardware. VPN varies according to the page size, but
the VPN set by hardware when an exception occurs consists of the upper 22 bits of the virtual
address which caused the exception. VPN setting can also be carried out by software. The number
of the currently executing processis set in the ASID bit by software. ASID is not updated by
hardware. VPN and ASID are recorded in the UTLB by means of the LDTLB instruction.

After the ASID field in PTEH has been updated, execute one of the following three methods
before an access (including an instruction fetch) to the PO, P3, or U0 area that uses the updated
ASID valueis performed.

1. Execute abranch using the RTE instruction. In this case, the branch destination may be the PO,
P3, or UO area.

2. Execute the ICBI instruction for any address (including non-cacheable area).

3. If theR2 bitin IRMCR is0 (initial value) before updating the ASID field, the specific
instruction does not need to be executed. However, note that the CPU processing performance
will be lowered because the instruction fetch is performed again for the next instruction after
the ASID field has been updated.

Note that the method 3 may not be guaranteed in the future SuperH Series. Therefore, itis
recommended that the method 1 or 2 should be used for being compatible with the future SuperH
Series.

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

VPN |

Initial value: — — — — — — — — — — — — — — — —
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
VPN [ -] -] ASID |

Initial value: — — — — 0 0 — — — — — —

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

Bit Bit Name Initial Value  R/W Description
31t0o 10 VPN Undefined R/W  Virtual Page Number
9,8 — All O R Reserved

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

7t00 ASID Undefined R/W  Address Space ldentifier
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722

Page Table Entry Low Register (PTEL)

PTEL isused to hold the physical page number and page management information to be recorded
inthe UTLB by means of the LDTLB instruction. The contents of this register are not changed

unless a software directive is issued.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
- -1T-1 PPN |
Initial value: 0 0 0 — — — — — — — — — — — — —
RW. R R R 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
PPN [ — | v [sz1|Pri|Pro|szo| c | D | sH|wr|
Initial value:  — — — — — — 0 — — — — — — — — —
RW: RW RW RW RW RW RW R RW RW RW RW RW RW RW RW RW
Bit Bit Name Initial Value R/W  Description
31to29 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
281010 PPN Undefined R/W  Physical Page Number
9 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
8 \Y Undefined R/W  Page Management Information
7 sZ1 Undefined R/W The meaning of each bit is same as that of
- corresponding bit in Common TLB (UTLB).
6 PR1 Undefined R/W . . .
- For details, see section 7.3, TLB Functions (TLB
5 PRO Undefined ~ R/W  Compatible Mode; MMUCR.ME = 0) and section
4 sS70 Undefined R/W 7.4, TLB Functions (TLB Extended Mode;
3 c Undefined RIW MMUCR.ME = 1).
ndefine . .
Note: SZ1, PR1, SZ0, and PRO bits are valid only
2 D Undefined R/W in TLB compatible mode.
1 SH Undefined R/W
0 WT Undefined R/W
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7.2.3 Trandation Table Base Register (TTB)

TTB isused to store the base address of the currently used page table, and so on. The contents of
TTB are not changed unless a software directive isissued. This register can be used freely by
software.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TTB |

Initial value:  — — — — — — — — — — — — — — — —
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

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

Initial value:  — — — — — — — — — — — — — — — —
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

724 TL B Exception Address Register (TEA)

After an MMU exception or address error exception occurs, the virtual address at which the
exception occurred is stored. The contents of this register can be changed by software.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TEA Virtual address at which MMU exception or address error occurred |

Initial value: — — — — — — — — — — — — — — — —
R/W: 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
| TEA Virtual address at which MMU exception or address error occurred |

Initial value: — - - - - - - - - - - - - - — —
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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7.25 MMU Control Register (MMUCR)

The individual bits perform MMU settings as shown below. Therefore, MMUCR rewriting should
be performed by a program in the P1 or P2 area.

After MMUCR has been updated, execute one of the following three methods before an access
(including an instruction fetch) to the PO, P3, UOQ, or store queue areais performed.

1. Execute abranch using the RTE instruction. In this case, the branch destination may be the PO,
P3, or UO area.

2. Execute the ICBI instruction for any address (including non-cacheable area).

3. If theR2 bitin IRMCR is 0 (initial value) before updating MMUCR, the specific instruction
does not need to be executed. However, note that the CPU processing performance will be
lowered because the instruction fetch is performed again for the next instruction after
MMUCR has been updated.

Note that the method 3 may not be guaranteed in the future SuperH Series. Therefore, itis
recommended that the method 1 or 2 should be used for being compatible with the future SuperH
Series.

MMUCR contents can be changed by software. However, the LRUI and URC bits may also be
updated by hardware.

Bit: 31 30 29 28 27 26 25

LRUI [ -

Initial value: 0 0 0 0 0 0 0
R

24 23 22 21 20 19 18 17 16
| — | URB | —

0 0 0 0 0 0 o0 0 o0
R

R/W: RW RW RW RW R/W RW R RW RW RW RW RW RW R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
uRe paug sv wme] — [ [ - [ - [n | —[ar]
Initial value: 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 R R R R RW R RW
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Bit Bit Name Initial Value R/W  Description
31to26 LRUI 000000 R/W  Least Recently Used ITLB
These bits indicate the ITLB entry to be replaced.
The LRU (least recently used) method is used to
decide the ITLB entry to be replaced in the event of
an ITLB miss. The entry to be purged from the ITLB
can be confirmed using the LRUI bits. LRUI is
updated by means of the algorithm shown below. x
means that updating is not performed.
000xxx: ITLB entry 0 is used
1xx00x: ITLB entry 1 is used
x1x1x0: ITLB entry 2 is used
xx1x11:ITLB entry 3 is used
xxxxxx: Other than above
When the LRUI bit settings are as shown below, the
corresponding ITLB entry is updated by an ITLB
miss. Ensure that values for which "Setting
prohibited" is indicated below are not set at the
discretion of software. After a power-on or manual
reset, the LRUI bits are initialized to 0, and
therefore a prohibited setting is never made by a
hardware update.
X means "don't care".
111xxx: ITLB entry O is updated
0xx11x:ITLB entry 1 is updated
X0x0x1: ITLB entry 2 is updated
xx0x00: ITLB entry 3 is updated
Other than above: Setting prohibited
25,24 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
23t018 URB 000000 R/W  UTLB Replace Boundary
These bits indicate the UTLB entry boundary at
which replacement is to be performed. Valid only
when URB = 0.
17,16 — 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

Description

15t0 10 URC 000000

R/W

UTLB Replace Counter

These bits serve as a random counter for indicating
the UTLB entry for which replacement is to be
performed with an LDTLB instruction. This bit is
incremented each time the UTLB is accessed. If
URB > 0, URC is cleared to 0 when the condition
URC = URB is satisfied. Also note that if a value is
written to URC by software which results in the
condition of URC > URB, incrementing is first
performed in excess of URB until URC = H'3F. URC
is not incremented by an LDTLB instruction.

9 SQMD 0

R/W

Store Queue Mode
Specifies the right of access to the store queues.
0: User/privileged access possible

1: Privileged access possible (address error
exception in case of user access)

R/W

Single Virtual Memory Mode/Multiple Virtual
Memory Mode Switching

When this bit is changed, ensure that 1 is also
written to the Tl bit.

0: Multiple virtual memory mode
1: Single virtual memory mode

R/W

TLB Extended Mode Switching

0: TLB compatible mode

1: TLB extended mode

For modifying the ME bit value, always set the Tl bit
to 1 to invalidate the contents of ITLB and UTLB.
The selection of TLB operating mode made by the

ME bit does not affect the functionality or operation
of the PMB.

6to3 — All 0

Reserved

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

R/W

TLB Invalidate Bit

Writing 1 to this bit invalidates (clears to 0) all valid
UTLB/ITLB bits. This bit is always read as 0.

Reserved

This bit is always read as 0. The write value should
always be 0.
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Bit Bit Name Initial Value R/W  Description
0 AT 0 R/W  Address Translation Enable Bit

These bits enable or disable the MMU.
0: MMU disabled
1. MMU enabled

MMU exceptions are not generated when the AT bit
is 0. In the case of software that does not use the
MMU, the AT bit should be cleared to 0.

7.2.6

Page Table Entry Assistance Register (PTEA)

Bit 31 3 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
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
- - | ESZ - -1-[-1
Initial value: 0 0 - - - - — — _ _ _ _ 0 0 0 0
RW: R R RW RW RW RW RW RW RW RW RW RW R R R R
Bit Bit Name Initial Value R/W  Description
3l1to14 — All0 R Reserved
These bits are always read as 0. The write value
should always be 0.
13t08 EPR Undefined R/W  Page Control Information
7to4 ESZ Undefined R/W Each bit has the same function as the
corresponding bit of the unified TLB (UTLB). For
details, see section 7.4, TLB Functions (TLB
Extended Mode; MMUCR.ME = 1)
3to0 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
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727 Physical Address Space Control Register (PASCR)

PASCR controls the operation in the physical address space.

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
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
-l -1-f-1-1-1-] us |
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 RW RW RW RW RW RW RW RW
Bit Bit Name Initial Value R/W  Description
31to8 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.
7t00 UB H'00 R/W  Buffered Write Control for Each Area (64 Mbytes)

When writing is performed without using the cache
or in the cache write-through mode, these bits
specify whether the next bus access from the CPU
waits for the end of writing for each area.

0 : Buffered write (The CPU does not wait for the
end of writing bus access and starts the next
bus access)

1: Unbuffered write (The CPU waits for the end of
writing bus access and starts the next bus
access)

UB[7]: Corresponding to the control register area
UB[6]: Corresponding to area 6
UBI5]: Corresponding to area 5
UBJ[4]: Corresponding to area 4
UBJ3]: Corresponding to area 3
UBJ[2]: Corresponding to area 2
UBJ[1]: Corresponding to area 1
UBI0]: Corresponding to area O
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7.2.8 Instruction Re-Fetch Inhibit Control Register (IRMCR)

When the specific resource is changed, IRMCR controls whether the instruction fetch is
performed again for the next instruction. The specific resource means the part of control registers,
TLB, and cache.

In theinitial state, the instruction fetch is performed again for the next instruction after changing
the resource. However, the CPU processing performance will be lowered because the instruction
fetch is performed again for the next instruction every time the resource is changed. Therefore, it
is recommended that each bit in IRMCR is set to 1 and the specific instruction should be executed
after all necessary resources have been changed prior to execution of the program which uses
changed resources.

For details on the specific sequence, see descriptions in each resource.

Bit: 31 30 29 28 27 26 25 24 23 22 21

=R =R
Initial value: 0 0 0 0 0 0
RW: R R R R R R

20 18 17 16
[-1-T-1-1T-]
0 0 0 0

0
R R R R R
3

© JTo|l
o To| |
N T ol |
o T ol |l
o T o |

Bit: 15 14 13 12 11 10 4 2 1

0
S S R D T S T
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0

RW: R R R R R R RW RW RW RW R/W

I o
I o
I o
I o
us)

Bit Bit Name Initial Value R/W  Description

31to5 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.

4 R2 0 R/W  Re-Fetch Inhibit 2 after Register Change

When MMUCR, PASCR, CCR, PTEH, or RAMCR
is changed, this bit controls whether re-fetch is
performed for the next instruction.

0: Re-fetch is performed
1: Re-fetch is not performed
3 R1 0 R/W  Re-Fetch Inhibit 1 after Register Change

When a register allocated in addresses H'FF200000
to H'FF2FFFFF is changed, this bit controls whether
re-fetch is performed for the next instruction.

0: Re-fetch is performed
1: Re-fetch is not performed
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Bit Bit Name

Initial Value

R/W

Description

2 LT

0

R/W

Re-Fetch Inhibit after LDTLB Execution

This bit controls whether re-fetch is performed for
the next instruction after the LDTLB instruction has
been executed.

0: Re-fetch is performed
1: Re-fetch is not performed

R/W

Re-Fetch Inhibit after Writing Memory-Mapped TLB

This bit controls whether re-fetch is performed for
the next instruction after writing memory-mapped
ITLB/UTLB while the AT bitin MMUCR is set to 1.
0: Re-fetch is performed

1: Re-fetch is not performed

R/W

Re-Fetch Inhibit after Writing Memory-Mapped IC

This bit controls whether re-fetch is performed for
the next instruction after writing memory-mapped IC
while the ICE bitin CCR is set to 1.

0: Re-fetch is performed
1: Re-fetch is not performed
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7.3 TLB Functions (TLB Compatible Mode; MMUCR.ME = 0)
731 Unified TLB (UTLB) Configuration
The UTLB isused for the following two purposes:

1. Totrandate avirtua addressto aphysical addressin a data access

2. Asatable of address trandation information to be recorded in the ITLB in the event of an
ITLB miss

The UTLB is so called because of its use for the above two purposes. Information in the address
trandation table located in external memory is cached into the UTLB. The address trandation
table contains virtual page numbers and address space identifiers, and corresponding physical page
numbers and page management information. Figure 7.6 shows the UTLB configuration. The
UTLB consists of 64 fully-associative type entries. Figure 7.7 shows the relationship between the
page size and address format.

Entry 0 [ASID[7:0] |VPN[31:10] [V | [PPN[28:10] |SZ[1:0] |SH|C [PR[1:0] [D|WT
Entry 1 [ASID[7:0] |VPN[31:10] |V | [PPN[28:10] |SZ[1:0] |SH|C [PR[1:0] |D|WT
Entry2 [ASID[7:0] |VPN[31:10] |V | [PPN[28:10] |SZ[1:0] |SH|C [PR[1:0]|D |WT

Entry 63 |ASID[7:0] |V’PN[31:10] |v | |PPN[28:10] |SZ[1:O] |S}—;|C|PR[1:0] |D|WT|

Figure7.6 UTLB Configuration (TLB Compatible M ode)
Legend:

e VPN: Virtual page number
For 1-Kbyte page: Upper 22 bits of virtual address
For 4-Kbyte page: Upper 20 bits of virtual address
For 64-K byte page: Upper 16 bits of virtual address
For 1-Mbyte page: Upper 12 bits of virtual address
o ASID: Address space identifier
Indicates the process that can access a virtual page.

In single virtual memory mode and user mode, or in multiple virtual memory mode, if the SH
bitis 0, thisidentifier is compared with the ASID in PTEH when address comparison is
performed.
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e SH: Share status hit
When 0, pages are not shared by processes.
When 1, pages are shared by processes.
e SZ[1:0]: Page size bits
Specify the page size.
00: 1-Kbyte page
01: 4-Kbyte page
10: 64-Kbyte page
11: 1-Mbyte page
e V:Vadidity bit
Indicates whether the entry isvalid.
0: Invalid
1: vdid
Cleared to 0 by a power-on reset.
Not affected by a manual reset.
e PPN: Physical page number
Upper 22 bits of the physical address of the physical page number.
With a 1-Kbyte page, PPN[28:10] are valid.
With a4-Kbyte page, PPN[28:12] are valid.
With a 64-Kbyte page, PPN[28:16] are valid.
With a 1-Mbyte page, PPN[28:20] are valid.
The synonym problem must be taken into account when setting the PPN (see section 7.5.5,
Avoiding Synonym Problems).
e PR[1:0]: Protection key data
2-hit data expressing the page access right as a code.
00: Can be read from only in privileged mode
01: Can be read from and written to in privileged mode
10: Can beread from only in privileged or user mode
11: Can be read from and written to in privileged mode or user mode
e C: Cacheability bit
Indicates whether a page is cacheable.
0: Not cacheable
1: Cacheable
When the control register areais mapped, this bit must be cleared to 0.
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e D: Dirty bit
Indicates whether a write has been performed to a page.
0: Write has not been performed
1: Write has been performed
e WT: Write-through bit
Specifies the cache write mode.
0: Copy-back mode
1: Write-through mode

* 1-Kbyte page

Virtual address Physical address
31 10 9 0 28 10 9 0
VPN Offset | memp | PPN Offset
¢ 4-Kbyte page
Virtual address Physical address
31 1211 0 28 12 11 0
| VPN | offset | = | PPN | offset |
* 64-Kbyte page
Virtual address Physical address
31 16 15 0 28 16 15 (0]
[ wvn | ofset | ==>[ PN | Offset |
¢ 1-Mbyte page
Virtual address Physical address
31 2019 0 28 20 19 0
[ ven | Offset | =——> | PPN | Offset |

Figure7.7 Relationship between Page Size and Address Format (TLB Compatible M ode)
732 Instruction TLB (ITLB) Configuration

The ITLB isused to trandate a virtual addressto a physical addressin an instruction access.
Information in the address trandlation table located in the UTLB is cached into the ITLB. Figure
7.8 showsthe ITLB configuration. The ITLB consists of four fully-associative type entries.

Entry 0 |ASID[7:0] |VPN[31:10] |V| |PPN[28:10] [SZ[1:0] |SH|C|PR
Entry 1 |ASID[7:0] |VPN[31:10] |V| |PPN[28:10] [SZ[1:0] |SH|C|PR
Entry 2 |ASID[7:0] |VPN[31:10] |V| |PPN[28:10] [SZ[1:0] |SH|C|PR
Entry 3 |ASID[7:0] |VPN[31:10] |V| |PPN[28:10] [SZ[1:0] |SH|C|PR

Notes: 1.The D and WT bits are not supported.
2. There is only one PR bit, corresponding to the upper bit of the PR bits in the UTLB.

Figure7.8 ITLB Configuration (TLB Compatible M ode)
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7.3.3 Address Trandation M ethod

Figure 7.9 shows a flowchart of a memory access using the UTLB.

( Data access to virtual address (VA) )

VAis VAis

in P4 area in P2 area

VAis VA'is in PO, UO,
in P1 area or P3 area

< CCR.OCE?

CCR.OCE?

0
7 CCR.CB?
. 0
|
No
\
Data TLB miss
exception
Data TLB multiple
hit exception
L 0 (User)

Y

Data TLB protection
violation exception

R * Y y /

Memory access Cache access Cache access
(Non-cacheable) in copy-back mode in write-through mode

Internal resource access

Figure7.9 Flowchart of Memory Access Using UTLB (TLB Compatible M ode)
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Figure 7.10 shows a flowchart of a memory access using the ITLB.

(

Instruction access to virtual address (VA)

VAis
in P4 area

VAis

in P2 area

VAis
in P1 area

VA'is in PO, UO,
or P3 area

Y

< ?
0 CCR.ICE?
1

MMUCR.AT = 1

Hardware ITLB
miss handling

Record in ITLB

No

No

:

Instruction TLB protection
violation exception No

and (MMUCR.SV =0 or
SR.MD = 0)

VPNs match,
ASIDs match, and

1 (Privileged)

A

Y \

Internal resource access

Memory access
(Non-cacheable)

Cache access

Figure7.10 Flowchart of Memory AccessUsing ITLB (TLB Compatible Mode)
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74 TLB Functions (TLB Extended Mode; MMUCR.ME = 1)

74.1 Unified TLB (UTLB) Configuration

Figure 7.11 shows the configuration of the UTLB in TLB extended mode. Figure 7.12 shows the
relationship between the page size and address format.

Entry 0 ASID[7:0] | VPN[31:10] | V PPN[28:10] |ESZ[3:0] | SH | C |EPR[5:0] |D | WT

Entry 1 ASID[7:0] | VPN[31:10] | V PPN[28:10] |ESZ[3:0] | SH | C |EPR[5:0] | D | WT

Entry 2 ASID[7:0] | VPN[31:10] |V PPN[28:10] |ESZ[3:0] | SH | C |EPR[5:0] | D | WT

Entry 63 |ASID[7:O] |VPN[31:10] |v| |PPN[28:10] |ESZ[3:O] |SH |c |EPR[5:O] |D |WT|

Figure7.11 UTLB Configuration (TLB Extended M ode)

Legend:

VPN: Virtual page number

For 1-Kbyte page: Upper 22 bits of virtual address

For 4-Kbyte page: Upper 20 bits of virtual address

For 8-Kbyte page: Upper 19 bits of virtual address

For 64-Kbyte page: Upper 16 bits of virtual address

For 256-Kbyte page: Upper 14 bits of virtual address

For 1-Mbyte page: Upper 12 bits of virtual address

For 4-Mbyte page: Upper 10 bits of virtual address

For 64-Mbyte page: Upper 6 bits of virtual address

ASID: Address space identifier

Indicates the process that can access a virtual page.

In single virtual memory mode and user mode, or in multiple virtual memory mode, if the SH
bit is O, thisidentifier is compared with the ASID in PTEH when address comparison is
performed.

SH: Share status bit

When 0, pages are not shared by processes.

When 1, pages are shared by processes.
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e ESZ: Page size bits
Specify the page size.
0000: 1-Kbyte page
0001: 4-Kbyte page
0010: 8-Kbyte page
0100: 64-Kbyte page
0101: 256-Kbyte page
0111: 1-Mbyte page
1000: 4-Mbyte page
1100: 64-Mbyte page

Note: When avalue other than those listed above is recorded, operation is not guaranteed.

e V:Vadlidity bit
Indicates whether the entry isvalid.
0: Invalid
1: vaid
Cleared to 0 by a power-on reset.
Not affected by a manual reset.
e PPN: Physical page number
Upper 19 bits of the physical address.
With a 1-Kbyte page, PPN[28:10] are valid.
With a 4-Kbyte page, PPN[28:12] are valid.
With a 8-Kbyte page, PPN[28:13] are valid.
With a 64-Kbyte page, PPN[28:16] are valid.
With a 256-K byte page, PPN[28:18] are valid.
With a 1-Mbyte page, PPN[28:20] are valid.
With a4-Mbyte page, PPN[28:22] are valid.
With a 64-Mbyte page, PPN[28:26] are valid.
The synonym problem must be taken into account when setting the PPN (see section 7.5.5,
Avoiding Synonym Problems).
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e EPR: Protection key data
6-bit data expressing the page access right as a code.
Reading, writing, and execution (instruction fetch) in privileged mode and reading, writing,
and execution (instruction fetch) in user mode can be set independently. Each bit is disabled by
0 and enabled by 1.

EPR[5]: Reading in privileged mode
EPR[4]: Writing in privileged mode
EPR[3]: Execution in privileged mode (instruction fetch)
EPR[2]: Reading in user mode
EPR[1]: Writing in user mode
EPR[0]: Execution in user mode (instruction fetch)
e C: Cacheability bit
Indicates whether a page is cacheable.
0: Not cacheable
1: Cacheable
When the control register areais mapped, this bit must be cleared to 0.
e D: Dirty bit
Indicates whether awrite has been performed to a page.
0: Write has not been performed.
1: Write has been performed.
o WT: Write-through bit
Specifies the cache write mode.
0: Copy-back mode
1: Write-through mode
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1-Kbyte page

4-Kbyte page

8-Kbyte page

64-Kbyte page

256-Kbyte page

1-Mbyte page

4-Mbyte page

64-Mbyte page

Virtual address

Physical address

31 10 9 0 28 10 9 0
VPN | Offset |—D PPN | Offset |

31 12 11 0 28 12 11 0
VPN | Offset | — PPN | Offset |

31 13 12 0 28 13 12 0
VPN | Offset | —) PPN | Offset |

31 16 15 0 28 16 15 0
VPN Offset | — PPN Offset |

31 18 17 0 28 18 17 0
VPN Offset | —) PPN Offset |

31 20 19 0 28 20 19 0
VPN Offset | — PPN Offset |

31 22 21 0 28 22 21 0
VPN Offset | m—) | PPN Offset |

31 26 25 0 28 26 25 0
VPN| Offset | —) |PPN| Offset |

Figure7.12 Relationship between Page Size and Address Format (TLB Extended M ode)

74.2 Instruction TLB (ITLB) Configuration

Figure 7.13 shows the configuration of the ITLB in TLB extended mode.

Entry 0
Entry 1
Entry 2

Entry 3

Note: Bits EPR[4], EPR[1], D, and WT are not supported.

ASID[7:0] | VPN[31:10] | V | | PPN[28:10] | ESZ[3:0] | SH | C | EPR[5] | EPR[3] | EPR[2] | EPR[0]
ASID[7:0] | VPN[31:10] | V | | PPN[28:10] | ESZ[3:0] | SH | C | EPR[5] | EPR[3] | EPR[2] | EPR[0]
ASID[7:0] | VPN[31:10] |V | | PPN[28:10] | ESZ[3:0] | SH | C | EPR[5] | EPRI3] | EPRI2] | EPR[O]
ASID[7:0] | VPN[31:10] |V | | PPN[28:10] | ESZ[3:0] | SH | C | EPR[5] | EPRI3] | EPR[2] | EPR[O]

Figure7.13 ITLB Configuration (TLB Extended M ode)
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7.4.3 Address Trandation M ethod

Figure 7.14 is aflowchart of memory access using the UTLB in TLB extended mode.

C Data access to virtual address (VA) )

VAis VAis

in P4 area in P2 area

VAis VAis in PO, UO,
in P1 area or P3 area

<« CCR.OCE?

CCR.OCE?

] CCR.CB?
|
No
P VPNs match,
ASIDs match, and
y
Data TLB miss
exception
Data TLB multiple
hit exception
0 (User)
[ RIW? |
R w
O <EpRiz>> - <EPRII>
1
1
v A
Data TLB protection
violation exception
; ¢ A\ \ 4 A
Memory access Cache access Cache access

Internal resource access (Non-cacheable) in copy-back mode in write-through mode

Figure7.14 Flowchart of Memory Access Using UTLB (TLB Extended M ode)
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Figure 7.15 is aflowchart of memory accessusing the ITLB in TLB extended mode.

(

Instruction access to virtual address (VA)

)

VAis in PO, UO,
or P3 area

VAis VA'is VAis
in P4 area in P2 area in P1 area
> / 2
0 CCR.ICE?

VPNs match,

Hardware ITLB
miss handling

Record in ITLB

ASIDs match, and
1

A 4

v 0 (User)

| ICBI or normal instruction access?l

Normal instructi

PR[2] = 0 and

1 (Privileged)

on access

EPR[0] = Q

r VY

Instruction TLB protection
violation exception

Normal instruction access

and
CCR.ICE =1

v

v

Internal resource access

Memory access
(Non-cacheable)

Cache access

Figure7.15 Flowchart of Memory AccessUsing ITLB (TLB Extended Mode)
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75 M MU Functions

751 MMU Hardware Management
This LSl supports the following MMU functions.

1. The MMU decodes the virtual address to be accessed by software, and performs address
tranglation by controlling the UTLB/ITLB in accordance with the MMUCR settings.

2. The MMU determines the cache access status on the basis of the page management
information read during address trandation (C and WT bits).

3. If addresstrandation cannot be performed normally in a data access or instruction access, the
MMU notifies software by means of an MMU exception.

4. If addresstrandation information is not recorded in the ITLB in an instruction access, the
MMU searches the UTLB. If the necessary address trandlation information is recorded in the
UTLB, the MMU copies thisinformation into the ITLB in accordance with the LRUI bit
setting in MMUCR.

752 MMU Software Management
Software processing for the MMU consists of the following:

1. Setting of MMU-related registers. Some registers are also partially updated by hardware
automatically.

2. Recording, deletion, and reading of TLB entries. There are two methods of recording UTLB
entries: by using the LDTLB instruction, or by writing directly to the memory-mapped UTLB.
ITLB entries can only be recorded by writing directly to the memory-mapped ITLB. Deleting
or reading UTLB/ITLB entriesis enabled by accessing the memory-mapped UTLB/ITLB.

3. MMU exception handling. When an MMU exception occurs, processing is performed based on
information set by hardware.
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75.3 MMU Instruction (LDTLB)

A TLB load instruction (LDTLB) is provided for recording UTLB entries. When an LDTLB
instruction isissued, this LSl copies the contents of PTEH and PTEL (also the contents of PTEA
in TLB extended mode) to the UTLB entry indicated by the URC bitin MMUCR. ITLB entries
are not updated by the LDTLB instruction, and therefore address translation information purged
from the UTLB entry may still remain in the ITLB entry. Asthe LDTLB instruction changes
address tranglation information, ensure that it isissued by a program in the P1 or P2 area.

After the LDTLB instruction has been executed, execute one of the following three methods
before an access (include an instruction fetch) the areawhere TLB is used to trandlate the address
is performed.

1. Execute abranch using the RTE instruction. In this case, the branch destination may be the
areawhere TLB is used to trandate the address.

2. Execute the ICBI instruction for any address (including non-cacheable area).

3. If theLT bitin IRMCR is O (initial value) before executing the LDTLB instruction, the
specific instruction does not need to be executed. However, note that the CPU processing
performance will be lowered because the instruction fetch is performed again for the next
instruction after MMUCR has been updated.

Note that the method 3 may not be guaranteed in the future SuperH Family. Therefore, itis
recommended that the method 1 or 2 should be used for being compatible with the future SuperH
Family.
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The operation of the LDTLB instruction is shown in figures 7.16 and 7.17.

MMUCR
31 26252423 18171615 109 8 7 3210
LRUI — URB — URC | S — TI—I|AT|
|
Entry specification SQMD
PTEH PTEL
31 109 8 7 0 31 2928 109876543210
VPN — ASID — PPN —| Vv |sz1|PR[1:0]/s2d C | D |SH|WT|
Write
Y
Entry 0 ASID[7:0] | VPN [31:10] |V PPN [28:10] |Sz[1:0] |SH|C |PR[1:0] |D |wT
Entry 1 ASID[7:0] |VPN[31:10] |V PPN [28:10] |SZ[1:0] |SH|C |PR[1:0] |D |wT
Entry 2 ASID [7:0] | VPN[31:10] |V PPN [28:10] |SZ[1:0] |SH|[C |PR[1:0] |D |WT
1 1
1 1
1 1
! !
Entry 63 |ASID[7:0] | VPN[31:10] |V PPN [28:10] |SZz[1:0] |SH|C |PR[1:0] |D |wT
UTLB

Figure7.16 Operation of LDTLB Instruction (TLB Compatible M ode)
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MMUCR
| LRUI | - | URB | - | URC | |SV|ME| - |TI|—|ATI
1
|
Entry specification Saup
PTEH PTEL PTEA
VPN | - | ASID || - | PPN |— v|-|c|o|sH WT|| - | EPR | ESZ | - |
Y lﬁ
Entry 0 ASID[7:0] | VPNI[31:10] |V PPN[28:10] | ESZ[3:0] [SH| C|EPR[5:0] | D |WT
Entry 1 ASID[7:0] |VPNI[31:10] |V PPN[28:10] | ESZ[3:0] [SH| C | EPR[5:0] | D |WT
Entry 2 ASID[7:0] |VPNI[31:10] |V PPN[28:10] | ESZ[3:0] [SH| C | EPR[5:0] | D [WT
Entry 63 |AS|D[7:0] |VPN[31:10] |V| | PPN[28:10] |ESZ[3:O] |SH| C|EPR[5:0] | D |WT|

Figure7.17 Operation of LDTLB Instruction (TLB Extended M ode)

754 Hardware I TLB MissHandling

In an instruction access, this LS| searchesthe ITLB. If it cannot find the necessary address
tranglation information (ITLB miss occurred), the UTLB is searched by hardware, and if the
necessary address tranglation information is present, it is recorded in the ITLB. This procedureis
known as hardware ITLB miss handling. If the necessary address trandation information is not
found in the UTLB search, an instruction TLB miss exception is generated and processing passes
to software.
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755 Avoiding Synonym Problems

When information on 1- or 4-Kbyte pagesiswritten as TLB entries, a synonym problem may
arise. The problem is that, when a number of virtual addresses are mapped onto asingle physical
address, the same physical address data is written to a number of cache entries, and it becomes
impossible to guarantee data integrity. This problem does not occur with the instruction TLB and
instruction cache because only datais read in these cases. In this LSI, entry specification is
performed using bits 12 to 5 of the virtual addressin order to achieve fast operand cache
operation. However, bits 12 to 10 of the virtual addressin the case of a 1-Kbyte page, and bit 12 of
the virtual addressin the case of a 4-Kbyte page, are subject to address trandlation. As aresult, bits
12 to 10 of the physical address after translation may differ from bits 12 to 10 of the virtual
address.

Conseguently, the following restrictions apply to the writing of address translation information as
UTLB entries.

¢ When address trand ation information whereby a number of 1-Kbyte page UTLB entries are
translated into the same physical addressis written to the UTLB, ensure that the VPN[12:10]
values are the same.

¢ When address trand ation information whereby a number of 4-Kbyte page UTLB entries are
translated into the same physical addressis written to the UTLB, ensure that the VPN[12]
value isthe same.

e Do not use 1-Kbyte page UTLB entry physical addresses with UTLB entries of a different
page size.

e Do not use 4-Kbyte page UTLB entry physical addresses with UTLB entries of a different
page size.

The above restrictions apply only when performing accesses using the cache.
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7.6 MMU Exceptions

There are seven MMU exceptions: instruction TLB multiple hit exception, instruction TLB miss
exception, instruction TLB protection violation exception, data TLB multiple hit exception, data
TLB miss exception, data TLB protection violation exception, and initial page write exception.
Refer to figures 7.9, 7.10, 7.14, 7.15, and section 5, Exception Handling for the conditions under
which each of these exceptions occurs.

7.6.1 Instruction TLB Multiple Hit Exception

An instruction TLB multiple hit exception occurs when more than one ITLB entry matches the
virtual address to which an instruction access has been made. If multiple hits occur when the
UTLB is searched by hardware in hardware I TLB miss handling, an instruction TLB multiple hit
exception will result.

When an instruction TLB multiple hit exception occurs, areset is executed and cache coherency is
not guaranteed.

(1) Hardware Processing

In the event of an instruction TLB multiple hit exception, hardware carries out the following
processing:

1. Setsthevirtual address at which the exception occurred in TEA.
2. Setsexception code H'140 in EXPEVT.
3. Branchesto the reset handling routine (H'A000 0000).

(2) Software Processing (Reset Routineg)

The ITLB entries which caused the multiple hit exception are checked in the reset handling
routine. This exception isintended for use in program debugging, and should not normally be
generated.

7.6.2 Instruction TLB Miss Exception

An instruction TLB miss exception occurs when address tranglation information for the virtual
address to which an instruction access is made is not found in the UTLB entries by the hardware
ITLB miss handling routine. The instruction TLB miss exception processing carried out by
hardware and software is shown below. Thisis the same asthe processing for adata TLB miss
exception.
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(1) Hardware Processing

In the event of an instruction TLB miss exception, hardware carries out the following processing:

El A

ol

© ®© N o

Setsthe VPN of the virtual address at which the exception occurred in PTEH.
Setsthe virtual address at which the exception occurred in TEA.
Sets exception code H'040 in EXPEVT.

Sets the PC value indicating the address of the instruction at which the exception occurred in
SPC. If the exception occurred at adelay slot, sets the PC value indicating the address of the
delayed branch instruction in SPC.

Sets the SR contents at the time of the exception in SSR. The R15 contents at thistime are
saved in SGR.

Setsthe MD hit in SR to 1, and switches to privileged mode.
Setsthe BL bit in SR to 1, and masks subseguent exception reguests.
Setsthe RB bitin SR to 1.

Branches to the address obtained by adding offset H'0000 0400 to the contents of VBR, and
starts the instruction TLB miss exception handling routine.

(2) Software Processing (Instruction TLB Miss Exception Handling Routine)

Software is responsible for searching the external memory page table and assigning the necessary
page table entry. Software should carry out the following processing in order to find and assign the
necessary page table entry.

1

In TLB compatible mode, write to PTEL the values of the PPN, PR, SZ, C, D, SH, V, and WT
bitsin the page table entry stored in the address trand ation table for external memory.

In TLB extended mode, write to PTEL and PTEA the values of the PPN, EPR, ESZ, C, D, SH,
V, and WT bitsin the page table entry stored in the address trandation table for external
memory.

When the entry to be replaced in entry replacement is specified by software, write the value to
the URC bitsin MMUCR. If URC is greater than URB at this time, the value should be
changed to an appropriate value after issuing an LDTLB instruction.

In TLB compatible mode, execute the LDTLB instruction and write the contents of PTEH and
PTEL to the TLB.

In TLB extended mode, execute the LDTLB instruction and write the contents of PTEH,
PTEL, PTEA tothe UTLB.

Finally, execute the exception handling return instruction (RTE) to terminate the exception
handling routine and return control to the normal flow. The RTE instruction should be issued
at least one instruction after the LDTLB instruction.
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For the execution of the LDTLB instruction, see section 7.10.1, Note on Using LDTLB
Instruction.

7.6.3 Instruction TLB Protection Violation Exception

Aninstruction TLB protection violation exception occurs when, even though an ITLB entry
contains address trandlation information matching the virtual address to which an instruction
access is made, the actual accesstype is not permitted by the access right specified by the PR or
EPR bit. The instruction TLB protection violation exception processing carried out by hardware
and software is shown below.

(1) Hardware Processing

In the event of an instruction TLB protection violation exception, hardware carries out the
following processing:

Setsthe VPN of the virtual address at which the exception occurred in PTEH.
Setsthe virtual address at which the exception occurred in TEA.
Sets exception code H'OAQ in EXPEVT.

Sets the PC value indicating the address of the instruction at which the exception occurred in
SPC. If the exception occurred at a delay slot, sets the PC value indicating the address of the
delayed branch instruction in SPC.

Setsthe SR contents at the time of the exception in SSR. The R15 contents at thistime are
saved in SGR.

Setsthe MD hit in SR to 1, and switches to privileged mode.
Setsthe BL bit in SR to 1, and masks subseguent exception reguests.
Setsthe RB bitin SR to 1.

Branches to the address obtained by adding offset H'0000 0100 to the contents of VBR, and
starts the instruction TLB protection violation exception handling routine.

A w DR
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(2) Software Processing (Instruction TLB Protection Violation Exception Handling
Routine)

Resolve the instruction TLB protection violation, execute the exception handling return instruction
(RTE), terminate the exception handling routine, and return control to the normal flow. The RTE
instruction should be issued at least one instruction after the LDTLB instruction.
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764 Data TLB Multiple Hit Exception

A data TLB multiple hit exception occurs when more than one UTLB entry matches the virtual
address to which a data access has been made.

When adata TLB multiple hit exception occurs, areset is executed, and cache coherency is not
guaranteed. The contents of PPN inthe UTLB prior to the exception may also be corrupted.

(1) Hardware Processing
In the event of adata TLB multiple hit exception, hardware carries out the following processing:

1. Setsthe virtual address at which the exception occurred in TEA.
2. Setsexception code H'140 in EXPEVT.
3. Branchesto the reset handling routine (H'A000 0000).

(2) Software Processing (Reset Routine)

The UTLB entries which caused the multiple hit exception are checked in the reset handling
routine. This exception isintended for use in program debugging, and should not normally be
generated.

7.6.5 Data TLB Miss Exception

A data TLB miss exception occurs when address translation information for the virtual addressto
which a data accessis madeis not found in the UTLB entries. The data TLB miss exception
processing carried out by hardware and software is shown below.

(1) HardwareProcessing
In the event of adata TLB miss exception, hardware carries out the following processing:

1. Setsthe VPN of the virtual address at which the exception occurred in PTEH.
2. Setsthevirtual address at which the exception occurred in TEA.

3. Setsexception code H'040 in the case of aread, or H'060 in the case of awritein EXPEVT
(OCBP, OCBWB: read; OCBI, MOV CA.L: write).

4. Setsthe PC value indicating the address of the instruction at which the exception occurred in
SPC. If the exception occurred at adelay slot, sets the PC value indicating the address of the
delayed branch instruction in SPC.

5. Setsthe SR contents at the time of the exception in SSR. The R15 contents at thistime are
saved in SGR.

Page 184 of 2004 REJ09B0501-0100 Rev. 1.00

RENESAS Nov 30, 2010



SH7786 Group Section 7 Memory Management Unit (MMU)
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2

Setsthe MD bit in SR to 1, and switches to privileged mode.
Setsthe BL bit in SR to 1, and masks subsequent exception requests.
Setsthe RB bitin SR to 1.

Branches to the address obtained by adding offset H'0000 0400 to the contents of VBR, and
starts the data TLB miss exception handling routine.

Softwar e Processing (Data TLB Miss Exception Handling Routine)

Software is responsible for searching the external memory page table and assigning the necessary
page table entry. Software should carry out the following processing in order to find and assign the
necessary page table entry.

1

In TLB compatible mode, write to PTEL the values of the PPN, PR, Sz, C, D, SH, V, and WT
bitsin the page table entry stored in the address trandation table for external memory.

In TLB extended mode, writeto PTEL and PTEA the values of the PPN, EPR, ESZ, C, D, SH,
V, and WT bitsin the page table entry stored in the address trandlation table for external
memory.

When the entry to be replaced in entry replacement is specified by software, write the value to
the URC bitsin MMUCR. If URC is greater than URB at this time, the value should be
changed to an appropriate value after issuing an LDTLB instruction.

In TLB compatible mode, execute the LDTLB instruction and write the contents of PTEH and
PTEL to the TLB.

In TLB extended mode, execute the LDTLB instruction and write the contents of PTEH,
PTEL, PTEA tothe UTLB.

Finally, execute the exception handling return instruction (RTE), terminate the exception
handling routine, and return control to the normal flow. The RTE instruction should be issued
at least one instruction after the LDTLB instruction.

For the execution of the LDTLB instruction, see section 7.10.1, Noteon Using LDTLB
Instruction.
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7.6.6 Data TLB Protection Violation Exception

A data TLB protection violation exception occurs when, even though a UTLB entry contains
address trandlation information matching the virtual address to which a data access is made, the
actual accesstype isnot permitted by the access right specified by the PR or EPR bit. The data
TLB protection violation exception processing carried out by hardware and software is shown
below.

(1) Hardware Processing

In the event of adata TLB protection violation exception, hardware carries out the following
processing:

1. Setsthe VPN of the virtual address at which the exception occurred in PTEH.
2. Setsthevirtual address at which the exception occurred in TEA.

3. Setsexception code H'0OAOQ in the case of aread, or H'OCO in the case of awritein EXPEVT
(OCBP, OCBWSB: read; OCBI, MOV CA.L: write).

4. Setsthe PC value indicating the address of the instruction at which the exception occurred in
SPC. If the exception occurred at a delay slot, sets the PC value indicating the address of the
delayed branch instruction in SPC.

5. Setsthe SR contents at the time of the exception in SSR. The R15 contents at thistime are
saved in SGR.

Setsthe MD hit in SR to 1, and switches to privileged mode.
Setsthe BL bit in SR to 1, and masks subseguent exception reguests.
Setsthe RB bitin SR to 1.

Branches to the address obtained by adding offset H'0000 0100 to the contents of VBR, and
starts the data TLB protection violation exception handling routine.

© © N o

(2) Software Processing (Data TLB Protection Violation Exception Handling Routine)

Resolve the data TL B protection violation, execute the exception handling return instruction
(RTE), terminate the exception handling routine, and return control to the normal flow. The RTE
instruction should be issued at least one instruction after the LDTLB instruction.
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7.6.7 Initial Page Write Exception

An initial page write exception occurs when the D bit is 0 even though aUTLB entry contains
address trand ation information matching the virtual address to which a data access (write) is
made, and the accessis permitted. Theinitial page write exception processing carried out by
hardware and software is shown below.

(1) Hardware Processing
In the event of an initial page write exception, hardware carries out the following processing:

Setsthe VPN of the virtual address at which the exception occurred in PTEH.
Setsthe virtual address at which the exception occurred in TEA.
Sets exception code H'080 in EXPEVT.

Sets the PC value indicating the address of the instruction at which the exception occurred in
SPC. If the exception occurred at a delay slot, sets the PC value indicating the address of the
delayed branch instruction in SPC.

Sets the SR contents at the time of the exception in SSR. The R15 contents at thistime are
saved in SGR.

Setsthe MD bit in SR to 1, and switches to privileged mode.
Setsthe BL bit in SR to 1, and masks subsequent exception requests.
Setsthe RB bitin SRto 1.

Branches to the address obtained by adding offset H'0000 0100 to the contents of VBR, and
startsthe initial page write exception handling routine.

A w DN e

o
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(2) Software Processing (Initial Page Write Exception Handling Routine)
Software is responsible for the following processing:

1. Retrieve the necessary page table entry from external memory.

2. Write 1 to the D bit in the external memory page table entry.

3. In TLB compatible mode, write to PTEL the values of the PPN, PR, Sz, C, D, SH, V, and WT
bitsin the page table entry stored in the address transation table for external memory.
In TLB extended mode, write to PTEL and PTEA the values of the PPN, EPR, ESZ, C, D, SH,
V, and WT bitsin the page table entry stored in the address trandlation table for external
memory.

4. When the entry to be replaced in entry replacement is specified by software, write that value to
the URC bitsin MMUCR. If URC is greater than URB at this time, the value should be
changed to an appropriate value after issuing an LDTLB instruction.
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5. In TLB compatible mode, execute the LDTLB instruction and write the contents of PTEH and
PTEL tothe TLB.
In TLB extended mode, execute the LDTLB instruction and write the contents of PTEH,
PTEL, PTEA tothe UTLB.

6. Finally, execute the exception handling return instruction (RTE), terminate the exception
handling routine, and return control to the normal flow. The RTE instruction should be issued
at least one instruction after the LDTLB instruction.
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1.7 Memory-Mapped TLB Configuration

To enable the ITLB and UTLB to be managed by software, their contents are allowed to be read
from and written to by a program in the PL/P2 area with aMOV instruction in privileged mode.
Operation is not guaranteed if access is made from a program in another area.

After the memory-mapped TLB has been accessed, execute one of the following three methods
before an access (including an instruction fetch) to an area other than the P1/P2 areais performed.

1. Execute abranch using the RTE instruction. In this case, the branch destination may be an area
other than the P1/P2 area.

2. Execute the ICBI instruction for any address (including non-cacheable area).

3. If theMT bitin IRMCRisO (initial value) before accessing the memory-mapped TLB, the
specific instruction does not need to be executed. However, note that the CPU processing
performance will be lowered because the instruction fetch is performed again for the next
instruction after MM UCR has been updated.

Note that the method 3 may not be guaranteed in the future SuperH Series. Therefore, it is
recommended that the method 1 or 2 should be used for being compatible with the future SuperH
Series.

TheITLB and UTLB are allocated to the P4 areain the virtual address space.

In TLB compatible mode, VPN, V, and ASID in the ITLB can be accessed as an address array,
PPN, V, SZ, PR, C, and SH asadataarray. VPN, D, V, and ASID in the UTLB can be accessed as
an address array, PPN, V, SZ, PR, C, D, WT, and SH asadataarray. V and D can be accessed
from both the address array side and the data array side.

In TLB extended mode, VPN, V, and ASID in the ITLB can be accessed as an address array, PPN,
V,ESZ, EPR, C, and SH asadataarray. VPN, D, V, and ASID in the UTLB can be accessed as
an address array, PPN, V, ESZ, EPR, C, D, WT, and SH asadataarray. V and D can be accessed
from both the address array side and the data array side.

In both TLB compatible mode and TLB extended mode, only longword accessis possible.
Instruction fetches cannot be performed in these areas. For reserved bits, a write value of 0 should
be specified; their read value is undefined.
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7.7.1 ITLB AddressArray

The ITLB address array is allocated to addresses H'F200 0000 to H'F2FF FFFF in the P4 area. An
address array access requires a 32-bit address field specification (when reading or writing) and a
32-bit data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and VPN, V, and ASID to be written to the address array are

specified in the datafield.

In the address field, bits [31:24] have the value H'F2 indicating the ITLB address array and the
entry is specified by bits [9:8]. As only longword access is used, 0 should be specified for address

field bits[L:0].

In the datafield, bits[31:10] indicate VPN, bit [8] indicates V, and bits[7:0] indicate ASID.

The following two kinds of operation can be used on the ITLB address array:

1. ITLB address array read

VPN, V, and ASID are read into the data field from the ITLB entry corresponding to the entry

set in the address field.
2. ITLB address array write

VPN, V, and ASID specified in the data field are written to the ITLB entry corresponding to

the entry set in the address field.

2423 109 8 7 210
Addressfield|1|1|1|1|o|o|1 Ol * % % % « % » % % % | E [ » » % = *ool
31 109 8 7
Data field | VPN |iv| ASID |
Legend:

VPN: Virtual page number
V: Validity bit

E: Entry

*; Don't care

ASID: Address space identifier
Reserved bits (write value should be 0,
and read value is undefined )

Figure7.18 Memory-Mapped ITLB Address Array
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772 ITLB Data Array (TLB Compatible M ode)

The ITLB dataarray is allocated to addresses H'F300 0000 to H'F37F FFFF in the P4 area. A data
array access requires a 32-bit address field specification (when reading or writing) and a 32-bit
datafield specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and PPN, V, SZ, PR, C, and SH to be written to the data array are
specified in the datafield.

In the address field, bits [31:23] have the value H'F30 indicating I TLB data array and the entry is
specified by bits[9:8].

In the datafield, bits [28:10] indicate PPN, bit [8] indicates V, bits[7] and [4] indicate SZ, bit [6]
indicates PR, bit [3] indicates C, and bit [1] indicates SH.

The following two kinds of operation can be used on ITLB data array:

1. ITLB dataarray read

PPN, V, SZ, PR, C, and SH are read into the data field from the ITLB entry corresponding to
the entry set in the addressfield.

2. ITLB dataarray write

PPN, V, SZ, PR, C, and SH specified in the datafield are written to the ITLB entry
corresponding to the entry set in the addressfield.

31 2423 109 8 7 210
Addressfield|1|1|1|1|0|0|1 1|o|* x ok x % x % x % % % x| E | % % % x % % o|o|

31302928 87654321

Datafieldl ...... | PPN H||H|H||
L L
SZ1 Z

Legend: PR SH

PPN:  Physical page number  PR: Protection key data

V: Validity bit C: Cacheability bit

E: Entry SH: Share status bit

SZ[1:0]: Page size bits ---: Reserved bits (write value should be 0,

*: Don't care and read value is undefined )

Figure7.19 Memory-Mapped ITLB Data Array (TLB Compatible Mode)
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7.7.3 ITLB Data Array (TLB Extended Mode)

In TLB extended mode the names of the data arrays have been changed from ITLB data array to
ITLB dataarray 1, ITLB dataarray 2 is added, and the EPR and ESZ bits are accessible. In TLB
extended mode, the PR and SZ bits of ITLB dataarray 1 are reserved and 0 should be specified as
the write value for these bits. In addition, when awrite to ITLB dataarray 1 is performed, awrite
to ITLB dataarray 2 of the same entry should always be performed.

In TLB compatible mode (MMUCR.ME = 0), ITLB data array 2 cannot be accessed. Operation if
they are accessed is not guaranteed.

(1) ITLB DataArray 1

In TLB extended mode, bits 7, 6, and 4 in the datafield, which correspond to the PR and SZ bits
in compatible mode, are reserved. Specify 0 as the write value for these bits.

23 22 109 8 7 210
Addressfield|1|1|1|1|o|0|1|1|o|;;< Sk % ok % ok ok k% ok % >:=| E |% % % % = *0|0|
31 2928 1098 7 43210
Datafieldl ...... | PPN ||V| ........ |C|| |
Legend: SH
PPN: Physical page number C: Cacheability bit
V:  Validity bit SH: Share status bit
E: Entry --+: Reserved bits
*; Don't care (write value should be 0,

and read value is undefined)

Figure7.20 Memory-Mapped ITLB DataArray 1 (TLB Extended Mode)
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(2) ITLB DataArray 2

The ITLB dataarray is allocated to addresses H'F380 0000 to H'F3FF FFFF in the P4 area. Access
to data array 2 requires a 32-bit address field specification (when reading or writing) and a 32-bit
data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and EPR and ESZ to be written to data array 2 are specified in the
datafield.

In the address field, bits [31:23] have the value H'F38 indicating ITLB data array 2 and the entry is
specified by bits[9:8].

In the datafield, bits[13], [11], [10], and [8] indicate EPR[5], [3], [2], and [0], and bits[7:4]
indicate ESZ, respectively.

The following two kinds of operation can be applied to ITLB dataarray 2:

1. ITLB dataarray 2 read

EPR and ESZ are read into the data field from the ITLB entry corresponding to the entry set in
the address field.

2. ITLB dataarray 2 write

EPR and ESZ specified in the data field are written to the ITLB entry corresponding to the
entry set in the addressfield.

10987 210
Addressfield|1|1|1|1|o|0|1|1|1|* E ok ok %k ok ok k% k% A| E [# # % % = *|0|0|
31 14131211109 8 7
Datafieldl ............................................. | | | | | | | ESZ | ........ |
EPR[S] | EPR[2]
EPR[3] EPRI0]
Legend:
E: Entry --- : Reserved bits
EPR: Protection key data (write value should be 0,
ESZ: Page size bits and read value is undefined)

*; Don't care

Figure7.21 Memory-Mapped ITLB Data Array 2 (TLB Extended Mode)
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774 UTLB Address Array

The UTLB address array is allocated to addresses H'F600 0000 to H'F60F FFFF in the P4 area. An
address array access requires a 32-bit address field specification (when reading or writing) and a
32-bit data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and VPN, D, V, and ASID to be written to the address array are
specified in the datafield.

In the address field, bits[31:20] have the value H'F60 indicating the UTLB address array and the
entry is specified by bits [13:8]. Bit [7] that is the association bit (A bit) in the address field
specifies whether address comparison is performed in awrite to the UTLB address array.

In the datafield, bits [31:10] indicate VPN, bit [9] indicates D, bit [8] indicates V, and bits[7:0]
indicate ASID.

The following three kinds of operation can be used on the UTLB address array:

1. UTLB addressarray read
VPN, D, V, and ASID are read into the data field from the UTLB entry corresponding to the
entry set in the addressfield. In aread, associative operation is not performed regardless of
whether the association bit specified in the addressfield is 1 or 0.

2. UTLB address array write (non-associative)
VPN, D, V, and ASID specified in the data field are written to the UTLB entry corresponding
to the entry set in the address field. The A bit in the address field should be cleared to 0.

3. UTLB address array write (associative)
When awrite is performed with the A bit in the addressfield set to 1, comparison of all the
UTLB entriesis carried out using the VPN specified in the datafield and ASID in PTEH. The
usual address comparison rules are followed, but if a UTLB miss occurs, the result isno
operation, and an exception is not generated. If the comparison identifiesa UTLB entry
corresponding to the VPN specified in the datafield, D and V specified in the datafield are
written to that entry. This associative operation is simultaneously carried out on the ITLB, and
if amatching entry isfound inthe ITLB, V iswritten to that entry. Even if the UTLB
comparison results in no operation, awriteto the ITLB is performed aslong as a matching
entry isfound in the ITLB. If thereisamatch in both the UTLB and ITLB, the UTLB
information is aso written to the ITLB.
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31 2019 1413 8 7 210
Addressfield|1|1|1|1|0|1|1|0|O|0|0|0 ok ok ok k E |A* w ok *0|O|
31 109 8 7 0
Data field | VPN |D|V| ASID |
Legend:
VPN: Virtual page number ASID: Address space identifier
V: Validity bit A: Association bit
E: Entry .-+ 1 Reserved bits (write value should be 0
D: Dirty bit and read value is undefined )
*: Don't care

Figure7.22 Memory-Mapped UTLB Address Array
7.75 UTLB Data Array (TLB Compatible Mode)

The UTLB data array is alocated to addresses H'F700 0000 to H'F70F FFFF in the P4 area. A
data array access requires a 32-bit address field specification (when reading or writing) and a 32-
bit data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and PPN, V, SZ, PR, C, D, SH, and WT to be written to data array
are specified in the data field.

In the address field, bits[31:20] have the value H'F70 indicating UTL B data array and the entry is
specified by bits[13:8].

In the datafield, bits[28:10] indicate PPN, bit [8] indicates V, bits[7] and [4] indicate SZ, bits
[6:5] indicate PR, bit [3] indicates C, bit [2] indicates D, bit [1] indicates SH, and bit [0] indicates
WT.

The following two kinds of operation can be used on UTLB data array:

1. UTLB dataarray read
PPN, V, SZ, PR, C, D, SH, and WT are read into the datafield from the UTLB entry
corresponding to the entry set in the address field.

2. UTLB dataarray write

PPN, V, SZ, PR, C, D, SH, and WT specified in the datafield are written to the UTLB entry
corresponding to the entry set in the address field.
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2019 1413 8 7 210
Addressfield|1|1|1|1|0|1|1|1|O|0|0 o|* £ oxon *| E frw e ow o|o|
31 2928 109876543210
Datafieldl ...... | PPN ||V| PR |C|D| | |
1 1
1
SH |
Legend: sZ1 WT
PPN: Physical page number  PR: Protection key data
V: Validity bit C:  Cacheability bit
E: Entry SH: Share status bit
SZ:  Page size bits WT: Write-through bit
D: Dirty bit -..: Reserved bits (write value should be 0
*: Don't care and read value is undefined )

Figure7.23 Memory-Mapped UTLB Data Array (TLB Compatible M ode)
7.7.6 UTLB Data Array (TLB Extended M ode)

In TLB extended mode, the names of the data arrays have been changed from UTLB data array to
UTLB dataarray 1, UTLB dataarray 2 is added, and the EPR and ESZ bits are accessible. In TLB
extended mode, the PR and SZ bits of UTLB dataarray 1 are reserved and 0 should be specified
as the write value for these bits. In addition, when awriteto UTLB dataarray 1 is performed, a
write to UTLB dataarray 2 of the same entry should always be performed after that.

In TLB compatible mode (MMUCR.ME = 0), UTLB data array 2 cannot be accessed. Operation if
they are accessed is not guaranteed.

(1) UTLB DataArray 1

In TLB extended mode, bits 7 to 4 in the data field, which correspond to the PR and SZ bitsin
compatible mode, are reserved. Specify 0 as the write value for these hits.

2| 8 7 210
Addressfield|1|1|1|1|o|1|1|1|o|o|o|0* w ok ok % >«| E ® % % % **0|0|
31 2928 10987 43210
Datafieldl ...... | PPN ||V| ........ |C|D| |
1
|
Legend: SH WT
PPN: Physical page number C: Cacheability bit
V:  Validity bit SH: Share status bit
E: Entry WT: Write-through bit
D:  Dirty bit ... Reserved bits
*; Don't care (write value should be 0,

and read value is undefined)

Figure7.24 Memory-Mapped UTLB Data Array 1 (TLB Extended Mode)
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(2) UTLB DataArray 2

The UTLB data array is alocated to addresses H'F780 0000 to H'F78F FFFF in the P4 area.
Access to data array 2 requires a 32-bit address field specification (when reading or writing) and a
32-hit data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and EPR and ESZ to be written to data array 2 are specified in the
datafield.

In the address field, bits[31:20] have the value H'F78 indicating UTLB data array 2 and the entry
is specified by bits[13:8].

In the datafield, bits[13:8] indicate EPR, and bits[7:4] indicate ESZ, respectively.
The following two kinds of operation can be applied to UTLB data array 2:

1. UTLB dataarray 2 read
EPR and ESZ are read into the data field from the UTLB entry corresponding to the entry set
in the address field.

2. UTLB dataarray 2 write
EPR and ESZ specified in the data field are written to the UTLB entry corresponding to the
entry set in the addressfield.

2l 8 7 210
S 106111111 R N CRRRRI 0]
31 13 8 7 4 3 0
Data field | ............................................. | EPR | ESZ | ........ |
Legend:
E: Entry --.: Reserved bits
EPR: Protection key data (write value should be 0,
ESZ: Page size bits and read value is undefined)

#: Don't care

Figure7.25 Memory-Mapped UTLB Data Array 2 (TLB Extended Mode)
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7.8 32-Bit Address Extended M ode

Setting the SE bit in PASCR to 1 changes mode from 29-bit address mode which handles the 29-
bit physical address space to 32-bit address extended mode which handles the 32-bit physical
address space.

Virtual address space 29-bits Virtual address space s2-bit
address space address space
UO0/PO 0.5 Gbyte Uo/PO
(2 Gbytes) (2 Gbytes)
4 Gbytes
P1 (0.5 Gbyte) P1/P2
(1 Gbyte)
P2 (0.5 Gbyte)
P3 (0.5 Gbyte) P3 (0.5 Gbyte)
P4 (0.5 Gbyte) P4 (0.5 Gbyte)
29-bit Physical address space 32-bit Physical address space
(Normal mode) (Extended mode)

Figure7.26 Physical Address Space (32-Bit Address Extended Mode)
781 Overview of 32-Bit Address Extended M ode

In 32-bit address extended mode, the privileged space mapping buffer (PMB) isintroduced. The
PMB maps virtual addressesin the P1 or P2 area which are not translated in 29-bit address mode
to the 32-bit physical address space. In areas which are target for address trandation of the TLB
(UTLB/ITLB), upper three bitsin the PPN field of the UTLB or ITLB are extended and then
addresses after the TLB trandation can handle the 32-bit physical addresses.

Asfor the cache operation, P1 area is cacheable and P2 areais non-cacheable in the case of 29-bit
address mode, but the cache operation of both P1 and P2 area are determined by the C bit and WT
bit in the PMB in the case of 32-bit address mode.
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7.8.2 Transition to 32-Bit Address Extended M ode

This LSl enters 29-bit address mode after a power-on reset. Transition is made to 32-bit address
extended mode by setting the SE bit in PASCR to 1. In 32-bit address extended mode, the MMU
operates as follows.

1. Whenthe AT bitin MMUCR is O, virtual addressesin the U0, PO, or P3 area become 32-hit
physical addresses. Addressesin the P1 or P2 area are trandated according to the PMB
mapping information. B'10 should be set to the upper 2 bits of virtual page number
(VPN[31:30]) in the PMB in order to indicate P1 or P2 area. The operation is hot guaranteed
when the value except B'10 is set to these bits.

2. When the AT bitin MMUCR is 1, virtual addressesin the UO, PO, or P3 area are trandated to
32-bit physical addresses according to the TLB conversion information. Addressesin the P1 or
P2 area are trandated according to the PMB mapping information. B'10 should be set to the
upper 2 bits of virtual page number (VPN[31:30]) in the PMB in order to indicate P1 or P2
area. The operation is not guaranteed when the value except B'10 is set to these bits.

3. Regardless of the setting of the AT bit in MMUCR, bits 31 to 29 in physical addresses become
B'111 in the control register area (addresses H'FC00 0000 to H'FFFF FFFF). When the control
register areais recorded in the UTLB and accessed, B'111 should be set to PPN[31:29].

7.8.3 Privileged Space Mapping Buffer (PMB) Configuration

In 32-bit address extended mode, virtual addressesin the P1 or P2 area are trandated according to
the PMB mapping information. The PMB has 16 entries and configuration of each entry isas
follows.

Entry0 | VPN[31:24] |V PPN[31:24] | SZ[1:0] | C |[UB|WT
Entry 1 VPN[31:24] |V PPN[31:24] | SZ[1:0] | C |[UB|WT
Entry2 | VPN[31:24] |V PPN[31:24] | SZ[1:0] | C |UB|WT
Entry 15 | VPN[31:24] |v| | PPN[31:24] | SZ[1:0] |C|UB|WT|

Figure 7.27 PMB Configuration
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Legend:

VPN: Virtual page number

For 16-Mbyte page: Upper 8 bits of virtual address
For 64-Mbyte page: Upper 6 bits of virtual address
For 128-Mbyte page: Upper 5 bits of virtual address
For 512-Mbyte page: Upper 3 bits of virtual address

Note: B'10 should be set to the upper 2 bits of VPN in order to indicate P1 or P2 area.

SZ: Page size bits

Specify the page size.

00: 16-Mbyte page

01: 64-Mbyte page

10: 128-Mbyte page

11: 512-Mbyte page

V: Validity bit

Indicates whether the entry isvalid.

0: Invalid

1: vdid

Cleared to 0 by a power-on reset.

Not affected by a manual reset.

PPN: Physical page number

Upper 8 bits of the physical address of the physical page number.
With a 16-Mbyte page, PPN[31:24] arevalid.
With a 64-Mbyte page, PPN[31:26] are valid.
With a 128-Mbyte page, PPN[31:27] are valid.
With a512-Mbyte page, PPN[31:29] are valid.
C: Cacheability bit

Indicates whether apage is cacheable.

0: Not cacheable

1: Cacheable

WT: Write-through bit

Specifies the cache write mode.

0: Copy-back mode

1: Write-through mode
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o UB: Buffered write bit
Specifies whether a buffered write is performed.
0: Buffered write (Data access of subsequent processing proceeds without waiting for the write

to complete.)
1: Unbuffered write (Data access of subsequent processing is stalled until the write has
completed.)

784 PMB Function
This LSI supports the following PMB functions.

1. Only memory-mapped write can be used for writing to the PMB. The LDTLB instruction
cannot be used to write to the PMB.

2. Software must ensure that every accessed P1 or P2 address has a corresponding PMB entry
before the access occurs. When an access to an addressin the P1 or P2 areawhich is not
recorded in the PMB is made, thisLSI isreset by the TLB. In this case, the accessed addressin
the P1 or P2 area which causes the TLB reset is stored in the TEA and code H'140 in the
EXPEVT.

3. The SH-4A does not guarantee the operation when multiple hit occursin the PMB. Special
care should be taken when the PM B mapping information is recorded by software.

4. The PMB does not have an associative write function.

5. Sincethereisno PR field in the PMB, read/write protection cannot be preformed. The address
tranglation target of the PMB is the P1 or P2 address. In user mode access, an address error
exception oceurs.

6. Both entriesfrom the UTLB and PMB are mixed and recorded in the ITLB by means of the
hardware ITLB miss handling. However, these entries can be identified by checking whether
VPN[31:30] is 10 or not. When an entry from the PMB is recorded in the ITLB, H'00, 01, and
1 arerecorded in the ASID, PR, and SH fields which do not exist in the PMB, respectively.

7.85 Memory-Mapped PM B Configuration

To enable the PMB to be managed by software, its contents are allowed to be read from and
written to by aP1 or P2 area program with aMOV instruction in privileged mode. The PMB
address array is allocated to addresses H'F610 0000 to H'F61F FFFF in the P4 area and the PMB
data array to addresses H'F710 0000 to H'F71F FFFF in the P4 area. VPN and V in the PMB can
be accessed as an address array, PPN, V, SZ, C, WT, and UB asadataarray. V can be accessed
from both the address array side and the data array side. A program which executes a PMB
memory-mapped access should be placed in the page area at which the C bitin PMB is cleared to
0.
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1. PMB address array read
When memory reading is performed while bits 31 to 20 in the address field are specified as
H'F61 which indicates the PMB address array and bits 11 to 8 in the address field as an entry,
bits 31 to 24 in the datafield are read as VPN and bit 8 in the datafield as V.

2. PMB address array write
When memory writing is performed while bits 31 to 20 in the address field are specified as
H'F61 which indicates the PMB address array and bits 11 to 8 in the address field as an entry,
and bits 31 to 24 in the data field are specified as VPN and bit 8 in the datafield as V, datais
written to the specified entry.

3. PMB dataarray read
When memory reading is performed while bits 31 to 20 in the address field are specified as
H'F71 which indicates the PMB data array and bits 11 to 8 in the address field as an entry, bits
31to 24 inthe datafield are read as PPN, bit 9 in the datafield as UB, bit 8 in the datafield as
V, bits 7 and 4 in the datafield as SZ, bit 3 in the datafield as C, and bit 0 in the datafield as
WT.

4. PMB dataarray write
When memory writing is performed while bits 31 to 20 in the address field are specified as
H'F71 which indicates the PMB data array and bits 11 to 8 in the address field as an entry, and
bits 31 to 24 in the data field are specified as PPN, bit 9 in the datafield as UB, bit 8 in the
datafield as V, bits 7 and 4 in the datafield as SZ, bit 3in the datafield as C, and bit 0 in the
datafield as WT, data is written to the specified entry.

2019 12 11 8 7
Addressfield|1|1|1|1|O|1|1|0|0|O|01|00000000| E |00000000|

31 2423 8 0
Data field | VPN | ..................................... |v| .................... |

Legend:

VPN: Physical page number ---: Reserved bits (write value should be 0

V: Validity bit and read value is undefined )

E: Entry

Figure7.28 Memory-Mapped PMB Address Array
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31 2019 1211 8 7
Addressfield|1|1|1|1|O|1|1|1|0|0|0|1|00OOOOOO| E |OOOOOOOO|

31 24 23 109876543210
Data field | PPN | .................................. |UB|V| | |C||| |
L L
Legend: \/ |
PPN: Physical page number UB: Buffered write bit Sz WT
V:  Validity bit C:  Cacheability bit
E: Entry WT: Write-through bit
SZ: Page size bits -..: Reserved bits (write value should be 0

and read value is undefined )

Figure7.29 Memory-Mapped PMB Data Array
7.8.6 Notes on Using 32-Bit Address Extended M ode

When using 32-bit address extended mode, note that the items described in this section are
extended or changed as follows.

(1) PASCR

The SE bit is added in bit 31 in the control register (PASCR). The bits 6 to 0 of the UB in the
PASCR areinvalid (Note that the bit 7 of the UB is till valid). When writing to the P1 or P2 area,
the UB bit in the PMB controls whether a buffered write is performed or not. When the MMU is
enabled, the UB bit in the TLB controls writing to the PO, P3, or U0 area. When the MMU is
disabled, writing to the PO, P3, or UO areais aways performed as a buffered write.

Bit Bit Name Initial Value R/W  Description
31 SE 0 R/W 0: 29-bit address mode

1: 32-bit address extended mode
30to8 — All0 R Reserved

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

7t00 UB All O R/W  Buffered Write Control for Each Area (64 Mbytes)

When writing is performed without using the cache
or in the cache write-through mode, these bits
specify whether the CPU waits for the end of writing
for each area.

0: The CPU does not wait for the end of writing

1: The CPU stalls and waits for the end of writing

UB[7]:  Corresponding to the control register area

UB[6:0]: These bits are invalid in 32-bit address
extended mode.
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(2 ITLB
The PPN field in the ITLB is extended to bits 31 to 10.
(3) UTLB

The PPN field in the UTLB is extended to bits 31 to 10. The same UB bit asthat in the PMB is
added in each entry of the UTLB.

e UB: Buffered write bit
Specifies whether a buffered write is performed.
0: Buffered write (Subsequent processing proceeds without waiting for the write to complete.)
1: Unbuffered write (Subsequent processing is stalled until the write has completed.)

In a memory-mapped TLB access, the UB bit can be read from or written to by bit 9 in the data
array.

(49 PTEL

The same UB bit asthat in the PMB is added in bit 9 in PTEL. This UB bit iswritten to the UB bit
inthe UTLB by the LDTLB instruction. The PPN field is extended to bits 31 to 10.

(5 CCR.CB

The CB hit in CCR isinvalid. Whether a cacheable write for the P1 areais performed in copy-
back mode or write-though mode is determined by the WT bit in the PMB.

(6) IRMCR.MT
The MT bitin IRMCR isvalid for amemory-mapped PMB write.
(7) QACRO0, QACR1

AREAOQ[4:2]/AREA1[4:2] fields of QACRO/QACRL are extended to AREAQ[7:2]/AREAL[7:2]
corresponding to physical address [31:26].
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®)

LSAQ, LSAL, LDAO, LDA1L

LOSADR, L1SADR, LODADR, and L1DADR fields are extended to bits 31 to 10.

When using 32-bit address mode, the following notes should be applied to software.

1

For the SE hit switching, switching from 0 to 1 is only supported in a boot routine which is
alocated in an areawhere caching and TLB-based address trandation are not allowed and runs
after a power-on reset or manual reset.

After switching the SE bit, an areain which the program is allocated becomes the target of the
PMB address trandation. Therefore, the area should be recorded in the PMB before switching
the SE hit. An address which may be accessed in the P1 or P2 area such as the exception
handler should also be recorded in the PMB.

When an external memory access occurs by an operand memory access located before the
MOV .L instruction which switches the SE bit, external memory space addresses accessed in
both address modes should be the same.

Note that the V bit is mapped to both address array and data array in PMB registration. That is,
first write O to the V bit in one of arrays and then write 1 to the V bit in another array.
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7.9 32-Bit Boot Function

The address mode of this LS| after a power-on reset or manual reset can be switched between 29-
bit address mode and 32-bit address extended mode by specifying external pins. The following
changes apply when this LSl is booted up in 32-bit address extended mode.

7.9.1 Initial Entriesto PMB

When 32-bit address extended mode is specified by external pins, the following initial entries are
recorded in the PMB after a power-on reset or manual reset, and the SE bit in the PASCR register
isinitialized to 1. For entries 2 to 15, only the V bit isinitialized to 0.

Entry VPN[31:24] PPN[31:24] V Sz[1:0] C uB WT
0 10000000 00000000 1 11
1 10100000 00000000 1 11 0 0 0

7.9.2 Notes on 32-Bit Boot

Immediately after a power-on or manual reset, the P1 or P2 areais mapped to the PMB. Therefore,
when an area other than that indicated by the initial entry needs to be mapped, follow the
procedures below to modify the PMB, taking care not to generate PMB misses and multiple PMB
hits. The procedure should be set up within the boot routine and should be executed before
activation of the cachesand TLB (CCR.ICE = 1, CCR.OCE = 1, and MMUCR.AT = 1). Do not
use routines other than the boot routine to change the value recorded in the PMB.

(1) When the Program Modifyingthe PMB isin the P1 or P2 Area

1. Read theinitial entry, change only the SZ bits to reduce the page size, and save the new value
over the previous entry. The program that changes the PMB should be allocated within 1
Mbyte of the top of the page with the reduced size.

2. Invalidate the entry remaining in the ITLB that corresponds to the PMB by writing 1 to the Tl
bit in the MMUCR register.

3. Inthe memory-mapped PMB, record PMB entriesto fill the P1 or P2 areain which the PMB
translation information is evicted by step 1.

4. Execute one of the following steps, A, B, and C. Do not execute a branch or operand access for
the P1 or P2 areain which the PMB trandation information is evicted by step 1.

A. Perform abranch using the RTE instruction.
B. Execute the ICBI instruction for any address (including non-cacheable area).
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C. IftheMT bitin IRMCR isset to O (initial value) before accessing the memory-mapped
PMB, no specific sequence is required.

However, correct operation with method C may no longer be guaranteed in future SuperH-

family products. Selection of step A or B is recommended to ensure compatibility with future

SuperH-family products.

(2) When the Program Modifying the PMB isin Areas Other than the P1 or P2 Area

1. Invalidate the entry remaining in the ITLB by writing 1 to the Tl bitin MMUCR.
2. In the memory-mapped PMB, change PMB entries.

3. Execute one of the following steps, A, B, and C. Do not execute a branch or operand access for
the P1 or P2 area before this execution.
A. Perform abranch using the RTE instruction.
B. Execute the ICBI instruction for any address (including non-cacheable area).
C. If the MT bitin IRMCR is set to O (initial value) before accessing the memory-mapped

PMB, no specific sequence is required.

However, correct operation with method C may no longer be guaranteed in future SuperH-
family products. Selection of step A or B is recommended to ensure compatibility with future
SuperH-family products.

REJ09B0501-0100 Rev. 1.00 Page 207 of 2004

Nov 30, 2010 RENESAS



Section 7 Memory Management Unit (MMU) SH7786 Group

7.10

7.10.1

Usage Notes

Note on Using LDTLB Instruction

When using an LDTLB instruction instead of softwareto avalueto the MMUCR. URC, execute 1
or 2 below.

1

In 29-bit address mode, follow A. and B. below. In 32-bit address mode, follow A. through D.
below.

A.

Place the TLB miss exception handling routine™ only in the P1, P2 area ,or the on-chip
memory so that all the instruction accesses * in the TLB miss exception handling routine
should occur solely inthe P1, P2 area, or the on-chip memory. Clear the RP bit in the
RAMCR register to 0 (initial value), when the TLB miss exception handling routineis
placed in the on-chip memory.

Use only one page of the PMB for instruction accesses ° in the TLB miss exception

handling routine . In 32-bit address mode, do not place them in the last 64 bytes of a page

of the PMB.

In 32-bit address mode, obey 1 and 2 below when recording information in the UTLB in

the MMU-related exception ® handling routine.

a. When the TLB miss exception occurs, and recording the information of a page with the
access right in the UTLB, do not record the page, in which the exception has occurred,
in the UTLB using the following two operations.

— Specifies the protection key data that causes a protection violation exception upon
re-execution of the instruction that has caused the TL B miss exception and records
the page, in which the TLB miss exception has occurred, in the UTLB.

— Specifies the protection key data that does not cause a protection violation
exception in the protection violation exception handling routine to record the page
inthe UTLB and re-executes the instruction that has caused the protection violation
exception.

b. When aninitial page write exception occurs and the TLB entry in the UTLB of which
thedirty bit is 1 is replaced, before the write instruction for the page corresponding to
thisreplaced TLB entry is completed, register the TLB entry of which the dirty bit is 1.

D. Do not make an attempt to execute the FDIV or FSQRT instruction in the TLB miss

exception handling routine.

2. If aTLB missexception occurs, add 1 to MMUCR.URC before executing an LDTLB
instruction.
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Notes. 1.

An exception handling routine is an entire set of instructions that are executed from the
address (VBR + offset) upon occurrence of an exception to the RTE for returning to the
origina program or to the RTE delay sot.

2. MMU-related exceptions are: instruction TLB miss exception, instruction TLB miss
protection violation exception, data TLB miss exception, data TLB protection violation
exception, and initial page write exception.

3. Instruction accesses include the PREFI and ICBI instructions.
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Section 8 Caches

ThisLSl has an on-chip 32-Kbyte instruction cache (1C) for instructions and an on-chip 32-Kbyte
operand cache (OC) for data. For details of the extended function, refer to appendix A
corresponding section.

8.1 Features
The features of the cache are givenin table 8.1.

This LSl supports two 32-byte store queues (SQs) to perform high-speed writesto external
memory. The features of the store queues are given in table 8.2.

Table8.1 CacheFeatures

Item Instruction Cache Operand Cache

Capacity 32-Kbyte cache 32-Kbyte cache

Type 4-way set-associative, virtual 4-way set-associative, virtual
address index/physical address tag address index/physical address tag

Line size 32 bytes 32 bytes

Entries 256 entries/way 256 entries/way

Write method — Copy-back/write-through selectable

Replacement method LRU (least-recently-used) algorithm LRU (least-recently-used) algorithm

Table8.2 Store Queue Features

Iltem Store Queues

Capacity 32 bytes x 2

Addresses H'EO00 0000 to H'E3FF FFFF

Write Store instruction (1-cycle write)

Write-back Prefetch instruction (PREF instruction)

Access right When MMU is disabled: Determined by SQMD bit in MMUCR

When MMU is enabled: Determined by PR for each page

The operand cache of this LSl is 4-way set-associative, each may comprising 256 cache lines.
Figure 8.1 shows the configuration of the operand cache.
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Theinstruction cache is 4-way set-associative, each way comprising 256 cache lines. Figure 8.2

shows the configuration of the instruction cache.

ThisLSl has an IC way prediction scheme to reduce power consumption. In addition, memory-
mapped associative writing, which is detectable as an exception, can be enabled by using the non-
support detection exception register (EXPMASK). For details, see section 5, Exception Handling.

Virtual address

31 12__10 5 4 2 0
\ A\ /
\ /
Entry selection [12:5] Longword (LW) selection
22 Address array Data array
8 (way 0 to way 3) 3 (way 0 to way3) LRU
0 Tag u|vVv LWO | LW1 | LW2 | LW3 | LW4 | LW5 | LW6 | LW7
MMU
L
19
255| 19bits |1 bit|t bif] 32 bits|32 bits 32 bits| 32 bits|32 bits|32 bits |32 bits 32 bits|[H [E P
A A A A A A A A
‘ wt 17 wt 17 wt 17 wt 17
A >
Comparison l l
Read data Write data

l (Way 0 to way 3)

Hit signal

Figure8.1 Configuration of Operand Cache (Cache size = 32 Kbytes)
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Virtual address

31 1312 10 54 2 0
[12:5] Longword (LW) selection
Entry selection
22 Address array Data array
8 (way 0 to way 3) 3 (way 0 to way3) LRU
]
0 Tag \%
MMU
L
19
255 19 bits 1 bit|] 32 bits|32 bits|32 bits|32 bits|32 bits|32 bits|32 bits|32 bits 6 bits
A A A A A A A A
¢ Yy VY VY VY VY Y VYV YV
A\ =
Comparison }
Read data
l (Way 0 to way 3)
Hit signal
Figure8.2 Configuration of Instruction Cache (Cache size = 32 Kbytes)
e Tag

Stores the upper 19 bits of the 29-bit physical address of the data line to be cached. Thetagis
not initialized by a power-on or manual reset.

V bit (validity hit)

Indicates that valid datais stored in the cache line. When thisbit is 1, the cache line datais
valid. TheV bit isinitialized to O by a power-on reset, but retains its value in amanual reset.
U bit (dirty bit)

The U bitisset to 1 if dataiswritten to the cache line while the cache is being used in copy-
back mode. That is, the U bit indicates a mismatch between the datain the cache line and the
datain external memory. The U bit is never set to 1 while the cache is being used in write-
through mode, unlessit is modified by accessing the memory-mapped cache (see section 8.6,
Memory-Mapped Cache Configuration). The U bit isinitialized to O by a power-on reset, but
retains its value in amanual reset.
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e Dataarray
The data field holds 32 bytes (256 bits) of data per cache line. The data array is not initialized
by a power-on or manual reset.

e LRU
In a4-way set-associative method, up to 4 items of data can be registered in the cache at each
entry address. When an entry is registered, the LRU bit indicates which of the 4 waysitisto be
registered in. The LRU mechanism uses 6 bits of each entry, and its usage is controlled by
hardware. The LRU (least-recently-used) algorithm is used for way selection, and selects the
less recently accessed way. The LRU bits are initialized to 0 by a power-on reset but not by a
manual reset. The LRU bits cannot be read from or written to by software.
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8.2 Register Descriptions
The following registers are related to cache.

Table8.3 Register Configuration

Register Name Abbreviation R/W P4 Address* ﬁzﬁﬁe?ss* Size
Cache control register CCR R/W  H'FF00 001C H'1F00 001C 32
Queue address control register 0 QACRO R/W  H'FFO0 0038 H'1F00 0038 32
Queue address control register 1 QACR1 R/W  H'FF00 003C H'1F00 003C 32
On-chip memory control register RAMCR R/W  H'FF00 0074 H'1F00 0074 32

Note: * These P4 addresses are for the P4 area in the virtual address space. These area 7
addresses are accessed from area 7 in the physical address space by means of the
TLB.

Table8.4 Register Statesin Each Processing State

Power-on Manual Sleep/
Register Name Abbreviation Reset Reset Light Sleep
Cache control register CCR H'0000 0000 H'0000 0000 Retained
Queue address control register QACRO Undefined Undefined Retained
0
Queue address control register QACR1 Undefined Undefined Retained
1
On-chip memory control RAMCR H'0000 0000 H'0000 0000 Retained
register
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8.2.1 Cache Control Register (CCR)

CCR controls the cache operating mode, the cache write mode, and invalidation of all cache
entries.

CCR modifications must only be made by a program in the non-cacheable P2 area or IL memory.
After CCR has been updated, execute one of the following three methods before an access
(including an instruction fetch) to the cacheable areais performed.

1. Execute abranch using the RTE instruction. In this case, the branch destination may be the
cacheable area.

2. Executethe ICBI instruction for any address (including non-cacheable area).

3. IftheR2 bitin IRMCRisO (initial value) before updating CCR, the specific instruction does
not need to be executed. However, note that the CPU processing performance will be lowered
because the instruction fetch is performed again for the next instruction after CCR has been
updated.

Note that the method 3 may not be guaranteed in the future SuperH Series. Therefore, itis
recommended that the method 1 or 2 should be used for being compatible with the future SuperH
Series.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
mEEEEEEEER R R R R R
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
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
o=l -l -fe -] —fee] -] -] |- oo ocs|wr]oce]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R RW R R RW R R R R RW RW RW RW
Bit Bit Name Initial Value R/W  Description
31to12 — All O R Reserved

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

11 ICI 0 R/W IC Invalidation Bit

When 1 is written to this bit, the V bits of all IC
entries are cleared to 0. This bit is always read as 0.
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Bit Bit Name Initial Value R/W  Description

10,9 — All0 R Reserved
These bits are always read as 0. The write value
should always be 0.

8 ICE 0 R/W IC Enable Bit

Selects whether the IC is used. Note however when
address translation is performed, the IC cannot be
used unless the C bit in the page management
information is also 1.

0: IC not used
1. IC used
7to4 — AllO R Reserved

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

3 OcCl 0 R/W  OC Invalidation Bit

When 1 is written to this bit, the V and U bits of all
OC entries are cleared to 0. This bit is always read
as 0.

2 CB 0 R/W  Copy-Back Bit
Indicates the P1 area cache write mode.

0: Write-through mode
1: Copy-back mode
1 WT 0 R/W  Write-Through Mode

Indicates the PO, U0, and P3 area cache write
mode. When address translation is performed, the
value of the WT bit in the page management
information has priority.

0: Copy-back mode
1: Write-through mode
0 OCE 0 R/W  OC Enable Bit

Selects whether the OC is used. Note however
when address translation is performed, the OC
cannot be used unless the C bit in the page
management information is also 1.

0: OC not used

1. OC used
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8.2.2 Queue Address Control Register 0 (QACRO)

QACRO specifies the area onto which store queue 0 (SQO) is mapped when the MMU is disabled.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: o 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 1110 9 8 7 6 5 4 3 2 1 0
-l -1-T-T-[-T-T-T-]-[-] e [-]-]
Initial value: 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 RW RW RW R R
Bit Bit Name Initial Value = R/W Description
3l1to5 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
4102 AREAO Undefined R/W  When the MMU is disabled, these bits generate
physical address bits [28:26] for SQO.
1,0 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
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8.2.3

Queue Address Control Register 1 (QACR1)

QACR1 specifies the area onto which store queue 1 (SQ1) is mapped when the MMU is disabled.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: o 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
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
S I I I e T B
Initial value: 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 RW RW RW R R
Bit Bit Name Initial Value R/W Description
3l1to5 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
4102 AREA1 Undefined R/W  When the MMU is disabled, these bits generate
physical address bits [28:26] for SQ1.
1,0 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
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824 On-Chip Memory Control Register (RAMCR)
RAMCR controls the number of waysin the IC and OC and prediction of the IC way.

RAMCR modifications must only be made by a program in the non-cacheable P2 area. After
RAMCR has been updated, execute one of the following three methods before an access
(including an instruction fetch) to the cacheable area, the IL memory area, the OL memory area, or
the U memory areais performed.

1. Execute abranch using the RTE instruction. In this case, the branch destination may be the
non-cacheable area, the IL memory area, the OL memory area, or the U memory area.

2. Executethe ICBI instruction for any address (including non-cacheable area).

3. IftheR2bitin IRMCR isO (initial value) before updating RAMCR, the specific instruction
does not need to be executed. However, note that the CPU processing performance will be
lowered because the instruction fetch is performed again for the next instruction after RAMCR
has been updated.

Note that the method 3 may not be guaranteed in the future SuperH Series. Therefore, itis
recommended that the method 1 or 2 should be used for being compatible with the future SuperH
Series.

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

Initialvalve: 0 0 o0 0 0 ©0 0 0 0 0 0 0 0 0 0 0
RWw: R R R R R R R R R R R R R R R R
Bit_15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0

=l -[-]-]-1]- [nuo] e ficowjoconjoweu] — | — | — | — | — |

Initial value: 0 0 0 0 0o 0 0 o0 0 0 0 0 o0 0 o

0
RW: R R R R R R RW RW RW RW RW R R R R R
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Bit Bit Name Initial Value R/W  Description

31to 10 — AllO R Reserved

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

9 RMD 0 R/W  On-Chip Memory Access Mode Bit

For details, see section 9.4, On-Chip Memory
Protective Functions.

8 RP 0 R/W  On-Chip Memory Protection Enable Bit

For details, see section 9.4, On-Chip Memory
Protective Functions.

7 IC2W 0 R/W  IC Two-Way Mode bit

0: IC is a four-way operation

1: IC is a two-way operation

For details, see section 8.4.3, IC Two-Way Mode.
6 oc2w 0 R/W  OC Two-Way Mode bit

0: OC is a four-way operation

1: OC is a two-way operation

For details, see section 8.3.6, OC Two-Way Mode.
5 ICWPD 0 R/W  IC Way Prediction Stop

Selects whether the IC way prediction is used.

0: Instruction cache performs way prediction.
1: Instruction cache does not perform way
prediction.
4t00 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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8.3 Operand Cache Operation

831 Read Operation

When the Operand Cache (OC) is enabled (OCE = 1 in CCR) and datais read from a cacheable
area, the cache operates as follows:

1. Thetag, V hit, U bit, and LRU bits on each way are read from the cache line indexed by virtual
address bits [12:5].

2. Thetagsread from the each way is compared with bits [28:10] of the physical address
resulting from virtual address trandation by the MMU:

— If thereisaway whose tag matches and its V bit is 1, see No. 3.

— If thereis no way whose tag matches and its V bit is 1 and the U bit of the way which is
selected to replace using the LRU bitsis 0, see No. 4.

— If thereis no way whose tag matches and its V bit is 1 and the U bit of the way which is
selected to replace using the LRU bitsis 1, see No. 5.

3. Cache hit
The dataindexed by virtual address bits [4:0] is read from the datafield of the cache line on
the hitted way in accordance with the access size. Then the LRU bits are updated to indicate
the hitted way isthe latest one.

4. Cache miss (no write-back)
Datais read into the cache line on the way, which is selected to replace, from the physical
address space corresponding to the virtual address. Data reading is performed, using the
wraparound method, in order from the quad-word data(8 bytes) including the cache-missed
data. When the corresponding data arrives in the cache, the read data is returned to the CPU.
While the remaining data on the cache line is being read, the CPU can execute the next
processing. When reading of one line of data is completed, the tag corresponding to the
physical addressisrecorded in the cache, 1 iswritten to the V bit and O is written to the U bit
on the way. Then the LRU bit is updated to indicate the way is latest one.

5. Cache miss (with write-back)

The tag and data field of the cache line on the way which is selected to replace are saved in the
write-back buffer. Then datais read into the cache line on the way which is selected to replace
from the physical address space corresponding to the virtual address. Datareading is
performed, using the wraparound method, in order from the quad-word data (8 bytes)
including the cache-missed data, and when the corresponding data arrives in the cache, the
read datais returned to the CPU. While the remaining one cache line of datais being read, the
CPU can execute the next processing. When reading of one line of datais completed, the tag
corresponding to the physical addressis recorded in the cache, 1 iswritten to the V bit, and O
to the U hit. And the LRU bits are updated to indicate the way is latest one. The datain the
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write-back buffer is then written back to external memory.

8.3.2 Prefetch Operation

When the Operand Cache (OC) is enabled (OCE = 1 in CCR) and datais prefetched from a
cacheable area, the cache operates as follows:

1. Thetag, V bit, U bit, and LRU bits on each way are read from the cache line indexed by virtual
address bits [12:5].

2. Thetag, read from each way, is compared with bits[28:10] of the physical address resulting
from virtual address trandation by the MM U:

— If thereisaway whose tag matchesand its V bitis 1, see No. 3.

— If thereis no way whose tag matches and the V bit is 1, and the U bit of the way whichis
selected to replace using the LRU bitsis 0, see No. 4.

— If thereis no way whose tag matches and the V bit is 1, and the U bit of the way whichis
selected to replace using the LRU bitsis 1, see No. 5.

3. Cache hit
Then the LRU bits are updated to indicate the hitted way is the latest one.
4. Cache miss (no write-back)

Dataisread into the cache line on the way, which is selected to replace, from the physical
address space corresponding to the virtual address. Data reading is performed, using the
wraparound method, in order from the quad-word data (8 bytes) including the cache-missed
data. In the prefetch operation the CPU doesn’t wait the data arrives. While the one cache line
of dataisbeing read, the CPU can execute the next processing. When reading of one line of
datais completed, the tag corresponding to the physical addressis recorded in the cache, 1is
written to the V bit and 0 iswritten to the U bit on the way. And the LRU bit is updated to
indicate the way islatest one.

5. Cache miss (with write-back)

The tag and data field of the cache line on the way which is selected to replace are saved in the
write-back buffer. Then datais read into the cache line on the way which is selected to replace
from the physical address space corresponding to the virtual address. Datareading is
performed, using the wraparound method, in order from the quad-word data (8 bytes)
including the cache-missed data. In the prefetch operation the CPU doesn’'t wait the data
arrives. While the one cache line of datais being read, the CPU can execute the next
processing. And the LRU bits are updated to indicate the way is latest one. The datain the
write-back buffer is then written back to external memory.
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8.33 Write Operation

When the Operand Cache (OC) is enabled (OCE = 1 in CCR) and data is written to a cacheable
area, the cache operates as follows:

1. Thetag, V bit, U bit, and LRU bits on each way are read from the cache line indexed by virtual
address bits[12:5].
2. Thetag, read from each way, is compared with bits[28:10] of the physical address resulting
from virtual address trandation by the MM U:
— If thereis away whose tag matchesand its V bit is 1, see No. 3 for copy-back and No. 4
for write-through.

— | If thereis no way whose tag matches and its V bit is 1 and the U bit of the way whichis
selected to replace using the LRU bitsis 0, see No. 5 for copy-back and No. 7 for write-
through.

— If thereis no way whose tag matches and its V bit is 1 and the U bit of the way which is
selected to replace using the LRU bitsis 1, see No. 6 for copy-back and No. 7 for write-
through.

3. Cache hit (copy-back)
A datawrite in accordance with the access size is performed for the datafield on the hit way

which isindexed by virtual address bits[4:0]. Then 1 iswritten to the U bit. The LRU bitsare
updated to indicate the way is the latest one.

4. Cache hit (write-through)

A datawrite in accordance with the access size is performed for the datafield on the hit way
which isindexed by virtual address bits[4:0]. A writeis also performed to external memory
corresponding to the virtual address. Then the LRU bits are updated to indicate the way is the
latest one. In this case, the U bit isn't updated.

5. Cache miss (copy-back, no write-back)

A datawrite in accordance with the access size is performed for the data field on the hit way
which isindexed by virtual address bits[4:0]. Then, the data, excluding the cache-missed data
which iswritten already, is read into the cache line on the way which is selected to replace
from the physical address space corresponding to the virtual address.

Datareading is performed, using the wraparound method, in order from the quad-word data (8
bytes) including the cache-missed data. While the remaining data on the cache line is being
read, the CPU can execute the next processing. When reading of one line of data is completed,
the tag corresponding to the physical addressis recorded in the cache, 1 iswritten to the V bit
and the U bit on the way. Then the LRU bit is updated to indicate the way is |atest one.
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6. Cache miss (copy-back, with write-back)
The tag and data field of the cache line on the way which is selected to replace are saved in the
write-back buffer. Then adata write in accordance with the access size is performed for the
datafield on the hit way which isindexed by virtual address bits [4:0]. Then, the data,
excluding the cache-missed data which iswritten already, isread into the cache line on the
way which is selected to replace from the physical address space corresponding to the virtual
address. Datareading is performed, using the wraparound method, in order from the quad-
word data (8 bytes) including the cache-missed data. While the remaining data on the cache
lineisbeing read, the CPU can execute the next processing. When reading of one line of data
is completed, the tag corresponding to the physical addressisrecorded in the cache, 1is
written to the V bit and the U bit on the way. Then the LRU bit is updated to indicate the way
islatest one. Then the datain the write-back buffer is then written back to external memory.

7. Cache miss (write-through)

A write of the specified access size is performed to the external memory corresponding to the
virtual address. In this case, awrite to cacheis not performed.

8.34 Write-Back Buffer

In order to give priority to data reads to the cache and improve performance, this LS|l has awrite-
back buffer which holds the relevant cache entry when it becomes necessary to purge adirty cache
entry into external memory as the result of a cache miss. The write-back buffer contains one cache
line of data and the physical address of the purge destination.

Physical address bits [28:5] | LWO | LW1 | LW2 | LW3 | LW4 | LW5 | LW6 | LwW7 |

Figure 8.3 Configuration of Write-Back Buffer

8.35 Write-Through Buffer

This LSl has a 64-bit buffer for holding write data when writing data in write-through mode or
writing to a non-cacheable area. This allows the CPU to proceed to the next operation as soon as
the write to the write-through buffer is completed, without waiting for completion of the write to
external memory.

Physical address bits[28:0] | LWO | LW1 |

Figure8.4 Configuration of Write-Through Buffer
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8.3.6 OC Two-Way Mode

When the OC2W bit in RAMCR is set to 1, OC two-way mode which only uses way 0 and way 1
in the OC is entered. Thus, power consumption can be reduced. In this mode, only way 0 and way
1 are used even if amemory-mapped OC access is made.

The OC2W hit should be modified by a program in the P2 area. At that time, if the valid line has
aready been recorded in the OC, data should be written back by software, if necessary, 1 should
be written to the OCI bit in CCR, and all entriesin the OC should be invalid before modifying the
OC2W bit.
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8.4 Instruction Cache Operation
84.1 Read Operation

When theICisenabled (ICE = 1 in CCR) and instruction fetches are performed from a cacheable
area, the instruction cache operates as follows:

1. Thetag, V bit, U bit and LRU bits on each way are read from the cache line indexed by virtual
address bits [12:5].

2. Thetag, read from each way, is compared with bits[28:10] of the physical address resulting
from virtual address trandation by the MM U:
— If thereis away whose tag matches and the V bitis 1, see No. 3.
— If thereis no way whose tag matches and the V bit is 1, see No. 4.

3. Cache hit

The dataindexed by virtual address bits[4:2] isread as an instruction from the datafield on
the hit way. The LRU bits are updated to indicate the way is the latest one.

4. Cachemiss
Dataisread into the cache line on the way which selected using LRU bits to replace from the
physical address space corresponding to the virtual address. Data reading is performed, using
the wraparound method, in order from the quad-word data (8 bytes) including the cache-
missed data, and when the corresponding data arrives in the cache, the read datais returned to
the CPU as an instruction. While the remaining one cache line of datais being read, the CPU
can execute the next processing. When reading of one line of datais completed, the tag
corresponding to the physical addressis recorded in the cache, and 1 iswritten to the V bit, the
LRU bits are updated to indicate the way isthe latest one.

8.4.2 Prefetch Operation

When the IC isenabled (ICE = 1 in CCR) and instruction prefetches are performed from a
cacheable area, the instruction cache operates as follows:

1. Thetag, V bit, Ubit and LRU bits on each way are read from the cache line indexed by virtual
address bits[12:5].

2. Thetag, read from each way, is compared with bits[28:10] of the physical address resulting
from virtual address trandation by the MMU:
— If thereisaway whose tag matches and the V bit is 1, see No. 3.
— If thereis no way whose tag matches and the V bit is 1, see No. 4.
3. Cachehit
The LRU bitsis updated to indicate the way is the latest one.
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4. Cachemiss
Dataisread into the cache line on away which selected using the LRU bitsto replace from the
physical address space corresponding to the virtual address. Data reading is performed, using
the wraparound method, in order from the quad-word data (8 bytes) including the cache-
missed data. In the prefetch operation, the CPU doesn’'t wait the data arrived. While the one
cache line of datais being read, the CPU can execute the next processing. When reading of one
line of data is completed, the tag corresponding to the physical addressis recorded in the
cache, and 1 iswritten to the V bit, the LRU bits is updated to indicate the way is the latest
one.

8.4.3 IC Two-Way Mode

When the IC2W bit in RAMCR is set to 1, | C two-way mode which only usesway 0 and way 1in
the IC is entered. Thus, power consumption can be reduced. In this mode, only way 0 and way 1
are used even if amemory-mapped |C accessis made.

The IC2W bit should be modified by a program in the P2 area. At that time, if the valid line has
already been recorded in the IC, 1 should be written to the ICI bit in CCR and all entriesinthe IC
should be invalid before modifying the IC2W bit.

8.4.4 Instruction Cache Way Prediction Operation

This LSl incorporates an instruction cache (IC) way prediction scheme to reduce power
consumption. Thisis achieved by activating only the data array that correspondsto a predicted
way. When way prediction misses occur, data must be re-read from the right way, which may lead
to lower performance in instruction fetching. Setting the ICWPD bit to 1 disables the IC way
prediction scheme. Since way prediction misses do not occur in this mode, there is no loss of
performance in instruction fetching but the |C consumes more power. The ICWPD bit should be
modified by a program in the non-cacheable P2 area. If avalid line has aready been recorded in
the IC at thistime, invalidate al entriesin the IC by writing 1 to the ICI bit in CCR before
modifying the ICWPD hit.
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8.5 Cache Operation Instruction
85.1 Coherency between Cache and External Memory

(1) CacheOperation Instruction

Coherency between cache and external memory should be assured by software. InthisLSl, the
following six instructions are supported for cache operations. Details of these instructions are
given in section 11, Instruction Descriptions of the SH-4A Extended Functions Software Manual.

e Operand cache invalidate instruction: OCBI @Rn
Operand cache invalidation (no write-back)

e Operand cache purge instruction: OCBP @Rn
Operand cache invalidation (with write-back)

e Operand cache write-back instruction: OCBWB @Rn
Operand cache write-back

e Operand cache alocate instruction: MOV CA.L RO,@Rn
Operand cache allocation

e [Instruction cache invalidate instruction: ICBlI @Rn
Instruction cache invalidation

e Operand access synchronization instruction: SYNCO
Wait for data transfer completion

(2) Coherency Control

The operand cache can receive "PURGE" and "FLUSH" transaction from SuperHyway bus to
control the cache coherency. Since the address used by the PURGE and FLUSH transaction isa
physical address, do not use the 1 Kbyte page size to avoid cache synonym problem in MMU
enable mode.

e PURGE transaction
When the operand cache is enabled, the PURGE transaction checks the operand cache and
invalidates the hit entry. If the invalidated entry is dirty, the data is written back to the external
memory. If the transaction is not hit to the cache, it is no-operation.

e FLUSH transaction
When the operand cache is enabled, the FLUSH transaction checks the operand cache and if
the hit lineis dirty, then the data is written back to the external memory. If the transaction is
not hit to the cache or the hit entry is not dirty, it is no-operation.
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(3) Changesin Instruction Specifications Regarding Coherency Control

Of the operand cache operating instructions, the coherency control-related specifications of OCBI,
OCBP, and OCBWB have been changed from those of the SH-4A with H'20-valued VER hitsin
the processor version register (PVR).

Changesin the invalidate instruction OCBI@Rn

When Rn is designating an address in a hon-cacheable area, thisinstruction is executed as
NOP in the SH-4A with H'20-valued VER bits in the processor version register (PVR). In this
LS, thisinstruction invalidates the operand cache line designated by way = Rn[14:13] and
entry = Rn[12:5] provided that Rn[31:24] = H'F4 (OC address array ared). In this process,
writing back of the line does not take place even if the lineto be invalidated is dirty. This
operation is only executable in privileged mode, and an address error exception occurs in user
mode. TLB-related exceptions do not occur.

Do not execute this instruction to invalidate the memory-mapped array areas and control
register areas for which Rn[31:24] is not H'F4, and their reserved areas (H'FO to H'F3, H'F5 to
H'FF).

Changes in the purge instruction OCBP@RnN

When Rn is designating an address in a hon-cacheable area, thisinstruction is executed as
NOP in the SH-4A with H'20-valued VER hits in the processor version register (PVR). In this
LS, thisinstruction invalidates the operand cache line designated by way = Rn[14:13] and
entry = Rn[12:5] provided that Rn[31:24] = H'F4 (OC address array ared). In this process,
writing back of the line takes place when the line to be invalidated is dirty. This operation is
only executable in privileged mode, and an address error exception occursin user mode. TLB-
related exceptions do not occur.

Do not execute this instruction to invalidate the memory-mapped array areas and control
register areas for which Rn[31:24] is not H'F4, and their reserved areas (H'FO to H'F3, H'F5 to
H'FF).

Changes in the write-back instruction OCBWB@Rn

When Rn is designating an address in a non-cacheable area, this instruction is executed as
NOP in the SH-4A with H'20-valued VER hits in the processor version register (PVR). In this
LS, provided that Rn[31:24] = H'F4 (OC address array ared), thisinstruction writes back the
operand cache line designated by way = Rn[14:13] and entry = Rn[12:5] if it isdirty and clears
the dirty bit to 0. This operation is only executable in privileged mode, and an address error
exception occurs in user mode. TLB-related exceptions do not occur.

Do not execute this instruction to invalidate the memory-mapped array areas and control
register areas for which Rn[31:24] is not H'F4, and their reserved areas (H'FO to H'F3, H'F5 to
H'FF).
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85.2 Prefetch Operation

This LSI supports a prefetch instruction to reduce the cachefill penalty incurred as the result of a
cache miss. If it is known that a cache misswill result from aread or write operation, it is possible
to fill the cache with data beforehand by means of the prefetch instruction to prevent a cache miss
dueto the read or write operation, and so improve software performance. If a prefetch instruction
is executed for data already held in the cache, or if the prefetch address resultsin a UTLB miss or
aprotection violation, the result is no operation, and an exception is not generated. Details of the
prefetch instruction are given in section 11, Instruction Descriptions of the SH-4A Extended
Functions Software Manual.

e Prefetch instruction (OC) : PREF @Rn
o Prefetchinstruction (IC) : PREFI @Rn
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8.6 Memory-Mapped Cache Configuration

The IC and OC can be managed by software. The contents of |C data array can be read from or
written to by aprogram in the P2 area by means of aMOV instruction in privileged mode. The
contents of 1C address array can also be read from or written to in privileged mode by a program
in the P2 area or the IL memory area by means of aMOV instruction. Operation is not guaranteed
if access is made from a program in another area. In this case, execute one of the following three
methods for executing a branch to the PO, UOQ, P1, or P3 area.

1. Execute abranch using the RTE instruction.

2. Execute abranch to the PO, UQ, P1, or P3 area after executing the ICBI instruction for any
address (including non-cacheable areq).

3. IftheMCbitin IRMCR isO (initial value) before making an access to the memory-mapped
IC, the specific instruction does not need to be executed. However, note that the CPU
processing performance will be lowered because the instruction fetch is performed again for
the next instruction after making an access to the memory-mapped I1C.

Note that the method 3 may not be guaranteed in the future SuperH Series. Therefore, itis
recommended that the method 1 or 2 should be used for being compatible with the future SuperH
Series.

In privileged mode, the OC contents can be read from or written to by aprogram in the P1 or P2
area by means of aMQV instruction. Operation is hot guaranteed if accessis made from a
program in another area. The IC and OC are allocated to the P4 areain the virtual address space.
Only data accesses can be used on both the IC address array and data array and the OC address
array and data array, and accesses are always longword-size. Instruction fetches cannot be
performed in these areas. For reserved bits, awrite value of 0 should be specified and the read
value is undefined.

8.6.1 IC Address Array

The IC address array is allocated to addresses H'FO00 0000 to H'FOFF FFFF in the P4 area. An
address array access requires a 32-bit address field specification (when reading or writing) and a
32-hit data field specification. The way and entry to be accessed are specified in the address field,
and the write tag and V bit are specified in the datafield.

In the address field, bits [31:24] have the value H'FO indicating the | C address array, and the way
is specified by bits[14:13] and the entry by bits [12:5]. The association bit (A bit) [3] in the
address field specifies whether or not association is performed when writing to the | C address
array. Asonly longword accessis used, 0 should be specified for address field bits[1:0].
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In the datafield, the tag isindicated by bits [31:10], and the V bit by bit [0]. Asthe IC address
array tag is 19 bitsin length, data field bits[31:29] are not used in the case of awrite in which
association is not performed. Data field bits [31:29] are used for the virtual address specification
only in the case of awritein which association is performed.

The following three kinds of operation can be used on the | C address array:

1. I1C address array read

Thetag and V bit are read into the datafield from the I C entry corresponding to the way and
entry set in the addressfield. In aread, associative operation is not performed regardless of
whether the association bit specified in the addressfield is 1 or 0.

2. 1C address array write (non-associative)

Thetag and V bit specified in the data field are written to the |C entry corresponding to the
way and entry set in the addressfield. The A bit in the address field should be cleared to 0.

3. IC address array write (associative)
When awrite is performed with the A bit in the address field set to 1, the tag in each way
stored in the entry specified in the address field is compared with the tag specified in the data
field. The way numbers of bits[14:13] in the address field are not used. If the MMU is enabled
at thistime, comparison is performed after the virtual address specified by datafield bits
[31:10] has been trandlated to a physical address using the ITLB. If the addresses match and
the V bitintheway is 1, the V bit specified in the data field iswritten into the IC entry. In
other cases, no operation is performed. This operation is used to invalidate a specific IC entry.
If an ITLB miss occurs during address trandation, or the comparison shows a mismatch, an
exception is not generated, no operation is performed, and the write is not executed.

Note: |IC address array associative writing function may not be supported in the future SuperH
Series. Therefore, it is recommended that the I CBI instruction should be used to operate
the IC definitely by handling ITLB miss and reporting I TLB miss exception.

31 2423 15141312 543210
Addressfield|1|1|1|1|0|0|0 Of* * * * % % * » * | Entry |O|A|0|0|O|
|
|
Way
31 109 10
Data field | Tag | ...................... |v|
Legend:
V: Validity bit

A:  Association bit
--+: Reserved bits (write value should be 0 and read value is undefined )
*:  Don't care

Figure85 Memory-Mapped IC Address Array (Cache size = 32 Kbytes)
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8.6.2 IC Data Array

The IC data array is allocated to addresses H'F100 0000 to H'F1FF FFFF in the P4 area. A data
array access reguires a 32-bit address field specification (when reading or writing) and a 32-bit
datafield specification. The way and entry to be accessed are specified in the address field, and
the longword data to be written is specified in the data field.

In the address field, bits [31:24] have the value H'F1 indicating the IC data array, and theway is
specified by bits[14:13] and the entry by bits[12:5]. Address field bits [4:2] are used for the
longword data specification in the entry. As only longword accessis used, 0 should be specified
for addressfield bits[1:0].

The datafield is used for the longword data specification.
The following two kinds of operation can be used on the IC data array:

1. IC dataarray read
Longword datais read into the data field from the data specified by the longword specification
bitsin the addressfield in the IC entry corresponding to the way and entry set in the address
field.

2. IC dataarray write
The longword data specified in the datafield is written for the data specified by the longword
specification bitsin the address field in the I C entry corresponding to the way and entry set in
the addressfield.

2423 15141312 54 210
Addressfleld|1|1|1|1|0|0|0 1% * * % * % * **| | Entry | L |O|O|
|
Wa
31 v 0
Data field | Longword data |

Legend:
L: Longword specification bits
*: Don't care

Figure8.6 Memory-Mapped IC Data Array (Cache size = 32 Kbytes)
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8.6.3 OC AddressArray

The OC address array is allocated to addresses H'F400 0000 to H'FAFF FFFF in the P4 area. An
address array access requires a 32-bit address field specification (when reading or writing) and a
32-bit data field specification. The way and entry to be accessed are specified in the address field,
and the write tag, U bit, and V bit are specified in the datafield.

In the address field, bits[31:24] have the value H'F4 indicating the OC address array, and the way
is specified by bits [14:13] and the entry by bits[12:5]. The association bit (A bit) [3] in the
address field specifies whether or not association is performed when writing to the OC address
array. Asonly longword access is used, 0 should be specified for address field bits [1:0].

In the datafield, the tag isindicated by bits [31:10], the U bit by bit [1], and the V bit by bit [O].
Asthe OC address array tag is 19 bitsin length, datafield bits [31:29] are not used in the case of a
write in which association is not performed. Datafield bits[31:29] are used for the virtual address
specification only in the case of awrite in which association is performed.

The following three kinds of operation can be used on the OC address array:

1. OC address array read

Thetag, U bit, and V hit are read into the datafield from the OC entry corresponding to the
way and entry set in the address field. In aread, associative operation is not performed
regardless of whether the association bit specified in the addressfield is 1 or 0.

2. OC address array write (non-associative)

Thetag, U bit, and V bit specified in the data field are written to the OC entry corresponding to
the way and entry set in the addressfield. The A bit in the address field should be cleared to 0.

When awrite is performed to a cache line for which the U bit and V bit are both 1, after write-
back of that cache line, the tag, U bit, and V bit specified in the data field are written.

3. OC address array write (associative)

When awrite is performed with the A bit in the addressfield set to 1, the tag in each way
stored in the entry specified in the address field is compared with the tag specified in the data
field. The way numbers of bits[14:13] in the address field are not used. If the MMU is enabled
at thistime, comparison is performed after the virtual address specified by data field bits
[31:10] has been trandated to a physical address using the UTLB. If the addresses match and
theV bitintheway is 1, the U bit and V bit specified in the datafield are written into the OC
entry. In other cases, no operation is performed. This operation is used to invalidate a specific
OC entry. If the OC entry U bit is 1, and 0 iswritten to the V bit or to the U bit, write-back is
performed. If aUTLB miss occurs during address translation, or the comparison shows a
mismatch, an exception is not generated, no operation is performed, and the writeis not
executed.
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Note: OC address array associative writing function may not be supported in the future SuperH
Series. Therefore, it is recommended that the OCBI, OCBP, or OCBWB instruction
should be used to operate the OC definitely by reporting data TLB miss exception.

2423 15141312 543210
Addressfield|1|1|1|1|o|1|o Ol% % % % % % % % * | Entry |0|A|O|O|0|
31 Way 109 210
Data field | Tag | .................... |u|v|
Legend:
V:  Validity bit
U: Dirty bit

A:  Association bit
---: Reserved bits (write value should be 0 and read value is undefined )
*:  Don't care

Figure8.7 Memory-Mapped OC Address Array (Cache size = 32 Kbytes)
8.6.4 OC Data Array

The OC data array is alocated to addresses H'F500 0000 to H'F5FF FFFF in the P4 area. A data
array access requires a 32-bit address field specification (when reading or writing) and a 32-bit
data field specification. The way and entry to be accessed are specified in the address field, and
the longword data to be written is specified in the datafield.

In the address field, bits[31:24] have the value H'F5 indicating the OC data array, and the way is
specified by bits [14:13] and the entry by bits[12:5]. Addressfield bits[4:2] are used for the
longword data specification in the entry. As only longword accessis used, 0 should be specified
for addressfield bits[1:0].

The datafield is used for the longword data specification.
The following two kinds of operation can be used on the OC data array:

1. OC dataarray read
Longword datais read into the data field from the data specified by the longword specification
bitsin the address field in the OC entry corresponding to the way and entry set in the address
field.

2. OC dataarray write
The longword data specified in the data field is written for the data specified by the longword
specification bitsin the address field in the OC entry corresponding to the way and entry set in
the address field. This write does not set the U bit to 1 on the address array side.
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31 2423 15141312 543210

Addressfield|1|1|1|1|o|1|0 1% % % % % % % * * | Entry | L |0|0|
|

31 Way 0

Data field | Longword data |

Legend:
L: Longword specification bits
*: Don't care

Figure 8.8 Memory-Mapped OC Data Array (Cache size = 32 Kbytes)
8.6.5 Memory-Mapped Cache Associative Write Operation

Associative writing to the IC and OC address arrays may not be supported in future SuperH-
family products. The use of instructions ICBI, OCBI, OCBP, and OCBWB is recommended.
These instructions handle I TLB misses, and notify instruction TLB miss exceptions and data TLB
miss exceptions, thus providing a sure way of controlling the IC and OC. Asatransitiona
measure, this LS| generates address errors when this function is used. If compatibility with
previous productsis acrucial consideration, on the other hand, the MM CAW bit in EXPMASK
(H'FF2F 0004) can be set to 1 to enable this function. However, instructions ICBI, OCBI, OCBP,
and OCBWB should be used to guarantee compatibility with future SuperH-family products.
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8.7 Store Queues

This LSl supports two 32-byte store queues (SQs) to perform high-speed writesto external
memory.

8.7.1 SQ Configuration

There are two 32-byte store queues, SQ0 and SQ1, as shown in figure 8.9. These two store queues
can be set independently.

sQo | SQO[0] | SQO[1] | SQo[2] | SQo[3] | SQO[4] | SQo[5] |SQO[6] |SQO[7] |

sQ1 | SQ1[0] | SQ1[1] | SQ1[2] | SQ1[3] | SQ1[4] | SQ1[5] | SQ1[6] | SQ1[7]

4 byte 4 byte 4byte 4byte 4byte 4byte 4byte 4 byte

Figure8.9 Store Queue Configuration
8.7.2 Writing to SQ

A write to the SQs can be performed using a store instruction for addresses H'EO00 0000 to
H'E3FF FFFC in the P4 area. A longword or quadword access size can be used. The meanings of
the address bits are as follows:

[31:26] : 111000 Store queue specification
[25:6] : Don't care Used for external memory transfer/access right
[5] 101 0: SQO specification
1: SQ1 specification
[4:2] : LW specification Specifies longword position in SQ0/SQ1
[1:0] : 00 Fixed at O

8.7.3 Transfer to External Memory

Transfer from the SQs to external memory can be performed with a prefetch instruction (PREF).
Issuing a PREF instruction for addresses H'EO0O 0000 to H'E3FF FFFC in the P4 area starts a
transfer from the SQs to external memory. The transfer length isfixed at 32 bytes, and the start
addressis aways at a 32-byte boundary. While the contents of one SQ are being transferred to
external memory, the other SQ can be written to without a penalty cycle. However, writing to the
SQ involved in the transfer to external memory is kept waiting until the transfer is compl eted.
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The physical address bits [28:0] of the SQ transfer destination are specified as shown below,
according to whether the MMU is enabled or disabled.

e When MMU isenabled (AT =1in MMUCR)
The SQ area (H'E000 0000 to H'E3FF FFFF) isset in VPN of the UTLB, and the transfer
destination physical addressin PPN. The ASID, V, SZ, SH, PR, and D bits have the same
meaning as for normal address trandation, but the C and WT bits have no meaning with regard
to this page. When a prefetch instruction isissued for the SQ area, addresstrandation is
performed and physical address bits[28:10] are generated in accordance with the SZ bit
specification. For physical address bits[9:5], the address prior to address trandlation is
generated in the same way as when the MMU is disabled. Physical address bits [4:0] are fixed
a 0. Transfer from the SQs to external memory is performed to this address.

e When MMU isdisabled (AT = 0in MMUCR)
The SQ area (H'E000 0000 to H'E3FF FFFF) is specified as the address at which a PREF
instruction isissued. The meanings of address bits [31:0] are as follows:

[31:26] :111000 Store queue specification
[25:6] :Address Transfer destination physical address bits [25:6]

[5] 101 0: SQO specification

1: SQ1 specification and transfer destination physical address bit [5]
[4:2] : Don't care No meaning in aprefetch
[1:0] - 00 Fixed at O

Physical address bits [28:26], which cannot be generated from the above address, are generated
from QACRO and QACRL1.

QACROQ[4:2] : Physical address bits[28:26] corresponding to SQO
QACR1[4:2] : Physical address bits[28:26] corresponding to SQ1

Physical address bits [4:0] are always fixed at 0 since burst transfer starts at a 32-byte
boundary.
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8.74 Determination of SQ Access Exception

Determination of an exception in awrite to an SQ or transfer to external memory (PREF
instruction) is performed as follows according to whether the MMU is enabled or disabled. If an
exception occurs during awrite to an SQ, the SQ contents before the write are retained. If an
exception occursin adatatransfer from an SQ to external memory, the transfer to external
memory will be aborted.

¢ When MMU isenabled (AT =1in MMUCR)
Operation is in accordance with the address trand ation information recorded in the UTLB, and
the SQMD bit in MMUCR. Write type exception judgment is performed for writes to the SQs,
and read type exception judgment for transfer from the SQs to external memory (using a PREF
instruction). Asaresult, aTLB miss exception or protection violation exception is generated
asrequired. However, if SQ accessis enabled in privileged mode only by the SQMD bit in
MMUCR, an address error will occur even if address translation is successful in user mode.

e When MMU isdisabled (AT = 0in MMUCR)
Operation is in accordance with the SQMD bit in MMUCR.
0: Privileged/user mode access possible
1: Privileged mode access possible

If the SQ areais accessed in user mode when the SQMD hbit in MMUCR is set to 1, an address
error will occur.

8.75 Reading from SQ

In privileged mode in this LSI, reading the contents of the SQs may be performed by means of a
load instruction for addresses H'FF00 1000 to H'FFO0 103C in the P4 area. Only longword access
ispossible.

[31:6] : H'FFO0 1000 Store queue specification
[5] 101 0: SQO specification
1: SQ1 specification
[4:2] - LW specification Specifies longword position in SQ0/SQ1
[1:0] ;00 Fixed at 0
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8.8 Notes on Using 32-Bit Address Extended Mode
In 32-bit address extended mode, the items described in this section are extended as follows.

1. Thetag bits[28:10] (19 bits) in the IC and OC are extended to bits[31:10] (22 hits).

2. Aninstruction which operates the | C (a memory-mapped |C access and writing to the ICI bit
in CCR) should be located in the P1 or P2 area. The cacheable bit (C bit) in the corresponding
entry in the PMB should be 0.

3. Bits[4:2] (3 bits) for the AREAO hit in QACRO and the AREA bit in QACRL are extended to
bits[7:2] (6 bits).
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Section 9 On-Chip Memory

Section 9 On-Chip Memory

ThisLSl includes three types of memory modules for storage of instructions and data: OL
memory, and IL memory. The OL memory is suitable for data storage while the IL memory is
suitable for instruction storage. For details of the extended function, refer to appendix A

corresponding section.
91 Features
(1) OL Memory

e Capacity

The OL memory in thisLSl is 16 Kbytes.

e Page

The OL memory is divided into two pages (pages 0 and 1).

e Memory map

The OL memory is allocated in the addresses shown in table 9.1.

Table9.1 OL memory Addresses

Memory Size

Address Space Page 16 Kbytes
Virtual address Page 0 H'ES00E000 to H'ES00FFFF
Page1l  H'E5010000 to H'E5011FFF
Physical address CPU O Page 0 H'1400E000 to H'1400FFFF
Page 1 H'14010000 to H'14011FFF
CPU1 PageO H'1480E000 to H'1480FFFF
Page 1 H'14810000 to H'14811FFF
e Ports

Each page has three independent read/write ports and is connected to the SuperHyway bus, the
cache/RAM internal bus, and operand bus. The operand busis used when the OL memory is
accessed through operand access. The cache/RAM internal busis used when the OL memory
is accessed through instruction fetch. The SuperHyway busis used for OL memory access
from the SuperHyway bus master module.
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2

Priority

In the event of simultaneous accesses to the same page from different buses, the access
requests are processed according to priority. The priority order is: SuperHyway bus >
Cache/RAM internal bus > operand bus.

IL Memory

Capacity

The IL memory inthisLSl is 8 Kbytes.

Page

The IL memory is divided into two pages (pages 0 and 1).
Memory map

The IL memory is allocated to the addresses shown in table 9.2.

Table9.2 IL Memory Addresses

Memory Size

Address Space 8 Kbytes

Virtual address  Page 0 H'E5200000 to H'E5200FFF

Page 1 H'E5201000 to H'E5201FFF

Physical address CPU 0 H'14200000 to H'14201FFF

CPU1 H'14A00000 to H'14A01FFF

Ports

The page has three independent read/write ports and is connected to the SuperHyway bus, the
cache/RAM internal bus, and the instruction bus. The instruction busis used when the IL
memory is accessed through instruction fetch. The cache/RAM internal busis used when the
IL memory is accessed through operand access. The SuperHyway busis used for IL memory
access from the SuperHyway bus master module.

Priority

In the event of simultaneous accesses to the same page from different buses, the access
requests are processed according to priority. The priority order is: SuperHyway bus >
cache/RAM internal bus > instruction bus.
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9.2 Register Descriptions
The following registers are related to the on-chip memory.

Table9.3 Register Configuration

Area 7
Name Abbreviation R/W P4 Address* Address* Access Size
On-chip memory control RAMCR R/W H'FF00 0074 H'1F00 0074 32
register
OL memory transfer source  LSAO R/W H'FFO0 0050 H'1F00 0050 32
address register 0
OL memory transfer source  LSAl R/W H'FFO0 0054 H'1F00 0054 32
address register 1
OL memory transfer LDAO R/W H'FFO0 0058 H'1F00 0058 32
destination address register 0
OL memory transfer LDA1 R/W H'FF00 005C H'1FO00 005C 32

destination address register 1

Note: * The P4 address is the address used when using P4 area in the virtual address space.
The area 7 address is the address used when accessing from area 7 in the physical
address space using the TLB.

Table9.4 Register Statesin Each Processing Mode

Power-On Manual Sleep/
Name Abbreviation Reset Reset Light Sleep
On-chip memory control register RAMCR H'0000 0000 H'0000 0000 Retained
OL memory transfer source LSAO0 Undefined Undefined Retained
address register 0
OL memory transfer source LSAl Undefined Undefined Retained
address register 1
OL memory transfer destination ~ LDAO Undefined Undefined Retained
address register 0
OL memory transfer destination =~ LDA1 Undefined Undefined Retained
address register 1
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9.21 On-Chip Memory Control Register (RAMCR)
RAMCR controls the protective functions in the on-chip memory.

When updating RAMCR, please follow limitation described at section 8.2.4, On-Chip Memory
Control Register (RAMCR).

Bit: 31 30 29 28 26 25 24 23 22 21
NN N EE N EE N N N N
Initial value : 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
4

Bit: 15 14 13 12 11 10 9 8 7 6 5

[=[—-1-1-1-1~- [rwo] re [icowjocaw]cwrr|
Initialvalue: © 0 0 ©0 0 ©0 0 ©0 0 ©0 0 0 0 0 0 0
R

RW: R R R R R RW RW RW RW RW R R R R R
Bit Bit Name Initial Value R/W  Description
31to10 — All O R Reserved

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

9 RMD 0 R/W  On-Chip Memory Access Mode

Specifies the right of access to the on-chip memory
from the virtual address space.

0: An access in privileged mode is allowed.
(An address error exception occurs in user

mode.)
1: An access in user/ privileged mode is allowed.
8 RP 0 R/W  On-Chip Memory Protection Enable

Selects whether or not to use the protective
functions using ITLB and UTLB for accessing the
on-chip memory from the virtual address space.
0: Protective functions are not used.

1: Protective functions are used.

For further details, refer to section 9.4, On-Chip
Memory Protective Functions.
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Bit Bit Name Initial Value R/W Description

7 IC2W 0 R/W  IC Two-Way Mode
For further details, refer to section 8.4.3, IC Two-
Way Mode.

6 oc2w 0 R/W  OC Two-Way Mode
For further details, refer to section 8.3.6, OC Two-
Way Mode.

5 ICWPD 0 R/W  IC Way Prediction Disable
For further details, refer to section 8.4.4, Instruction
Cache Way Prediction Operation.

4t00 — All O R Reserved

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

922 OL memory Transfer Source Address Register 0 (LSAO0)

When MMUCR.AT = 0 or RAMCR.RP = 0, the L SAQ specifies the transfer source physical
address for block transfer to page OA or 0B of the OL memory.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[— -] - LOSADR

Initial value : 0 0 0 — — — — — — — — — — — — —
RW. R R R 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

LOSADR EHEEE L0SSZ

Initial value :  — — — — — — 0 0 0 0 — — — — — —
RW: RW RW RW RW RW RW R R R R RW RW RW RW RW RW

Bit Bit Name Initial Value R/W  Description

31t029 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.

281010 LOSADR Undefined R/W  OL memory Page 0 Block Transfer Source Address
When MMUCR.AT = 0 or RAMCR.RP = 0, these
bits specify the transfer source physical address for
block transfer to page OA or OB in the OL memory.

9to 6 — AllO 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  Description
5t00 LOSSz Undefined R/W  OL memory Page 0 Block Transfer Source Address
Select

When MMUCR.AT = 0 or RAMCR.RP = 0, these
bits select whether the operand addresses or
LOSADR values are used as bits 15 to 10 of the
transfer source physical address for block transfer
to page OA or OB in the OL memory. LOSSZ[5:0]
correspond to the transfer source physical
addresses [15:10].
0: The operand address is used as the transfer
source physical address.

1: The LOSADR value is used as the transfer
source physical address.

Settable values:

111111:Transfer source physical address is
specified in 1-Kbyte units.

111110:Transfer source physical address is
specified in 2-Kbyte units.

111100:Transfer source physical address is
specified in 4-Kbyte units.

111000:Transfer source physical address is
specified in 8-Kbyte units.

110000:Transfer source physical address is
specified in 16-Kbyte units.

100000: Transfer source physical address is
specified in 32-Kbyte units.

000000: Transfer source physical address is
specified in 64-Kbyte units.

Settings other than the ones given above are

prohibited.
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9.23 OL memory Transfer Source Address Register 1 (LSA1)

When MMUCR.AT = 0 or RAMCR.RP = 0, the LSA1 specifies the transfer source physical
address for block transfer to page 1A or 1B in the OL memory.

L1SADR

Initial value : 0 0 0 — — — — — — — — — — — — —
RW: R R R RW RW RW RW RW RW RW RW RW RW RW RW RW

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

8 7 6 5 4 3 2 1 0
HNEE L1SSZ
0 0 0 —

Bit: 15 14 13 12 1110 9
L1SADR [ — |

Initial value :  — — — — — — 0
RW: RRW RW RW RW RW RW R R R R RW RW RW RW RW RW

Bit Bit Name Initial Value R/W  Description

31to29 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.

281010 L1SADR Undefined R/W  OL memory Page 1 Block Transfer Source Address
When MMUCR.AT = 0 or RAMCR.RP =0, these
bits specify transfer source physical address for
block transfer to page 1A or 1B in the OL memory.

9to 6 — AllO 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  Description
5t00 L1SSz Undefined R/W  OL memory Page 1 Block Transfer Source Address
Select

When MMUCR.AT = 0 or RAMCR.RP =0, these
bits select whether the operand addresses or
L1SADR values are used as bits 15 to 10 of the
transfer source physical address for block transfer
to page 1A or 1B in the OL memory. L1SSZ bits
[5:0] correspond to the transfer source physical
addresses [15:10].
0: The operand address is used as the transfer
source physical address.

1: The L1SADR value is used as the transfer
source physical address.

Settable values:

111111: Transfer source physical address is
specified in 1-Kbyte units.

111110: Transfer source physical address is
specified in 2-Kbyte units.

111100: Transfer source physical address is
specified in 4-Kbyte units.

111000: Transfer source physical address is
specified in 8-Kbyte units.

110000: Transfer source physical address is
specified in 16-Kbyte units.

100000: Transfer source physical address is
specified in 32-Kbyte units.

000000: Transfer source physical address is
specified in 64-Kbyte units.

Settings other than the ones given above are

prohibited.
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9.24 OL memory Transfer Destination Address Register 0 (LDAOQ)

When MMUCR.AT = 0 or RAMCR.RP = 0, LDAO specifies the transfer destination physical
address for block transfer to page OA or OB of the OL memory.

LODADR

Initial value : 0 0 0 — — — — — — — — — — — — —
RW: R R R RW RW RW RW RW RW RW RW RW RW RW RW RW

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

8 7 6 5 4 3 2 1 0
HNEE LODSZ
0o o0 o0 —

Bit: 15 14 13 12 11109
LODADR [ — |

Initial value :  — — — — — — 0
RW: RRW RW RW RW RW RW R R R R RW RW RW RW RW RW

Bit Bit Name Initial Value R/W  Description

31t029 — All 0 R Reserved
These bits are always read as 0. The write value
should always be 0.

281010 LODADR Undefined R/W  OL memory Page 0 Block Transfer Destination
Address

When MMUCR.AT = 0 or RAMCR.RP = 0, these

bits specify transfer destination physical address for

block transfer to page OA or OB in the OL memory.
9to 6 — AllO 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  Description

5t00 LODSZ Undefined R/W  OL memory Page 0 Block Transfer Destination

Address Select

When MMUCR.AT = 0 or RAMCR.RP = 0, these

bits select whether the operand addresses or

LODADR values are used as bits 15 to 10 of the

transfer destination physical address for block

transfer to page OA or OB in the OL memory. LODSZ

bits [5:0] correspond to the transfer destination

physical address bits [15:10].

0: The operand address is used as the transfer
destination physical address.

1: The LODADR value is used as the transfer
destination physical address.

Settable values:

111111: Transfer destination physical address is
specified in 1-Kbyte units.

111110: Transfer destination physical address is
specified in 2-Kbyte units.

111100: Transfer destination physical address is
specified in 4-Kbyte units.

111000: Transfer destination physical address is
specified in 8-Kbyte units.

110000: Transfer destination physical address is
specified in 16-Kbyte units.

100000: Transfer destination physical address is
specified in 32-Kbyte units.

000000: Transfer destination physical address is
specified in 64-Kbyte units.

Settings other than the ones given above are

prohibited.
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9.25 OL memory Transfer Destination Address Register 1 (LDA1)

When MMUCR.AT = 0 or RAMCR.RP = 0, LDA1 specifies the transfer destination physical
address for block transfer to page 1A or 1B in the OL memory.

L1DADR

Initial value : 0 0 0 — — — — — — — — — — — — —
RW: R R R RW RW RW RW RW RW RW RW RW RW RW RW RW

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

8 7 6 5 4 3 2 1 0
HNEE L1DSZ
0o o0 o —

Bit: 15 14 13 12 1110 9
L1DADR [ — |

Initial value :  — — — — — — 0
RW: RRW RW RW RW RW RW R R R R RW RW RW RW RW RW

Bit Bit Name Initial Value = R/W Description

31t029 — All 0 R Reserved
These bits are always read as 0. The write value
should always be 0.

28to 10 L1DADR  Undefined R/W  OL memory Page 1 Block Transfer Destination
Address

When MMUCR.AT = 0 or RAMCR.RP = 0, these

bits specify transfer destination physical address for

block transfer to page 1A or 1B in the OL memory.
9to 6 — AllO 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  Description

5t00 L1DSZ Undefined R/W  OL memory Page 1 Block Transfer Destination
Address Select

When MMUCR.AT = 0 or RAMCR.RP = 0, these
bits select whether the operand addresses or
L1DADR values are used as bits 15 to 10 of the
transfer destination physical address for block
transfer to page 1A or 1B in the OL memory. L1DSZ
bits [5:0] correspond to the transfer destination
physical addresses [15:10].

0: The operand address is used as the transfer
destination physical address.

1: The L1DADR value is used as the transfer
destination physical address.

Settable values:

111111: Transfer destination physical address is
specified in 1-Kbyte units.

111110: Transfer destination physical address is
specified in 2-Kbyte units.

111100: Transfer destination physical address is
specified in 4-Kbyte units.

111000: Transfer destination physical address is
specified in 8-Kbyte units.

110000: Transfer destination physical address is
specified in 16-Kbyte units.

100000: Transfer destination physical address is
specified in 32-Kbyte units.

000000: Transfer destination physical address is
specified in 64-Kbyte units.

Settings other than the ones given above are

prohibited.
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9.3 Operation
9.3.1 Instruction Fetch Access from the CPU

(1) OL Memory

Instruction fetch access from the CPU is performed via the cache/RAM internal bus. This access
takes more than one cycle.

(2) IL Memory

Instruction fetch access from the CPU is performed directly viathe instruction bus for a given
virtual address. In the case of successive accesses to the same page of IL memory and aslong as
no page conflict occurs, the access takes one cycle.

9.3.2 Operand Access from the CPU and Access from the FPU
Note: Operand accessis applied for PC relative access (@(disp,pc)).
(1) OL Memory

Access from the CPU or FPU is performed via the operand bus for agiven virtual address. Read
access from the operand bus by virtual address takes one cycle if the access is made successively
to the same page of OL memory and as long as no page conflict occurs. Write access from the
operand bus by virtual address takes one cycle as long as no page conflict occurs.

(2) IL Memory

Operand access from the CPU and access from the FPU are performed via the cache/RAM internal
bus. Access viathe cache/RAM internal bus takes more than one cycle.

9.3.3 Access from the Super Hyway Bus Master Module

On-chip memory is always accessed by the SuperHyway bus master module, such as DMAC, via
the SuperHyway bus which is a physical address bus. The same addresses as for the virtual
addresses must be used.
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9.34 OL Memory Block Transfer

High-speed data transfer can be performed through block transfer between the OL memory and
external memory without cache utilization.

Data can be transferred from the external memory to the OL memory through a prefetch
instruction (PREF). Block transfer from the external memory to the OL memory begins when the
PREF instruction isissued to the address in the OL memory areain the virtual address space.

Data can be transferred from the OL memory to the external memory through a write-back
instruction (OCBWB). Block transfer from the OL memory to the external memory begins when
the OCBWB instruction isissued to the address in the OL memory areain the virtual address
space.

In either case, transfer rate is fixed to 32 bytes. Since the start address is always limited to a 32-
byte boundary, the lower five bits of the addressindicated by Rn are ignored, and are always dealt
with asal Os. In either case, other pages and cache can be accessed during block transfer, but the
CPU will stall if the page which isbeing transferred is accessed before data transfer ends.

The physical addresses [28:0] of the external memory performing data transfers with the OL
memory are specified as follows according to whether the MMU is enabled or disabled.

(1) When MMU isEnabled (MMUCR.AT = 1) and RAMCR.RP = 1

An address of the OL memory areais specified to the UTLB VPN field, and to the physical
address of the transfer source (in the case of the PREF instruction) or the transfer destination (in
the case of the OCBWB instruction) to the PPN field. The ASID, V, SZ, SH, PR, and D bhits have
the same meaning as normal address conversion; however, the C and WT bits have no meaning in
this page.

When the PREF instruction is issued to the OL memory area, address conversion is performed in
order to generate the physical address bits[28:10] in accordance with the SZ hit specification. The
physical address bits [9:5] are generated from the virtual address prior to address conversion. The
physical address bits[4:0] are fixed to 0. Block transfer is performed to the OL memory from the
external memory which is specified by these physical addresses.

When the OCBWB instruction isissued to the OL memory area, address conversion is performed
in order to generate the physical address bits [28:10] in accordance with the SZ bit specification.
The physical address bits[9:5] are generated from the virtual address prior to address conversion.
The physical address bits[4:0] are fixed to 0. Block transfer is performed from the OL memory to
the external memory specified by these physical addresses.
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In PREF or OCBWB instruction execution, an MMU exception is checked as read type. After the
MMU execution check, a TLB miss exception or protection error exception occurs if necessary. If
an exception occurs, the block transfer isinhibited.

(2) When MMU isDisabled (MMUCR.AT = 0) or RAMCR.RP =0

The transfer source physical addressin block transfer to page OA or 0B in the OL memory isset in
the LOSADR bits of the LSAO register. And the LOSSZ bitsin the LSAO register choose either the
virtual addresses specified through the PRFF instruction or the LOSADR values as bits 15 to 10 of
the transfer source physical address. In other words, the transfer source area can be specified in
units of 1 Kbyte to 64 Kbytes.

The transfer destination physical addressin block transfer from page OA or OB in the OL memory
isset in the LODADR bits of the LDAO register. And the LODSZ bhitsin the LDAO register choose
either the virtual addresses specified through the OCBWB instruction or the LODADR values as
bits 15 to 10 of the transfer destination physical address. In other words, the transfer source area
can be specified in units of 1 Kbyteto 64 Kbytes.

Block transfer to page 1A or 1B in the OL memory isset to LSA1 and LDA1 as with page OA or
0B in the OL memory.

When the PREF instruction isissued to the OL memory area, the physical address bits[28:10] are
generated in accordance with the LSAO or LSA1 specification. The physical address bits[9:5] are
generated from the virtual address. The physical address bits[4:0] are fixed to 0. Block transfer is
performed from the external memory specified by these physical addresses to the OL memory.

When the OCBWB instruction isissued to the OL memory area, the physical address bits[28:10]
are generated in accordance with the LDAO or LDA1 specification. The physical address bits[9:5]
are generated from the virtual address. The physical address bits[4:0] are fixed to 0. Block
transfer is performed from the OL memory to the external memory specified by these physical
addresses.
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94 On-Chip Memory Protective Functions

This LSl implements the following protective functions to the on-chip memory by using the on-
chip memory access mode bit (RMD) and the on-chip memory protection enable bit (RP) in the
on-chip memory control register (RAMCR).

e Protective functions for access from the CPU and FPU

When RAMCR.RMD = 0, and the on-chip memory is accessed in user mode, it is determined
to be an address error exception.

When MMUCR.AT = 1 and RAMCR.RP = 1, MMU exception and address error exception are
checked in the on-chip memory areawhich is a part of area P4 as with the area PO/P3/UO.

The above descriptions are summarized in table 9.5.

Table9.5 Protective Function Exceptionsto Access On-Chip Memory

Always Occurring Possibly Occurring

MMUCR.AT RAMCR.RP SR.MD RAMCR.RMD Exceptions Exceptions
0 X 0 0 Address error —
exception
1 — —
X —_— E—
1 0 0 0 Address error —
exception
1 — —
X —_— —_—
1 0 0 Address error —
exception
1 — MMU exception
1 X — MMU exception
Legend:
X: Don't care
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9.5 Usage Notes
951 Page Conflict

In the event of simultaneous access to the same page from different buses, page conflict occurs.
Although each access is completed correctly, thiskind of conflict tendsto lower OL memory
accessibility. Thereforeit is advisable to provide al possible preventative software measures. For
example, conflicts will not occur if each bus accesses different pages.

952 Access Acr oss Different Pages
(1) OL Memory

Read access from the operand bus is performed in one cycle when the access is made successively
to the same page but takes multiple cycles (a maximum of two wait cycles may be required) when
the access is made across pages or the previous access was made to memory other than OL
memory. For this reason, from the viewpoint of performance optimization, it is recommended to
design the software such that the page corresponding to the address for read access from the
operand bus does not change so often.

(2) IL Memory

Access from the instruction bus is performed in one cycle when the access is made successively to
the same page but takes multiple cycles (a maximum of two wait cycles may be required) when
the access is made across pages or the previous access was made to memory other than IL
memory. For this reason, from the viewpoint of performance optimization, it is recommended to
design the software such that the target page does not change so often in access from the
instruction bus. For example, allocating a separate program for each page will deliver better
efficiency.

953 On-Chip Memory Coherency
(1) OL Memory

In order to allocate instructions in the OL memory, write an instruction to the OL memory,
execute the following sequence, then branch to the rewritten instruction.

e SYNCO
e ICBI @Rn

In this case, the target for the ICBI instruction can be any address (OL memory address may be
possible) within the range where no address error exception occurs, and cache hit/missis possible.
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(2) IL Memory

In order to alocate instructions in the IL memory, write an instruction to the IL memory, execute
the following sequence, then branch to the rewritten instruction.

e SYNCO
e ICBI @Rn

In this case, the target for the ICBI instruction can be any address (IL memory address may be
possible) within the range where no address error exception occurs, and cache hit/missis possible.

954 Sleep Mode

(1) OL Memory, IL Memory

The SuperHyway bus master module, such as DMAC, cannot access OL memory and |[L memory
in sleep mode.

9.6 Note on Using 32-Bit Address Extended Mode

In 32-bit address extended mode, LOSADR fieldsin LSAQ, LISADR fieldsin LSA1, LODADR
fieldsin LDAO, and L1DADR fieldsin LDA1 are extended from 19-bit [28:10] to 22-bit [31:10].
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Section 10 Interrupt Controller (INTC)

Theinterrupt controller (INTC) determines the priority of interrupt sources and controls the flow
of interrupt requests to the CPUO/1 (SH-4A). The INTC has registers for setting the priority of
each of the interrupts and processing of interrupt requests follows the priority order set in these
registers by the user.

10.1 Features
The INTC has the following features:

e Theexterna interrupts and the on-chip peripheral module can be set to the fixed distribution
interrupt mode or automatic distribution interrupt mode.
The interrupt distribution set-up register or peripheral interrupt distribution set-up register is
used to set the external interrupt or on-chip peripheral module interrupt to the fixed
distribution interrupt mode or automatic distribution interrupt mode.

o Fifteen levels of external interrupt priority can be set

By setting the interrupt priority registers, the priorities of external interrupts can be selected
from 15

e NMI noise canceller function
An NMI input-level bit indicates the NMI pin state. The bit can be read within the interrupt

exception handling routine to confirm the pin state and thus achieve aform of noise
cancellation.

e NMI request masking when the block bit (BL) in the status register (SR) issetto 1
Masking or non-masking of NMI requests when the BL bit in SR is set to 1 can be selected.

o Automatically updates the IMASK bit in SR according to the accepted interrupt level

e Thirty priority levelsfor interrupts from on-chip peripheral modules
By setting the ten interrupt priority registers for the on-chip peripheral module interrupts, any
of 30 priority levels can be assigned to the individual regquesting sources.

e User-mode interrupt disabling function
An interrupt mask level in the user interrupt mask level register (USERIMASK) can be
specified to disable interrupts which do not have higher priority than the specified mask level.
This setting can be made in user mode.
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Section 10

Interrupt Controller (INTC)

SH7786 Group

Figure 10.1 shows a block diagram of the INTC.
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SH7786 Group Section 10 Interrupt Controller (INTC)

10.1.1  Interrupt Method
The basic flow of exception handling for interruptsis as follows.

In interrupt exception handling, the contents of the program counter (PC), status register (SR), and
general register 15 (R15) are saved in the saved program counter (SPC), saved status register
(SSR), and saved general registerl5 (SGR), and the CPU starts execution of the interrupt
exception handling routine at the corresponding vector address. An interrupt exception handling
routine is a program written by the user to handle a specific exception. The interrupt exception
handling routine is terminated and control returned to the origina program by executing a return-
from-exception instruction (RTE). Thisinstruction restores the contents of PC and SR and returns
control to the normal processing routine at the point at which the exception occurred. The contents
of SGR are not written back to R15 by the RTE instruction.

1. The contents of the PC, SR and R15 are saved in SPC, SSR and SGR, respectively.

2. Theblock (BL) bitin SRissetto 1.

3. The mode (MD) bitin SRissetto 1.
The register bank (RB) bitin SRissetto 1.
In areset, the FPU disable (FD) bit in SR iscleared to O.

6. The exception codeiswritten to bits 13 to 0 of the interrupt event register (INTEVT).

7. Processing jumpsto the start address of the interrupt exception handling routine, vector base
register (VBR) + H'600.

8. The processing branches to the corresponding exception handling vector address and the
exception handling routine starts.

10.1.2 Interrupt Sources

Table 10.1 shows an example of the interrupt types. The INTC supports both external interrupts
and on-chip peripheral module interrupts.

External interrupts refer to the interrupts input through the external NMI, IRL, and IRQ pins.

The IRQ and IRL interrupts are assigned to the same pinsin the SH7786. The pin functions are
selected to suit the system configuration.

Ether level-sense, or the rising or falling edge, can be selected for the detection of IRQ input.
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Section 10 Interrupt Controller (INTC) SH7786 Group

Table10.1 Interrupt Sources

Source Corresponding registers

Inverted

values of pin

input

L :Low input [Number Distribution  Interrupt

H: High input |of Priority [Mask/Clear 0,1 Mask/Clear 2 Mode Setting |Source

(See table Sources Setting  [(CnINTMSKO, 1 (INTMSK2 (INTDISTCRO, |[Indicate  |Default

10.8) (max) INTEVT  |(INTPRI) |CnINTMSKCLRO, 1) [INTMSKCLR2) [INTDISTCR1) |(INTREQ) |Priority
External [NMI [— 1 H'1CO0 — — — — High
Interrupts g [1RL[3:0] = 2 H'200 — MSK1[31] MSK2[31] DISTCR1[31] |— 4

LLLL (H'0) MSKCLR1[31] MSKCLR2[31]

IRL[7:4] = H'900 — MSK1[30] MSK2[15] DISTCR1[30] |—

LLLL (H'0) MSKCLR1[30] MSKCLR2[15]

IRL[3:0] = H'220 — MSK1[31] MSK2[30] DISTCR1[31] |—

LLLH (H'1) MSKCLR1[31] MSKCLR2[30]

IRL[7:4] = H'920 — MSK1[30] MSK2[14] DISTCR1[30] |—

LLLH (H'1) MSKCLR1[30] MSKCLR2[14]

IRL[3:0] = H'240 — MSK1[31] MSK2[29] DISTCR1[31] |—

LLHL (H'2) MSKCLR1[31] MSKCLR2[29]

IRL[7:4] = H'940 — MSK1[30] MSK2[13] DISTCR1[30] |—

LLHL (H'2) MSKCLR1[30] MSKCLR2[13]

IRL[3:0] = H'260 — MSK1[31] MSK2[28] DISTCR1[31] |—

LLHH (H'3) MSKCLR1[31] MSKCLR2[28]

IRL[7:4] = H'960 — MSK1[30] MSK2[12] DISTCR1[30] |—

LLHH (H'3) MSKCLR1[30] MSKCLR2[12]

IRL[3:0] = H'280 — MSK1[31] MSK2[27] DISTCR1[31] |—

LHLL (H'4) MSKCLR1[31] MSKCLR2[27]

IRL[7:4] = H'980 — MSK1[30] MSK2[11] DISTCR1[30] |—

LHLL (H'4) MSKCLR1[30] MSKCLR2[11]

IRL[3:0] = H'2A0 — MSK1[31] MSK2[26] DISTCR1[31] |—

LHLH (H'5) MSKCLR1[31] MSKCLR2[26]

IRL[7:4] = H'9A0 — MSK1[30] MSK2[10] DISTCR1[30] |—

LHLH (H'5) MSKCLR1[30] MSKCLR2[10]

IRL[3:0] = H'2C0 — MSK1[31] MSK2[25] DISTCR1[31] |—

LHHL (H'6) MSKCLR1[31] MSKCLR2[25]

IRL[7:4] = H'9CO — MSK1[30] MSK2[9] DISTCR1[30] |—

LHHL (H'6) MSKCLR1[30] MSKCLR2[9]

IRL[3:0] = H'2E0 — MSK1[31] MSK2[24] DISTCR1[31] |—

LHHH (H'7) MSKCLR1[31] MSKCLR2[24]

IRL[7:4] = H'9EO0 — MSK1[30] MSK2[8] DISTCR1[30] |—

LHHH (H'7) MSKCLR1[30] MSKCLR2[8]

IRL[3:0] = H'300 — MSK1[31] MSK2[23] DISTCR1[31] |—

HLLL (H'8) MSKCLR1[31] MSKCLR2[23]

IRL[7:4] = H'A00 — MSK1[30] MSK2[7] DISTCR1[30] |—

HLLL (H'8) MSKCLR1[30] MSKCLR2[7]

IRL[3:0] = H'320 — MSK1[31] MSK2[22] DISTCR1[31] |—

HLLH (H'9) MSKCLR1[31] MSKCLR2[22]

IRL[7:4] = H'A20 — MSK1[30] MSK2[6] DISTCR1[30] |—

HLLH (H'9) MSKCLR1[30] MSKCLR2[6]

IRL[3:0] = H'340 — MSK1[31] MSK2[21] DISTCR1[31] |—

HLHL (H'A) MSKCLR1[31] MSKCLR2[21]

IRL[7:4] = H'A40 — MSK1[30] MSK2[5] DISTCR1[30] |—

HLHL (H'A) MSKCLR1[30] MSKCLR2[5]

IRL[3:0] = H'360 — MSK1[31] MSK2[20] DISTCR1[31] |—

HLHH (H'B) MSKCLR1[31] MSKCLR2[20]

IRL[7:4] = H'A60 — MSK1[30] MSK2[4] DISTCR1[30] |— v

HLHH (H'B) MSKCLR1[30] MSKCLR2[4] Low
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SH7786 Group Section 10 Interrupt Controller (INTC)
Source Corresponding registers
Inverted
values of pin
input
L :Low input |Number Distribution  |Interrupt
H: High input |of Priority [Mask/Clear 0,1 Mask/Clear 2 Mode Setting |Source
(See table Sources Setting (CnINTMSKO, 1 (INTMSK2 (INTDISTCRO, [Indicate Default
10.8) (max) INTEVT (INTPRI) |CnINTMSKCLRO, 1) [INTMSKCLR2) [INTDISTCR1) [(INTREQ) |[Priority
External [IRL [IRL[3:0] = 2 H'380 — MSK1[31] MSK2[19] DISTCR1[31] |— High
Interrupts HHLL (H'C) MSKCLR1[31] MSKCLR2[19] 4
H'A80 — MSK1[30] MSK2[3] DISTCR1[30] |—
MSKCLR1[30] MSKCLR2[3]
H'3A0 — MSK1[31] MSK2[18] DISTCR1[31] |—
MSKCLR1[31] MSKCLR2[18]
H'AAQ — MSK1[30] MSK2[2] DISTCR1[30] |—
MSKCLR1[30] MSKCLR2[2]
H'3CO — MSK1[31] MSK2[17] DISTCR1[31] |—
MSKCLR1[31] MSKCLR2[17]
HACO  |— MSK1[30] MSK2[1] DISTCR1[30] |— v
MSKCLR1[30] MSKCLR2[1] Low
Corresponding registers
Number Mask/Clear 0,1 Distribution [Interrupt
of Priority (CnINTMSKO, 1 |Mask/Clear 2 \mode Setting [Source
Sources Setting CnINTMSKCLRO, [(INTMSK2 (INTDISTCRO, |Indicate Default
Source (max) INTEVT |(INTPRI) 1) INTMSKCLR2) |1) (INTREQ) Priority
External  |IRQ [IRQ[0] 8 H'200 INTPRI[31:28] |MSKO[31] — DISTCRO[24] |INTREQ[31] |High
Interrupts MSKCLRO[31] 4
IRQ[1] H'240 INTPRI[27:24] |MSKO[30] — DISTCRO[25] |INTREQ[30]
MSKCLRO[30]
IRQ[2] H'280 INTPRI[23:20] |MSKO0[29] — DISTCRO[26] |INTREQ[29]
MSKCLRO[29]
IRQ[3] H'2CO  |INTPRI[19:16] [MSKO[28] — DISTCRO[27] |INTREQ[28]
MSKCLRO[28]
IRQ[4] H'300 INTPRI[15:12] |MSKO0[27] — DISTCRO[28] |INTREQ[27]
MSKCLRO[27]
IRQI[5] H'340 INTPRI[11:8] |MSKO[26] — DISTCRO[29] |INTREQ[26]
MSKCLRO[26]
IRQ[6] H'380  |INTPRI[7:4] |MSKO[25] — DISTCRO[30] |INTREQ[25]
MSKCLRO[25]
IRQ[7] H'3CO  |INTPRI[3:0] |MSKO[24] — DISTCRO[31] [INTREQ[24] | ¥
MSKCLRO[24] Low
REJO9B0501-0100 Rev. 1.00 Page 265 of 2004
Nov 30, 2010 RRENESAS



Section 10 Interrupt Controller (INTC) SH7786 Group

Corresponding registers
Interrupt
Interrupt  [Detail
Number Priority Mask/Clear 0,1 Distribution |Source |Source
of Setting (CnINT2MSKO to 3 (Interrupt Mask |Mode Setting |Indicate |Indicate
Sources (INT2PRIOO  [CnINT2MSKCLRO [(PERIACKMSK [(INT2DISTCR |(CnINT2A [(INT2B0O to |Default
Source (max)  |INTEVT |to 24) to 3) 0to 3) 0to 3) x_0 to 3)*'|44) Priority
Internal WDT 1 H'3EO0 PRI00[4:0] MSKO0[0] MSKO[0] DISTCRO[0] [2Ax_0[0] (2B0O[0] High
Peripheral MSKCLRO[0] A
m:’edr‘rjﬁts TMU-cho |4 H'400  |PRIO1[28:24] |MSK1[31] MSK1[31] DISTCR1[31] [2Ax_1[31] [2B01[0]
to 2 MSKCLR1[31]
H'420 PRI01[20:16] [MSK1[30] MSK1[30] DISTCR1[30] |2Ax_1[30] |2B0O1[1]
MSKCLR1[30]
H'440  |PRIO1[12:8] [MSK1[29] MSK1[29] DISTCR1[29] |2Ax_1[29] |2B01[2]
MSKCLR1[29]
H'460 PRI01[4:0] MSK1[28] MSK1[28] DISTCR1[28] |2Ax_1[28] |2B01[3]
MSKCLR1[28]
TMU-ch3 |3 H'480  |PRI02[28:24] |MSK1[27] MSK1[27] DISTCR1[27] |2Ax_1[27] [2B02[0]
to 5 MSKCLR1[27]
H'4A0 PRI02[20:16] [MSK1[26] MSK1[26] DISTCR1[26] [2Ax_1[26] (2B02[1]
MSKCLR1[26]
H'4CO  |PRIO2[12:8] |MSK1[25] MSK1[25] DISTCR1[25] [2Ax_1[25] [2B02[2]
MSKCLR1[25]
— — H4E0 | — — — — — —
DMAC (0) |7 H'500  |PRI03[28:24] [MSK1[23] MSK1[23] DISTCR1[23] |2Ax_1[23] |2B03[0]
MSKCLR1[23]
H'520 PRI03[20:16] [MSK1[22] MSK1[22] DISTCR1[22] |2Ax_1[22] |2BO3[1]
MSKCLR1[22]
H'540  |PRIO3[12:8] [MSK1[21] MSK1[21] DISTCR1[21] |2Ax_1[21] |2B03[2]
MSKCLR1[21]
H'560 PRI03[4:0] MSK1[20] MSK1[20] DISTCR1[20] |2Ax_1[20] |2B03[3]
MSKCLR1[20]
H'580  |PRI04[28:24] |MSK1[19] MSK1[19] DISTCR1[19] [2Ax_1[19] [2B03[4]
MSKCLR1[19]
H'5A0 PRI04[20:16] [MSK1[18] MSK1[18] DISTCR1[18] [2Ax_1[18] (2B03[5]
MSKCLR1[18]
H'5CO  |PRIO4[12:8] |MSK1[17] MSK1[17] DISTCR1[17] |2Ax_1[17] [2B03[6]
MSKCLR1[17]
H-UDI1 |1 H'SE0  |PRIO4[4:0]  |MSK1[16] MSK1[16] DISTCR1[16] [2Ax_1[16] [2B04[1]
MSKCLR1[16]
H-UDIO |1 H'600 PRI05[28:24] [MSK1[15] MSK1[15] DISTCR1[15] [2Ax_1[15] (2B04[0]
MSKCLR1[15]
DMAC (1) |12 H'620  |PRIO5[20:16] |MSK1[14] MSK1[14] DISTCR1[14] |2Ax_1[14] [2B05
MSKCLR1[14] [71,[5],[0]
H'640  |PRIO5[12:8] [MSK1[13] MSK1[13] DISTCR1[13] |2Ax_1[13] |2B05
MSKCLR1[13] [15],[13],8]
H'660  |PRIO5[4:0]  [MSK1[12] MSK1[12] DISTCR1[12] |2Ax_1[12] |2B05
MSKCLR1[12] [23],[21],[16]
H'680 PRI06[28:24] [MSK1[11] MSK1[11] DISTCR1[11] [2Ax_1[11] |2B05
MSKCLR1[11] [31]1,[29],[24]
HPB 14 H'6A0  |PRI0O6[20:16] [MSK1[10] MSK1[10] DISTCR1[10] [2Ax_1[10] |2B06[6:0]
MSKCLR1[10]
H6CO  |PRIOB[12:8] [MSK1[9] MSK1[9] DISTCR1[9] [2Ax_1[9] [2B06[11:7]
MSKCLR1[9]
H'6E0  |PRIOB[4:0]  |MSK1[8] MSK1[8] DISTCR1[8] [2Ax_1[8] [2BO6[13:12] | ¥
MSKCLR1[8] Low
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Corresponding registers
Interrupt
Interrupt  [Detail
Number Priority Mask/Clear 0,1 Distribution [Source  [Source
of Setting (CnINT2MSKO to 3 (Interrupt Mask |Mode Setting |Indicate |Indicate
Sources (INT2PRIOO  [CnINT2MSKCLRO [(PERIACKMSK [(INT2DISTCR |(CnINT2A [(INT2B0O to |Default
Source (max) INTEVT |to 24) to 3) 0to 3) 0to 3) x_0 to 3)**|44) Priority
Internal  |[SCIF-chO |4 H'700  |PRIO7[28:24] |MSK1[7] MSK1[7] DISTCR1[7] [2Ax_1[7] [2B07[0] High
Peripheral MSKCLR1[7] A
m:’edr‘rjﬁts H720  |PRIO7[20:16] [MSK1[6] MSK1[6] DISTCR1[6] [2Ax_1[6] [2B07[1]
MSKCLR1[6]
H'740 PRIO7[12:8] |MSK1[5] MSK1[5] DISTCR1[5] [2Ax_1[5] |2B07[2]
MSKCLR1[5]
H'760 PRIO7[4:0] MSK1[4] MSK1[4] DISTCR1[4] |2Ax_1[4] |2B07[3]
MSKCLR1[4]
SCIF-ch1 |4 H780  |PRIO8[28:24] [MSK1[3] MSK1[3] DISTCR1[3] [2Ax_1[3] [2B08[3:0]
MSKCLR1[3]
TMU-ch6 (3 H'7A0 PRI08[20:16] |MSK1[2] MSK1[2] DISTCR1[2] |2Ax_1[2] (2B09[2:0]
to 8 MSKCLR1[2]
TMU-ch9 |3 H'7C0  |PRIO8[12:8] |MSK1[1] MSK1[1] DISTCR1[1] [2Ax_1[1] [2B10[2:0]
to 11 MSKCLR1[1]
— — H7E0 | — — — — — —
SCIF-ch2 |4 H'840  |PRIO9[12:8] |MSK2[29] MSK2[29] DISTCR2[29] [2Ax_2[29] [2B12[3:0]
MSKCLR2[29]
SCIF-ch3 |4 H'860  |PRIO9[4:0]  |MSK2[28] MSK2[28] DISTCR2[28] [2Ax_2[28] [2B13[3:0]
MSKCLR2[28]
SCIF-ch4 |4 H'880  |PRI10[28:24] [MSK2[27] MSK2[27] DISTCR2[27] |2Ax_2[27] |2B14[3:0]
MSKCLR2[27]
SCIF-ch5 |4 H'8A0  |PRI10[20:16] [MSK2[26] MSK2[26] DISTCR2[26] |2Ax_2[26] |2B15[3:0]
MSKCLR2[26]
Ether 33 H'8CO PRI10[12:8] [MSK2[25] MSK2[25] DISTCR2[25] |2Ax_2[25] (2B16
MSKCLR2[25] [5:4],[2:0]
H'8E0  |PRI10[4:0]  |MSK2[24] MSK2[24] DISTCR2[24] |2Ax_2[24] [2B17
MSKCLR2[24] [30],[27: 0]
PCIECO |68 HAEO  |PRI14[4:0]  [MSK2[8] MSK2[8] DISTCR2[8] [2Ax_2[8] [2B18[21:0]
MSKCLR2[8]
HBOO  |PRI15[28:24] [MSK2[7] MSK2[7] DISTCR2[7] [2Ax_2[7] [2B19[21:0]
MSKCLR2[7]
H'B20  |PRI15[20:16] |MSK2[6] MSK2[6] DISTCR2[6] [2Ax_2[6] [2B20[23:0]
MSKCLR2[6]
PCIEC1 |68 H'B40  |PRI15[12:8] |MSK2[5] MSK2[5] DISTCR2[5] [2Ax_2[5] [2B21[21:0]
MSKCLR2[5]
HB60  |PRI15[4:0]  [MSK2[4] MSK2[4] DISTCR2[4] [2Ax_2[4] [2B22[21:0]
MSKCLR2[4]
HB80  |PRI16[28:24] [MSK2[3] MSK2[3] DISTCR2[3] [2Ax_2[3] [2B23[23:0]
MSKCLR2[3]
UsB 4 H'BAO  |PRI16[20:16] |MSK2[2] MSK2[2] DISTCR2[2] [2Ax_2[2] [2B24[3:0]
MSKCLR2[2]
SDIO 4 H'BCO  |PRI16[12:8] |MSK2[1] MSK2[1] DISTCR2[1] [2Ax_2[1] [2B25[3:0]
MSKCLR2[1]
SDI1 4 HBEO  |PRI16[4:0]  [MSK2[0] MSK2[0] DISTCR2[0] [2Ax_2[0] |2B26[3:0]
MSKCLR2[0]
— — H'CO0 | — — — — — —
HC20 | — — — — — —
HC40 | — — — — — —
— — H'C60 | — — — — — —
HC80 | — — — — — —
H'CAO | — — — — — —
12C-ch0 |12 H'CCO  |PRI18[12:8] |MSK3[25] MSK3[25] DISTCR3[25] |2Ax_3[25] [2B29 v
MSKCLR3[25] [14:8],[4:0] |Low
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Corresponding registers
Interrupt
Interrupt  [Detail
Number Priority Mask/Clear 0,1 Distribution |Source |Source
of Setting (CnINT2MSKO to 3 (Interrupt Mask |Mode Setting |Indicate |Indicate
Sources (INT2PRIOO  [CnINT2MSKCLRO [(PERIACKMSK |(INT2DISTCR [(CnINT2A |(INT2B0O to |Default
Source (max)  |INTEVT |to 24) to 3) 0to 3) 0to 3) x_0 to 3)*'|44) Priority
Internal  [I2C-ch1 |12 HCEO |PRI18[4:0] |MSK3[24] MSK3[24] DISTCR3[24] [2Ax_3[24] |2B30 High
Peripheral MSKCLR3[24] [14:8],[4:0] N
Module (DU 13 HDOO  |PRI19[28:24] |MSK3[23] MSK3[23] DISTCR3[23] [2Ax_3[23] |2B31[15:14],
Interrupts MSKCLR3[23] [11][9:0]
SSl-cho |1 HD20  |PRI19[20:16] |MSK3[22] MSK3[22] DISTCR3[22] [2Ax_3[22] [2B32[0]
MSKCLR3[22]
SSl-chl |1 HD40  |PRI19[12:8] [MSK3[21] MSK3[21] DISTCR3[21] |2Ax_3[21] |2B32[1]
MSKCLR3[21]
SSl-ch2 |1 HD60  |PRI19[4:0]  [MSK3[20] MSK3[20] DISTCR3[20] |2Ax_3[20] |2B32[2]
MSKCLR3[20]
SSl-ch3 |1 HD80  |PRI20[28:24] |MSK3[19] MSK3[19] DISTCR3[19] [2Ax_3[19] |2B32[3]
MSKCLR3[19]
PCIEC2 |68 HDAO  |PRI20[20:16] |MSK3[18] MSK3[18] DISTCR3[18] [2Ax_3[18] |2B33[21:0]
MSKCLR3[18]
HDCO  |PRI20[12:8] [MSK3[17] MSK3[17] DISTCR3[17] |2Ax_3[17] |2B34[21:0]
MSKCLR3[17]
HDEO  |PRI20[4:0]  [MSK3[16] MSK3[16] DISTCR3[16] |2Ax_3[16] |2B35[23:0]
MSKCLR3[16]
HAC-ch0 |1 HEO0  |PRI21[28:24] [MSK3[15] MSK3[15] DISTCR3[15] |2Ax_3[15] |2B36[0]
MSKCLR3[15]
HAC-chl |1 HE20 PRI21[20:16] [MSK3[14] MSK3[14] DISTCR3[14] [2Ax_3[14] |2B36[1]
MSKCLR3[14]
FLCTL |4 H'E40 PRI21[12:8] |MSK3[13] MSK3[13] DISTCR3[13] [2Ax_3[13] |2B37[3:0]
MSKCLR3[13]
— — HE60 | — — — — — —
HSPI 1 H'E80 PRI22[28:24] [MSK3[11] MSK3[11] DISTCR3[11] [2Ax_3[11] |2B39][0]
MSKCLR3[11]
GPIOO |4 HEAO  |PRI22[20:16] [MSK3[10] MSK3[10] DISTCR3[10] [2Ax_3[10] |2B40[7:4]
MSKCLR3[10]
GPIO1 |4 HECO |PRI22[12:8] [MSK3[9] MSK3[9] DISTCR3[9] [2Ax_3[9] [2B40[3:0]
MSKCLR3[9]
Thermal |4 HEEO  |PRI22[4:0] |MSK3[g] MSK3[8] DISTCR3[8] [2Ax_3[8] |2B41[3:0]
Sensor MSKCLR3[8]
INITCIO |1 HF0O  |** — — — — —
|INITCI1 1 HF20  [** — — — — —
|INITCI2 1 HF40  |** — — — — —
[Tz |2 HF6O | — — — — —
|INITCI4 1 HF80  |** — — — — —
|INITCI5 1 HFAO  |** — — — — —
niTcis |1 HFCO | 7 — — — — il
|INITCI7 1 HFEO  |* — — - - - Low

Notes: 1. CnINT2Ax_0to 3 means CnINT2A0_0to 3 or CnINT2A1_0Oto 3.

2. It should be set by the Setting Interrupt Priority Order among CPUs (CnICIPRI, n=0, 1).
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Section 10 Interrupt Controller (INTC)

10.2  Input/Output Pins

Table 10.2 shows the pin configuration.

Table10.2 INTC Pin Configuration

Pin Name Function /0 Description
NMI Nonmaskable Input  Nonmaskable interrupt request signal input
interrupt input
pin
IRQ/IRL7 to External Input  Interrupt request signal input of IRQ7 to IRQO or IRL[7:4]
IRQ/IRLO interrupt and IRL[3:0]
Input pins The IRQ/IRLY pin is multiplexed with SCIFO_RTS (SCIFQ
I/0), SDIFOD3 (SDIFO0 1/0), MODE3 (mode control input),
and port H3 (GPIO I/0) pin, the IRQ/IRL6 pin is multiplexed
with SCIFO_SCK (SCIFO 1/0O), SDIFOD2 (SDIFO 1/0),
MODE2 (mode control input), and port H2 (GPIO 1/O) pin,
the IRQ/IRLS5 pin is multiplexed with SCIFO_RXD (SCIFQ
Input), SDIFOD1 (SDIFO I/O), MODE1 (mode control input),
and port H1 (GPIO 1/0) pin, and the IRQ/IRL4 pin is
multiplexed with SCIFO_TXD (SCIF0 Output), SDIFODO
(SDIFO 1/0), MODEO (mode control input), and port HO
(GPIO 1/O) pin.
IRQOUT Interrupt Output Informs an external device of the generation of an interrupt

request output
pin

request.
The IRQOUT pin is multiplexed with 12C_SDA1 (12C 1/O) pin.

IRQOUT outputs the low level even if the interrupt request is
not accepted by the CPU because of the priority of a
generated interrupt request being lower than SR.IMASK.
However, IRQOUT is not asserted in the following cases:

(1) IRL interrupt

e The IRL interrupt is masked by INTMASK1.

e The IRL interrupt is masked by INTMASK2.

(2) IRQ interrupt

e The IRQ interrupt is masked by INTMASK1.

e The priority of the IRQ interrupt is set to H'O by INTPRI
(3) On-chip module interrupt

e The on-chip module interrupt is masked by INT2MSKR.

e The priority is set to H'00 or H'01 by INT2PRIO to
INT2PRI24.
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SH7786 Group

10.3

Register Descriptions

Table 10.3 showsthe INTC register configuration. Table 10.4 shows the register statesin each

operating mode.

Table10.3 INTC Register Configuration

Area 7 Access Sync.
Name Abbreviation  R/W P4 Address Address Size Clock
Interrupt control register O ICRO R/W H'FE41 0000 H'1E41 0000 32 SHck
Interrupt control register 1 ICR1 R/W H'FE41 001C H'1E41 001C 32 SHck
Interrupt priority register INTPRI R/W H'FE41 0010 H'1E41 0010 32 SHck
Interrupt source register INTREQ R/(W)*' HFE41 0024 H'1E410024 32 SHck
CPUO Interrupt mask register 0**  COINTMSKO** R/W H'FE41 0030 H'1E41 0030 32 SHck
CPUL Interrupt mask register 0**  C1INTMSKO** R/W H'FE41 0034 H'1E41 0034 32 SHck
CPUO Interrupt mask register 1**  COINTMSK1** R/W H'FE41 0040 H'1E41 0040 32 SHck
CPUL Interrupt mask register 1**  C1INTMSK1*' R/W H'FE41 0044 H'1E41 0044 32 SHck
CPUO Interrupt mask clear register COINTMSKCLR R/W H'FE41 0050 H'1E41 0050 32 SHck
0** 0**
CPUL Interrupt mask clear register CLINTMSKCLR R/W H'FE41 0054 H'1E41 0054 32 SHck
0** 0**
CPUO Interrupt mask clear register COINTMSKCLR R/W H'FE41 0060 H'1E41 0060 32 SHck
1x* 1**
CPU1 Interrupt mask clear register C1lINTMSKCLR R/W H'FE41 0064 H'1E41 0064 32 SHck
1** 1**
Interrupt mask register 2 INTMSK2 R/W H'FE41 0068 H'1E41 0068 32 SHck
Interrupt mask clear register 2 INTMSKCLR2 R/W H'FE41 006C H'1E41 006C 32 SHck
Register for Interrupt among CPU  COINTICI*® R/W H'FE41 0070 H'1E41 0070 32 SHck
(CPU0)**
Register for Interrupt among CPU  C1INTICI*® R/W H'FE41 0074 H'1E41 0074 32 SHck
(CPUL)*
Register for Clearing Interrupt COINTICICLR*® R/W H'FE41 0080 H'1E41 0080 32 SHck
among CPU (CPU0)**
Register for Clearing Interrupt C1INTICICLR*® R/W H'FE41 0084 H'1E41 0084 32 SHck
among CPU (CPU1)*
Register for Setting Interrupt COICIPRI*® R/W H'FE41 0090 H'1E410090 32 SHck
priority order among CPU
(CPU0O)*
Register for Setting Interrupt C1ICIPRI*® R/W H'FE41 0094 H'1E41 0094 32 SHck
priority order among CPU
(CPUL)*
Register for Clearing Interrupt COICIPRICLR*® R/W H'FE41 00A0O H'1E41 00AO0 32 SHck
Priority among CPU (CPU0)**
Register for Clearing Interrupt C1ICIPRICLR*® R/W H'FE41 00A4 H'1E41 00A4 32 SHck
Priority among CPU (CPU1)**
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Area7 Access Sync.

Name Abbreviation R/W P4 Address  Address Size Clock

Interrupt Distribution register 0*° INTDISTCRO** R/W H'FE41 00BO H'1E41 00BO 32 SHck

Interrupt Distribution register 1*° INTDISTCR1** R/W H'FE41 00B4 H'1E41 00B4 32 SHck

Interrupt Acknowledgement INTACK** R H'FE41 00B8 H'1E4100B8 32 SHck

register®

Interrupt Acknowledgement Clear  INTACKCLR** W H'FE41 00BC H'1E41 00BC 32 SHck

register®

NMI flag control register NMIFCR R/(W)** HFE41 00CO H'1E4100CO 32 SHck

NMI set register NMISET R/(W)** HFE4100C4 H'1E4100C4 32 SHck

IRQ Interrupt acknowledgement IRQACKMASK R H'FE41 00D0 H'1E41 00D0 32 SHck

mask register*® *4

IRL Interrupt acknowledgement IRLACKMASK R H'FE41 00D4 H'1E41 00D4 32 SHck

mask register* **

Peripheral Interrupt PERIACKMAS R H'FE41 00D8 H'1E4100D8 32 SHck

ac(l;nowledgement mask register KO**

O*

Peripheral Interrupt PERIACKMAS R H'FE41 00DC H'1E41 00DC 32 SHck

aclemowledgement mask register K1**

1*

Peripheral Interrupt PERIACKMAS R H'FE41 00EO H'1E41 00EO 32 SHck

acknowledgement mask register K2**

2%°

Peripheral Interrupt PERIACKMAS R H'FE41 00E4 H'1E41 00E4 32 SHck

acI:nowIedgement mask register K3**

3*

User interrupt mask level register USERIMASK R/W H'FE41 1000 H'1E41 1000 32 SHck

Interrupt priority registers INT2PRIO R/W H'FE41 0800 H'1E41 0800 32 SHck
INT2PRI1 R/IW H'FE41 0804 H'1E410804 32 SHck
INT2PRI2 R/IW H'FE41 0808 H'1E410808 32 SHck
INT2PRI3 R/IW H'FE41 080C H'1E41080C 32 SHck
INT2PRI4 R/IW H'FE41 0810 H'1E410810 32 SHck
INT2PRI5 R/IW H'FE41 0814 H'1E410814 32 SHck
INT2PRI6 R/W H'FE41 0818 H'1E41 0818 32 SHck
INT2PRI7 R/W H'FE41 081C H'1E41 081C 32 SHck
INT2PRI8 R/W H'FE41 0820 H'1E41 0820 32 SHck
INT2PRI9 R/W H'FE41 0824 H'1E41 0824 32 SHck
INT2PRI10 R/W H'FE41 0828 H'1E41 0828 32 SHck
INT2PRI11 R/W H'FE41 082C H'1E41 082C 32 SHck
INT2PRI12 RIW H'FE41 0830 H'1E410830 32 SHck
INT2PRI13 RIW H'FE41 0834 H'1E410834 32 SHck
INT2PRI14 RIW H'FE41 0838 H'1E410838 32 SHck
INT2PRI15 R/IW H'FE41 083C H'1E41083C 32 SHck
INT2PRI16 RIW H'FE41 0840 H'1E410840 32 SHck
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Area7 Access Sync.

Name Abbreviation R/W P4 Address  Address Size Clock

Interrupt priority registers INT2PRI17 R/W H'FE41 0844 H'1E41 0844 32 SHck
INT2PRI18 RIW H'FE41 0848 H'1E410848 32 SHck
INT2PRI19 R/IW H'FE41 084C H'1E41084C 32 SHck
INT2PRI20 RIW H'FE41 0850 H'1E410850 32 SHck
INT2PRI21 RIW H'FE41 0854 H'1E410854 32 SHck
INT2PRI22 RIW H'FE41 0858 H'1E410858 32 SHck
INT2PRI23 R/IW H'FE41 085C H'1E41085C 32 SHck
INT2PRI24 R/W H'FE41 0860 H'1E41 0860 32 SHck

Peripheral Interrupt Distribution INT2DISTCRO R/W H'FE41 0900 H'1E41 0900 32 SHck

register 0*° *4

Peripheral Interrupt Distribution INT2DISTCR1 R/W H'FE41 0904 H'1E41 0904 32 SHck

register 1*° w4

Peripheral Interrupt Distribution INT2DISTCR2 R/W H'FE41 0908 H'1E410908 32 SHck

register 2*° *

Peripheral Interrupt Distribution INT2DISTCR3 R/W H'FE41 090C H'1E41 090C 32 SHck

register 3*° *

Interrupt source register (not COINT2A0_0 R H'FE41 OAOO0 H'1E41 0A00 32 SHck

affected by the mask state) (CPUOQ)

Interrupt source register (not COINT2A0_1 R H'FE41 0A04 H'1E41 0A04 32 SHck

affected by the mask state) (CPUO)

Interrupt source register (not COINT2A0_2 R H'FE41 0A08 H'1E41 0A08 32 SHck

affected by the mask state) (CPUOQ)

Interrupt source register (not COINT2A0_3 R H'FE41 OAOC H'1E41 0AOC 32 SHck

affected by the mask state) (CPUOQ)

Interrupt source register (affected COINT2A1_0 R H'FE41 0A10 H'1E41 0A10 32 SHck

by the mask state) (CPUO)

Interrupt source register (affected COINT2A1_1 R H'FE41 0A14 H'1E41 0A14 32 SHck

by the mask state) (CPUO)

Interrupt source register (affected COINT2A1_2 R H'FE41 0OA18 H'1E41 0A18 32 SHck

by the mask state) (CPUO)

Interrupt source register (affected COINT2A1_3 R H'FE41 OA1C H'1E41 0A1C 32 SHck

by the mask state) (CPUO)

Interrupt mask register 0 (CPUO) ~ COINT2MSKO** R/W H'FE41 0A20 H'1E41 0A20 32 SHck

Interrupt mask register 1 (CPUO) ~ COINT2MSK1*' R/W H'FE41 0A24 H'1E41 0A24 32 SHck

Interrupt mask register 2 (CPUO) ~ COINT2MSK2** R/W H'FE41 0A28 H'1E41 0A28 32 SHck

Interrupt mask register 3 (CPUO)  COINT2MSK3*' R/W H'FE41 0A2C H'1E41 0A2C 32 SHck

Peripheral Interrupt mask clear COINT2MSKCL R/W H'FE41 0A30 H'1E41 0A30 32 SHck

register 0 (CPUO) RO**

Interrupt mask clear register 1 COINT2MSKCL R/W H'FE41 0A34 H'1E41 0A34 32 SHck

(CPUO0) R1**

Interrupt mask clear register 2 COINT2MSKCL R/W H'FE41 0A38 H'1E41 0A38 32 SHck

(CPUO) R2**
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Area7 Access Sync.
Name Abbreviation R/W P4 Address Address Size Clock
Interrupt mask clear register 3 COINT2MSKCL R/W H'FE41 OA3C H'1E41 0A3C 32 SHck
(CPUO0) R3**
Interrupt source register (not C1INT2A0_0 R H'FE41 0BOO H'1E41 0B0O0 32 SHck
affected by the mask state) (CPUL)
Interrupt source register (not C1INT2A0_1 R H'FE41 0B04 H'1E41 0B04 32 SHck
affected by the mask state) (CPUL)
Interrupt source register (not C1INT2A0_2 R H'FE41 0BO8 H'1E41 0B08 32 SHck
affected by the mask state) (CPUL)
Interrupt source register (not C1INT2A0_3 R H'FE41 0BOC H'1E41 0BOC 32 SHck
affected by the mask state) (CPUL)
Interrupt source register (affected C1INT2A1_0 R H'FE41 0B10 H'1E410B10 32 SHck
by the mask state) (CPU1)
Interrupt source register (affected C1INT2A1_1 R H'FE41 0B14 H'1E410B14 32 SHck
by the mask state) (CPU1)
Interrupt source register (affected C1INT2A1_2 R H'FE41 0B18 H'1E410B18 32 SHck
by the mask state) (CPU1)
Interrupt source register (affected C1INT2A1_3 R H'FE41 0B1C H'1E41 0B1C 32 SHck
by the mask state) (CPU1)
Interrupt mask register 0 (CPU1)  C1INT2MSKO*' R/W H'FE41 0B20 H'1E41 0B20 32 SHck
Interrupt mask register 1 (CPU1)  C1INT2MSK1*' R/W H'FE41 0B24 H'1E410B24 32 SHck
Interrupt mask register 2 (CPU1)  C1INT2MSK2** R/W H'FE41 0B28 H'1E410B28 32 SHck
Interrupt mask register 3 (CPU1)  COINT2MSK3*' R/W H'FE41 0B2C H'1E41 0B2C 32 SHck
Peripheral Interrupt mask clear C1lINT2MSKCL R/W H'FE41 0B30 H'1E410B30 32 SHck
register 0 (CPU1) RO**
Interrupt mask clear register 1 C1lINT2MSKCL R/W H'FE41 0B34 H'1E410B34 32 SHck
(CPU1) R1**
Interrupt mask clear register 2 C1lINT2MSKCL R/W H'FE41 0B38 H'1E410B38 32 SHck
(CPUY) R2**
Interrupt mask clear register 3 CLlINT2MSKCL R/W H'FE41 0B3C H'1E41 0B3C 32 SHck
(CPUY) R3**
Peripheral Interrupt Detail Source  INT2B00 R H'FE41 0CO0 H'1E41 0CO00 32 SHck
Indicate Register 00
Peripheral Interrupt Detail Source  INT2B01 R H'FE41 0C04 H'1E41 0C04 32 SHck
Indicate Register 01
Peripheral Interrupt Detail Source  INT2B02 R H'FE41 0C08 H'1E41 0C08 32 SHck
Indicate Register 02
Peripheral Interrupt Detail Source  INT2B03 R H'FE41 0COC H'1E41 0COC 32 SHck
Indicate Register 03
Peripheral Interrupt Detail Source  INT2B04 R H'FE41 0C10 H'1E41 0C10 32 SHck
Indicate Register 04
Peripheral Interrupt Detail Source  INT2B05 R H'FE41 0C14 H'1E410C14 32 SHck
Indicate Register 05
Peripheral Interrupt Detail Source  INT2B06 R H'FE41 0C18 H'1E410C18 32 SHck
Indicate Register 06
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Area7 Access Sync.
Name Abbreviation R/W P4 Address Address Size Clock
Peripheral Interrupt Detail Source  INT2B07 R H'FE41 0C1C H'1E41 0C1C 32 SHck
Indicate Register 07
Peripheral Interrupt Detail Source  INT2B08 R H'FE41 0C20 H'1E41 0C20 32 SHck
Indicate Register 08
Peripheral Interrupt Detail Source  INT2B09 R H'FE41 0C24 H'1E41 0C24 32 SHck
Indicate Register 09
Peripheral Interrupt Detail Source  INT2B10 R H'FE41 0C28 H'1E41 0C28 32 SHck
Indicate Register 10
Peripheral Interrupt Detail Source  INT2B11 R H'FE41 0C2C H'1E41 0C2C 32 SHck
Indicate Register 11
Peripheral Interrupt Detail Source  INT2B12 R H'FE41 0C30 H'1E41 0C30 32 SHck
Indicate Register 12
Peripheral Interrupt Detail Source  INT2B13 R H'FE41 0C34 H'1E41 0C34 32 SHck
Indicate Register 13
Peripheral Interrupt Detail Source  INT2B14 R H'FE41 0C38 H'1E41 0C38 32 SHck
Indicate Register 14
Peripheral Interrupt Detail Source  INT2B15 R H'FE41 0C3C H'1E41 0C3C 32 SHck
Indicate Register 15
Peripheral Interrupt Detail Source  INT2B16 R H'FE41 0C40 H'1E41 0C40 32 SHck
Indicate Register 16
Peripheral Interrupt Detail Source  INT2B17 R H'FE41 0C44 H'1E41 0C44 32 SHck
Indicate Register 17
Peripheral Interrupt Detail Source  INT2B18 R H'FE41 0C48 H'1E41 0C48 32 SHck
Indicate Register 18
Peripheral Interrupt Detail Source  INT2B19 R H'FE41 0C4C H'1E41 0C4C 32 SHck
Indicate Register 19
Peripheral Interrupt Detail Source  INT2B20 R H'FE41 0C50 H'1E41 0C50 32 SHck
Indicate Register 20
Peripheral Interrupt Detail Source  INT2B21 R H'FE41 0C54 H'1E41 0C54 32 SHck
Indicate Register 21
Peripheral Interrupt Detail Source  INT2B22 R H'FE41 0C58 H'1E41 0C58 32 SHck
Indicate Register 22
Peripheral Interrupt Detail Source  INT2B23 R H'FE41 0C5C H'1E41 0C5C 32 SHck
Indicate Register 23
Peripheral Interrupt Detail Source  INT2B24 R H'FE41 0C60 H'1E41 0C60 32 SHck
Indicate Register 24
Peripheral Interrupt Detail Source  INT2B25 R H'FE41 0C64 H'1E41 0C64 32 SHck
Indicate Register 25
Peripheral Interrupt Detail Source  INT2B26 R H'FE41 0C68 H'1E41 0C68 32 SHck
Indicate Register 26
Peripheral Interrupt Detail Source  INT2B27 R H'FE41 0C6C H'1E41 0C6C 32 SHck
Indicate Register 27
Peripheral Interrupt Detail Source  INT2B28 R H'FE41 0C70 H'1E410C70 32 SHck
Indicate Register 28
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Area7 Access Sync.
Name Abbreviation R/W P4 Address Address Size Clock
Peripheral Interrupt Detail Source  INT2B29 R H'FE41 0C74 H'1E410C74 32 SHck
Indicate Register 29
Peripheral Interrupt Detail Source  INT2B30 R H'FE41 0C78 H'1E410C78 32 SHck
Indicate Register 30
Peripheral Interrupt Detail Source  INT2B31 R H'FE41 0C7C H'1E41 0C7C 32 SHck
Indicate Register 31
Peripheral Interrupt Detail Source  INT2B32 R H'FE41 0C80 H'1E41 0C80 32 SHck
Indicate Register 32
Peripheral Interrupt Detail Source  INT2B33 R H'FE41 0C84 H'1E410C84 32 SHck
Indicate Register 33
Peripheral Interrupt Detail Source  INT2B34 R H'FE41 0C88 H'1E41 0C88 32 SHck
Indicate Register 34
Peripheral Interrupt Detail Source  INT2B35 R H'FE41 0C8C H'1E41 0C8C 32 SHck
Indicate Register 35
Peripheral Interrupt Detail Source  INT2B36 R H'FE41 0C90 H'1E41 0C90 32 SHck
Indicate Register 36
Peripheral Interrupt Detail Source  INT2B37 R H'FE41 0C94 H'1E410C94 32 SHck
Indicate Register 37
Peripheral Interrupt Detail Source  INT2B38 R H'FE41 0C98 H'1E41 0C98 32 SHck
Indicate Register 38
Peripheral Interrupt Detail Source  INT2B39 R H'FE41 0C9C H'1E41 0C9C 32 SHck
Indicate Register 39
Peripheral Interrupt Detail Source  INT2B40 R H'FE41 OCAO0 H'1E41 OCAO0 32 SHck
Indicate Register 40
Peripheral Interrupt Detail Source  INT2B41 R H'FE41 0CA4 H'1E41 0CA4 32 SHck
Indicate Register 41
Peripheral Interrupt Detail Source  INT2B42 R H'FE41 OCA8 H'1E41 0CA8 32 SHck
Indicate Register 42
Peripheral Interrupt Detail Source  INT2B43 R H'FE41 OCAC H'1E41 OCAC 32 SHck
Indicate Register 43
Peripheral Interrupt Detail Source  INT2B44 R H'FE41 0CBO H'1E41 0CBO 32 SHck
Indicate Register 44
GPIO interrupt set register INT2GPIC R/W H'FE41 0CCO H'1E41 0CCO 32 SHck
Thermal Sensor interrupt set INT2THSC R/W H'FE41 0CC4 H'1E41 0CC4 32 SHck

register

Notes: 1.

registers. For details, refer to section 10.3.1 (4).

2. The NMI flag control register (NMIFCR) is readable and conditionally writable register.
For details, refer to section 10.3.1 (11).

I

NMI setting register
Registers due to the interrupt among CPUs.
Registers due to the SMP support.
Registers for verifications.

The interrupt source registers (INTREQ) are readable and conditionally writable
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Table10.4 Register Statesin Each Operating M ode

Power-on Manual Reset Sleep/Light
Reset by by Sleep by
PRESET WDT/Multiple SLEEP
Name Abbreviation Pin/WDT/H-UDI Exception Instruction
Interrupt control register O ICRO H'x000 0000* H'x000 0000* Retained
Interrupt control register 1 ICR1 H'0000 0000 H'0000 0000  Retained
Interrupt priority register INTPRI H'0000 0000 H'0000 0000  Retained
Interrupt source register INTREQ H'0000 0000 H'0000 0000  Retained
CPUO Interrupt mask register 0 COINTMSKO H'FF00 0000 H'FFO0 0000  Retained
CPUL Interrupt mask register O C1INTMSKO H'FF00 0000 H'FFO0 0000  Retained
CPUO Interrupt mask register 1 COINTMSK1 H'C000 0000 H'C000 0000 Retained
CPUL Interrupt mask register 1 C1lINTMSK1 H'C000 0000 H'C000 0000 Retained
CPUO Interrupt mask clear register O COINTMSKCLRO H'0000 0000 H'0000 0000  Retained
CPU1 Interrupt mask clear register 0 C1INTMSKCLRO H'0000 0000 H'0000 0000  Retained
CPUO Interrupt mask clear register 1 COINTMSKCLR1 H'0000 0000 H'0000 0000  Retained
CPU1 Interrupt mask clear register 1 C1INTMSKCLR1 H'0000 0000 H'0000 0000  Retained
Interrupt mask register 2 INTMSK?2 H'0000 0000 H'0000 0000  Retained
Interrupt mask clear register 2 INTMSKCLR2 H'0000 0000 H'0000 0000  Retained
Register for Interrupt among CPU (CPUO) COINTICI H'0000 0000 H'0000 0000  Retained
Register for Interrupt among CPU (CPU1) CL1INTICI H'0000 0000 H'0000 0000  Retained
Register for Clearing Interrupt among COINTICICLR H'0000 0000 H'0000 0000  Retained
CPU (CPUO0)
Register for Clearing Interrupt among CILINTICICLR H'0000 0000 H'0000 0000  Retained
CPU (CPU1)
Register for Settng Interrupt priority order COICIPRI H'0000 0000 H'0000 0000  Retained
among CPU (CPUO0)
Register for Settng Interrupt priority order C1ICIPRI H'0000 0000 H'0000 0000  Retained
among CPU (CPU1)
Register for Clearing Interrupt Priority COICIPRICLR H'0000 0000 H'0000 0000  Retained
among CPU (CPUO)
Register for Clearing Interrupt Priority CIlICIPRICLR H'0000 0000 H'0000 0000  Retained
among CPU (CPU1)
Interrupt Distribution register 0 INTDISTCRO H'0000 0000 H'0000 0000  Retained
Interrupt Distribution register 1 INTDISTCR1 H'0000 0000 H'0000 0000  Retained
Interrupt Acknowledgement register INTACK H'0000 0000 H'0000 0000  Retained
Interrupt Acknowledgement Clear register INTACKCLR H'0000 0000 H'0000 0000  Retained
NMI flag control register NMIFCR H'x000 0000* H'x000 0000* Retained
NMI set register NMISET H'0000 0000 H'0000 0000  Retained
IRQ Interrupt acknowledgement mask IRQACKMASK H'0000 0000 H'0000 0000  Retained
register
IRL Interrupt acknowledgement mask IRLACKMASK H'0000 0000 H'0000 0000  Retained
register
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Power-on Manual Reset Sleep/Light

Reset by by Sleep by

PRESET WDT/Multiple SLEEP
Name Abbreviation Pin/WDT/H-UDI Exception Instruction
Peripheral Interrupt acknowledgement PERIACKMASKO H'0000 0000 H'0000 0000  Retained
mask register 0
Peripheral Interrupt acknowledgement PERIACKMASK1 H'0000 0000 H'0000 0000  Retained
mask register 1
Peripheral Interrupt acknowledgement PERIACKMASK2 H'0000 0000 H'0000 0000  Retained
mask register 2
Peripheral Interrupt acknowledgement PERIACKMASK3 H'0000 0000 H'0000 0000  Retained
mask register 3
User interrupt mask level register USERIMASK H'0000 0000 H'0000 0000  Retained
Interrupt priority register O INT2PRIO H'0000 0000 H'0000 0000  Retained
Interrupt priority register 1 INT2PRI1 H'0000 0000 H'0000 0000  Retained
Interrupt priority register 2 INT2PRI2 H'0000 0000 H'0000 0000  Retained
Interrupt priority register 3 INT2PRI3 H'0000 0000 H'0000 0000  Retained
Interrupt priority register 4 INT2PRI4 H'0000 0000 H'0000 0000  Retained
Interrupt priority register 5 INT2PRI5 H'0000 0000 H'0000 0000  Retained
Interrupt priority register 6 INT2PRI6 H'0000 0000 H'0000 0000  Retained
Interrupt priority register 7 INT2PRI7 H'0000 0000 H'0000 0000  Retained
Interrupt priority register 8 INT2PRI8 H'0000 0000 H'0000 0000  Retained
Interrupt priority register 9 INT2PRI9 H'0000 0000 H'0000 0000  Retained
Interrupt priority register 10 INT2PRI10 H'0000 0000 H'0000 0000  Retained
Interrupt priority register 11 INT2PRI11 H'0000 0000 H'0000 0000  Retained
Interrupt priority register 12 INT2PRI12 H'0000 0000 H'0000 0000  Retained
Interrupt priority register 13 INT2PRI13 H'0000 0000 H'0000 0000  Retained
Interrupt priority register 14 INT2PRI14 H'0000 0000 H'0000 0000  Retained
Interrupt priority register 15 INT2PRI15 H'0000 0000 H'0000 0000  Retained
Interrupt priority register 16 INT2PRI16 H'0000 0000 H'0000 0000  Retained
Interrupt priority register 17 INT2PRI17 H'0000 0000 H'0000 0000  Retained
Interrupt priority register 18 INT2PRI18 H'0000 0000 H'0000 0000  Retained
Interrupt priority register 19 INT2PRI19 H'0000 0000 H'0000 0000  Retained
Interrupt priority register 20 INT2PRI20 H'0000 0000 H'0000 0000  Retained
Interrupt priority register 21 INT2PRI21 H'0000 0000 H'0000 0000  Retained
Interrupt priority register 22 INT2PRI22 H'0000 0000 H'0000 0000  Retained
Interrupt priority register 23 INT2PRI23 H'0000 0000 H'0000 0000  Retained
Interrupt priority register 24 INT2PRI24 H'0000 0000 H'0000 0000  Retained
Peripheral Interrupt Distribution register 0 INT2DISTCRO H'0000 0000 H'0000 0000  Retained
Peripheral Interrupt Distribution register 1 INT2DISTCR1 H'0000 0000 H'0000 0000  Retained
Peripheral Interrupt Distribution register 2 INT2DISTCR2 H'0000 0000 H'0000 0000  Retained
Peripheral Interrupt Distribution register 3 INT2DISTCR3 H'0000 0000 H'0000 0000  Retained
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Power-on Manual Reset Sleep/Light
Reset by by Sleep by
PRESET WDT/Multiple SLEEP
Name Abbreviation Pin/WDT/H-UDI Exception Instruction
Interrupt source register (not affected by = COINT2A0_0 H'XXXX XXXX H'XXXX XXXX Retained
the mask state) (CPUO)
Interrupt source register (not affected by =~ COINT2A0_1 H'XXXX XXXX H'XXXX XXXX Retained
the mask state) (CPUO)
Interrupt source register (not affected by =~ COINT2A0_2 H'XXXX XXXX H'XXXX XXXX Retained
the mask state) (CPUO)
Interrupt source register (not affected by =~ COINT2A0_3 H'XXXX XXXX H'XXXX XXXX Retained
the mask state) (CPUQ)
Interrupt source register (affected by the ~ COINT2A1_0 H'0000 0000 H'0000 0000  Retained
mask state) (CPUO)
Interrupt source register (affected by the ~ COINT2A1_1 H'0000 0000 H'0000 0000  Retained
mask state) (CPUO)
Interrupt source register (affected by the ~ COINT2A1_2 H'0000 0000 H'0000 0000  Retained
mask state) (CPUO)
Interrupt source register (affected by the ~ COINT2A1_3 H'0000 0000 H'0000 0000  Retained
mask state) (CPUO)
Interrupt mask register 0 (CPUO) COINT2MSKO H'FFFF FFFF H'FFFF FFFF  Retained
Interrupt mask register 1 (CPUO) COINT2MSK1 H'FFFF FFFF H'FFFF FFFF  Retained
Interrupt mask register 2 (CPUO) COINT2MSK2 H'FFFF FFFF H'FFFF FFFF  Retained
Interrupt mask register 3 (CPUO) COINT2MSK3 H'FFFF FFFF H'FFFF FFFF  Retained
Interrupt mask clear register 0 (CPUO) COINT2MSKCLRO H'0000 0000 H'0000 0000  Retained
Interrupt mask clear register 1 (CPUO) COINT2MSKCLR1 H'0000 0000 H'0000 0000  Retained
Interrupt mask clear register 2 (CPUO) COINT2MSKCLR2 H'0000 0000 H'0000 0000  Retained
Interrupt mask clear register 3 (CPUO) COINT2MSKCLR3 H'0000 0000 H'0000 0000  Retained
Interrupt source register (not affected by =~ C1INT2A0_0 H'XXXX XXXX H'XXXX XXXX Retained
the mask state) (CPU1)
Interrupt source register (not affected by = C1INT2A0_1 H'XXXX XXXX H'XXXX XXXX Retained
the mask state) (CPU1)
Interrupt source register (not affected by =~ C1INT2A0_2 H'XXXX XXXX H'XXXX XXXX Retained
the mask state) (CPU1)
Interrupt source register (not affected by =~ C1INT2A0_3 H'XXXX XXXX H'XXXX XXXX Retained
the mask state) (CPU1)
Interrupt source register (affected by the ~ C1INT2A1_0 H'0000 0000 H'0000 0000  Retained
mask state) (CPU1)
Interrupt source register (affected by the  C1INT2A1_ 1 H'0000 0000 H'0000 0000  Retained
mask state) (CPU1)
Interrupt source register (affected by the ~ C1INT2A1_2 H'0000 0000 H'0000 0000  Retained
mask state) (CPU1)
Interrupt source register (affected by the ~ C1INT2A1_3 H'0000 0000 H'0000 0000  Retained
mask state) (CPU1)
Interrupt mask register 0 (CPU1) C1lINT2MSKO H'FFFF FFFF H'FFFF FFFF  Retained
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Power-on Manual Reset Sleep/Light
Reset by by Sleep by
PRESET WDT/Multiple SLEEP
Name Abbreviation Pin/WDT/H-UDI Exception Instruction
Interrupt mask register 1 (CPU1) C1lINT2MSK1 H'FFFF FFFF H'FFFF FFFF  Retained
Interrupt mask register 2 (CPU1) C1lINT2MSK2 H'FFFF FFFF H'FFFF FFFF  Retained
Interrupt mask register 3 (CPU1) C1lINT2MSK3 H'FFFF FFFF H'FFFF FFFF  Retained
Interrupt mask clear register 0 (CPU1) C1INT2MSKCLRO H'0000 0000 H'0000 0000  Retained
Interrupt mask clear register 1 (CPU1) C1INT2MSKCLR1 H'0000 0000 H'0000 0000  Retained
Interrupt mask clear register 2 (CPU1) C1INT2MSKCLR2 H'0000 0000 H'0000 0000  Retained
Interrupt mask clear register 3 (CPU1) C1INT2MSKCLR3 H'0000 0000 H'0000 0000  Retained
Peripheral Interrupt Detail Source Indicate INT2B00 H'XXXX XXXX H'XXXX XXXX Retained
Register 0
Peripheral Interrupt Detail Source Indicate INT2B01 H'XXXX XXXX H'XXXX XXXX Retained
Register 1
Peripheral Interrupt Detail Source Indicate INT2B02 H'XXXX XXXX H'XXXX XXXX Retained
Register 2
Peripheral Interrupt Detail Source Indicate INT2B03 H'XXXX XXXX H'XXXX XXXX Retained
Register 3
Peripheral Interrupt Detail Source Indicate INT2B04 H'XXXX XXXX H'XXXX XXXX Retained
Register 4
Peripheral Interrupt Detail Source Indicate INT2B05 H'XXXX XXXX H'XXXX XXXX Retained
Register 5
Peripheral Interrupt Detail Source Indicate INT2B06 H'XXXX XXXX H'XXXX XXXX Retained
Register 6
Peripheral Interrupt Detail Source Indicate INT2B07 H'XXXX XXXX H'XXXX XXXX Retained
Register 7
Peripheral Interrupt Detail Source Indicate INT2B08 H'XXXX XXXX H'XXXX XXXX Retained
Register 8
Peripheral Interrupt Detail Source Indicate INT2B09 H'XXXX XXXX H'XXXX XXXX Retained
Register 9
Peripheral Interrupt Detail Source Indicate INT2B10 H'XXXX XXXX H'XXXX XXXX Retained
Register 10
Peripheral Interrupt Detail Source Indicate INT2B11 H'XXXX XXXX H'XXXX XXXX Retained
Register 11
Peripheral Interrupt Detail Source Indicate INT2B12 H'XXXX XXXX H'XXXX XXXX Retained
Register 12
Peripheral Interrupt Detail Source Indicate INT2B13 H'XXXX XXXX H'XXXX XXXX Retained
Register 13
Peripheral Interrupt Detail Source Indicate INT2B14 H'XXXX XXXX H'XXXX XXXX Retained
Register 14
Peripheral Interrupt Detail Source Indicate INT2B15 H'XXXX XXXX H'XXXX XXXX Retained
Register 15
Peripheral Interrupt Detail Source Indicate INT2B16 H'XXXX XXXX H'XXXX XXXX Retained
Register 16
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Power-on Manual Reset Sleep/Light
Reset by by Sleep by
PRESET WDT/Multiple SLEEP
Name Abbreviation Pin/WDT/H-UDI Exception Instruction
Peripheral Interrupt Detail Source Indicate INT2B17 H'XXXX XXXX H'XXXX XXXX Retained
Register 17
Peripheral Interrupt Detail Source Indicate INT2B18 H'XXXX XXXX H'XXXX XXXX Retained
Register 18
Peripheral Interrupt Detail Source Indicate INT2B19 H'XXXX XXXX H'XXXX XXXX Retained
Register 19
Peripheral Interrupt Detail Source Indicate INT2B20 H'XXXX XXXX H'XXXX XXXX Retained
Register 20
Peripheral Interrupt Detail Source Indicate INT2B21 H'XXXX XXXX H'XXXX XXXX Retained
Register 21
Peripheral Interrupt Detail Source Indicate INT2B22 H'XXXX XXXX H'XXXX XXXX Retained
Register 22
Peripheral Interrupt Detail Source Indicate INT2B23 H'XXXX XXXX H'XXXX XXXX Retained
Register 23
Peripheral Interrupt Detail Source Indicate INT2B24 H'XXXX XXXX H'XXXX XXXX Retained
Register 24
Peripheral Interrupt Detail Source Indicate INT2B25 H'XXXX XXXX H'XXXX XXXX Retained
Register 25
Peripheral Interrupt Detail Source Indicate INT2B26 H'XXXX XXXX H'XXXX XXXX Retained
Register 26
Peripheral Interrupt Detail Source Indicate INT2B27 H'XXXX XXXX H'XXXX XXXX Retained
Register 27
Peripheral Interrupt Detail Source Indicate INT2B28 H'XXXX XXXX H'XXXX XXXX Retained
Register 28
Peripheral Interrupt Detail Source Indicate INT2B29 H'XXXX XXXX H'XXXX XXXX Retained
Register 29
Peripheral Interrupt Detail Source Indicate INT2B30 H'XXXX XXXX H'XXXX XXXX Retained
Register 30
Peripheral Interrupt Detail Source Indicate INT2B31 H'XXXX XXXX H'XXXX XXXX Retained
Register 31
Peripheral Interrupt Detail Source Indicate INT2B32 H'XXXX XXXX H'XXXX XXXX Retained
Register 32
Peripheral Interrupt Detail Source Indicate INT2B33 H'XXXX XXXX H'XXXX XXXX Retained
Register 33
Peripheral Interrupt Detail Source Indicate INT2B34 H'XXXX XXXX H'XXXX XXXX Retained
Register 34
Peripheral Interrupt Detail Source Indicate INT2B35 H'XXXX XXXX H'XXXX XXXX Retained
Register 35
Peripheral Interrupt Detail Source Indicate INT2B36 H'XXXX XXXX H'XXXX XXXX Retained
Register 36
Peripheral Interrupt Detail Source Indicate INT2B37 H'XXXX XXXX H'XXXX XXXX Retained
Register 37
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Power-on Manual Reset Sleep/Light
Reset by by Sleep by
PRESET WDT/Multiple SLEEP
Name Abbreviation Pin/WDT/H-UDI Exception Instruction
Peripheral Interrupt Detail Source Indicate INT2B38 H'XXXX XXXX H'XXXX XXXX Retained
Register 38
Peripheral Interrupt Detail Source Indicate INT2B39 H'XXXX XXXX H'XXXX XXXX Retained
Register 39
Peripheral Interrupt Detail Source Indicate INT2B40 H'XXXX XXXX H'XXXX XXXX Retained
Register 40
Peripheral Interrupt Detail Source Indicate INT2B41 H'XXXX XXXX H'XXXX XXXX Retained
Register 41
Peripheral Interrupt Detail Source Indicate INT2B42 H'0000 0000 H'0000 0000  Retained
Register 42
Peripheral Interrupt Detail Source Indicate INT2B43 H'0000 0000 H'0000 0000  Retained
Register 43
Peripheral Interrupt Detail Source Indicate INT2B44 H'0000 0000 H'0000 0000  Retained
Register 44
GPIO interrupt set register INT2GPIC H'0000 0000 H'0000 0000  Retained
Thermal Sensor Interrupt register INT2THSC H'0000 0000 H'0000 0000  Retained

Note: * Initial values of ICRO.NMIL and NMIFCR.NMIL depend on the level input to the NMI pin.
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10.3.1 External Interrupt Request Registers
(1) Interrupt Control Register 0 (ICRO)

ICRO isa 32-hit readable and partially writable register that sets the input signal detection mode
for the external interrupt input pins and NMI pin, and indicates the level being input on the NMI
pin.
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[nwicfwar | — | — | — [ — [~wis[migfrivoppm| — | — [ — | — | — [ — |
Inialvalue: x 0 0 0 ©O0 O O O 0O O 0 O 0 0 0 0

R/W: R RW R R R R RW RW RW RW R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HEEREERERERRERERERERERERERERE

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 Bit Name Initial Value R/W Description

31 NMIL Undefined R NMI Input Level

Indicates the signal level being input on the NMI
pin. Reading this bit allows the user to know the
NMI pin level, and writing is invalid.

0: Low level is being input on the NMI pin
1: High level is being input on the NMI pin
30 MAI 0 R/W  MAI (mask all interrupts) Interrupt Mask

Specifies whether all interrupts are masked while

the NMI pin is at the low level regardless of the

setting of the BL bit in SR of the CPU.

0: Interrupts remain enabled even when the NMI
pin goes low

1: Interrupts are disabled when the NMI pin goes
low

29t026 — 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

Description

25 NMIB 0

R/W

NMI Block Mode

Selects whether an NMI interrupt is held until the BL
bit in SR is cleared to 0 or detected immediately
when the BL bit in SR of the CPU is set to 1.
0: An NMl interrupt is held when the BL bitin SR is
set to 1 (initial value)
1: An NMl interrupt is not held when the BL bit in
SRissetto 1
Note: If interrupts are accepted with the BL bit in
SR set to 1, information saved for any
previous exception (SSR, SPC, SGR, and
INTEVT) is lost.

24 NMIE 0

R/W

NMI Edge Select

Selects whether an interrupt request signal to the

NMI pin is detected at the rising edge or the falling

edge.

0: An interrupt request is detected at the falling
edge of NMI input (initial value)

1: Aninterrupt request is detected at the rising
edge of NMI input

23 IRLMO***? 0

R/W

IRL Pin Mode 0

Selects whether IRQ/IRL3 to IRQ/IRLO are used as
encoded interrupt requests (IRL3 to IRLO) or as four
independent interrupts (IRQ3 to IRQO interrupts).

0: IRQ/IRL3 to IRQ/IRLO are used as the encoded
interrupt requests (initial value)

1: IRQ/IRL3 to IRQ/IRLO are used as four
independent interrupt requests

22 IRLM1*** 0

R/W

IRL Pin Mode 1

Selects whether IRQ/IRL7 to IRQ/IRL4 are used as

4-bit level-encoded interrupt requests (IRL7 to IRL4

interrupts) or as four independent interrupts (IRQ7

to IRQ4 interrupts).

0: IRQ/IRL7 to IRQ/IRL4 are used as the 4-bit
level-encoded interrupt requests (initial value)

1: IRQ/IRL7 to IRQ/IRL4 are used as four
independent interrupt requests

21to0 — All 0

Reserved

These bits are always read as 0. The write value
should always be 0.
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Notes: 1. When IRLMO and IRLM1 are changed from 0 to 1, the IRL interrupt source that has
been detected or held is cleared. When IRLMO and IRLM1 are changed from 1 to 0O, the
IRL interrupt source that has been detected or held is not cleared.

2. When using the IRQ/IRL3 to IRQ/IRLO pins or IRQ/IRL7 to IRQ/IRL4 pins as encoded
IRL interrupt inputs, set IMOO to IMO3 or IM04 to IMO7 of the interrupt mask register 0 to
1, respectively.

(2) Interrupt Control Register 1 (ICR1)

ICR1 is a 32-bit readable/writable register that specifies the individual input signal detection
modes for the respective external interrupt input pins IRQ/IRL7 to IRQ/TRLO. These settings are
only valid when IRLMO or IRLM1 of ICRO is set to 1 so that IRQ/IRL3 to IRQ/IRLO or
IRQ/IRL7 to IRQ/IRLA4 pins are used asindividua interrupts (IRQ7 to IRQO interrupts) inputs.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| IRQOS | IRQ1S | IRQ2S | IRQ3S | IRQ4S | IRQ5S | IRQ6S | IRQ7S |

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
HEEREEREERERREERERERERERERERE
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 R R R R
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Bit Bit Name Initial Value R/W Description
31,30 IRQOS 00 R/W  IRQn Sense Select
29,28 IRQ1S 00 R/W  Selects whether the corresponding individual pin
interrupt signal on the IRQ/IRL7 to IRQ/IRLO pins is
27,26 IRQ2S 00 RIW detected on rising or falling edges, or at the high or
25,24 IRQ3S 00 R/W  low level.
23,22 IRQ4S 00 R/W 00: The interrupt request is detected on falling
21,20 IRQ5S 00 RIW edggs of the IRQn |np_ut. N
01: The interrupt request is detected on rising edges
19,18  IRQ6S 00 RIW of the IRQn input.
17,16 IRQ7S 00 R/W  10: The interrupt request is detected when the IRQn
input is at the low level.
11: The interrupt request is detected when the IRQn
input is at the high level.
Note: n=0to7
15to0 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
Note: When the IRQnNS setting is changed from edge sense (IRQnS is 00 or 01) to level sense

(IR@QnS is 10 or 11), the IRQ interrupt source that has been edge sensed is cleared.When
the IRQNS setting is changed from level sense (IRQNS is 10 or 11) to edge sense (IRQNS is
00 or 01), the IRQ interrupt source that has been sensed or held is cleared. When the
IRQnNS setting is changed form falling-edge sense (IRQnS is 00) to rising edge sense
(IRQNS is 01), or changed from rising edge sense (IRQNS is 01) to the falling edge sense
(IRQ@QnS is 00), the IRQ interrupt source that has been sensed before changing the setting is
not cleared. Likewise, when IRQNS setting is changed from low-level sense (IRQnNS is 10)
to high-level sense (IRQnS is 11), or changed from high-level sense (IRQnNS is 11) to the
low-level sense (IRQNS is 10), the IRQ interrupt source that has been sensed before
changing the setting is not cleared.
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(3) Interrupt Priority Register (INTPRI)

INTPRI is a32-hit readable/writable register used to set the priorities of IRQ[7:0] (as levels from
15to 0). These settings are only valid for IRQ/IRL7 to IRQ/IRL4 or IRQ/IRL3 to IRQ/IRLO when
set up asindividual IRQ interrupts (IRQ7 to IRQO interrupts) by setting the IRLMO or IRLM1 bit
inICROto 1.

Bt 31 30 29 28 27 26 25 24 23 22 24 20 19 18 17 16
| IPO | IP1 | P2 | P3 |
Intialvale: © ©0 ©O0 ©O0 O ©O0 O ©O0 O ©O0 ©0 ©0 o0 0 o0 o0
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
P4 IP5 IP6 IP7

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 Initial
Bit Name Value R/W  Description

31to28 IPO H'0 R/W  Set the priority of IRQO as an individual pin interrupt request.
27t024 IP1 H'0 R/W  Set the priority of IRQ1 as an individual pin interrupt request.
231020 IP2 H'0 R/W  Set the priority of IRQ2 as an individual pin interrupt request.
19to 16 IP3 H'0 R/W  Set the priority of IRQ3 as an individual pin interrupt request..
15to 12 IP4 H'0 R/W  Set the priority of IRQ4 as an individual pin interrupt request.

11to 8 IP5 H'0 R/W  Set the priority of IRQ5 as an individual pin interrupt request.

7t04 IP6 H'0 R/W  Set the priority of IRQ6 as an individual pin interrupt request.

3to0 IP7 H'0 R/W  Set the priority of IRQ7 as an individual pin interrupt request.

Note: Interrupt priorities are established by setting values from H'F to H'1 in each of the 4-bit
fields. A larger value corresponds to a higher priority. When the value H'O is set in a field,
the corresponding interrupt request is masked (initial value).
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4

Interrupt Source Register (INTREQ)

INTREQ is a 32-hit readable and conditionally writable register that indicates which of the IRQ
[n] (n=0to 7) interruptsis currently asserting a request for the INTC.

Even if an interrupt is masked by the setting in INTPRI or INTM SKO, operation of the
corresponding INTREQ bhit is not affected.

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R/(W) R/(W) R/(W) R/(W) R/(W) R/(W) R/(W) R/(W) R R R R R R R R

Initial value: 0
R/W: R R R R R R R R R R R R R R R R

Bit: 15

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

|IRO|IR1|IR2|IR3|IR4|IR5|IR6|IR7|—l—|_|_|_|_|_|_|

o
o
o
o

13 12 11 10 9
= =

14
=11
0

8
= e N I N
0

0 0 0 0 0

Description
_ Bit Initial Edge Detection Level Detection
Bit Name Value R/W  (JIRQnS =00 or 01)** (IRQnS =10 or 11)**
31 IRO 0 R/(W) [When read] 0: The corresponding IRQ
30 IR1 0 R/(W) 0: The Corresponding |RQ |nterrupt pinis not
interrupt request has not asserted.
29 IR2 0 RI(W) been detected. 1: The corresponding IRQ
28 IR3 0 R/(W) 1: The corresponding IRQ interrupt pin is asserted,
interrupt request has been but the CPU has not
21 IR4 0 RI(W) detected. accepted the interrupt
26 IR5 0 RI(W)  [When written]** request yet.
25 IR6E O R/(W) When clearing each bit, write a Writing have no effect.**
0 after having read a 1 from it.
24 IR7 0 RICW) Writing 1 to the bit is ignored.
23to 0 — All 0 R Reserved

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

Notes: Values of IRO to IR3 have no meaning when the IRLMO bit in ICRO register is set to 1 (IRL

pin mode 0).

Values of IR4 to IR7 have no meaning when the IRLM1 bit in ICRO register is set to 1 (IRL
pin mode 1).

1. n=0to7

2. Write 1 to the bit if it should not be cleared yet.

3. For the method of clearing the IRQ interrupt request that has been detected by level
sensing, refer to section 10.7.2.
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(5) Interrupt Mask Register 0 (CnINTMSKO,n=0to1)

CnINTMSKO is a 32-bit readable and conditionally writable register that sets masking for each of
the interrupt requests IRQn (n =0to 7). To clear the mask setting for an interrupt, write 1 to the
corresponding bit in CnINTM SKCLRO. Writing O to the bitsin CnINTM SKO has no effect. By
reading this register once after writing to this register or after clearing the mask by setting
CnIMTMSKCLRQO, the time length necessary for reflecting the register value can be assured (the
value read is reflected to the mask status).

When using IRQ/IRL3 to IRQ/IRLO pins or IRQ/IRL7 to IRQ/IRL4 pins for encoded IRL
interrupt inputs, write 1 to IMOO0 to IMO3 or IM04 to IMQ7, respectively.

Btt 31 30 20 28 27 26 25 24 23 22 21 20 19 18 17 16

[ moo | mo1 [ moz [ moa [ moa [imos [mos [mor | — [ — T — [ —[—[—[—[—]
Intialvalve: 1 1 1 41 1 1 1 1 o0 ©0 ©0 ©0 oO0 ©0 o0 0
RW. RW RW RW RW RW RW RW RW R R R R R R R R

Bit: 15 8 7 6 5 4 3 2 1 0
= = = R R R
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 R R R R

14 13 12 11 10 9
= = N

Bit Bit Name Initial Value R/W Description
31 IMOO 1 R/W Sets masking of individual pin  [When read]
interrupt source on IRQO. 0: The interrupts are
30 IMO1 1 R/W Sets masking of individual pin accepted.
interrupt source on IRQ1. 1: The interrupts are
29 IM02 1 R/W  Sets masking of individual pin masked.
interrupt source on IRQ2. [When written]
28 IMO3 1 RIW  Sets masking of individual pin O No effect
interrupt source on IRQ3. 1: Masks the interrupt
27 IM04 1 R/W Sets masking of individual pin
interrupt source on IRQA4.
26 IMO5 1 R/W Sets masking of individual pin
interrupt source on IRQ5.
25 IM06 1 R/W Sets masking of individual pin
interrupt source on IRQ6.
24 IMO7 1 R/W Sets masking of individual pin
interrupt source on IRQ7.
23t00 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
Page 288 of 2004 REJ09B0501-0100 Rev. 1.00

RENESAS Nov 30, 2010



SH7786 Group

Section 10 Interrupt Controller (INTC)

(6) Interrupt Mask Register 1 (CnINTMSK1,n=0to1)

CnINTMSK1 is a 32-bit readable and conditionally writable register that sets masking for IRL
interrupt requests. To clear the mask setting for the interrupt, write 1 to the corresponding bit in
CnINTMSKCLRL1. Writing 0 to the bitsin CnINTMSK 1 has no effect. By reading this register
once after writing to this register or after clearing the mask by setting CnlMTMSKCLRL, thetime
length necessary for reflecting the register value can be assured (the value read is reflected to the

mask status).
Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
paofmar| — [ — ]~ -] J—-[—-[—-J-[-[-[-[-]—]|
Initial value: 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW 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
Initial value: 0O 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
Bit Bit Name Initial Value R/W Description
31 IM10 1 R/W Mask setting for all IRL3 to [When read]
IRLO interrupt sources 0: The interrupt is
when pins IRQ/IRL3 to accepted.
RO operle 51 The merupt i
ptinput. masked.
30 IM11 1 R/W Mask setting for all IRL7 to  \when written]
IRL4 interrupt sources .
when pins IRQ/IRL7 to O: No effect )
IRQ/IRL4 operate as an 1: Masks the interrupt
encoded interrupt input.
29t00 — AllO R Reserved
These bits are always read as 1. The write value should
always be 1.
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)

Interrupt Mask Clear Register 0 (CnINTMSKCLRO,n=0to1)

CnINTMSKCLRO isa 32-bit write-only register that clears the mask settings for each of the
interrupt requests IRQN (n = 0 to 7). Undefined values are read from this register.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[1co0 [ 1cot [icoz [icos [ icoa [icos [icos [icor | — [ — [ — [ —[ =[] =] =]
Initial value: 0O 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
Bitt 15 14 13 12 1110 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: R R R R R R R R R R R R R R R R
Bit Bit Name Initial Value R/W Description
31 IC00 0 R/W Clears masking of IRQO [When read]
interrupt. Undefined values are
30 Ico1l 0 R/W  Clears masking of IRQ1 read.
interrupt. [When written]
29 1C02 0 R/W Clears masking of IRQ2 0: No effect
interrupt. 1: Clears the
28 IC03 0 R/W  Clears masking of IRQ3 corresponding
interrupt. interrupt mask
- (enables the interrupt)
27 IC04 0 R/W Clears masking of IRQ4
interrupt.
26 IC05 0 R/W Clears masking of IRQ5
interrupt.
25 IC06 0 R/W Clears masking of IRQ6
interrupt.
24 ICO7 0 R/W Clears masking of IRQ7
interrupt.
23to0 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
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(8) Interrupt Mask Clear Register 1 (CnINTMSKCLR1,n=0to1)

CnINTMSKCLR1 isa 32-bit write-only register that clears the mask settings for the IRL interrupt
requests. Undefined values are read from this register.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
feofer ] — | —[—J—-[-J-J-]-fJ-[-]-[-]-[-]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW 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
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
Bit Bit Name Initial Value R/W Description
31 IC10 0 R/W  Clears masking of IRL3 to  [When read]
IRhLO I?|tqe|_r:r;upt Isg’féces Undefined values are read.
when to operate .
as an encoded interrupt [When written]
input. 0: No effect
30 IC11 0 R/W  Clears masking of IRL7 to L Clearsthed_ int ;
IRL4 interrupt sources corrtla(spon bllng mherrup
when IRL7 to IRL# operate ~ Mask (enables the
as an encoded interrupt interrupt)
input.
29t00 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.
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(9) Interrupt Mask Register 2 (INTM SK2)

INTMSK2 is a 32-hit readable and conditionally writable register that sets masking for IRL
interrupt requests for input level pattern on the IRL pins. To clear the mask setting for the
interrupt, write 1 to the corresponding bit in INTMSKCLR2. Writing 0 to the bitsin INTMSK2
has no effect. By reading this register once after writing to this register or after clearing the mask
by setting IMTM SKCLR2, the time length necessary for reflecting the register value can be
assured (the value read is reflected to the mask status).

INTM SK 2 settings are valid when the IRQ/IRL3 to IRQ/IRLO pins or IRQ/IRL7 to IRQ/IRL4
pins are used for encoded IRL interrupt inputs, and the corresponding IRL interrupt is not masked
by INTMSK1.

Bt:t 31 30 20 28 27 26 25 24 23 22 21 20 19 18 17 16
[mo15{imMo14]imo13]imo12{mo11]iMo10]imoosimoos|mMoo7{iMoos imoos mooafmoos|imoozimoot | — |

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 R

Bt: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|IM115|IM114|IM113|IM112|IM111|IM110|IM109|IM108|IM107|IM106|IM105|IM104|IM103|IM102|IM101| — |

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 R

Bit Bit Name Initial Value R/W Description

31 IMO15 0 R/W Masks the interrupt source of [When read]
IRL3 to IRLO = LLLL (H'0). 0: The interrupt is
30 IMO014 0 R/W Masks the interrupt source of accepted.
IRL3 to IRLO = LLLH (H'1). 1: The interrupt is
29  IMO013 0 R/W Masks the interrupt source of maskgd.
IRL3 to IRLO = LLHL (H'2).  [When written]
28 IMO12 O RIW  Masks the interrupt source of 0: No effect _
IRL3 to IRLO = LLHH (H'3). 1. Masks the interrupt
27 IMO011 0 R/W Masks the interrupt source of
IRL3 to IRLO = LHLL (H'4).
26  IMO10 0 R/W Masks the interrupt source of
IRL3 to IRLO = LHLH (H'5).
25  IM009 0 R/W Masks the interrupt source of
IRL3 to IRLO = LHHL (H'6).
24 IM008 0 R/W Masks the interrupt source of
IRL3 to IRLO = LHHH (H'7).
23 IMO007 0 R/W Masks the interrupt source of

IRL3 to TRLO = HLLL (H'8).
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Bit Bit Name Initial Value R/W Description
22 IMO006 0 R/W Masks the interrupt source of [When read]
IRL3to IRLO = HLLH (H'9). o: The interrupt is
21 IMO005 0 R/W Masks the interrupt source of accepted.
IRL3 to IRLO = HLHL (H'A).  1: The interrupt is
20 IMO04 0 R/W Masks the interrupt source of maskgd.
IRL3 to IRLO = HLHH (H'B).  [When written]
19 IMO0O3 O RIW  Masks the interrupt source of 0: No effect _
IRL3 to IRLO = HHLL (H'C). 1: Masks the interrupt
18  IM002 0 R/W Masks the interrupt source of
IRL3 to IRLO = HHLH (H'D).
17  IM001 0 R/W Masks the interrupt source of
IRL3 to IRLO = HHHL (H'E).
16 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
15 IM115 0 R/W Masks the interrupt source of [When read]
IRL7 to IRL4 = LLLL (H0).  o: The interrupt is
14 IM114 0 R/W Masks the interrupt source of accepted.
IRL7 to IRL4 = LLLH (H'1). 1. The interruptis
13 IM113 0 R/W Masks the interrupt source of maskgd.
IRL7 to IRL4 = LLHL (H'2).  [When written]
12 IM112 0 R/W Masks the interrupt source of 0: No effect ]
IRL7 to IRL4 = LLHH (H'3). 1: Masks the interrupt
11 IM111 0 R/W Masks the interrupt source of
IRL7 to IRL4 = LHLL (H'4).
10 IM110 0 R/W Masks the interrupt source of
IRL7 to IRL4 = LHLH (H'5).
9 IM109 0 R/W Masks the interrupt source of
IRL7 to IRL4 = LHHL (H'6).
8 IM108 0 R/W Masks the interrupt source of
IRL7 to IRL4 = LHHH (H'7).
7 IM107 0 R/W Masks the interrupt source of
IRL7 to IRL4 = HLLL (H'8).
6 IM106 0 R/W Masks the interrupt source of
IRL7 to IRL4 = HLLH (H'9).
5 IM105 0 R/W Masks the interrupt source of

IRL7 to IRLA = HLHL (H'A).
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Bit Bit Name Initial Value R/W Description
4 IM104 0 R/W Masks the interrupt source of [When read]
IRL7 to IRL4 =HLHH (H'B). - The interrupt is
3 IM103 0 R/W Masks the interrupt source of accepted.
IRL7 to IRL4 = HHLL (H'C). 1: The interrupt is
2 IM102 0 R/W  Masks the interrupt source of maskgd.
IRL7 to IRL4 = HHLH (H'D). [When written]
1 IM1I01 O RIW  Masks the interrupt source of 0: NO effect _
IRL7 to IRL4 = HHHL (H'E). 1: Masks the interrupt
0 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.
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(10) Interrupt Mask Clear Register 2 INTMSKCLR2)

INTMSKCLR2 is a 32-bit write-only register that clears the mask settings for the IRL interrupt
requests for each input level pattern on the IRL pins. Undefined values are read from this register.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[ico15|ico14icot3|icot2]ico11]icoto]icoos|icoos|icoo7|icoos|icoos|icoo4|icoos|icooz|icoo1| — |
Initial value: — — — — — — — — — — — — — — — — 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R
Bitt 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
[ic115]ic114[ic113]ic112[Ic111[Ic110]1C100[IC108]IC107|IC106 IC105|IC104|IC108]1C102[IC101] — |
Initial value: — — — — — — — — — — — — — — — — 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R
Bit Bit Name Initial Value R/W Description
31 IC015 — R/W Clears masking of the [When read]
interrupt source of IRL3t0  yndefined values are
IRLO =LLLL (H'O) read.
30 IC014 — R/W Clears masking of the [When written]
interrupt source of IRL3to . No effect
IRLO=LLLH (H1). 1: Clears the
29 1C013 — R/W Clears masking of the corresponding
interrupt source of IRL3 to interrupt mask
IRLO = LLHL (H'2). (enables the interrupt)
28 1C012 — R/W Clears masking of the
interrupt source of IRL3 to
IRLO = LLHH (H'3).
27 1C011 — R/W Clears masking of the
interrupt source of IRL3 to
IRLO = LHLL (H'4).
26 1C010 — R/W Clears masking of the
interrupt source of IRL3 to
IRLO = LHLH (H'5).
25 1C009 — R/W Clears masking of the
interrupt source of IRL3 to
IRLO = LHHL (H'6).
24 1C008 — R/W Clears masking of the
interrupt source of IRL3 to
IRLO = LHHH (H'7).
23 1C007 — R/W Clears masking of the
interrupt source of IRL3 to
IRLO = HLLL (H'8).
22 1C006 — R/W Clears masking of the
interrupt source of IRL3 to
IRLO = HLLH (H'9).
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Bit Bit Name Initial Value R/W Description

21  1C005 — R/W Clears masking of the [When read]
interrupt source of IRL3to  yndefined values are
IRLO = HLHL (H'A) read.
20 1C004 — R/W  Clears masking of the [When written]
interrupt source of IRL3t0 - No effect
IRLO = HLHH (H'B). 1: Clears the
19 IC003 — R/W Clears masking of the corresponding
interrupt source of IRL3 to interrupt mask
IRLO = HHLL (H'C). (enables the interrupt)
18 1C002 — R/W Clears masking of the

interrupt source of IRL3 to
IRLO = HHLH (H'D).
17  1C001 — R/W Clears masking of the
interrupt source of IRL3 to
IRLO = HHHL (H'E).
16 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
15 IC115 — R/W Clears masking of the [When read]
interrupt source of IRL7 to  Undefined values are
IRL4 = LLLL (H'O) read.
14 IC114 — R/W Clears masking of the [When written]
interrupt source of IRL7to . No effect
IRL4 = LLLH (H'1). 1: Clears the
13 IC113 — R/W Clears masking of the corresponding
interrupt source of IRL7 to interrupt mask
IRL4 = LLHL (H'2). (enables the interrupt)
12 IC112 — R/W Clears masking of the
interrupt source of IRL7 to
IRL4 = LLHH (H'3).
11 IC111 — R/W Clears masking of the
interrupt source of IRL7 to
IRL4 = LHLL (H'4).
10 IC110 — R/W Clears masking of the
interrupt source of IRL7 to
IRL4 = LHLH (H'5).
9 IC109 — R/W Clears masking of the
interrupt source of IRL7 to
IRL4 = LHHL (H'6).
8 IC108 — R/W Clears masking of the
interrupt source of IRL7 to
IRL4 = LHHH (H'7).
7 IC107 — R/W Clears masking of the
interrupt source of IRL7 to
IRL4 = HLLL (H'8).
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Bit Bit Name Initial Value R/W Description
6 IC106 — R/W Clears masking of the [When read]
interrupt source of IRL7to  Undefined values are
IRL4 = HLLH (ng) read.
5 IC105 — R/W Clears masking of the [When written]
interrupt source of IRL7to . No effect
IRL4 = HLHL (H'A). 1: Clears the
4 IC104 — R/W Clears masking of the corresponding
interrupt source of IRL7 to interrupt mask
IRL4 = HLHH (H'B). (enables the interrupt)
3 IC103 — R/W Clears masking of the
interrupt source of IRL7 to
IRL4 = HHLL (H'C).
2 IC102 — R/W Clears masking of the
interrupt source of IRL7 to
IRL4 = HHLH (H'D).
1 IC101 — R/W Clears masking of the
interrupt source of IRL7 to
IRL4 = HHHL (H'E).
0 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

(11) NMI Flag Control Register (NMIFCR)

NMIFCR isa32-bit readable and conditionally writable register that has an NMI flag (NMIFL
bit). The NMIFL bit is automatically set to 1 when an NMI interrupt is detected by the INTC.
Writing 0 to the NMIFL hit clearsit.

The value of the NMIFL bit does not affect acceptance of the NMI by the CPU. Although an NMI
request detected by the INTC is cleared when the CPU accepts the NMI, the NMIFL bit is not
cleared automatically. Even if O iswritten to the NMIFL bit before the NMI request is accepted by
the CPU, the NMI request is not canceled.

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

[T e e e e e
Initial value: X 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 R R R R/(W)

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 R R R R R R R R R R R R R R R
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Bit Bit Name Initial Value R/W  Description
31 NMIL X R NMI Input Level
Indicates the level of the signal input to the NMI pin;
that is, this bit is read to determine the level on the
NMI pin. This bit cannot be modified.
0: The low level is being input to the NMI pin
1: The high level is being input to the NMI pin
30to 17 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
16 NMIFL 0 R/(W) NMI Flag (NMI Interrupt Request Detection)
Indicates whether an NMI interrupt request signal
has been detected. This bit is automatically set to 1
when the INTC detects an NMI interrupt request.
Write 0 to clear the bit. Writing 1 to this bit has no
effect.
[When read]
1: NMI has been detected
0: NMI has not been detected
[When written]
0: Clears the NMI flag
1: No effect
15to0 — All 0 R Reserved

These bits are always read as 0. The write value
should always be 0.
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(12) NMI Set control Register (NMISET)

By setting the NMI set bit (NMISET1) to 1, INTC outputs the NMI request to CPU1. When CPU
acknowledges NMISET1, it is automatically cleared to O.

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

I N N N N
Initial value: 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R

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

NMI
SET1

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 R R R/W R

Bit Bit Name Initial Value R/W  Description

3l1to2 — All O R Reserved

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

1 NMISET1 O R/W  NMl set 1
0: INTC does not output NMI request to CPU1.
1: INTC outputs NMI request to CPUL1.

0 — 0 R Reserved

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

10.3.2 User Mode Interrupt Disable Function
(1) User Interrupt Mask Level Setting Register (USERIMASK)

USERIMASK isa 32-hit readable and conditionally writable register that sets the acceptable
interrupt level. Thisregister is alocated to the 4-Kbyte page that the other registersin the INTC
are not allocated. Therefore, only this register can be set to be accessible in user mode by changing
the address to area 7 address through the MM U.

The interrupts that the level islower than the level set in the UIMASK bits are masked. When H'F
issetinthe UIMASK bit, al interrupts other than the NMI are masked.

REJ09B0501-0100 Rev. 1.00 Page 299 of 2004

Nov 30, 2010 RENESAS



Section 10 Interrupt Controller (INTC)

SH7786 Group

The interrupts that the level is higher than the level set in the UIMASK bits are accepted under the
following conditions. The corresponding interrupt mask bit in the interrupt mask register is cleared
to O (theinterrupt is enabled). The IMASK bit in SR is set lower than itsinterrupt level.

The value of the UIMASK bit does not change even if an interrupt is accepted.

USERIMASK isinitialized to H'0000 0000 (all interrupts are enabled) by a power-on reset or
manual reset.

To prevent incorrect writing, this register should not be written to unless bits 31 to 24 are set to

H'AS.
Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| Code for writing (H'A5) EHEEEEEEs
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
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
N S S S TS S
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 RW RW RW RW R R R R
Bit Bit Name Initial Value R/W  Description
31to 24 (Code for H'00 R/W  Reserved
writing) Code for writing (H'A5)
These bits are always read as 0. Set these bits to
H'A5 when writing to the UIMASK bits (Write to the
UIMASK bits with these bits set to H'A5).
23to8 — All 0 R Reserved
These bits are always read as 0. The write value
should always be 0.
7t04 UIMASK H'0 R/W  Interrupt Mask Level
The interrupts whose level is equal to or lower
than the value set in the UIMASK bits are masked.
3to0 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.
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(2) Procedurefor Using the User Interrupt Mask Level Register

By setting the interrupt mask level in USERIMASK, the interrupts whose level is equal to or
lower than the value set in USERIMASK are disabled. Thisfunction is used to disable less urgent
interrupts when more urgent processing is performed by the tasks such as device drivers operating
in user mode to reduce the processing time.

USERIMASK isalocated in a different 64-Kbyte space apart from the one where other INTC
registers are alocated. Accessto this register in user mode involves address trandlation by the
MMU. In amultitasking OS, the memory-protection functions of the MMU should be used to
control the processes that can access USERIMASK. Clear USERIMASK to 0 before completing a
task or switching to another task. If atask is completed with the UIMASK hits set to a value other
than 0, the interrupts whose level is equal to or lower than UIMASK remain disabled. This can
lead to problems, for example, the OS may not be able to switch between tasks.

An example procedure for using USERIMASK is described below.

1. Classify interruptsinto A and B, as described below. Then, set the interrupt level of A-type
interrupts higher than that of the B-priority interrupts.
A. Interrupts to be accepted by device drivers (interrupts used in the OS, such as atimer
interrupt)
B. Interruptsthat should not be accepted by device drivers

2. Setthe MMU so that the access to the address space containing USERIMASK is only alowed
for the device drivers that need to disable the interrupts.

3. Branch to the device driver.

4. Inthe device driver operating in user mode, set the UIMASK bits to mask the B-type
interrupts.

5. Process more urgent interruptsin the device driver.
6. Clear the UIMASK bit to O and return from the processing by the device driver.
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10.3.3 On-chip ModuleInterrupt Priority Registers
(1) Interrupt Priority Registers (INT2PRI0to INT2PRI24)

INT2PRIO to INT2PRI24 are 32-bit readable/writable registers that set priority levels (31 to 0) of
the on-chip peripheral module interrupts. These registers are initialized to H'0000 0000 by a reset.

These registers can set the priority of each interrupt sourcein 30 levels (H'00 and H'01 mask the
interrupt request) by the 5-bit field.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
=111 I [ | [ 77707 [ [ [ | |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R RW RW RW RW RW R R R 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
R/W: R R R RW RW RW RW RW R R R RW RW RW RW RW

Table 10.5 shows the correspondence between interrupt request sources and bitsin INT2PRIO to
INT2PRI24.
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Table 10.5 Interrupt Request Sourcesand INT2PRI0to INT2PRI24
Bits

Register 28 to0 24 20to 16 12to 8 4t0 0
INT2PRIO  Reserved* Reserved* Reserved* WDT (H'3EO0)
INT2PRIL  TMU_chOto 2 (H'400) TMU_chOto 2 (H'420) TMU_chOto 2 (H'440)  TMU_chO to 2 (H'460)
INT2PRI2  TMU_ch3to 5 (H'480) TMU_ch3to 5 (H'4A0) TMU_ch3to 5 (H'4C0)  (H'4EO)
INT2PRI3  DMAC(0) (H'500) DMAC(0) (H'520) DMAC(0) (H'540) DMAC(0) (H'560)
INT2PRI4  DMAC(0) (H'580) DMAC(0) (H'5A0) DMAC(0) (H'5C0) H-UDI1 (H'5E0)
INT2PRI5  H-UDIO (H'600) DMAC(1) (H'620) DMAC(1) (H'640) DMAC(1) (H'660)
INT2PRI6  DMAC(1) (H'680) HPB (H'6A0) HPB (H'6CO) HPB (H'6E0)
INT2PRI7  SCIF_chO (H'700) SCIF_ch0 (H'720) SCIF_chO (H'740) SCIF_chO (H'760)
INT2PRI8  SCIF_ch1 (H'780) TMU_ch6 to 8 (H'7A0) TMU_ch9 to 11 (H'7C0) (H'7EOQ)
INT2PRI9 Reserved* Reserved* SCIF_ch2 (H'840) SCIF_ch3 (H'860)
INT2PRI10  SCIF_ch4 (H'880) SCIF_ch5 (H'8A0) Ether (H'8CO) Ether (H'8EOQ)
INT2PRI11  Reserved* Reserved* Reserved* Reserved*
INT2PRI12  Reserved* Reserved* Reserved* Reserved*
INT2PRI13  Reserved* Reserved* Reserved* Reserved*
INT2PRI14  Reserved* Reserved* Reserved* PCIECO (H'AEOQ)
INT2PRI15 PCIECO (H'BOO0) PCIECO (H'B20) PCIEC1 (H'B40) PCIEC1 (H'B60)
INT2PRI16 PCIEC1 (H'B80) USB (H'BAO) SDIO (H'BCO) SDI1 (H'BEO)
INT2PRI17  (H'CO00) (H'C20) (H'C40) (H'C60)
INT2PRI18  (H'C80) (H'CAD) 12C_ch0 (H'CCO) 12C_ch1 (H'CED)
INT2PRI19 DU (H'DO00) SSI_ch0 (H'D20) SSI_chl (H'D40) SSI_ch2 (H'D60)
INT2PRI20  SSI_ch3 (H'D80) PCIEC2 (H'DAO) PCIEC2 (H'DCO) PCIEC2 (H'DEO)
INT2PRI21  HAC-chO (H'E00) HAC-ch1 (H'E20) FLCTL (H'E40) (H'E60)
INT2PRI22  HSPI (H'E80) GPIO0 (H'EAOQ) GPIO1 (H'ECO) Thermal sensor

(H'EEO)
INT2PRI23  Reserved* Reserved* Reserved* Reserved*
INT2PRI24  Reserved* Reserved* Reserved* Reserved*

(Each number indicates a value of EventCode)

Note: The larger the value is, the higher the priority is. If the value is set to H'00 or H'01, the

request is masked. For details, see table 10.1, Interrupt Sources.
Reserved bits are always read as 0. The write value should always be 0.

*
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(2) Interrupt Source Register (Not affected by Mask Setting) (CnINT2A0 0to 3, n=0to 1)

CnINT2A0_0to CnINT2A0_3 are 32-bit read-only registers that indicate the interrupt sources of
on-chip peripheral modules by EventCode units. Even if an interrupt is masked by the interrupt
mask register, the corresponding bit in CnINT2A0 is set (further interrupt operation is not
performed for the corresponding bit). Use CnINT2A1 instead if the bits for the interrupt sources
masked by the interrupt mask registers should not be set.

CnINT2A0 0
Bit Source (EventCode) Initial Value R/W Description
31tol Reserved — R These bits are always read as 0.
0 WDT (H'3EQ) — R [When read]
0: No interrupt
1: An interrupt occurred
[When written]
0/1: Invalid
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CnINT2A0 1

Bit Source (EventCode) Initial Value R/W Description
31 TMU-chO to 2 (H'400) — R [When read]
30 TMU-chO to 2 (H'420) — R 0: No interrupt
29 TMU-chO to 2 (H'440) — R 1: An interrupt occurred
28 TMU-chO to 2 (H'460) — R [When written]
27 TMU-ch3 to 5 (H'480) — R 071: Invalid

26 TMU-ch3to 5 (H'4A0) — R

25 TMU-ch3to 5 (H'4C0) — R

24 (H'4EO0) — R

23 DMACO (H'500) — R

22 DMACO (H'520) — R

21 DMACO (H'540) — R

20 DMACO (H'560) — R

19 DMACO (H'580) — R

18 DMACO (H'5A0) — R

17 DMACO (H'5C0) — R

16 H-UDI1 (H'5E0) — R

15 H-UDIO (H'600) — R

14 DMAC1 (H'620) — R

13 DMAC1 (H'640) — R

12 DMAC1 (H'660) — R

11 DMAC1 (H'680) — R

10 HPB (H'6A0) — R

9 HPB (H'6CO0) — R

8 HPB (H'6EO0) — R

7 SCIFO (H'700) — R

6 SCIFO0 (H'720) — R

5 SCIFO0 (H'740) — R

4 SCIFO (H'760) — R

3 SCIF1 (H'780) — R

2 TMU-ch6 to 8 (H'7A0) — R

1 TMU-ch9 to 11 (H'7C0) — R

0 (H'7EO0) — R
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CnINT2A0 2
Bit Source (EventCode) Initial Value R/W Description
31,30 Reserved — R These bits are always read as 0.
29 SCIF2 (H'840) — R [When read]
28 SCIF3 (H'860) — R 0: No interrupt
27 SCIF4 (H'880) — R 1: Aninterrupt occurred
When written
26 SCIF5 (H'8A0) — R [ . ]
0/1: Invalid
25 Ether (H'8CO0) — R
24 Ether (H'8EO) — R
23t09 Reserved — R These bits are always read as 0.
8 PCIECO (H'AEOQ) — R [When read]
7 PCIECO (H'B0O0) — R 0: No interrupt
6 PCIECO (H'B20) — R 1: Aninterrupt occurred
[When written]
5 PCIEC1 (H'B40) — R .
0/1: Invalid
4 PCIEC1 (H'B60) — R
3 PCIEC1 (H'B80) — R
2 USB (H'BAO) — R
1 SDIO (H'BCO) — R
0 SDI1 (H'BEO) — R
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CnINT2A0_3

Bit Source (EventCode) Initial Value R/W Description

31 (H'C00) — R [When read]

30 (H'C20) — R 0: No interrupt

29 (H'C40) — R 1: Aninterrupt occurred

28 (H'Co0) — R [When wr_itten]
0/1: Invalid

27 (H'C80) — R

26 (H'CAO) — R

25 12C0 (H'CCO) — R

24 12C1 (H'CEO) — R

23 DU (H'D00) — R

22 SSI0 (H'D20) — R

21 SSI1 (H'D40) — R

20 SSI2 (H'D60) — R

19 SSI3 (H'D80) — R

18 PCIEC2 (H'DAO) — R

17 PCIEC2 (H'DCO) — R

16 PCIEC2 (H'DEO) — R

15 HACO (H'E00) — R

14 HAC1 (H'E20) — R

13 FLCTL (H'E40) — R

12 (H'E60) — R

11 HSPI (H'E80) — R

10 GPIO0 (H'EAO) — R

9 GPIO1 (H'ECO) — R

8 Thermal sensor (H'EEOQ) — R

7t00 Reserved — R These bits are always read as 0.
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(3) Interrupt Source Register (Affected by Mask States) (CnINT2A1 0to 3, n=0to 1)

CnINT2A1 0to CnINT2A1 3 are 32-bit read-only registers that indicate the interrupt sources of
on-chip peripheral modules. If an interrupt is masked by the interrupt mask register or interrupt
acknowledgement mask register, the corresponding bit in CnINT2A1 isnot set to 1. Use
CnINT2A0 to check whether interrupts have been generated, regardless of the state of the interrupt
mask register.

CnINT2A1 0
Bit Source (EventCode) Initial Value R/W Description
31tol Reserved — R These bits are always read as 0.
0 WDT (H'3EQ) — R [When read]
0: No interrupt
1: An interrupt occurred
[When written]
0/1: Invalid
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CnINT2A1 1

Bit Source (EventCode) Initial Value R/W Description
31 TMU-chO to 2 (H'400) — R [When read]
30 TMU-chO to 2 (H'420) — R 0: No interrupt
29 TMU-chO to 2 (H'440) — R 1: An interrupt occurred
28 TMU-chO to 2 (H'460) — R [When written]
27 TMU-ch3 to 5 (H'480) — R 071: Invalid

26 TMU-ch3to 5 (H'4A0) — R

25 TMU-ch3to 5 (H'4C0) — R

24 (H'4EO0) — R

23 DMACO (H'500) — R

22 DMACO (H'520) — R

21 DMACO (H'540) — R

20 DMACO (H'560) — R

19 DMACO (H'580) — R

18 DMACO (H'5A0) — R

17 DMACO (H'5C0) — R

16 H-UDI1 (H'5E0) — R

15 H-UDIO (H'600) — R

14 DMAC1 (H'620) — R

13 DMAC1 (H'640) — R

12 DMAC1 (H'660) — R

11 DMAC1 (H'680) — R

10 HPB (H'6A0) — R

9 HPB (H'6CO0) — R

8 HPB (H'6EO0) — R

7 SCIFO (H'700) — R

6 SCIFO0 (H'720) — R

5 SCIFO0 (H'740) — R

4 SCIFO (H'760) — R

3 SCIF1 (H'780) — R

2 TMU-ch6 to 8 (H'7A0) — R

1 TMU-ch9 to 11 (H'7C0) — R

0 (H'7EO0) — R
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CnINT2A1 2
Bit Source (EventCode) Initial Value R/W Description
31,30 Reserved — R These bits are always read as 0.
29 SCIF2 (H'840) — R [When read]
28 SCIF3 (H'860) — R 0: No interrupt
27 SCIF4 (H'880) — R 1: Aninterrupt occurred
When written
26 SCIF5 (H'8A0) — R [ . ]
0/1: Invalid
25 Ether (H'8CO0) — R
24 Ether (H'8EO) — R
23t09 Reserved — R These bits are always read as 0.
8 PCIECO (H'AEOQ) — R [When read]
7 PCIECO (H'B0O0) — R 0: No interrupt
6 PCIECO (H'B20) — R 1: Aninterrupt occurred
[When written]
5 PCIEC1 (H'B40) — R .
0/1: Invalid
4 PCIEC1 (H'B60) — R
3 PCIEC1 (H'B80) — R
2 USB (H'BAO) — R
1 SDIO (H'BCO) — R
0 SDI1 (H'BEO) — R
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CnINT2A1 3

Bit Source (EventCode) Initial Value R/W Description

31 (H'C00) — R [When read]

30 (H'C20) — R 0: No interrupt

29 (H'C40) — R 1: Aninterrupt occurred

28 (H'Co0) — R [When wr_itten]
0/1: Invalid

27 (H'C80) — R

26 (H'CAO) — R

25 12C0 (H'CCO) — R

24 12C1 (H'CEO) — R

23 DU (H'D00) — R

22 SSI0 (H'D20) — R

21 SSI1 (H'D40) — R

20 SSI2 (H'D60) — R

19 SSI3 (H'D80) — R

18 PCIEC2 (H'DAO) — R

17 PCIEC2 (H'DCO) — R

16 PCIEC2 (H'DEO) — R

15 HACO (H'E00) — R

14 HAC1 (H'E20) — R

13 FLCTL (H'E40) — R

12 (H'E60) — R

11 HSPI (H'E80) — R

10 GPIO0 (H'EAO) — R

9 GPIO1 (H'ECO) — R

8 Thermal sensor (H'EEOQ) — R

7t00 Reserved — R These bits are always read as 0.

If the interrupt masking is set by CnINT2M SKR or the interrupt masking by CnINT2MSKR is
cleared by CnINT2M SKCLR, the reflection time required for CnINT2A1 is guaranteed by
hardware. Therefore, after the interrupt mask is set or cleared, the contents that reflect the setting
of CnINT2M SKR can be read.
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(4) Interrupt Mask Register 0to 3 (CnINT2M SKROto 3, n=0to 1)

CnINT2MSKRO to CnINT2M SKR3 is a 32-hit readable/writable registers that can mask interrupts
for sources indicated in the interrupt source register. When abit in thisregister is set to 1, the
interrupt in the corresponding bit is not notified. CnINT2M SKR isinitialized to H'FFFF FFFF (all
masked) by areset.

After thisregister is written to or the masking is cleared by writing to CnINT2MSKCLRO to 3, the
timing required to reflect the register value is guaranteed by reading from this register once.

CnINT2MASKO

Bit Source (EventCode) Initial Value R/W Description
31tol Reserved All 1 R/W These bits are always read as 0. The
write value should always be 0.
0 WDT (H'3EO0) 1 R/W [When read]
0: No mask
1: Mask
[When written]
0: Invalid
1: Mask
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CnINT2MASK1

Bit Source (EventCode) Initial Value R/W Description

31 TMU-chO to 2 (H'400) 1 R/W [When read]

30 TMU-chO to 2 (H'420) 1 R/W 0: No mask

29 TMU-chO to 2 (H'440) 1 R/W 1: Mask

28 TMU-chO to 2 (H'460) 1 Rw  [When written]

27 TMU-ch3 to 5 (H'480) 1 rRiw O Invalid
1. Mask

26 TMU-ch3 to 5 (H'4A0) 1 R/W

25 TMU-ch3 to 5 (H'4C0) 1 R/W

24 (H'4E0) 1 R/W

23 DMACO (H'500) 1 R/W

22 DMACDO (H'520) 1 R/W

21 DMACO (H'540) 1 R/W

20 DMACO (H'560) 1 R/W

19 DMACDO (H'580) 1 R/W

18 DMACO (H'5A0) 1 R/W

17 DMACO (H'5CO) 1 R/W

16 H-UDI1 (H'5EQ) 1 R/W

15 H-UDIO (H'600) 1 R/W

14 DMAC1 (H'620) 1 R/W

13 DMAC1 (H'640) 1 R/W

12 DMAC1 (H'660) 1 R/W

11 DMAC1 (H'680) 1 R/W

10 HPB (H'6A0) 1 RIW

9 HPB (H'6C0) 1 R/W

8 HPB (H'6E0) 1 RIW

7 SCIFO (H'700) 1 R/W

6 SCIFO (H'720) 1 R/W

5 SCIFO (H'740) 1 R/W

4 SCIFO (H'760) 1 R/W

3 SCIF1 (H'780) 1 R/W

2 TMU-ch6 to 8 (H'7A0) 1 R/W

1 TMU-ch9 to 11 (H'7C0) 1 R/W

0 (H'7E0) 1 RIW
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CnINT2MASK?2

Bit Source (EventCode) Initial Value R/W Description

31,30 Reserved All 1 R/W These bits are always read as 0. The
write value should always be 0.

29 SCIF2 (H'840) 1 RIW [When read]

28 SCIF3 (H'860) 1 R/W 0: No mask

27 SCIF4 (H'880) 1 Rw 1 Mask
[When written]

26 SCIF5 (H'8A0) 1 R/W )

- 0: Invalid

25 Ether (H'8CO0) 1 RIW 1 Mask

24 Ether (H'8EQ) 1 RIW

23t09 Reserved All 1 R/W These bits are always read as 0. The
write value should always be 0.

8 PCIECO (H'AEQ) 1 RIW [When read]

7 PCIECO (H'B00) 1 RIW 0: No mask

6 PCIECO (H'B20) 1 Rw 1 Mask
[When written]

5 PCIECL1 (H'B40) 1 R/W i

- 0: Invalid

4 PCIEC1 (H'B60) 1 R/W 1: Mask

3 PCIECL1 (H'B80) 1 R/W

2 USB (H'BAO) 1 RIW

1 SDIO (H'BCO) 1 R/W

0 SDI1 (H'BEO) 1 R/W
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CnINT2MASK3

Bit Source (EventCode) Initial Value R/W Description
31 (H'C00) 1 R/W [When read]
30 (H'C20) 1 RIW 0: No mask
29 (H'C40) 1 RIW 1. Mask
28 (H'C60) 1 RIW [When W_ritten]
27 (H'C80) 1 R/W 0 invalid
1: Mask

26 (H'CAO) 1 RIW
25 12C0 (H'CCO0) 1 R/W
24 12C1 (H'CEO) 1 RIW
23 DU (H'D00) 1 RIW
22 SSI0 (H'D20) 1 R/W
21 SSI1 (H'D40) 1 R/W
20 SSI2 (H'D60) 1 R/W
19 SSI3 (H'D80) 1 R/W
18 PCIEC2 (H'DAO) 1 R/W
17 PCIEC2 (H'DCO) 1 R/W
16 PCIEC2 (H'DEO) 1 R/W
15 HACO (H'E00) 1 RIW
14 HAC1 (H'E20) 1 R/W
13 FLCTL (H'E40) 1 R/W
12 (H'E60) 1 RIW
11 HSPI (H'E80) 1 R/W
10 GPIOO0 (H'EAO) 1 R/W
9 GPIO1 (H'ECO) 1 R/W
8 Thermal sensor 1 R/W

(H'EEO)
7t00 Reserved All'1 R/W These bits are always read as 0. The

write value should always be 0.

Note: Mask setting or clearing for the detail source of each module isimpossible at the INTC.
To mask the detail source, set the mask bit of each module register.
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(5) Interrupt Mask Clear Register 0t0o 3 (CnINT2MSKCROto 3, n=0to 1)

CnINT2MSKCR is a 32-bit write-only register that clears the masking set in the interrupt mask
register. When the corresponding bit in this register is set to 1, the interrupt source masking is
cleared. These hits are alwaysread as 0.

CnINT2MSKCLRO

Bit Source (EventCode) Initial Value R/W Description

3l1tol Reserved All O w The value of reserved bits is undefined.
The write value should always be 0.

0 WDT (H'3EO0) 0 W [When read]

0/1: Don't care
[When written]
0: Invalid

1: Clear mask
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CnINT2MSKCLR1

Bit Source (EventCode) Initial Value R/W Description
31 TMU-chO to 2 (H'400) O W [When read]
30 TMU-chO to 2 (H'420) 0 w 0/1: Don't care
29 TMU-chO to 2 (H'440) 0 w [When written]
28 TMU-chO to 2 (H'460) 0 w 0: Invalid

27 TMU-ch3 to 5 (H'480) 0 w 1: Clear mask
26 TMU-ch3 to 5 (H'4A0) 0 w

25 TMU-ch3 to 5 (H'4C0) 0 w

24 (H'4E0) 0 w

23 DMACO (H'500) 0 w

22 DMACO (H'520) 0 w

21 DMACO (H'540) 0 w

20 DMACO (H'560) 0 w

19 DMACO (H'580) 0 w

18 DMACO (H'5A0) 0 w

17 DMACO (H'5C0) 0 w

16 H-UDI1 (H'5E0) 0 w

15 H-UDIO (H'600) 0 w

14 DMACL1 (H'620) 0 w

13 DMACL1 (H'640) 0 w

12 DMACL1 (H'660) 0 w

11 DMACL1 (H'680) 0 w

10 HPB (H'6A0) 0 w

9 HPB (H'6CO) 0 w

8 HPB (H'6E0) 0 w

7 SCIFO (H'700) 0 w

6 SCIFO (H'720) 0 w

5 SCIFO (H'740) 0 w

4 SCIFO (H'760) 0 w

3 SCIF1 (H'780) 0 w

2 TMU-ch6 to 8 (H'7A0) 0 w

1 TMU-ch9 to 11 (H'7C0) 0 w

0 (H'7E0) 0 w
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CnINT2MSKCLR2

Bit Source (EventCode) Initial Value R/W Description

31,30 Reserved All 0 w The value of reserved bits is undefined.
The write value should always be 0.

29 SCIF2 (H'840) 0 W [When read]

28 SCIF3 (H'860) 0 w 0/1: Don't care

27 SCIF4 (H'880) 0 W [When written]

26 SCIF5 (H'8AQ) 0 W 0: Invalid
1: Clear mask

25 Ether (H'8CO0) 0 W

24 Ether (H'8EOQ) 0 w

23t09 Reserved All 0 w The value of reserved bits is undefined.
The write value should always be 0.

8 PCIECO (H'AEQ) 0 w [When read]

7 PCIECO (H'BOO0) 0 W 0/1: Don't care

6 PCIECO (H'B20) 0 W [When written]

5 PCIEC1 (H'B40) 0 w 0: Invalid
1: Clear mask

4 PCIEC1 (H'B60) 0 w

3 PCIEC1 (H'B80) 0 w

2 USB (H'BAO) 0 W

1 SDIO (H'BCO) 0 W

0 SDI1 (H'BEO) 0 W
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CnINT2MSKCLR3

Bit Source (EventCode) Initial Value R/W Description
31 (H'C00) 0 W [When read]
30 (H'C20) 0 w 0/1: Don't care
29 (H'C40) 0 W [When written]
28 (HCE0) 0 hd 2 I(?I\g:l"rdmask
27 (H'C80) 0 w

26 (H'CA0) 0 w

25 12C0 (H'CCO) 0 w

24 12C1 (H'CEO) 0 w

23 DU (H'D00) 0 w

22 SSI0 (H'D20) 0 w

21 SSI1 (H'D40) 0 w

20 SSI2 (H'D60) 0 w

19 SSI3 (H'D80) 0 w

18 PCIEC2 (H'DAO) 0 w

17 PCIEC2 (H'DCO) 0 w

16 PCIEC2 (H'DEO) 0 w

15 HACO (H'E00) 0 w

14 HAC1 (H'E20) 0 w

13 FLCTL (H'E40) 0 w

12 (H'E60) 0 w

11 HSPI (H'E80) 0 w

10 GPIOO0 (H'EA0) 0 W

9 GPIO1 (H'ECO) 0 w

8 Thermal sensor (H'EEO) O W

7t00 Reserved All 0 w The value of reserved bits is undefined.

The write value should always be 0.

Note: Mask setting or clearing for the detail source of each module isimpossible at the INTC.
To mask the detail source, set the mask bit of each module register.
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(6) Detail Interrupt Source Indicate Register (INT2B0O0 to 44)

INT2BO00 to INT2B44 are registers that indicate details of each interrupt source module indicated
at peripheral interrupt source register. These registers are not affected by the mask state of
interrupt mask register, so any bit in them can be read out (when an interrupt output mask is set in
the source module, adetail of the interrupt is not indicated to the these registers). When using the
mask of each detail source individually, set the interrupt mask register or interrupt enable register
which the corresponding module has is needed. About the meaning of the detail source in each
register, show the specification of the peripheral module that generated the interrupt.

0) INT2B0O register: WDT INTEVT=H'3EO

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

[N N A

Initial value: — — — — — — — — — — _ _ _ _ _ _

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

N X N I I R TR

Initial value: — — — — — — — — — — — — — _ _ _

R/W: R R R R R R R R R R R R R R R R

1) INT2BO1 register: TMU-chOto 2 INTEVT=H"'400,420,440,460

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

Initial value: — — — — — — — — — — — — — _ _ _

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
N || o2
o z z z
S} 5 5 =}
= [= [= [=

Initial value: — — — — — — — — — — — _

R/W: R R R R R R R R R R R R

py)
py)
py)
py)
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2) INT2B02 register: TMU-ch3to 5

INTEVT=H"'480,4A0,4C0

Bit: 31 30 29 28 27 26 25 24 22 21 20 19 18 16
Initial value: — — — — — — — — — _ _ _ _ _
R/W: R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 6 5 4 3 2 1 0
0 = ©
z z z
=) =) =)
= = =
Initial value: — — — — — — — — — — — — — — —
R/W: R R R R R R R R R R R R R R R
3) INT2BO03 register: Super Hyway DMACO INTEVT=H"'500,520,540,560,580,5A0,5C0
Bit: 31 30 29 28 27 26 25 24 22 21 20 19 18 16
Initial value: — — — — — — — — — — — — — —
R/W: R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 6 5 4 3 2 1 0
[Te) < o™ N — o
W [ = = = = E
g Z Z Z Z Z Z
< [} =) S} =} S} S}
s| 2| 2| | 2| 2| 2
gl = =|=|=]|]=2| =
[a] o [a)] [a)] o o
Initial value: — — — — — — — — — — — — — — —
R/W: R R R R R R R R R R R R R R R
4) INT2B04 register: HUDIO,1 INTEVT=H"5EO0,600
Bit: 31 30 29 28 27 26 25 24 22 21 20 19 18 16
Initial value: — — — — — — — — — — — — — —
R/W: R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 6 5 4 3 2 0
UDI1|H-UDIO|
Initial value: — — — — — — — — — — — — — —
R/W: R R R R R R R R R R R R R R
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5) INT2BO05 register: SuperHyway DMAC1 INTEVT=H"620,640,660,680
Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[se [ foe[ [ 1 [ Jrefse ] Joe[ [ | [ Jre|
Initial value: — — — — — — — — — — — — _ _ _ _

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
[se [ oe P ] e [oe [ oe P ] e

Initial value: — — — — — — — _ _ _ _ _ _ _
R/W: R R R R R R R R R R R R R R R R

6) INT2B06 register: HPB-DMACO to 13 INTEVT=H'6A0,6C0,6E0

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

N X B

Initial value: — — — — — — — _ _ _ _ _ _ _
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
| | |DTE13|DTE12|DTE11|DTE10| DTE9 | DTE8 | DTE7 | DTE6 | DTES | DTE4| DTE3 | DTE2 | DTE1 | DTEO |

Initial value: — — — — — — — — — — — _ _ _
R/W: R R R R R R R R R R R R R R R R

7) INT2BO7 register: SCIFO INTEVT=H"'700,720,740,760

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

[N N A

Initial value: — — — — — — — _ _ _ _ _ _ _
R/W: R R R R R R R R R R R R R R R R

Bt 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
L [ [wofero]ro]ern]

Initial value: — — — — — — — — — — — _ _ _
R/W: R R R R R R R R R R R R R R R R
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SH7786 Group

Section 10 Interrupt Controller (INTC)

8) INT2B08 register: SCIF1 INTEVT=H'780
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: — — — — — — — — — — _ _ _ _ _
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

| | | I | | I I I | TXI1 | BRI1 | RXI1 | ERI1 |

Initial value: — — — — — — — — — — _ _ _ _ _
R/W: R R R R R R R R R R R R R R R R

9) INT2B09 register: TMU-ch6to 8 INTEVT=H'7AOQ
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: — — — — — — — — — — — — — — —
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
® ~ ©
z z z
=) =) =)
= = =
Initial value: — — — — — — — — — — — — — — —
R/W: R R R R R R R R R R R R R R R R

10) INT2B10 register: TMU-ch9to 11 INTEVT=H'7CO
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: — — — — — — — — — — — — — — — —
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
9] 3| e
z z <
=)
RlR2|F
Initial value: — — — — — — — — — — — — — — —
R/W: R R R R R R R R R R R R R R R R
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Section 10 Interrupt Controller (INTC) SH7786 Group

11) INT2B11register: Reserve

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

N X B

Initial value: — — — — — — — — — — _ _ _ _ _ _

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

[N N A

Initial value: — — — — — — — — — — _ _ _ _ _ _

R/W: R R R R R R R R R R R R R R R R

12) INT2B12 register: SCIF2 INTEVT=H'840

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

N X B

Initial value: — — — — — — — — — — _ _ _ _ _ _

R/W: R R R R R R R R R R R R R R R R

Bt 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T T T [refere|re]ere]

Initial value: — — — — — — — — — — — — — _ _ _

R/W: R R R R R R R R R R R R R R R R

13) INT2B13 register: SCIF3 INTEVT=H"'860

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

[N N A

Initial value: — — — — — — — — — — _ _ _ _ _ _

R/W: R R R R R R R R R R R R R R R R

Bt 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
L T [ws[ers]rs]ens]

Initial value: — — — — — — — — — — — — — _ _ _

R/W: R R R R R R R R R R R R R R R R
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SH7786 Group Section 10 Interrupt Controller (INTC)

14) INT2B14 register: SCIF4 INTEVT=H"'880

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

N N N O A

Initial value: — — — — — — — — — — _ _ _ _ _
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
A o A T T S

Initial value: — — — — — — _ _ _ _ _ _ _
RW: R R R R R R R R R R R R R R R R

15) INT2B15 register: SCIF5 INTEVT=H'8S8AO0

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

N N N O A

Initial value: — — — — — — — — — — _ _ _ _ _
R/W: R R R R R R R R R R R R R R R R

Bt 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T T [ms|ers[res]ers]

Initial value: — — — — — — — — — — — — — _ _
R/W: R R R R R R R R R R R R R R R R

16) INT2B16 register: Ether INTEVT=H'8CO

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

[N N A

Initial value: — — — — — — — — — — _ _ _ _ _
R/W: R R R R R R R R R R R R R R R R

Bt 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
P [ [ fecrferof [un[wer]rop]

Initial value: — — — — — — — — — — — — — _ _
R/W: R R R R R R R R R R R R R R R R
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SH7786 Group

Interrupt Controller (INTC)

Section 10

=H'8E0

INTEVT

17) INT2B17 register: Ether_DMAC

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

31

Bit:

344

3ad

odd

341

3dalL

ol1d

ININ

439

d3INd4d

1davy

lavl

NOM1

amMmL

Initial value:

R

R/W:

15 14 13 12 11 10

Bit:

TINIY

C¢INIY

€INIA

V1IN

SINIA

9INId

LINIA

8INIA

TLINIL

CINIL

€LNIL

VINIL

SINIL

91NIL

LINIL

81NIL

Initial value:

R

R/W:

INTEVT=H'AEO

18) INT2B18 register: PCIECO0-3

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

Bit:

0EISNO0IOd

TEISNO0IOd

V.INILSV0IOd

9LNILSVY0IOd

O1NILSV0IOd

ALNILSV0IOd

Initial value:

R

R/W:

15 14 13 12 11 10

Bit:

YTISNOIOd

STISNOIOd

9TISNOIOd

LTISWOIOd

8TISINOIOd

6TISW0IOd

0CISNO0IOd

TCISWO0IOd

¢CISNO0IOd

€2ISN0IOd

¥ZISN0IOd

SZISNOIOd

9ZISNO0IOd

L2ISWO0IOd

8¢ISN0IOd

62ISN0IOd

Initial value:

R

R/W:

Nov 30, 2010
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Interrupt Controller (INTC)

Section 10

SH7786 Group

=H'B00

INTEVT

19) INT2B19 register: PCIEC0-2

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

31

Bit:

8ISIN0IDd

6ISIN0IDd

OTISINOIOd

TTISNOIOd

Z¢TISINOIOd

€TISNO0IOd

Initial value:

R

R/W:

15 14 13 12 11 10

Bit:

T1410X1010d

1d.10XH0I10d

dd3Xd010d

3JOVINAOIOd

0DVINdOoIOd

TOVINAOIOd

¢OVINAO0IOd

€JVINAO0IOd

0ISWO0IOd

TISWOIDd

CISO0IDd

€ISN0IOd

YISW0IOd

SISWO0IOd

9ISWO0IOd

LISWOIDd

Initial value:

R

R/W:

=H'B20

INTEVT

20) INT2B20 register: PCIECO-1

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

Bit:

HHY3I0DOAXH0IDd

HYIXOAXH0IOd

0XOAX10I10d

TXOAX10I10d

ZXOAX10I10d

0XOAXH0IOd

TXOAXH0I10d

ZXIAXH0I0d

Initial value:

R

R/W:

15 14 13 12 11 10

Bit:

HY3SIOdLNIOIDd

H43410d1NI0IOd

HHY3ANIOdLNIOIOd

HH430I10dLNI0IOd

H3IMOCIOCLINIOIDd

S3NIDLLNIOIOd

00DAXLLNIOIDd

TOOAXLLNIOIOd

CO0OAXLLNIOIOd

00DAXHLNIOIDd

TOOAXHLNIOIDd

Z0OAXHLNIOIDd

INJLNIOIOd

OVINLNIOIOd

1dLNIOIOd

1LLNIOIOd

Initial value:

R

R/W:
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SH7786 Group

Interrupt Controller (INTC)

Section 10

=H'B40

INTEVT

21) INT2B21 register: PCIEC1-3

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

31

Bit:

0EISNTIOd

TEISNTIOd

VINILSVTIOd

dLINILSVTIOd

OLNILSVTIOd

ALNILSVTIOd

Initial value:

R

R/W:

15 14 13 12 11 10

Bit:

VTISNTIOd

STISNTIOd

9TISNTIOd

LTISWTIOd

8TISNTIOd

6TISWTIOd

0CISNTIOd

TCISWTIOd

CCISNTIOd

E€CISNTIOd

VZISNTIOd

SCISNTIOd

9CISNTIOd

LZISWTIOd

8CISNTIOd

6CISNTIOd

Initial value:

R

R/W:

INTEVT=H'B60

22) INT2B22 register: PCIEC1-2

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

31

Bit:

8ISINTIOd

6ISNTIOd

OTISINTIOd

TTISNTIOd

CTISNTIOd

E€TISNTIOd

Initial value:

R

R/W:

15 14 13 12 11 10

Bit:

TH4LOX1TIOd

1d1OXHTIOd

dd3XdTI0d

3JOVINATIOd

00VIATIOd

TOVNATIOd

¢OVINATIOd

€OVINATIOd

OISWTIOd

TISWTIOd

CISTIOd

E€ISNTIOd

VISWTIOd

SISWTIOd

9ISWTIOd

LISWTIOd

Initial value:

R

R/W:
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Interrupt Controller (INTC)

Section 10

SH7786 Group

=H'B80

INTEVT

23) INT2B23 register: PCIEC1-1

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

31

Bit:

HYI0OAXHTIOd

HHYIXOAXHTIOd

O0XOAXL1TIOd

TXOAXLTIOd

¢XOAXLTIOd

OXOAXHTIOd

TXOAXHTIOd

CXOAXHTIOd

Initial value:

R

R/W:

15 14 13 12 11 10

Bit:

HY3ISIOdLINITIOd

HY34I0dLINITIOd

HY34INIOdLNITIOd

HY30I0dLNITIOd

43IMOdIOdLINITIOd

S3INIDLLNITIOd

00OAXLLNITIOd

TOOAXLLNITIOd

COOAXLLNITIOd

00OAXYHLNITIOM

TOOAXHLNITIOM

COOAXHLNITIOd

INdLNITIOd

OVINLNITIOd

TALNITIOd

ILINITIOd

Initial value:

R

R/W:

=H'BAO

INTEVT

24) INT2B24 register: USB

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

31

Bit:

Initial value:

R

R/W:

15 14 13 12 11 10

Bit:

IDHO-9sN

IOH3-9sn

04-asn

Td4-asn

Initial value:

R

R/W:
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Section 10 Interrupt Controller (INTC)

SH7786 Group

25) INT2B25 register: SDIO INTEVT=H'BCO
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: — — — — — — — — — — — — — — — —
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
| | | I | |SD3|SD2|SD1|SDO|
Initial value: — — — — — — — — — — — — — — — —
R/W: R R R R R R R R R R R R R R R R
26) INT2B26 register: SDI1 INTEVT=H'BEO
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: — — — — — — — — — — — — — — — —
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
| | | | | |SD3|SD2|SD1|SDO|
Initial value: — — — — — — — — — — — — — — — —
R/W: R R R R R R R R R R R R R R R R
27) INT2B27 register: Reserved
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: — — — — — — — — — — — — — — — —
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
Initial value: — — — — — — — — — — — — — — — —
R/W: R R R R R R R R R R R R R R R R
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SH7786 Group Section 10 Interrupt Controller (INTC)

28) INT2B28 register: Reserved

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

N N N O A

Initial value: — — — — — — — — — — _ _ _ _ _ _

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

[N N A

Initial value: — — — — — — — — — — _ _ _ _ _ _

R/W: R R R R R R R R R R R R R R R R

29) INT2B29 register: 12C0 INTEVT=H'CCO

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

N N N O A

Initial value: — — — — — — — — — — _ _ _ _ _ _

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
| |MNR|MAL|MST|MDE|MDT|MDR|MAT| | | |SSR|SDE|SDT|SDR|SAR|

Initial value: — — — — — — — — — — — — — _ _ _

R/W: R R R R R R R R R R R R R R R R

30) INT2B30 register: 12C1 INTEVT=H'CEO

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

[N N A

Initial value: — — — — — — — — — — _ _ _ _ _ _

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
| |MNR|MAL|MST|MDE|MDT|MDR|MAT| | | |SSR|SDE|SDT|SDR|SAR|

Initial value: — — — — — — — — — — — — — _ _ _

R/W: R R R R R R R R R R R R R R R R
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Section 10 Interrupt Controller (INTC) SH7786 Group

31) INT2B31 register: DU INTEVT=H'DO00

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

Initial value: — — — — — — — _ _
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
[rveleen] | [ve<| [erwex [

Initial value: — — — — — — _ _
R/W: R R R R R R R R R R R R R R R R

32) INT2B32 register: SS10,1,2,3 INTEVT=H'D20,D40,D60,D80

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

N X B

Initial value: — — — — — — — _ _
R/W: R R R R R R R R R R R R R R R R

Bt 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
L [ [sss|sse]ssn]sso]

Initial value: — — — — — — — —
R/W: R R R R R R R R R R R R R R R R
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Interrupt Controller (INTC)

Section 10

SH7786 Group

=H'DAO

INTEVT

33) INT2B33 register: PCIEC2-3

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

31

Bit:

0EISNZIOd

TEISNZIOd

VINILSVZIOd

d1INILSVZIOd

O1NILSVZIOd

ALNILSVZIOd

Initial value:

R

R/W:

15 14 13 12 11 10

Bit:

YTISNZIOd

STISNZIOd

9TISNZCIOd

LTISWZIOd

8TISNZIOd

6TISWCIOd

0CISNZIOd

TCISNeIOd

¢CISNCIOd

€CISNZIOd

YZISNZIOd

SCISNZIOd

9CISNZIOd

L2ISNZIOd

8CISNZIOd

6CISNZIOd

Initial value:

R

R/W:

=H'DCO

INTEVT

34) INT2B34 register: PCIEC2-2

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

Bit:

8ISWZIOd

6ISZIOd

OTISNZIOd

TTISWZIOd

¢TISNZIOd

E€TISNZIOd

Initial value:

R

R/W:

15 14 13 12 11 10

Bit:

1410X1210d

1d10XHeIod

dd3Xdciod

3JOVINGZIOd

00VINdcIod

TOVINQcIOd

¢OVINacIod

€OVINQcCIod

0ISWeIOd

TISWZIOd

CISZIOd

€ISNZIOd

YISWeIOd

SISWeIOd

9ISNZIOd

LISWZIOd

Initial value:

R

R/W:
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Section 10

Interrupt Controller (INTC)

SH7786 Group

35) INT2B35 register: PCIEC2-1 INTEVT=H'DEO
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
N — o e £
LIRS R 21§55
sisis181818|5]38
X X X x < x > >
o o o = = = = =
N N N Y Y N o o
O O O O O O N N
a a a a a a o o
o a
Initial value: — — — — — — — — — — — — — — — —
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
x o
e 14 o d
o sls|8|8|8|8|d|8|x|F|e|c
— — I = 8] O 8] O @] O s L 0 w Ll
F | o a2 2121929zl |a
ElE|lZ2|E|l | x| x| x| x|x|o|a|5|2|35| 0o
z z £ z a4 a4 o = = = a o) e 9] T T
~ ~ <= ~ = = = = = = = o = o = =
O o N o Z Z Z < < < < [ z E z z
g |l &8|lo |8 |s|s|ls|lx|sg|a|ls|z|5|Z2|s5|E8
o o o) o) o o o o S o [N o 5
o a8 o o o o o o Y O a a
a o
Initial value: — — — — — — — — — — — — —
R/W: R R R R R R R R R R R R R R R R
36) INT2B36 register: HACO, 1 INTEVT=H"'EQO, E20
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: — — — — — — — — — — — — — — —
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
| | |HACl|HACO|
Initial value: — — — — — — — — — — — — — — —
R/W: R R R R R R R R R R R R R R R R
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SH7786 Group Section 10 Interrupt Controller (INTC)

37) INT2B37 register: FLCTL INTEVT=H'E40

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

N N N O A

Initial value: — — — — — — — _ _ _ _ _ _ _

R/W: R R R R R R R R R R R R

Pyl
Pyl
Pyl
Pyl

w
N
=
o

Bit: 15 14 13 12 11 10 9 8 7 6 5 4

FLTRQ1

FLTRQO

FLTEND
FLSTE

Initial value: — — — — — — — _ _ _ _ _ _ _

R/W: R R R R R R R R R R R R

Pyl
Pyl
Pyl
Pyl

38) INT2B38 register: Reserved INTEVT=H'EGO0

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

Initial value: — — — — — — — — — — — — — _ _ _

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

N N N O N

Initial value: — — — — — — — — — — _ _ _ _ _ _
R/W: R R R R R R R R R R R R R R R R

39) INT2B39 register: HSPI INTEVT=H'ES80

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

N N N O A

Initial value: — — — — — — — — — — _ _ _ _ _ _

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

N N N I I Y

Initial value: — — — — — — — — — — _ _ _ _ _ _
R/W: R R R R R R R R R R R R R R R R

REJ09B0501-0100 Rev. 1.00 Page 335 of 2004

Nov 30, 2010 RENESAS



Section 10 Interrupt Controller (INTC) SH7786 Group

40) INT2B40 register: GPIO INTEVT=H'EAO,ECO

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

N X B

Initial value: — — — — — — — — — — _ _ _ _ _ _

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
| | | I | | | I |GPIO7|GPI06|GPI05|GPIO4|GPI03|GPI02|GPIOl|GPIOO|

Initial value: — — — — — — — — — — _ _ _ _ _ _

R/W: R R R R R R R R R R R R R R R R

41) INT2B41 register: Thermal Sensor INTEVT=H'EEQ

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

N X B

Initial value: — — — — — — — — — — _ _ _ _ _ _

R/W: R R R R R R R R R R R R R R R R

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

Initial value: — — — — — — — — — — — — — _ _ _

R/W: R R R R R R R R R R R R R R R R

42) INT2B42, 43, 44 register: Reserved

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 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

0 0 0 0 0 0 0 0 0 0 0 0 0 0

Initial value: 0 0
R/W: R R R R R R R R R R R R R R R R
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10.34

GPIO Interrupt Set Register (INT2GPIC)

INT2GPIC enables interrupt requests input from the pins J2, J1, H1, HO, F1, FO, Al and AOQ, as
GPIO interrupts. In this case, the mask setting by the register at the corresponding moduleis

needed.

A GPIO interrupt is alow-active interrupt. Enable interrupt requests after setting the pins
corresponding to the port control register (J, H, F and A) used for GPIO interrupts to be input pins
from ports For the port control registers, see section 30, General Input/Output Port (GPIO).

The timing required to reflect the register value is guaranteed by writing to this register, and then,

reading from this register once (the interrupt request is reflected).

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 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

— — — — — — — — | GPIO | GPIO | GPIO | GPIO | GPIO | GPIO | GPIO | GPIO

07E | O6E | O5E | O4E | O3E | 02E | O1E | OOE

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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Table 10.6 Correspondence of each bit and INT2GPIC register

Bit Name Initial Value R/W  Function

Description

31to8 — All 0 R Reserved

These bits are always read

as 0. The write value
should always be 0.

7 GPIOO7E 0 R/W  Enables GPIOOQ7 interrupt
request (from pin J2).

6 GPIO06E 0 R/W  Enables GPIO06 interrupt
request (from pin J1).

5 GPIOO5E 0 R/W  Enables GPIOO05 interrupt
request (from pin H1).

4 GPIOO4E 0 R/W  Enables GPIO04 interrupt
request (from pin HO).

3 GPIOO3E 0 R/W  Enables GPIOO03 interrupt
request (from pin F1).

2 GPIO02E 0 R/W  Enables GPIO02 interrupt
request (from pin FO).

1 GPIOO1E O R/W  Enables GPIOO01 interrupt
request (from pin Al).

0 GPIOO00E 0 R/W  Enables GPIOO0O0 interrupt

request (from pin AO).

Enables GPIO interrupt

request for each pin.

0: Disable the
corresponding
interrupt request

1: Enable the
corresponding
interrupt request

When a GPIO port pinis used as an interrupt pin, the GPIO notifies the INTC of the interrupt
when the GPIO detects an interrupt. The INTC indicates the interrupt as a 1-bit sourcein the

[10,9] bit in CnINT2A0_3 or CnINT2A1_3.
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10.35 Thermal Sensor Interrupt Set Register (INT2THSC)

INT2THSC enables interrupt requests input from the thermal sensor. In this case, the mask setting
by the register at the corresponding module is needed.

The timing required to reflect the register value is guaranteed by writing to this register, and then,
reading from this register once (the interrupt request is reflected).

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
RW: 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
- - -] === =1]—=|—=1|—=1|—=1] — | THS | THS | THS | THS
3E | 2E | 1E | OE
Initial value: 0 0 0 0 0 0
RW: R R R R R R R R R R R R RW RW RW RMW
Table 10.7 Correspondence of each bit and INT2THSC register
Bit Bit Name Initial Value R/W Function Description
3l1to4 — All0 R Reserved Enables THS interrupt
These bits are always request for each pin.
read as 0. The write value 0: Disable the
should always be 0. corresponding
3 THS3E 0 RW  Enables THS3 interrupt Interrupt request
- corresponding
2 THS2E 0 R/W  Enables THS2 interrupt interrupt request
request.
1 THS1E 0 R/W  Enables THS1 interrupt
request.
0 THSOE 0 R/W  Enables THSO interrupt

request.
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10.3.6  Registersfor Among CPUs
(1) Register for Controlling Interrupt among CPUs ( CnINTICI, n=0to0 1)

CnINTICI is a 32-bit readabl e/writable register that set interrupt request to CPUn (n=0to 1).
These registers areinitialized to H'0000 0000 by areset.

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

ICI7 ICI6 ICI5S | ICl4 |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: 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

ICI3 ICI2 ICI1 ICIO

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

Bit Bit Name Initial Value R/W Description
31t028 ICI7 0000 R/W  Interrupt request among CPUs
27t024 ICI6 0000 R/W  This generates the interrupt request to CPUn (n =0

to 1) that handles logical OR of 4-bit in each field as

231020 ICI5 0000 RIW the interrupt request of 1 source.

19t016 ICl4 0000 RW 0. |gnores 0.

15t012 ICI3 0000 R/W 1. Generates an interrupt request

11to 8 ICI2 0000 R/W

7t04 ICI1 0000 R/W

3t00 ICIO 0000 R/W
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(2) Register for Clearing Interrupt among CPUs ( CnINTICICLR, n=0to 1)

CnINTICICLR isa32-bit write-only register that clears the interrupt request to CPUn (n=0to 1).

These bits are always read as 0.
Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| ICICLR7 | ICICLR6 ICICLR5 ICICLR4
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: W W W W W W W W W W W W W W W W
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ICICLR3 ICICLR2 ICICLR1 ICICLRO
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: W W W W W W W W W W W W W W W W
Bit Bit Name Initial Value R/W Description
31to 28 ICICLR7 0000 R/W  Clearance of interrupt request among CPUs
27 to 24 ICICLR6 0000 R/W It clears the bit corresponding to the register for
clearing interrupt priority among CPUs (CnINTICI)
231020 ICICLRS 0000 RIW and cancels the interrupt request.
19to 16 ICICLR4 0000 RIW . Ignores 0.
15t0 12 ICICLR3 0000 R/W  1: It clears the bit corresponding to the CnINIICI
11t08 ICICLR2 0000 RIW register to0 and cancels the interrupt request
7to4 ICICLR1 0000 R/W
3to0 ICICLRO 0000 R/W

REJ09B0501-0100 Rev. 1.00

Nov 30, 2010

RENESAS

Page 341 of 2004



Section 10 Interrupt Controller (INTC)

SH7786 Group

(3) Register for Setting Interrupt Priority Order among CPUs ( CnICIPRI, n=0to 1)

CnICIPRI is a32-hit readable/writable register that setsthe priority order of interrupt request
among CPU n(n=0to 1). Theseregisters are initialized to H'0000 0000 by areset.

Bit: 31 30 29 28 26 25 24 23 19 18 17 16
| ICIPRI7 ICIPRI6 | | ICIPRI4
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0

R/W: RIW R/W RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Bit: 15 14 13 12 10 9 8 7 3 2 1 0
ICIPRI3 ICIPRI2 ICIPRIO
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0

R/W: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit Bit Name Initial Value R/W  Description

31to 28 ICIPRI7 0000 R/W  Priority order of interrupt among CPUs

27 to 24 ICIPRI6 0000 R/W It sets the priority order of interrupt request among

231020 ICIPRI5 0000 RIW CPUs corresponding to each field for every 4 bit.

19to 16 ICIPRI4 0000 R/W 0: lgnores 0.

to 1: Sets the interrupt priority level.

15to 12 ICIPRI3 0000 R/W

11to 8 ICIPRI2 0000 R/W

7t04 ICIPRI1 0000 R/W

3t00 ICIPRIO 0000 R/W
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(4) Register for Clearing Interrupt Priority Order among CPUs (CnICIPRICLR, n=0to 1)

CnICIPRICLR isa 32-bit write-only register that clears the bit corresponding to the register for
interrupt priority order of interrupt among CPUs (CnINTICIPRI). These hits are always read as 0.

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

| ICIPRICLR7 | ICIPRICLR6 | ICIPRICLRS | ICIPRICLR4 |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: W w w w w w w w w w w w w w w w

o

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ICIPRICLR3 ICIPRICLR2 ICIPRICLR1 ICIPRICLRO

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

RIW: W w w W w w w W W W W w w w w w

o

Bit Bit Name Initial Value R/W Description
31to28 ICIPRICLR7 0000 R/W Clearance of priority order for interrupt among
271024 ICIPRICLR6 0000 R/W CPUs

It clears the bit corresponding to the register for
231020 ICIPRICLRS 0000 RIW interrupt priority order of interrupt among CPUs
19to 16 ICIPRICLR4 0000 R/W (CnINTICIPRI) and clears the interrupt priority
15t012 ICIPRICLR3 0000 rRw evel

0: lIgnores 0.
1108 ICIPRICLR2 0000 RIW 1: Clears the bit corresponding to the
7104 ICIPRICLR1 0000 R/W CnINIICIPRI register to 0 and clears the
3100 ICIPRICLRO 0000 R/W interrupt priority level.
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10.3.7 Interrupt Distribution Register

(1) Interrupt Distribution Register O (INTDISTCRO)

INTDISTCRO is a 32-bit readable/writable register that can set whether or not to distribute the
IRQ interrupt to multiple CPUs in automatic distribution mode.

Bit: 31 30

29 28 27

26

25 24 23 22 21 20 19 18 17 16

|DIST7|DIST6|DIST5|DIST4|DIST3|DIST2|DIST1|DISTO| — | — | — | — | — | — | — | — |

Initial value: 0 0

0 0 0

0

0 0 0

0 0 0 0 0 0 0
R/W: RW R/W RW R/W R/W R/W RW R/W 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
Initial value: 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
Bit Bit Name Initial Value R/W  Description
31to 24 DIST7 0 R/W It sets distribute each interrupt to multiple CPUs in
DIST6 0 RIW automatic distribution mode.
When the corresponding bit receives the interrupt
DISTS 0 RIW as set to 1, the bit 0 in interrupt acknowledgement
DIST4 0 R/W register (INTACK) is exclusively set, and mask the
DIST3 0 RIW correspono.llng interrupt sourc.e to ea_ch CPU.
The mask is released by ending the interrupt
DIST2 0 RIW operation and writing the interrupt event to interrupt
DIST1 0 R/W acknowledgement clear register (INTACKCLR).
DISTO 0 R/W
23to0 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.
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(2) Interrupt Distribution Register 1 (INTDISTCR1)

INTDISTCRL1 is a 32-hit readable/writable register that can set whether or not to distribute the
IRLO and IRL1 interrupt to multiple CPUs in automatic distribution mode.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
pstoforsta] — [—[ - [-[-]-[-[-[-]-[-[-]-]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW 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
Initial value: 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
Bit Bit Name Initial Value R/W Description
31 DISTO 0 R/W It sets distribute each interrupt to multiple CPUs in
30 DISTL 0 RIW automatic distribution mode.
When the corresponding bit receives the interrupt
as set to 1, the bit 0 in interrupt acknowledgement
register (INTACK) is exclusively set, and mask the
corresponding interrupt source to each CPU.
The mask is released by ending the interrupt
operation and writing the interrupt event to interrupt
acknowledgement clear register (INTACKCLR).
29t00 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
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(3) Peripheral Interrupt Distribution Register (INT2DISTCROto 3)

INT2DISTCRO to INT2DISTCR3 is a 32-bit readable/writable register that can set whether to
each peripheral interrupt to multiple CPUs in automatic distribution mode.

INT2DISTCRO

Bit Source (EventCode) Initial Value R/W Description

31tol Reserved All 0 R/W These bits are always read as 0. The
write value should always be 0.

0 WDT (H'3EQ) 0 R/W [When read]
0: Distribution is disable
1: Distribution is enable
[When written]
0: Invalid
1: Setting distribution
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INT2DISTCR1
Bit Source (EventCode) Initial Value R/W Description
31 TMU-chO to 2 (H'400) O R/W [When read]
30 TMU-chO to 2 (H'420) O R/W 0: Distribution is disable
29 TMU-chO to 2 (H'440) 0 R/W 1: Distribution is enable
28 TMU-chO to 2 (H'460) 0 riw  [When written]
27 TMU-ch3 to 5 (H'480) 0 rRw 0 Invalid
26 TMU-ch3 to 5 (H4A0) 0 RIW 1: Setting distribution
25 TMU-ch3to 5 (H'4C0) O R/W
24 (H'4E0) 0 R/W
23 DMACO (H'500) 0 R/W
22 DMACO (H'520) 0 R/W
21 DMACO (H'540) 0 R/W
20 DMACO (H'560) 0 R/W
19 DMACO (H'580) 0 R/W
18 DMACO (H'5A0) 0 R/W
17 DMACO (H'5CO) 0 RIW
16 H-UDI1 (H'5EO) 0 R/W
15 H-UDIO (H'600) 0 R/W
14 DMACL1 (H'620) 0 R/W
13 DMACL1 (H'640) 0 R/W
12 DMACL1 (H'660) 0 R/W
11 DMACL1 (H'680) 0 R/W
10 HPB (H'6A0) 0 R/W
9 HPB (H'6CO) 0 R/W
8 HPB (H'6E0) 0 RIW
7 SCIFO (H'700) 0 RIW
6 SCIFO0 (H'720) 0 R/W
5 SCIFO (H'740) 0 RIW
4 SCIFO (H'760) 0 RIW
3 SCIF1 (H'780) 0 R/W
2 TMU-ch6 to 8 (H'7A0) 0 R/W
1 TMU-ch9 to 11 0 R/W
(H'7CO0)
0 (H'7EO0) 0 R/W
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INT2DISTCR2

Bit Source (EventCode) Initial Value R/W Description

31,30 Reserved All O R/W These bits are always read as 0. The
write value should always be 0.

29 SCIF2 (H'840) 0 R/W [When read]

28 SCIF3 (H'860) 0 R/W 0: Distribution is disable

27 SCIF4 (H'880) 0 R/W 1: Distribution is enable

26 SCIF5 (H'8A0) 0 Rw  [Whenwritten]
0: Invalid

25 Ether (H'8CO) 0 RIW 1: Setting distribution

24 Ether (H'8EOQ) 0 R/W

23t09 Reserved All O R/W These bits are always read as 0. The
write value should always be 0.

8 PCIECO (H'AEOQ) 0 R/W [When read]

7 PCIECO (H'BOO) 0 R/W 0: Distribution is disable

6 PCIECO (H'B20) 0 RIW 1: Distribution is enable

5 PCIEC1 (H'B40) 0 R/W [When wr_itten]
0: Invalid

4 PCIEC1 (H'B60) 0 RIW 1: Setting distribution

3 PCIEC1 (H'B80) 0 R/W

2 USB (H'BAO) 0 R/W

1 SDIO (H'BCO) 0 R/W

0 SDI1 (H'BEO) 0 R/W
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INT2DISTCR3

Bit Source (EventCode) Initial Value R/W Description

31 (H'C00) 0 R/W [When read]

30 (H'C20) 0 R/W 0: Distribution is disable

29 (H'C40) 0 R/W 1: Distribution is enable

28 (H'C60) 0 RIW L\’:Vh?:\/";ri':e”]

21 (H'C80) 0 RIW 1: Setting distribution

26 (H'CAO) 0 R/W

25 12C0 (H'CCO) 0 R/W

24 12C1 (H'CEO) 0 R/W

23 DU (H'D00) 0 R/W

22 SSI0 (H'D20) 0 R/W

21 SSI1 (H'D40) 0 R/W

20 SSI2 (H'D60) 0 R/W

19 SSI3 (H'D80) 0 R/IW

18 PCIEC2 (H'DAO) 0 R/W

17 PCIEC2 (H'DCO) 0 R/W

16 PCIEC2 (H'DEO) 0 R/W

15 HACO (H'E00) 0 R/W

14 HAC1 (H'E20) 0 R/W

13 FLCTL (H'E40) 0 R/W

12 (H'E60) 0 R/W

11 HSPI (H'E80) 0 R/W

10 GPIO0 (H'EAO) 0 RIW

9 GPIO1 (H'ECO) 0 R/W

8 Thermal sensor (H'EEO) O R/W

7t00 Reserved All 0 R/W These bits are always read as 0. The
write value should always be 0.
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10.3.8 Interrupt Acknowledgement Register
(1) Interrupt Acknowledgement Register (INTACK)

Interrupt acknowledgement register (INTACK) isfor conducting an exclusive process under the
automatic distribution mode by confirming the value after each CPU acknowledges interrupts.

When a CPU acknowledges an interrupt (except NMI), if it is supposed to be processed by the
CPU (an interrupt under the fixed distribution mode, or an interrupt under the automatic
distribution mode and the CPU has acknowledged the interrupt first among all other CPUs), 1 is
set. Where asif it is not supposed to be processed by the CPU (it already has been acknowledged
by another CPU), O is set (See section 10.5.3). Although INTACK isthe same address for al the
CPU for the high speed interrupt processing, each CPU can read the corresponding val ue.

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

[ = A I e I e B e e N N

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

— -] - == =] === == =1]=1=1=/1INT
ACK
Initial value: 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 Bit Name Initial Value R/W Description

31tol — AllO R Reserved

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

0 INTACK 0 R/W  This sets the following values when acknowledging
an interrupt.
0: Has not acknowledged the interrupt that should
be processed.
1: Has acknowledged the interrupt that should be
processed.
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(2) Interrupt Acknowledgement Clear Register INTACKCLR)

Thisregister isfor canceling an interrupt mask under the automatic distribution mode. When the
users write the event code of the corresponding interrupt source to this register after clearing each
interrupt source, it clears the mask for the interrupt source (See section 10.5.3).

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
R/W: R R R R R R R R R R R R R R R R

o

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

| — | — | INTEVENT
Initial value: 0 0 0 0 0 0 0 0
R/W: R R W w W W W w w w w W w w w w

o
o
o
o
o
o
o

Bit Bit Name Initial Value R/W Description

31to 14 — All O R Reserved

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

13to 0 INTEVENT AllO w Interrupt mask clear event

By writing the interrupt event code to this register
under automatic distribution mode, it cancels the
interrupt mask which has been exclusively
acknowledged.
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(3 IRQ Interrupt Acknowledgement Mask Register (IRQACKMASK)

Under the automatic distribution mode, I|RQ interrupt acknowledgement mask register functions to
mask IRQ interrupts that have been acknowledged and would have been processed by each CPU.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|AMO7 |AM06 | AMO5 | AMO04 | AMO3 | AMO02 |AM01 | AMOO| — | — | — | — | — | — | — | — |
Initial value: 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
I I I = = =
Iniial value: 0 0 0 0 0 0 0 0 o 0o o o o0 0 0
RW. R R R R R R R R R R R R R R R R

Bit Bit Name Initial Value R/W Description

31 AMO7 0 R INTACK mask

30 AMO6 0 R While INTC exclusively sets the INTACK register bit

29 AMOS 0 R 20tgrcle, (lég:aAs'\I;%grt]OlrlTle)r.rupt with the corresponding

28 AMO4 0 R

27 AMO3 0 R

26 AMO02 0 R

25 AMO1 0 R

24 AMOO 0 R

23to0 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
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(4) IRL Interrupt Acknowledgement Mask Register 1 (IRLACKMASK)

Under the automatic distribution mode, IRL interrupt acknowledgement mask register functions to
mask IRL interrupts that have been acknowledged and would have been processed by each CPU.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[voolamor| — [ — [~ [ [ [-[-[-[-[-]-[—]
Initial value: 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
Initial value: 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
Bit Bit Name Initial Value R/W Description
31 AMOO 0 R INTACK mask
30 AMO1 0 R While INTC exclusively sets the INTACK register
bit0 to '1', it masks an interrupt with the
corresponding source (set AMOO to '1").
29t00 — All O R Reserved

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

(5) Peripheral Interrupt Acknowledgement Mask Register (PERIACKMASKOto 3)

Under the automatic distribution mode, peripheral interrupt acknowledgement mask register 0 to 3
functions to mask interrupts that have been acknowledged and would have been processed by each

CPU.

PERIACKMASKO

Bit Source (EventCode) Initial Value R/W Description

31tol Reserved All O R These bits are always read as 0. The
write value should always be 0.

0 WDT (H'3EO0) 0 R [When read]

0: ACK mask is disable
1. ACK mask is enable
[When written]

0/1: Invalid
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PERIACKMASK1

Bit Source (EventCode) Initial Value R/W Description
31 TMU-chOto 2 (H'400) O R [When read]
30 TMU-chOto 2 (H'420) O R 0: ACK mask is disable
29 TMU-chO to 2 (H'440) 0 R 1: ACK mask is enable
28 TMU-chO to 2 (H'460) 0 R [When written]
27 TMU-ch3 to 5 (H'480) 0 R 0/1: Invalid

26 TMU-ch3to 5 (H'4A0) O R

25 TMU-ch3to 5 (H'4C0) O R

24 (H'4E0) 0 R

23 DMACO (H'500) 0 R

22 DMACO (H'520) 0 R

21 DMACO (H'540) 0 R

20 DMACO (H'560) 0 R

19 DMACO (H'580) 0 R

18 DMACO (H'5A0) 0 R

17 DMACO (H'5C0) 0 R

16 H-UDI1 (H'5EOQ) 0 R

15 H-UDIO (H'600) 0 R

14 DMACL1 (H'620) 0 R

13 DMACL1 (H'640) 0 R

12 DMACL1 (H'660) 0 R

11 DMACL1 (H'680) 0 R

10 HPB (H'6A0) 0 R

9 HPB (H'6CO) 0 R

8 HPB (H'6E0) 0 R

7 SCIFO0 (H'700) 0 R

6 SCIFO (H'720) 0 R

5 SCIFO (H'740) 0 R

4 SCIFO0 (H'760) 0 R

3 SCIF1 (H'780) 0 R

2 TMU-ch6 to 8 (H'7A0) O R

1 TMU-ch9 to 11 (H'7C0) 0 R

0 (H'7E0) 0 R
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PERIACKMASK?2

Bit Source (EventCode) Initial Value R/W Description
31,30 Reserved All 0 R These bits are always read as 0. The
write value should always be 0.
29 SCIF2 (H'840) 0 R [When read]
28 SCIF3 (H'860) 0 R 0: ACK mask is disable
27 SCIF4 (H'880) 0 R 1: ACK mask is enable
[When written]
26 SCIF5 (H'8A0) 0 R .
0/1: Invalid
25 Ether (H'8CO0) 0 R
24 Ether (H'S8EO) 0 R
23t09 Reserved All 0 R These bits are always read as 0. The
write value should always be 0.
8 PCIECO (H'AEQ) 0 R [When read]
7 PCIECO (H'BOO) 0 R 0: ACK mask is disable
6 PCIECO (H'B20) 0 R 1: ACK mask is enable
[When written]
5 PCIEC1 (H'B40) 0 R .
0/1: Invalid
4 PCIEC1 (H'B60) 0 R
3 PCIEC1 (H'B80) 0 R
2 USB (H'BAO) 0 R
1 SDIO (H'BCO) 0 R
0 SDI1 (H'BEO) 0 R
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SH7786 Group

PERIACKMASK3

Bit Source (EventCode) Initial Value R/W Description

31 (H'C00) 0 R [When read]

30 (H'C20) 0 R 0: ACK mask is disable

29 (H'C40) 0 R 1: ACK mask is enable

27 (H'C80) 0 R

26 (H'CAO) 0 R

25 12C0 (H'CCO) 0 R

24 12C1 (H'CEO) 0 R

23 DU (H'D00) 0 R

22 SSI0 (H'D20) 0 R

21 SSI1 (H'D40) 0 R

20 SSI2 (H'D60) 0 R

19 SSI3 (H'D80) 0 R

18 PCIEC2 (H'DAO) 0 R

17 PCIEC2 (H'DCO) 0 R

16 PCIEC2 (H'DEO) 0 R

15 HACO (H'E00) 0 R

14 HAC1 (H'E20) 0 R

13 FLCTL (H'E40) 0 R

12 (H'E60) 0 R

11 HSPI (H'E80) 0 R

10 GPIO0 (H'EAO) 0 R

9 GPIO1 (H'ECO) 0 R

8 Thermal sensor (H'EEO) O R

7t00 Reserved All O R These bits are always read as 0. The

write value should always be 0.
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10.4  Interrupt Sources

There are five types of interrupt sources, NMI, IRQ, IRL, on-chip module interrupts and interrupts
among CPUs (ICl). Each interrupt has a priority level (16 to 0). Level 16 isthe highest and level 1
isthe lowest. When the level is set to 0, the interrupt is masked and interrupt requests are ignored.

1041 NMI Interrupts

The NMI interrupt has the highest priority of level 16. Theinterrupt is always accepted unlessthe
BL bit in SR of the CPU is set to 1. In sleep mode, the interrupt is accepted even if the BL bit is
setto 1.

According to a setting, the NMI interrupt can be accepted even if the BL bit isset to 1.

Input from the NMI pin is detected at the edge. The NMI edge select bit (NMIE) in ICRO is used
to select from therising or falling edge. After the NMIE bit in ICRO is modified, the NMI
interrupt is not detected for up to six bus clock cycles.

When the INTMU bit in the CPUOPM is set to 1, the interrupt mask level (IMASK) in SR is
automatically set to level 15. When the INTMU bit in CPUOPM is cleared to 0, the IMASK vaue
in SR is not affected by accepting an NMI interrupt.

10.4.2 IRQ Interrupts

The IRQ interrupt is valid when 1 iswritten to the IRLMO and IRLM1 bitsin ICRO and pins
IRQ/IRL7 to IRQ/IRLO are used for independent interrupts. The rising edge, falling edge, low
level, and high level detections are enabled by setting the IRQnS1 and IRQNSO bits (h=0to 7).
The priority of interruptsis set by INTPRL.

If an IRQ interrupt request is detected by the low level or high level detection, the pin state of IRQ
interrupt state should be retained until interrupt handling starts after interrupts are accepted.

When the INTMU bit in CPUOPM is set to 1, the interrupt mask level (IMASK) in SR is
automatically set to the level of the accepted interrupt. When the INTMU bit in CPUOPM is set to
0, the IMASK value in SR is not affected by accepting an IRQ interrupt.
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10.4.3 IRL Interrupts

The IRL interrupt is an interrupt input as level from pins IRQ/IRL7 to IRQ/IRL4 or pins
IRQ/IRL3 to IRQ/IRLO.

The priority level isindicated by pins IRQ/IRL7 to IRQ/IRLA4 or pins IRQ/TRL3 to |IRQ/IRLO.
Pins IRQ/IRL7 to IRQ/IRL4 or pins IRQ/IRL3 to IRQ/IRLO indicate the interrupt request with the
highest priority (level 15) when these pins are all low. When these pins are all high, these pins
indicate no interrupt requests (level 0). Figure 10.2 shows an example of IRL interrupt connection,
and table 10.8 shows the correspondence between the levels on the IRL pins and interrupt priority.

SH7786
EEE——
Interrupt 5| Priority »| IRQ/IRL3 to
requests ———— BTt TR0 T=Te)
encoder  |[R[3t0 RLO| IRQ/RLO
EE— _
Interrupt  — 1 Priority »| IRQ/IRL7 to
requests ————| encoder |iRL7 to IRL4 IRQ/IRL4
EE—

Figure10.2 Exampleof IRL Interrupt Connection
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Table10.8 IRL Interrupt Pins(IRL[3:0], IRL[7:4]) and Interrupt Levels

IRL3 or IRL2 or IRL1 or IRLO or Interrupt

IRL7 IRL6 IRL5 IRL4 Priority Level Interrupt Request

Low Low Low Low 15 Level 15 interrupt request
Low Low Low High 14 Level 14 interrupt request
Low Low High Low 13 Level 13 interrupt request
Low Low High High 12 Level 12 interrupt request
Low High Low Low 11 Level 11 interrupt request
Low High Low High 10 Level 10 interrupt request
Low High High Low 9 Level 9 interrupt request
Low High High High 8 Level 8 interrupt request
High Low Low Low 7 Level 7 interrupt request
High Low Low High 6 Level 6 interrupt request
High Low High Low 5 Level 5 interrupt request
High Low High High 4 Level 4 interrupt request
High High Low Low 3 Level 3 interrupt request
High High Low High 2 Level 2 interrupt request
High High High Low 1 Level 1 interrupt request
High High High High 0 No interrupt request

IRL interrupt detection requires an on-chip noise-cancellation feature. This detection is performed
when the level sampled at every bus clock is the same for three consecutive cycles. This detection
can prevent the incorrect level from being taking in when the IRL interrupt pin state changes.

The priority of IRL interrupts should be retained from when an interrupt is accepted to when
interrupt handling starts. The level can be changed a higher level.

When the INTMU bit in CPUOPM is set to 1, the interrupt mask level (IMASK) bitin SRis
automatically set to the level of the accepted interrupt. When the INTMU bit in CPUOPM is
cleared to 0, the IMASK bit in SR is not affected.

When 1 iswritten to the IRLMO and IRLM1 bitsin ICRO, pins IRQ/IRLO to IRQ/IRL3 or
IRQ/IRL7 to IRQ/IRL4 can be used for independent IRQ interrupts. For details, see section
10.4.2, IRQ Interrupts.
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1044  On-Chip Peripheral Module I nterrupts
On-chip module interrupts are interrupts generated in the on-chip modules.

Theinterrupt vectors are not allocated to each source, but the source isreflected on INTEVT.
Therefore, the source can be easily identified by branching the value of INTEVT as offset during
exception handling routine.

A priority ranging from 31 to O can be set for each module by INT2PRIO to INT2PRI24. To notify
the CPU of the priority, round down the least 1-bit and change to 4 bits. For details, see section
10.4.6, Priority of On-Chip Peripheral Module Interrupts.

An on-chip peripheral module interrupt source flag or an interrupt enable flag should be updated
when the BL bit in SR is set to 1 or when the corresponding interrupt is not generated by the
setting of interrupt masking occurs. To prevent the acceptance of incorrect interrupts by the
updated interrupt source, read from the on-chip peripheral module register that has the
corresponding flag. Then, clear the BL bit to 0 or update the interrupt masking setting so that the
corresponding interrupt can be accepted, after waiting for the on-chip peripheral module priority
determination time specified by table 10.9, Interrupt Response Time (for example, read from a
register operating with the peripheral module clock in the INTC). These procedures can guarantee
the required timing. To update multiple flag, read from the register that has the last flag after
updating the flag.

If aflag is updated when the BL bit is 0, the processing may skip to interrupt processing routine
with the INTEVT value cleared to 0. Thisis because interrupt processing starts, relative to the
timing that the flag is updated and the interrupt request isidentified in this LSI. The processing
can be continued successfully by executing the RTE instruction.

Note that the GPIO interrupt is alow-active interrupts. Unlike the IRL interrupt and the IRQ
interrupt that is detected by the level detection, the GPIO interrupt source cannot be retained by
hardware if the pin state is changed and the interrupt request is withdrawn.
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10.45 Interrupt among CPUs

Theinterrupt among CPUs occurs by the setting of interrupt control among CPUs register
(CnINTICI).

Up to 8 sources (8 fields) can be inputted to 1 CPU and 4-bit logical OR for 1 field generates an
interrupt.

2 ways are expected: -

1. Use separate fields depending on the different CPU that made a request.
2. Use separate fields depending on the different source notified among CPUs.

From CPU#n (n =0 to 7) or From factor#n (n =0 to 7)

COINTICI | #7 | #6 | #5 | #4 | #3 | #2 | #1 | #0 |
Ii’:

To CPU#0
C1INTICI | #7 | #6 | #5 | #4 | #3 | #2 | #1 | #0 |
E

To CPU#1

Figure 10.3 Interrupt among CPUs

When there are writings by multiple CPUs to one field, it will be managed by determining the bit
position in the field for each CPU.

The CPU, which has acknowledged the interrupt request, clears the interrupt request by making
the corresponding bit in the CnINTICI register O with the register for clearing interrupt among
CPUs (CnINTICICLR).
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10.4.6  Priority of On-Chip Peripheral Module

When any interrupt is generated, the on-chip peripheral module interrupt outputs the exception
code specific to the source to SH-4A. Accepting the interrupt, SH-4A indicates the corresponding
INTEVT codein INTEVT. Aninterrupt handler can identify the source by reading from INTEVT
in SH-4A, without reading the source indicate register in the INTC. For the correspondence
between on-chip peripheral module interrupt sources and exception codes, see table 10.1.

As shown in figure 10.4, an on-chip module interrupt source can be set to 30 levels (H'00 and H'01
mask interrupt requests) by the 5-bit field. The interrupt level receive interface in SH-4A can be
set to 15 levels (H'0 masks interrupt requests) by the 4-bit field. The priority of on-chip periphera
module interrupts is determined by selecting each interrupt source with 5 bits that are extended 1
bit. Then, change 4 bits that round down the least 1 bit and notifies. For example, two interrupt
sources with priority levels set to H'1A and H'1B will both be output to the CPU as the 4-bit
priority level H'D. The two interrupts sources have the same priority value. However, athough the
rounded codes are the same for both interrupt sources, the interrupt with priority level H'1B
clearly has priority when we consider the 5-bit datain the priority setting. That is, the 5-bit values
in the fields give INTC away to differentiate between interrupts with the same four-bit priority
level. If the interrupts of the same priority coinside, the INTEV T code is notified according to the
priority shown in table 10.1.

INTC distinguishes between priority levels H'1A and H'1B, An interrupt request is masked if priority level H'01 is set.
although both become the same level after truncating the
least significant bit for the CPU.

INTC INTC
Priority level: higher (H'1B) lower (H'1A) Priority level: H'01

Lilefolefe] [ale]ofe]o] ofofofo]i]
v oYYy Yy TY Ty
oo Lltfefe] [efefofef ey [ofofofo]

Priority level: Regarded as the same level (H'D) Priority level: H'O (interrupt is masked)
If multiple interrupt requests from on-chip modules Priority level H'01 becomes H'00 after the least significant
occur simultaneously, the INTC processes the interrupt with bit is truncated, so the CPU is not notified of the
the higher priority level (H'1B in the above case). corresponding interrupt. The range of priority levels in
However, if an external interrupt request is also generated the interrupt priority register thus H'02 to H'1F
at the same time the external interrupt request will have (30 priority levels).

higher priority in the following cases:

- An NMI interrupt request

- An IRQ or IRL interrupt request that has the same or
higher priority level (H'D or greater in the above case).

Figure10.4 Priority of On-Chip Peripheral Module Interrupts
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10.4.7 Interrupt Exception Handling and Priority
Table 10.1 shows the interrupt source, codes for INTEVT, and the order of interrupt priority.

A unique INTEVT codeis allocated to each interrupt source. The start address of the exception
handling routine is the same for al of the interrupt sources. Therefore, the INTEV T value is used
to control branching at the start of the exception handling routine. For instance, the INTEVT
values are used to branch to offsets.

The priority of the on-chip modulesis arbitrarily specified by setting valuesfrom 31to 2 in
INT2PRIO to INT2PRI7. The priority values for the on-chip modules are set to 0 by areset.

When interrupt sources share the same priority level and are generated simultaneously, they are
handled according to the default priority order givenin table 10.1.

Values of INTPRI and INT2PRIO to INT2PRI24 should only be updated when the BL bitin SRis
set to 1. To prevent erroneous interrupt acceptance, only clear the BL bit to O after having read one
of the interrupt priority level-setting registers. This guarantees the necessary timing internaly.
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10.5 Operation
1051 Interrupt Sequence

The sequence of interrupt operations is described below. Figure 10.5 shows a flowchart of the
operations.

1. Interrupt request sources send interrupt request signalsto the INTC.

2. TheINTC selects the interrupt with the highest priority among the interrupts that have been
sent, according to the priority set in INTPRI and INT2PRIO to INT2PRI24. Lower priority
interrupts are held as pending interrupts. If two of the interrupts have the same priority level or
multiple interrupts are generated by a single module, the interrupt with the highest priority is
selected according to table 10.1.

3. The priority level of the interrupt selected by the INTC is compared with the interrupt mask
level (IMASK) set in SR of the CPU. Only the interrupt with a higher priority than the IMASK
bit is accepted, and an interrupt request signal is sent to the CPU.

4. The CPU accepts an interrupt at the next break between instructions.

5. Theinterrupt source code is set in the interrupt event register (INTEVT).

6. The SR and program counter (PC) are saved in SSR and SPC, respectively. At that time, R15
issaved in SGR.

7. TheBL, MD, and RB bitsin SR are set to 1.

8. Execution jJumps to the start address of the interrupt exception handling routine (the sum of the
value set in the vector base register (VBR) and H'0000 0600).

In the exception handling routine, the value of INTEVT is branched as an offset. This easily
enables to branch the exception handling routine to handling routine for each interrupt source.

Notes: 1. When the INTMU bit in CPUOPM is set to 1, the interrupt mask level (IMASK) in SR
isautomatically set to the level of the accepted interrupt. When the INTMU bit in
CPUOPM iscleared to 0, the value of the IMASK in SR is not affected by the accepted
interrupt.

2. Theinterrupt source flag should be cleared during exception handling routine. To
ensure that an interrupt source which should have been cleared is not erroneously
accepted again, read the interrupt source flag after it has been cleared, and wait for the
time shown in table 10.9. Then, clear the BL bit or execute an RTE instruction.

3. ThelRQ interrupts, IRL interrupts, on-chip peripheral module interrupts are initialized
to the interrupt masking state by a power-on reset. Therefore, clear the interrupt
masking for each interrupt , INTMSKO, INTMSK1, and INT2MSKR by using
INTMSKCLRO, INTMSKCLR1, and INT2MSKCLR.
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10.5.2  Fixed Distribution Mode
This mode isto distribute interrupt sources to the corresponding CPU regularly.

By setting the interrupt mask register for each CPU, the corresponding interrupt request will be
masked and the processing CPU will be regularly selected and used. It is expected that 1 interrupt
source is distributed to 1 CPU.

The followings are the examples of expected handler process.

A-1 When acknowledging multiple interrupts,
Set IMASK
Save SSR, SPC and INTEVT
Clear BL
A-2 Analyze the source with and make branch off to the routine for each source (A-3)
A-3 Clear the module interrupt flag
A-4 Process each module
A-5 When there are multiple interrupts, set BL
Restore SSR, SPC and INTEVT
A-6 RTE

10.5.3 Automatic Distribution Mode
This mode is to distribute interrupt sourcesto CPUs.

The interrupt requests are distributed simultaneously to the target CPUs. As soon as one of the
CPUs acknowledges the request, other interrupt requests will be masked.

The CPU, which acknowledges the interrupt, checks the interrupt acknowledgment register
(INTACK) and judges whether it should be processed or returned from the handler.

The followings are the examples of expected handler process.

S-1 When thevalueread from INTACK register is 0 (When the interrupt should not be
acknowledged by the corresponding CPU), RTE
S-2 When CPU should acknowledge the interrupt,
S-2-1 Fixed distribution mode process (A-1 to A-3)
S-2-2 Clearsthe corresponding interrupt source on the interrupt acknowledgment clear
register INTACKCLR)
S-2-3 Fixed distribution mode process (A-4 to A-6)
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After one of the CPUs acknowledges the interrupt request, the corresponding interrupt requests
will be masked until it is cleared with the interrupt acknowledgment clear register
(INTACKCLR). Theinterrupt requests with other sources will be outputted to CPUs.

Restoration from the sleep mode

If the CPU, which isin sleep mode, can acknowledge the interrupt (when the interrupt that has
higher priority than imask occurs), that CPU is restored from the sleep mode.

When multiple CPUs are in sleep modes, 1 CPU that is acknowledgeable is restored from the
sleep mode.
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-

| Program execution state

ICRO.MAI = 1?

Interrupt
generated?

SR.BL=0or
sleep mode?

Y
es Level 15
interrupt?
Yes |
N Level 14 o
interrupt?
s SR.IMASK level
14 or less?
s SR.IMASK level
13 or less?
S S — Is SR.IMASK level
Y Yes 0?
No
Set SR.IMASK to
accepted interrupt level
Set interrupt source
code in INTEVT
Save SR in SSR;
save PC in SPC;
save R15in SGR
Branch to
exception handling routine
L Y Y Y
Figure 10.5 Flowchart of Interrupt Operation
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10.54 Multiple Interrupts

To handle multiple interrupts, the procedure for the interrupt handling routine should be as
follows.

1. Toidentify the interrupt source, set the value of INTECT to an offset and branch it to the
interrupt handling routine for each interrupt source.

2. Clear the corresponding interrupt source in the interrupt handling routine.
3. Save SSR and SPC on the stack.

4. Clear the BL bitin SR. When the INTMU bit in CPUOPM is set to 1, the interrupt mask level
(IMASK) in SR isautomatically set to the level of the accepted interrupt. When the INTMU
bit in CPUOPM is cleared to O, software should be used to set the IMASK bit in SR to the
priority level of the accepted interrupt.

Execute processing as required in response to the interrupt.
Set the BL bitin SRto 1.

Release SSR and SPC from the stack.

Execute the RTE instruction.

© N o o

By following the above procedure, if further interrupts are generated right after step 4, an interrupt
with higher priority than the one currently being handled can be accepted after step 4. This reduces
the interrupt response time for urgent processing.

1055 Interrupt Masking by MAI Bit

When the MAI bit in ICRO is set to 1, interrupts can be masked whole the NMI pinislow
regardless of the settings of the BL and IMASK bitsin and SR.

e Normal operation or sleep mode

All other interrupts are masked while the NMI signal islow. Note that only NMI interrupts due to
the change of the NMI pin are generated.
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10.6  Interrupt Response Time

Table 10.9 shows response time. The response time is the interval from generation of an interrupt
request until the start of interrupt exception handling and until fetching of the first instruction of
the exception handling routine.

Table10.9 Interrupt Response Time

Number of States

Peripheral Modules

Other than
GPIO/PCIC/ GPIO/PCIC/
ltem NMI IRL IRQ RTC RTC Remarks
Priority 7Bcyc + 5Bcyc + 3Bcyc + 1Pcyc + 2Pcyc/3Pcyc
determination time 1Sacyc 1Sacyc + 2Sacyc+ 1Sacyc + 1Sacyc
1Sacyc 1Sacyc
Wait time until the S-1(>0)
CPU finishes the x lcyc
current sequence
Interval from the 1licyc
start of interrupt + 1Scyc
exception handling
(saving SR and
PC) until a
SuperHyway bus
request is issued
to fetch the first
instruction of the
exception handling
routine
Respons Total (5+10) (S+10) (S+10) (S+10)lcyc (S+10)Icyc
e time lcyc lcyc lcyc + 1Scyc + 1Scyc
+ 1Scyc + 1Scyc + 1Scyc + 1Pcyc 2Pcyc/3Pcyc
+ 7Bcyc + 5Bcyc + 3Bcyc + + 1Sacyc + 1Sacyc
+1Sacyc 1Sacyc+ 2Sacyc +
1Sacyc 1Sacyc
Legend:

Icyc: Period of one CPU clock cycle

Scyc: Period of one SuperHyway clock cycle
Sacyc: Period of 1/2 SuperHyway clock cycle
Bcyc: Period of one CLKOUT cycle

Pcyc: Period of one peripheral clock cycle

S: Number of instruction execution states
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Table 10.10 shows response time. The response time is from the interrupt exception handling to
the start of fetching the first instruction in exception handling routine. In this case, suppose that
the setting values of the following registers that enable or disable interrupt, INTMSKO,
INTMSK1, INTMSK2, INT2MSKR, and INT2GPIC, are changed from the interrupt disable state
to the interrupt enable state.

Table 10.10 Response Time after Changing the Value of Interrupt Enable/Disable Registers
(Interrupt Disabled — Interrupt Enabled)

Number of States

Peripheral
IRL IRQ Modules Remarks

Registers that
INT2MSKR, enable/disable

Item INTMSK1 INTMSK2 INTMSKO INT2GPIC interrupts
Priority determination 5Sacyc 8Bcyc + 4Sacyc 4Sacyc
time* 2Pcyc

Wait time until the CPU S-1(>0) x Icyc
finishes the current
sequence

Interval from the start of  11lcyc + 1Scyc
interrupt exception

handling (saving SR and

PC) until a SuperHyway

bus request is issued to

fetch the first instruction of

the exception handling

routine
Response Total (S +10) (S +10) (S +10) (S +10)
time Icyc Icyc Icyc Icyc
+ 1Scyc + 1Scyc + 1Scyc + 1Scyc
+ 1Pcyc + 8Bcyc + 1Pcyc + 4Pcyc
+ 2Pcyc
Legend:

Icyc: Period of one CPU clock cycle

Scyc: Period of one SuperHyway clock cycle
Sacyc: Period of 1/2 SuperHyway clock cycle
Bcyc: Period of one CLKOUT cycle

Pcyc: Period of one peripheral clock cycle

S: Number of instruction execution states
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Note: * When INTMSKCLRO, INTMSKCLR1, INTMSKCLR2, and INT2MSKCLR are written to,
INTMSKO, INTMSK1, INTMSK2, and INTMSKR enable an interrupt by clearing the
mask bits in INTMSKO, INTMSK1, INTMSK2, and INTMSKR. The priority determination
times in table 10.11 are the values after the values of INTMSKO, INTMSK1, INTMSKZ2,
and INT2MSKR are changed.

Table 10.11 shows response time. The response time is the time until when the interrupt request
signal from the INTC to the CPU is negated. In this case, suppose that the setting values of the
following registers, INTMSKO, INTMSK1, INTMSK2, INT2MSKR, and INT2GPIC, are changed
from the interrupt enable state to the interrupt disable state.

Table 10.11 Response Time after Changing the Value of Interrupt Enable/Disable Registers
(Interrupt Enabled — Interrupt Disabled)

Number of States

Peripheral
IRL IRQ Modules Remarks

Registers that
INT2MSKR, enable/disable

Item INTMSK1 INTMSK2 INTMSKO INT2GPIC interrupts
Priority 5Sacyc 8Bcyc + 4Sacyc 4Sacyc

determination 2Pcyc*

time

Note: * The IRL interrupt source that has been already retained inside cannot cancel the
interrupt request signal to the CPU even if the IRL interrupt source is masked.
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10.7  Usage Notes

10.7.1  Noteson Setting IRQ/IRL[7:0] Pin Function

When the IRQ/IRL[7:0] pin functions are switched, the INTC may retain an incorrectly detected
interrupt request. Therefore, mask the IRL and IRQ interrupt requests before switching the
IRQ/IRL[7:0] pin functions.

Table 10.12 Switching Sequence of |RQ/IRL[7:0] Pin Function

Sequence Item Procedure

1 IRL interrupt request and IRQ interrupt Write 1 to all bits in INTMSKO and
request masking INTMSK1

2 Setting IRL/IRQ[7:4] pins to IRL7 to IRL4  Write B'01 to P2MSEL1, P2MSELDO bits in
P2MSELR,

Write B'00 to PH3MD1, PH3MDO bits in
PHCR,

Write B'00 to PH2MD1 PH2MDO bits in
PHCR,

Write B'00 to PH1IMD1, PH1MDO bits in
PHCR,

Write B'00 to PHOMD1, PHOMDO bits in
PHCR.

3 Setting IRQ/IRL[7:0] pins to IRL or IRQ Set bits IRLM1 to IRLMO in ICRO

4 Start of IRL and IRQ interrupt detection Write 1 to the corresponding bit in
INTMSKCLRO and INTMSKCLR1
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10.7.2 Clearing IRQ and IRL Interrupt Requests
To clear the interrupt request retained in the INTC, follow the procedure below.
e Clearing IRQ interrupt requests at edge detection

To clear the interrupt requests IRQ7 to IRQO setting edge detection, read the IR7 to IR0 bits
corresponding to INTREQ as 1 and write O to the bits. The IRQ interrupt request being detected
cannot be cleared even if 1 iswritten to the corresponding bit in INTM SKO.

e TheINTC does not retain the interrupt source even if IRQ interrupts are detected at level
detection or IRL interrupt requests are detected.
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Section 11 Local Bus State Controller (LBSC)

Thelocal bus state controller (LBSC) divides the external memory space and outputs control
signal's according to the specification of each memory and bus interface. The LBSC function
enables connection of the SRAM or ROM, etc. to thisLS|. The LBSC also supports the PCMCIA
interface protocol, which implements simple system design and high-speed data transfersin a
compact system.

11.1  Features
The LBSC has the following features.

e Manages areas 0 to 6 of the external memory space divided into seven
— Maximum 128 Mbytes for area 0 (specified by external pin)
— Maximum 64 Mbytes for each of areas 1 to 6

— Buswidth of each area can be set by aregister (Only the area-0 bus width is set by an
external pin.)

— Wait cycleinsertion by the RDY pin

— Wait cycle insertion can be controlled by a program

— Type of memory to be connected is specifiable for each area
— Control signals are output for memory connected to each area

— Automatic wait cycle insertion to prevent data bus collision in consecutive memory
accesses

— Thewrite strobe setup and hold time periods can be inserted in awrite cycle to connect to
|ow-speed memory
e SRAM interface
— Wait cycle insertion can be controlled by a program
Connectable area: 0to 6
Settable bus width: 32, 16 and 8 bits
e Burst ROM interface
— Wait cycle insertion can be controlled by a program
— Burst transfers for the number of times specified by the register
Connectable area: 0to 6
Settable bus width: 32, 16 and 8 bits
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e MPX interface
— Address/data multiplexing
Connectable area: 0to 6
Settable bus width: 32 bits
e Byte control SRAM interface
— SRAM interface with byte control
Connectable area: 1 and 4
Settable bus width: 32 and 16 bits
e PCMCIA interface (Little endian only)
— Wait cycle insertion can be controlled by a program
— Bus sizing function for 1/O bus width
— Supportsthelittle endian
Connectable area: 5 and 6
Settable bus width: 16 and 8 bits
— Prepared only for ATA device accesses
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Figure 11.1 shows a block diagram of the LBSC.

Bus interface

: : CSnWCR | G
v |Wait controller| &
: ;

RDY " : :
CS0toCS6 o . lArea controller] E CSnBCR ||| <«
CE2A to CE2B : :

: : 0

) ' >

] . Qo
N ) : [0}
BS : : 3
RD . < S
RW ! :
PR B —— '

E7 10 WED i i _son | =

IORD, IOWR ' Memory H
RE H controller E

: : CSnPCR | |
01576 —i : v

LA H

Legend:

CSnWCR: CSn wait control register (n = 0 to 6)
CSnBCR: CSn bus control register (n = 0 to 6)

BCR:

Bus control register

CSnPCR: CSn PCMCIA control register (n = 5 and 6)

LBSC

SuperHyway bus

Figure11.1 Block Diagram of LBSC
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11.2  Input/Output Pins

Table 11.1 shows the LBSC pin configuration.

Table11.1 Pin Configuration

Pin Name

Function

110

Description

A25 to AO

Address Bus

(0]

Address output

D31 to D8

D7/FD7 to DO/FDO

Data Bus

110

Data input/output

D7/FD7 to DO/FDO is used as a FLCTL data
input/output, when FLCTL bus access right is
granted.

Bus Cycle Start

(0]

Signal that indicates the start of a bus cycle

Asserted once for a burst transfer when the MPX
interface is set

Asserted in every data cycle in other burst
transfers

CS6 to CS2
CS1/A26
CSO/FCEO

Chip Select 6 to

0

(0]

Chip select signals that indicates the area being
accessed. CS5 and CS6 can also be used as
CE1A and CE1B of the PCMCIA respectively.
CS1/A26 is used as A26 output, when CSO is
used with 128Mbytes size.

CSO0/FCEQ is used as CE signal, when FLCTL
bus access right is granted.

RIW

Read/Write

o

Data bus input/output direction designation
signal. Also used as the PCMCIA interface write
designation signal

Read/Cycle
Frame

Strobe signal indicating a read cycle.
Used for FRAME signal when the MPX bus is
used

RD/FRAME/FRE is used as RE signal, when
FLCTL bus access right is granted.

Data Enable 0

Write strobe signal for D7 to DO in SRAM
interface setting

REG signal in PCMCIA interface setting

Data Enable 1

Write strobe signal for D15 to D8 in SRAM
interface setting

Write strobe signal in PCMCIA interface setting
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Pin Name Function I/O Description
WE2/IORD Data Enable2 O Write strobe signal for D23 to D16 in SRAM
interface setting
IORD signal in PCMCIA interface setting
WES3/IOWR Data Enable3 O Write strobe signal for D31 to D24 in SRAM
interface setting
IOWR signal in PCMCIA interface setting
RDY Ready I Wait cycle request signal
I0IS16 16-Bit I/O I 16-bit I/0 designation signal in PCMCIA
interface setting
Valid only in little endian mode
Multiplexed with MODE13, and SCIF5 RXD
(SCIF5 input).
BREQ Bus Release Bus release request signal
Request Multiplexed with DREQ1 (DMACO input), and
USB OVCL1 (USB input).
BACK Bus Request (0] Bus request acknowledge signal
Acknowledge Multiplexed with DACK1 (DMACO output), and
FALE (FLCTL output).
CE2A*", PCMCIACard O CE2A, CE2B in PCMCIA interface setting
~CHD+2
CE2B* Select Only valid in little endian mode
CE2A: Multiplexed with MODE11, DRAKS
(DMACO output).
CE2B: Multiplexed with MODE12, SCIF5 TXD
(SCIF5 output).
MODE4, Bus Width and | Signals for setting area 0 bus width and MPX
MODES5, Memory Type interface (MODE4, MODES5, MODES®) at a
MODEG6 for Area 0 power-on reset by the PRESET pin
MODE4: Multiplexed with SCIFO_CTS (SCIFO
output), DREQ2 (DMACO input) and
SDIFOCLK (SDO output).
MODES: Multiplexed with DREQ3 (DMACO
input), SDIFOWP (SDO input).
MODES®6: Multiplexed with DACK2 (DMACO
output), SCIFOCD (SDO input)
MODE7 Extension of Signal for setting extension of Area 0 at a power-

Area 0

on reset by the PRESET pin

Multiplexed with DACK3 (DMACO output),
SDIFOCMD (SDO output).
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Pin Name Function I/O Description
MODES8 Endian I Signals for endian switching at a power-on reset
Switching by the PRESET pin
Multiplexed with SCIF4_TXD (SCIF4 output),
DRAKO (DMACO output), SSI3_SCK (SSI3
output), and FSE (FLCTL output).
DACKO0*® DMACO 0] Data acknowledge in DMACO channel O
Acknowledge Multiplexed with FCLE (FLCTL output)
Signal
DACK1*® DMAC1 0] Data acknowledge in DMACO channel 1
Acknowledge Multiplexed with BACK (LBSC output), and
Signal SDIFO_CD (SDO input).
DACK2*® DMAC2 (0] Data acknowledge in DMACO channel 2
Acknowledge Multiplexed with MODEG (mode input),
Signal SDIFO_CD (SDO input)
DACK3*® DMAC3 (0] Data acknowledge in DMACO channel 3
Acknowledge Multiplexed with MODE7 (mode input),
Signal SDIFOCMD (SDO output)

Notes: 1. CE2A is an output pin when the TYPE bits in CS5BCR are set to B'100.
2. CE2Bis an output pin when the TYPE bits in CS6BCR are set to B'100.

3. The polarity of DACKO to DACK3 can be selected by the AL bit in CHCRO to CHCRS3 of
DMACO (the initial value selects active-low). For details, see section 15, Direct Memory
Access Controller0 (DMACDO).
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11.3  Overview of Areas
11.3.1 SpaceDivisions

The LS| has a 32-hit virtual address space as the architecture. The virtual address space is divided
into five areas according to the upper address value. Also, the memory space of the local bus has a
29-bit address space, and it isdivided into eight areas.

A virtual address can be allocated to any external address by the address changing unit (MMU).
For details, see section 7, Memory Management Unit (MMU). This section describes the local bus
address area division.

Various types of memory or PC cards can be connected to the external address seven areas as
shown in table 11.2 and the chip select signals (CSO to CS6, CE2A, and CE2B) are output for each
area. CS0 is asserted when area 0 is accessed, and CS6 is asserted when areas 6 is accessed. When
the PCMCIA interfaceis selected for area5 or 6, CE2A or CE2B is asserted along with CS5 or
CS6, according to the accessed bytes.

256
H'0000 0000 T Area 0 (CS0) H'0000 0000
Area 1 (CST) H'0400 0000
Area 2 (CS2) H'0800 0000
PO and UO areas PO and UO areas ,
Area 3 (CS3) H'0C00 0000
Area 4 (CS4) H'1000 0000
H'1400 0000
H'8000 0000 Area 5 (CS5)
P1 area P1 area Area 6 (CS6) H'1800 0000
H'1C00 0000
H'A000 0000 Area 7 (R ,
P2 area P2 area rea 7 (Reserved) | py1FFF FFFF
HC000 0000 P3 area P3 area
H'E000 0000 Store-queue area Store-queue area
H'E400 0000 [===="= Simen T e T
HFFFF FFFF area area

Notes 1. When the MMU is turned off (AT in MMUCR = 0), the upper 3 bits of the 32-bit address
are ignored and other bits are mapped in the 29-bit external addresses.
2. When the MMU is turned on (AT in MMUCR = 1), the PO, U0, P3 and store-queue areas
can be mapped in any external address using the TLB. For details, see section 7,
Memory Management Unit (MMU).

Figure11.2 Correspondence between Virtual Address Space and Local Bus Memory Space
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Table11.2 LBSC External Memory Space Map

External Connectable Specifiable Bus
Area  addresses Size Memory Width (bits) Access Size*’
0 H'0000 0000 to 64 Mbytes SRAM 8, 16, 32** 8/16/32 bits,
H'03FF FFFF Burst ROM 8. 16, 32+ 32 bytes
MPX 321
1 H'0400 0000 to 64 Mbytes SRAM 8, 16, 32*° 8/16/32 hits,
H'07FF FFFF Burst ROM 8. 16, 32+ 32 bytes
MPX 32%?
Byte control SRAM 16, 32*?
2 H'0800 0000 to 64 Mbytes SRAM 8,16, 32** 8/16/32 bits,
H'OBFF FFFF Burst ROM 8,16, 32+ 32 bytes
MPX 32%%
(DDR3-SDRAM)*® 16, 32*?
3 H'0C00 0000 to 64 Mbytes SRAM 8,16, 32** 8/16/32 hits,
H'OFFF FFFF Burst ROM 8.16, 32+ 32 bytes
MPX 32%?
(DDR3-SDRAM)*® 16, 32*°
4 H'1000 0000 to 64 Mbytes SRAM 8, 16, 32*° 8/16/32 hits,
H'13FF FFFF Burst ROM 8. 16, 32+ 32 bytes
MPX 32%?
Byte control SRAM 16, 32**
(DDR3-SDRAM)*® 16, 32*° 8/16/32 hits,
32 bytes
(PCIEC)** 32 8/16/32 bits,
32 bytes
5 H'1400 0000 to 64 Mbytes SRAM 8, 16, 32** 8/16/32 bits,
H'17FF FFFF MPX 30%2 32 bytes
Burst ROM 8, 16, 32**
PCMCIA 8, 16**°
(DDR3-SDRAM)*? 16, 32 8/16/32 hits,

32 bytes

(LRAM)*® — 8/16/32 bits,

16/32 bytes
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External Connectable Specifiable Bus
Area  addresses Size Memory Width (bits) Access Size*’
6 H'1800 0000 to 64 Mbytes SRAM 8, 16, 32** 8/16/32 bits,
H'1BFF FFFF MPX 30%2 32 bytes
Burst ROM 8, 16, 32**
PCMCIA 8, 16**°
7%° H'1C00 0000 to 64 Mbytes — — —
H'1FFF FFFF
Notes: 1. The memory bus width is specified by the external pins.

2.
3.

4.

The memory bus width is specified by the register.

These areas can be allocated to DDR3-SDRAM by setting MMSELR. For details, see
section 12, DDR3-Contoller Interface.

This area can be allocated to PCI memory by setting MMSELR. For details, see section
13, PCI Express Controller.

When the PCMCIA interface is used, the bus width should be 8 or 16 bits.

Do not access the reserved area. If the reserved area is accessed, correct operation is
not be guaranteed.

7. Ifthe LBSC is requested to perform 8- or 16-byte access by the bus master, the LBSC
performs accesses two or four times respectively with 32-bit access size.
8. This area can be allocated to LRAM area by setting MMSELR.
REJ09B0501-0100 Rev. 1.00 Page 383 of 2004

Nov 30, 2010

RENESAS



Section 11 Local Bus State Controller (LBSC) SH7786 Group

Area 0: H'0000 0000 | SRAM/Burst ROM/MPX

Area 1: H'0400 0000 | SRAM/Burst ROM/MPX/Byte control SRAM
Area 2: H'0800 0000 | SRAM/Burst ROM/MPX (/DDR3-SDRAM)
Area 3: H'0C00 0000 | SRAM/Burst ROM/MPX (/DDR3-SDRAM)
Area 4: H'1000 0000 SRAM/Burst ROM/MPX/ Byte control SRAM

(DDR3-SDRAM/PCIEC)

Area 5: (1st half) H'1400 0000 | SRAM/Burst ROM/MPX/PCMCIA *

(2nd half) H'1600 0000 | (/DDR3-SDRAM/LRAM) The PCMCIA interface is

also used for memory I/O
cards.

Area 6: (1st half) H'1800 0000 [ SRAM/Burst ROM/MPX/PCMCIA *
(2nd half) H'1A00 0000 | (/DDR3-SDRAM)

Note: * Any of these memory devices can be connected to each of the 1st and 2nd halves of the area.

Figure11.3 Local BusMemory Space Allocation
11.3.2 Memory BusWidth

The memory bus width of the LBSC can be set independently for each area. In area 0, a bus width
of 8, 16, or 32 bitsis selected according to the external pin settings at a power-on reset by the
PRESET pin. The relation between the external pins (MODE 6, MODE 5 and MODE 4) and the
bus width at a power-on reset is shown below.

MODES6 MODES MODE4 Bus Width

0 0 0 32 bits (MPX)
0 0 1 8 bits

0 1 0 16 bits

0 1 1 32 bits

When the SRAM or ROM interface is used in areas 0 to 6, a bus width of 8, 16, or 32 bits can be
selected by the CSn bus control register (CSnBCR). When the burst ROM interface is used, a bus
width of 8, 16, or 32 bits can be selected. When the byte control SRAM interface is used, abus
width of 16, or 32 bits can be selected. When the MPX interface is used, the bus width should be
set to 32 hits.
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When the PCMCIA interface is used, the bus width should be set to 8 or 16 bits. For details, see
section 11.5.5, PCMCIA Interface.

For details of memory bus width, see section 11.4.3, CSn Bus Control Register (CSnBCR).

The address range of area 7, from H'1C00 0000 to H'1FFF FFFF, is reserved and must not be
used.

11.33 PCMCIA Support

This LSI supports the PCMCIA interface specifications for areas 5 and 6 in the external memory
space.

The IC memory card interface and 1/0 card interface specified in JEIDA specifications version 4.2
(PCMCIA2.1) are supported.

Both the IC memory card interface and the 1/O card interface are supported in areas 5 and 6 in the
external memory space.

The PCMCIA interface is supported only in little endian mode.

Table11.3 PCMCIA Interface Features

Item Features

Access Random access

Data bus 8/16 bits

Memory type Mask ROM, OTPROM, EPROM, flash memory, SRAM, ATA
device

Common memory capacity Max. 64 Mbytes

Attribute memory capacity Max. 64 Mbytes

Others Dynamic bus sizing for I/O bus width, access to the ATA device
control register
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Table11.4 PCMCIA Support Interface

IC Memory Card Interface

I/0 Card Interface

Signal Signal Corresponding
Pin Name /O Function Name /O Function Pin of SH7786
1 GND Ground GND Ground —
2 D3 /0 Data D3 /O Data D3
3 D4 /O  Data D4 /O Data D4
4 D5 /O  Data D5 /0 Data D5
5 D6 /0 Data D6 /O Data D6
6 D7 /O  Data D7 /O Data D7
7 CE1 I Card enable CE1 I Card enable CS5 or CS6
8 Al0 | Address Al10 | Address Al10
9 OE I Output enable OE I Output enable RD
10 All I Address A1l I Address A1l
11 A9 | Address A9 | Address A9
12 A8 | Address A8 | Address A8
13 Al3 | Address Al3 | Address Al3
14 Al4 I Address Al4 I Address Al4
15 WE I Write enable WE I Write enable WET
16 READY O Ready IREQ 0 Interrupt request  Sensed on port
17 VCC Operating power VCC Operating power —
supply supply
18 VPP1 Programming VPP1 Programming/ —
(VPP) power supply (VPP) peripheral power
supply
19 Al6 | Address Al6 | Address Al6
20 Al15 I Address A15 I Address A15
21 Al12 | Address Al12 | Address Al12
22 A7 | Address A7 | Address A7
23 A6 | Address A6 | Address A6
24 A5 | Address A5 | Address A5
25 A4 | Address A4 | Address A4
26 A3 | Address A3 | Address A3
27 A2 | Address A2 | Address A2
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IC Memory Card Interface

I/0O Card Interface

Signal Signal Corresponding
Pin Name /O Function Name /O Function Pin of SH7786
28 Al | Address Al | Address Al
29 A0 | Address A0 | Address A0
30 DO 1/0 Data DO /O Data DO
31 D1 1/0 Data D1 /O Data D1
32 D2 /O  Data D2 /O Data D2
33 WP** o] Write protect IOIS16 O 16-bit /0 port I0IS16
34 GND Ground GND Ground —
35 GND Ground GND Ground —
36 CD1 0 Card detection CD1 O  Card detection Sensed on port
37 D11 1/0 Data D11 /0 Data D11
38 D12 1/0 Data D12 /0 Data D12
39 D13 /O Data D13 /O Data D13
40 D14 1/0 Data D14 /O Data D14
41 D15 /O  Data D15 /O Data D15
42 CE2 I Card enable CE2 I Card enable CE2A or CE2B
43 RFSH | Refresh request RFSH | Refresh request ~ Output from port
(VS1) (VS1)
44 RSRVD Reserved IORD | I/0 read IORD
45 RSRVD Reserved IOWR | I/O write IOWR
46 Al17 | Address Al7 | Address Al7
47 Al18 I Address A18 I Address A18
48 Al9 | Address Al9 | Address Al9
49 A20 I Address A20 I Address A20
50 A21 | Address A21 | Address A21
51 VCC Power supply  VCC Power supply —
52 VPP2 Programming VPP2 Programming/ —
(VPP) power supply (VPP) peripheral power
supply
53 A22 I Address A22 I Address A22
54 A23 | Address A23 | Address A23
55 A24 | Address A24 | Address A24
56 A25 I Address A25 I Address A25
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IC Memory Card Interface

I/0O Card Interface

Signal Signal Corresponding
Pin Name /O Function Name /O Function Pin of SH7786
57 RSRVD Reserved RSRVD Reserved —
58 RESET | Reset RESET | Reset Output from port
59 WAIT (0] Wait request WAIT (0] Wait request RDY*?
60 RSRVD Reserved INPACK O Input acknowledge —
61 REG | Attribute REG | Attribute memory REG
memory space space select
select
62 BVD2 0] Battery voltage SPKR (0] Digital voice signal Sensed on port
detection
63 BVD1 o Battery voltage STSCHG O Card status Sensed on port
detection change
64 D8 /O  Data D8 /O Data D8
65 D9 /O Data D9 /O Data D9
66 D10 /O Data D10 /O Data D10
67 CDh2 (0] Card detection CD2 (0] Card detection Sensed on port
68 GND Ground GND Ground —

Notes: 1. WP is not supported.
2. Be careful of the polarity.
I/0O means input/output in PCMCIA card.

The polarity of the PCMCIA card interface indicates that on the card side, and the
polarity of the corresponding pin of the SH7786 indicates that on this LSI side.
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11.4

Register Descriptions

Tables11.5 and 11.6 show registers for the LBSC. These registers control the interface with each

memory, wait state, etc.

Table11.5 Register Configuration (1)

Area 7 Access Sync
Register Name Abbrev. R/W P4 Address Address Size* Clock
Memory Address Map Select MMSELR R/W HFC40 0020 H'1C40 0020 32 SHck
Register
Bus Control Register BCR R/W  H'FF80 1000 H'1F80 1000 32 Bck
CSO0 Bus Control Register CSOBCR R/W H'FF802000 H'1F80 2000 32 Bck
CS1 Bus Control Register CS1BCR R/W HFF80 2010 H'1F802010 32 Bck
CS2 Bus Control Register CS2BCR R/W H'FF80 2020 H'1F802020 32 Bck
CS3 Bus Control Register CS3BCR R/W H'FF802030 H'1F802030 32 Bck
CS4 Bus Control Register CS4BCR R/W H'FF80 2040 H'1F80 2040 32 Bck
CS5 Bus Control Register CS5BCR R/W H'FF80 2050 H'1F80 2050 32 Bck
CS6 Bus Control Register CS6BCR R/W H'FF80 2060 H'1F80 2060 32 Bck
CS0 Wait Control Register CSOWCR R/W  H'FF80 2008 H'1F80 2008 32 Bck
CS1 Wait Control Register CS1IWCR R/W HFF80 2018 H'1F80 2018 32 Bck
CS2 Wait Control Register CS2WCR R/W HFF80 2028 H'1F80 2028 32 Bck
CS3 Wait Control Register CS3WCR R/W HFF802038 H'1F80 2038 32 Bck
CS4 Wait Control Register CS4WCR R/W HFF80 2048 H'1F80 2048 32 Bck
CS5 Wait Control Register CS5WCR R/W  H'FF80 2058 H'1F80 2058 32 Bck
CS6 Wait Control Register CS6WCR R/W HFF80 2068 H'1F80 2068 32 Bck
CS5 PCMCIA Control Register CS5PCR R/W  H'FF80 2070 H'1F80 2070 32 Bck
CS6 PCMCIA Control Register CS6PCR R/W  H'FF80 2080 H'1F80 2080 32 BCk

Note:

Do not access with non-specified access size.
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Table11.6 Register Configuration (2)

Power-on Manual Reset  Sleep/Light

Reset by by Sleep by
Register Name Abbrev. PRESET Pin/ WDT/Multiple  SLEEP

WDT/H-UDI Exception Instruction
Memory Address Map Select MMSELR  H'0000 0000 H'0000 0000 Retained
Register
Bus Control Register BCR H'x000 0000 Retained Retained
CSO0 Bus Control Register CSOBCR H'7777 77FO0 Retained Retained
CS1 Bus Control Register CS1BCR H'7777 77F0 Retained Retained
CS2 Bus Control Register CS2BCR H'7777 77FO0 Retained Retained
CS3 Bus Control Register CS3BCR H'7777 77FO0 Retained Retained
CS4 Bus Control Register CS4BCR H'7777 77F0 Retained Retained
CS5 Bus Control Register CS5BCR H'7777 77FO0 Retained Retained
CS6 Bus Control Register CS6BCR H'7777 77F0 Retained Retained
CS0 Wait Control Register CSOWCR  H'7777 770F Retained Retained
CS1 Wait Control Register CS1IWCR  H'7777 770F Retained Retained
CS2 Wait Control Register CS2WCR  H'7777 770F Retained Retained
CS3 Wait Control Register CS3WCR  H'7777 770F Retained Retained
CS4 Wait Control Register CS4WCR  H'7777 770F Retained Retained
CS5 Wait Control Register CS5WCR  H'7777 770F Retained Retained
CS6 Wait Control Register CS6WCR  H'7777 770F Retained Retained
CS5 PCMCIA Control Register CS5PCR H'7700 0000 Retained Retained
CS6 PCMCIA Control Register CS6PCR H'7700 0000 Retained Retained
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1141 Memory Address Map Select Register (MM SELR)

MMSELR is a 32-bit register that selects memory address maps for areas 2 to 5. Thisregister
should be accessed at the address H'FC40 0020 in longword. To prevent incorrect writing, writing
is accepted only when the upper 16-bit datais H'AS5AS5. The upper 29 bits are always read as 0.
Thisregister isinitialized to H'0000 0000 by a power-on reset.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| Key Code (H'A5A5) |
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

MM_SEL
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 R RW RW RW

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

Initial value:

Bit Bit Name Initial Value R/W  Description

31to 16 Key Code AllO R/W  Key Code for writing to MM_SEL (bits 2 to 0).

Write H'A5AS to these bits, when writing to MM_SEL
(bits 2 to 0) in this register. If key code does not
match, MM_SEL is not modified.

These bits are always read as 0.
15t03 — AllO 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

Description

2t00 MM_SEL 000 R/W

DDR3-SDRAM/PCI Express Memory /LRAM Space

Select

000:

001:

010:

011:

100:

101:

110:

111:

Sets areas 2 and 3 (H'0800 0000 to H'OFFF
FFFF) as the DDR3-SDRAM space, and the
other areas as the local bus space.

Sets H'4000 0000 to H'7FFF FFFF as the
DDR3-SDRAM space, and H'8000 0000 to
H'BFFF FFFF as the PCI Express space.

Sets areas 2 and 3 (H'0800 0000 to H'OFFF
FFFF) as the DDR3-SDRAM space, area 4
(H'2000 0000 to H'13FF FFFF) as the PCI
Express space, and the other areas as the
local bus space.

Sets H'4000 0000 to H'7FFF FFFF as the
DDR3-SDRAM space, and H'8000 0000 to
H'BFFF FFFF as the PCI Express space.

Sets areas 2 and 3 (H'0800 0000 to H'OFFF
FFFF) as the DDR3-SDRAM space, area 4
(H'2000 0000 to H'13FF FFFF) as the PCI
Express space, area 5 (H'1400 0000 to H'147F
FFFF) as CPUO LRAM space, area 5 (H'1480
0000 to H'14FF FFFF) as CPU1 LRAM space,
and the other areas as the local bus space.
Sets H'4000 0000 to H'7FFF FFFF as the
DDR3-SDRAM space, and H'8000 0000 to
H'BFFF FFFF as the PCI Express space.

Sets areas 2 to 5 (H'0800 0000 to H'17FF
FFFF) as the DDR3-SDRAM space.

Sets H'4000 0000 to H'7FFF FFFF as the
DDR3-SDRAM space, and H'8000 0000 to
H'BFFF FFFF as the PCle space.

Sets area 2 to 5 (H'0800 0000 to H'17FF FFFF)
as the local bus space.

Sets H'4000 0000 to H'7FFF FFFF as the
DDR3-SDRAM space, and H'8000 0000 to
H'BFFF FFFF as the PCI Express space.

Sets area 4 (H'1000 0000 to H'13FF FFFF) as
the PCI Express space, and the other areas as
the local bus space.

Sets H'4000 0000 to H'BFFF FFFF as the
DDR3-SDRAM space.

Sets area 4 (H'1000 0000 to H'13FF FFFF) as
the PCI Express space, area 5 (H'1400 0000 to
H'147F FFFF) as the CPUO LRAM space, area
5 (H'1480 0000 to H'14FF FFFF) as the CPU1
LRAM space, and the other areas as the local
bus space.

Sets H'4000 0000 to H'BFFF FFFF as the
DDR3-SDRAM space.

Sets area 2 to 5 (H'0800 0000 to H'17FF FFFF)
as the local bus space.

Sets H'4000 0000 to H'BFFF FFFF as the
DDR3-SDRAM space.
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Thisregister should be set in the initialization phase.

This register can be written only by the CPUO. The write accesses from the other modules are
ignored.

Before writing to this register, set that no access will be generated from the DMACO, DMAC?2,
HPB-DMAC, DU, USB, Ether or PCIEC and execute the SYNCO instruction immediately before
the MQV instruction to write this register, etc. to prevent remaining unprocessed access.

Also, execute following instructions immediately after the MOV instruction to write to this
register.

1. MOV instruction to read this register
2. MOV instruction to read this register
3. SYNCO instruction

Example:

MOV.L #H'FC400020, RO ;

MOV.L #MMSELR_DATA, R1 ; MMSELR_DATA=Writing value of MMSELR
SYNCO ; (upper word=H'AB5AS)
MOV.L R1, @RO ; Writing to MMSELR

MOV.L @RO, R2

MOV.L @RO, R2

SYNCO

Theinstruction to write to this register should be allocated to the uncacheable area P2, and to the
areathat is not affected by writing to this register.

Thisregister should be set before enabling the instruction cache, operand cache, and MMU
address trandlation, and should not be rewritten until after power-on reset is executed.
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1142

Bus Control Register (BCR)

BCR is a 32-hit readable/writable register that specifies the function, bus cycle state, etc for each
area. BCR isinitialized to H'0000 0000 in big endian mode and to H'8000 0000 in little endian
mode by a power-on reset, however, not initialized by a manual reset.

Bit:

Initial value:
R/W:

Bit

Initial value:
R/W:

Note:

Bit

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

END MAS | CSO_ . BREQ| DMA

[snojwasfeso | — [ — [opur| — [opup|  DAckesTI3(] [ — | — [BBRe] Bua

¥ 0 x O0 0 0 ©0 0 0 0 o0 o0 o0 o0 o0 o

R R R R R RW R RW RW RW RW RW R R RW RW

. 45 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HIZ .
—laal-1-1-1-1T-1T-1-1 ASYNCI6:0)

. 0 0 0 0 0 0 o0 o0 o0 o0 o o o o o o

R RW R R R R R R R RW RW RW RW RW RW RW

* The initial values of bits 31 and 29 depend on the states of the external pins MODE8 and MODE?7, respectively.

Bit Name

Initial Value R/W  Description

31

ENDIAN

X

R Endian Flag

The value on the external pin (MODES) that sets the
endian mode is sampled and reflected in this bit at a
power-on reset by the PRESET pin. This bit
determines the endian for all spaces.

0: Indicates that a low level is on the MODES pin at
a power-on reset and the LSI has been
configured for big endian.

1: Indicates that a high level is on the MODES pin
at a power-on reset and the LSI has been
configured for little endian.

30

MASTER

0

R Master/Slave Flag
This is fixed at the master setting on the SH7786.
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Bit Bit Name Initial Value R/W

Description

29 CSO0SIZE X

R

Area 0 extension flag.

The value on the external pin (MODE?Y) that sets the
Area 0 extension is sampled and reflected in this bit
at a power-on reset by the PRESET pin. This bit
determines the LBSC CSO area size.

0: Indicates that a low level is on the MODE7 pin at
a power-on reset, and the CSO0 area size is set
to 128Mbytes. (CS1 is used as A26).

1: Indicates that a high level is on the MODE? pin
at a power-on reset, and CSO area size is set to
64Mbytes.

28,27 — AllO

Reserved

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

26 DPUP 0

R/W

Data Pin Pull-Up Resistor Control

Specifies the pull-up resistor state of the data pins
(D31 to DO). This bit is initialized at a power-on
reset. The pins are not pulled up when access is
performed or when the bus is released, even if the
pull-up resistor is on.

0: Some cycles of the pull-up resistors of the data
pins (D31 to DO) are turned on before and after
a memory access.*
1: Pull-up resistors of the data pins (D31 to DO) are
off.
Note: * When data pin pull-up is necessary, it is
recommended to connect a pull-up
resistor externally.

Reserved

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

REJ09B0501-0100 Rev. 1.00
Nov 30, 2010

Page 395 of 2004

RENESAS



Section 11 Local Bus State Controller (LBSC)

SH7786 Group

Bit Bit Name Initial Value R/W

Description

24 OPUP 0

R/W

Control Output Pin Pull-Up Resistor Control
Specifies the pull-up resistor state (A25 to A0, BS,

CSn, RD, WE, R/W, CE2A, and CE2B) when the
control output pins are high-impedance. This bit is

initialized at a power-on reset.

0: Pull-up resistors for control output pins (A25 to

A0, BS, CSn, RD, WE, R/W, CE2A, and CE2B)
are on

1: Pull-up resistors for control output pins (A25 to

A0, BS, CSn, RD, WE, R/W, CE2A, and CE2B)
are off

231020 DACKBST AllO R/W  DACKBST3 to DACKBSTO
[3:0] 0: DACKn signals asserted in synchronization with
the bus cycle (n =0 to 3)

1: DACKn signals remain asserted from the start to
the end of burst transfer when DMA transfer is
performed in burst mode

These bits can be set to 1 only when the memory

type of the DACK output area in the corresponding

DMA transfer channel is set to PCMCIA interface. In

other cases, these bits should be cleared to 0.

The pins corresponding to each bits are as follows.

DACKBSTI[3]: DACK3

DACKBST[2]: DACK2

DACKBSTI[1]: DACK1

DACKBSTI[0]: DACKO

19,18 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.

17 BREQEN 0 R/W  BREQ Enable

Specifies whether an external request can be
accepted or not. In the initialized state at a power-on
reset, an external request is not accepted.

0: An external request is not accepted
1: An external request is accepted
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Bit Bit Name Initial Value R/W

Description

16 DMABST O R/W

DMAC Burst Mode Transfer Priority Setting

Specifies the priority of burst mode transfers by
DMA channels 0 to 5. When this bit is cleared to 0,
the bus is released and the SuperHyway is the bus
master. When this bit is set to 1, the bus is not
released until completion of the DMAC burst
transfer. This bit is initialized at a power-on reset.

0: DMAC burst mode transfer priority setting is off
1: DMAC burst mode transfer priority setting is on

15 — 0 R

Reserved

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

14 HIZCNT 0 R/W

High Impedance (Hi-Z) Control

Specifies the state of signals WEn and RD/FRAME

in the bus-released state.

0: Signals WEn and RD/FRAME are high-
impedance in the bus-released state

1: Signals WEn and RD/FRAME are driven in the
bus-released state

183to7 — AllO R

Reserved

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

6to0 ASYNC[6:0] AllO R/W

Asynchronous Input

These bits enable asynchronous inputs of the
corresponding pins.

0: CLKOUT-synchronous inputs to the
corresponding pins

1: CLKOUT-asynchronous inputs to the
corresponding pins

ASYNCI[6]: DREQ3
ASYNCI[5]: DREQ2
ASYNC[4]: DREQ1
ASYNCI[3]: DREQO
ASYNCI[2]: 10IS16
ASYNC[1]: BREQ
ASYNC[0]: RDY
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When asynchronous input is set (ASYNCn = 1), the sampling timing is one cycle before the
synchronous input setting (see figure 11.4).

The timing shown in this section and section 34 Electrical Characteristicsis that with synchronous
input setting (ASY NCn = 0). Note that the setup/hold time should be satisfied when synchronous
input is set.

| T1 ' Tw |
-

mv 1 Ty

(BCRASYNCO=0) !

: : : LN
~/

wov 7

/
Q
Y

(BCR.ASYNGO = 1) |

Figure11.4 RDY Sampling Timingswith ASYNCnh Settings
(Two Wait CyclesInserted by CSnWCR.)
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1143 CSn BusControl Register (CSnBCR)

CSnBCR are 32-hit readabl e/writable registers that specify the bus width for arean (n=0to 6),
idle mode between cycles, burst ROM setting and memory types.

Some types of memory continue to drive the data bus immediately after the read signal isturned
off. Therefore, data buses may collide with each other when different memory areas are accessed
consecutively or memory writing is performed immediately after it isread. This LSl automatically
insertsidle cycles as specified with CSnBCR when the data buses may collide. In theidle cycles,
CSn, RD, WEn, CE2A, CE2B, BS and R/W are set to high, and the data bus is not driven.

CSnBCRisinitialized to H'7777 77F0 at a power-on reset, but is not initialized by a manual reset.

Bt 31 30 29 28 27 26 25 24 23 22 24 20 19 18 17 16
| — | ww | | IWRWD | — | IWRWS | — | IWRRD |

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

=y)

Bt 15 14 13 12 1109 8 7 6 5 4 3 2 1 0
[ — [ wems BST sz+ [rose BW [wex:] TYPE

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

Note: * Bits SZ and MPX in CSOBCR are read-only.

Bit Bit Name Initial Value R/W  Description

31 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

30t0 28 IWW 111 R/W Idle Cycles between Write-Read/Write-Write

These bits specify the number of idle cycles to be
inserted after the access of the memory connected
to the space. The target cycles are write-read and
write-write cycles. For details, see section 11.5.8,
Wait Cycles between Access Cycles.

000: No idle cycle inserted
001: 1 idle cycle inserted

010: 2 idle cycles inserted
011: 3idle cycles inserted
100: 4 idle cycles inserted
101: 5idle cycles inserted
110: 6 idle cycles inserted
111: 7 idle cycles inserted
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Bit Bit Name Initial Value R/W  Description

27 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

26t0 24 IWRWD 111 R/W Idle Cycles between Read-Write in Different Spaces

These bits specify the number of idle cycles to be
inserted after the access of the memory connected
to the space. The target cycles are read-write cycles
in which consecutive accesses are performed to
different spaces. For details, see section 11.5.8,
Wait Cycles between Access Cycles.

000: No idle cycle inserted

001: 1 idle cycle inserted

010: 2 idle cycles inserted

011: 3idle cycles inserted

100: 4 idle cycles inserted

101: 5idle cycles inserted

110: 6 idle cycles inserted

111: 7 idle cycles inserted

23 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

221020 IWRWS 111 R/W Idle Cycles between Read-Write in Same Space

These bits specify the number of idle cycles to be
inserted after the access to the memory connected
to the space. The target cycles are read-write cycles
in which consecutive accesses are performed to the
same space. For details, see section 11.5.8, Wait
Cycles between Access Cycles.

000: No idle cycle inserted

001: 1 idle cycle inserted

010: 2 idle cycles inserted

011: 3idle cycles inserted

100: 4 idle cycles inserted

101: 5idle cycles inserted

110: 6 idle cycles inserted

111: 7 idle cycles inserted
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Bit Bit Name

Initial Value R/W

Description

19 —

0

R

Reserved

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

18t0 16 IWRRD

111

R/W

Idle Cycles between Read-Read in Different Spaces

These bits specify the number of idle cycles to be
inserted after the memory connected to the space is
accessed. The target cycles are read-read cycles in
which consecutive accesses are performed to
different spaces. For details, see section 11.5.8,
Wait Cycles between Access Cycles.

000: No idle cycle inserted

001: 1 idle cycle inserted

010: 2 idle cycles inserted

011: 3idle cycles inserted

100: 4 idle cycles inserted

101: 5idle cycles inserted

110: 6 idle cycles inserted

111: 7 idle cycles inserted

15 —

Reserved

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

14t012 IWRRS

111

R/W

Idle Cycles between Read-Read in Same Space

These bits specify the number of idle cycles to be
inserted after the memory connected to the space is
accessed. The target cycles are read-read cycles in
which consecutive accesses are performed to the
same space. For details, see section 11.5.8, Wait
Cycles between Access Cycles.

000: No idle cycle inserted

001: 1 idle cycle inserted

010: 2 idle cycles inserted

011: 3idle cycles inserted

100: 4 idle cycles inserted

101: 5idle cycles inserted

110: 6 idle cycles inserted

111: 7 idle cycles inserted
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Bit Bit Name Initial Value R/W  Description

11,10 BST 01 R/W  Burst Number

These bits specify the number of bursts when the
burst ROM interface is used. The MPX interface is
not affected.

00: 4 consecutive accesses (Can be used with 8-,
16-, or 32-bit bus width)

01: 8 consecutive accesses (Can be used with 8-,
16-, or 32-bit bus width)

10: 16 consecutive accesses (Can be used with 8-,
or 16-bit bus width)

11: 32 consecutive accesses (Can be used with 8-
bit bus width)

9,8 Sz 11 R/W*  Bus Width

In CSOBCR, the external pins (MODE4, MODES5,
and MODESBG) to specify the bus size are sampled at
a power-on reset. When using the MPX interface,
set these bits to 00 or 11 to specify 32 bits. When
using the byte control SRAM interface, set these
bits to 00, 10 or 11 to specify 16 or 32 bits.

00: 32 bits

01: 8 bits

10: 16 bits

11: 32 bits

Note: * The SZ bits in CSOBCR are read-only.
When area 0 is set to the MPX interface
by the MODE4, MODES5, and MOD6 pin,

the SZ bits in CSOBCR should be set to
00 or 11.

7 RDSPL 0 R/W  RD Hold Cycle

Specifies the number of cycles to be inserted in the
hold time for the read data sample timing of RD.
When setting this bit to 1, specify the number of RD
negation-CSn negation delay cycles set by the RDH
bit in CSNWCR as 1 or more. Also the RD negation-
CSn negation delay cycle is reduced 1 cycle when
this bit is set to 1 (valid only when the SRAM
interface, burst ROM interface, or byte control
SRAM interface is selected).

0: No hold cycle inserted
1: 1 hold cycle inserted
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Bit Bit Name

Initial Value R/W

Description

6to4 BW

111

R/W

Burst Pitch

When the burst ROM interface is used, these bits
specify the number of wait cycles to be inserted
after the second data access in a burst transfer.

000: No idle cycle inserted, RDY pin disabled
001: 1idle cycle inserted, RDY pin enabled
010: 2 idle cycles inserted, RDY pin enabled
011: 3idle cycles inserted, RDY pin enabled
100: 4 idle cycles inserted, RDY pin enabled
101: 5 idle cycles inserted, RDY pin enabled
110: 6 idle cycles inserted, RDY pin enabled
111: 7 idle cycles inserted, RDY pin enabled

3 MPX

R/W*

MPX Interface Setting
Selects the type of the MPX interface

0: Memory type set by bits TYPE2 to TYPEO is
selected

1: MPX interface is selected
Note: * The MPX bitin CSOBCR is read-only.

2100 TYPE

000

R/W

Memory Type Setting

These bits specify the type of memory connected to
the space.

000: SRAM (Initial value)

001: SRAM with byte-control**

010: Burst ROM (burst at read/SRAM at write)
011: Reserved (Setting prohibited)

100: PCMCIA *?

101: Reserved (Setting prohibited)

110: Reserved (Setting prohibited)

111: Reserved (Setting prohibited)

Notes: 1. Setting enabled only in CS1BCR and
CS4BCR

2. Setting enabled only in CS5BCR and
CS6BCR
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1144 CSn Wait Control Register (CSnWCR)

CSnWCR (n = 0 to 6) are 32-bit readable/writable registers that specify the number of wait cycles
to beinserted for areas 0 to 6, the number of wait cycles to be inserted preceding the first datain
burst memory access, the address setup time, which is the time from the point at which the output
of address for access is started until assertion of the read/write strobe signal, and the number of
cyclesto beinserted as the data hold time from negation of the write strobe signal.

CSnWCR isinitialized to H'7777 770F by a power-on reset, but it is not initialized by a manua
reset.

Bt 31 30 29 28 27 26 25 24 23 22 24 20 19 18 17 16
|—| ADS |—| ADH |—| RDS |—| RDH |

Initial value: 0 1 1 1 0 1 1 1 0 1 1 1 0 1 1 1
RW. R RW RW RW R RW RW RW R RW RW RW R RW RW RW

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

[ — | WTS [ — | WTH [ — | BSH IW[3:0]
Initial value: 0 1 1 1 0 1 1 1 0 0 0 0 1 1 1 1
RW.: R RW RW RW RW RW RW RW R RW RW RW RW RW RW RW

Bit Bit Name Initial Value R/W Description

31 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

30to 28 ADS 111 R/W  Address Setup Cycle

These bits specify the number of cycles to be
inserted as the address setup time with respect to
CSn assertion. (Only valid when the SRAM
interface, byte control SRAM interface, or burst
ROM interface is selected.)

000: No cycle inserted

001: 1 cycle inserted

010: 2 cycles inserted

011: 3 cycles inserted

100: 4 cycles inserted

101: 5 cycles inserted

110: 6 cycles inserted

111: 7 cycles inserted

27 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
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Bit Bit Name Initial Value R/W

Description

26to 24 ADH 111

R/W

Address Hold Cycle

These bits specify the number of cycles to be
inserted as the address hold time with respect to

CSn negation. (Only valid when the SRAM
interface, byte control SRAM interface, or burst
ROM interface is selected.)

000: No cycle inserted

001: 1 cycle inserted

010: 2 cycles inserted

011: 3cycles inserted

100: 4 cycles inserted

101: 5 cycles inserted

110: 6 cycles inserted

111: 7 cycles inserted

23 — 0

Reserved

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

221020 RDS 111

R/W

RD Setup Cycle (CSn Assertion—RD Assertion
Delay Cycle)

These bits specify the number of cycles to be
inserted as the time from CSn assertion to RD
assertion. (Only valid only when the SRAM
interface, byte control SRAM interface, or burst
ROM interface is selected.)

000: No cycle inserted (1 cycle delayed)

001: 1 cycle inserted (2 cycles delayed)

010: 2 cycles inserted (3 cycles delayed)
011: 3cycles inserted (4 cycles delayed)
100: 4 cycles inserted (5 cycles delayed)
101: 5 cycles inserted (6 cycles delayed)
110: 6 cycles inserted (7 cycles delayed)
111: 7 cycles inserted (8 cycles delayed)

19 — 0

Reserved

This bit is always read as 0. The write value should
always be 0.
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Bit Bit Name Initial Value R/W  Description
18t0 16 RDH 111 R/W  RD Hold Cycle (RD Negation—-CSn Negation Delay
Cycle)

These bits specify the number of cycles to be.
inserted as the time from RD negation to CSn
negation. (Only valid when the SRAM interface,
byte control SRAM interface, or burst ROM interface
is selected.)

000: No cycle inserted (0 cycles delayed)

001: 1 cycle inserted (1 cycle delayed)

010: 2 cycles inserted (2 cycles delayed)

011: 3cycles inserted (3 cycles delayed)

100: 4 cycles inserted (4 cycles delayed)

101: 5 cycles inserted (5 cycles delayed)

110: 6 cycles inserted (6 cycles delayed)

111: 7 cycles inserted (7 cycles delayed)

15 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

14t0 12 WTS 111 R/W  WE Setup Cycle (CSn Assertion—-WEn Assertion
Delay Cycle)

These bits specify the number of cycles to be
inserted as the time from CSn assertion to WE
assertion. (Only valid when the SRAM interface,
byte control SRAM interface, or burst ROM interface
is selected.)

000: No cycle inserted (0.5 cycle delayed)

001: 1 cycle inserted (1.5 cycles delayed)

010: 2 cycles inserted (2.5 cycles delayed)
011: 3cycles inserted (3.5 cycles delayed)
100: 4 cycles inserted (4.5 cycles delayed)
101: 5 cycles inserted (5.5 cycles delayed)
110: 6 cycles inserted (6.5 cycles delayed)
111: 7 cycles inserted (7.5 cycles delayed)

11 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
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Bit Bit Name

Initial Value R/W

Description

10to8 WTH

111

R/W

WE Hold Cycle (WEn Negation—CSn Negation
Delay Cycle)

These bits specify the number of cycles to be
inserted as the time from WEn negation to CSn
negation. (Only valid when the SRAM interface,
byte control SRAM interface, or burst ROM interface
is selected.)

000: No cycle inserted (0.5 cycle delayed)
001: 1 cycle inserted (1.5 cycles delayed)

010: 2 cycles inserted (2.5 cycles delayed)
011: 3cycles inserted (3.5 cycles delayed)
100: 4 cycles inserted (4.5 cycles delayed)
101: 5 cycles inserted (5.5 cycles delayed)
110: 6 cycles inserted (6.5 cycles delayed)
111: 7 cycles inserted (7.5 cycles delayed)

Reserved

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

6to4 BSH

000

R/W

BS Hold Cycle

These bits specify the number of cycles to extend
BS assertion. The extension of the assertion is valid
when the RDS bits in CSnWCR are not set to 000 in
reading and when the WTS bits in CSnWCR are not
set to 000 in writing. The total access cycle count is
not changed by setting these bits.

000: BS assertion is 1 cycle

001: BS assertion is 2 cycles

010: Setting prohibited

011: Setting prohibited

100: Setting prohibited

101: Setting prohibited

110: Setting prohibited

111: Setting prohibited
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Bit

Bit Name

Initial Value R/W

Description

3to0

IW[3:0]

1111 R/W

Insert Wait Cycle

These bits specify the number of wait cycles to be
inserted. The wait cycles are as follows when the
SRAM interface, byte control SRAM interface, burst
ROM interface (first data cycle only), or PCMCIA
interface is selected. Insertion of external wait
cycles by the RDY pin is not possible when "no
cycle inserted" is selected.

0000: No cycle inserted 1000: 8 cycles inserted
0001: 1 cycle inserted 1001: 9 cycles inserted
0010: 2 cycles inserted 1010: 11 cycles inserted
0011: 3 cycles inserted 1011: 13 cycles inserted
0100: 4 cycles inserted 1100: 15 cycles inserted
0101: 5 cycles inserted 1101: 17 cycles inserted
0110: 6 cycles inserted 1110: 21 cycles inserted
0111: 7 cycles inserted 1111: 25 cycles inserted
When MPX interface is selected, the wait cycles are
inserted as follows according to the IW[2:0] setting.
The IW[3] setting is invalid. The external wait cycles
can be inserted by the RDY pin in any settings.

IW[2] specifies wait cycle insertion for the second

and subsequent data:

0: No cycle inserted

1: 1 cycle inserted

IW[1:0] specifies wait cycle insertion for the first

data:

00: 1 cycle inserted in reading and no cycle inserted
in writing

01: 1 cycle inserted in reading and 1 cycle inserted
in writing

10: 2 cycles inserted in reading and 2 cycles
inserted in writing

11: 3 cycles inserted in reading and 3 cycles
inserted in writing
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1145 CSn PCMCIA Control Register (CSnPCR)

CSnPCR is a 32-hit readable/writable register that specifies the timing for the PCMCIA interface
connected to arean (CSNPCR, n =5 or 6), the space property, and the assert/negate timing for the
OE and WE signals. Also, areas 5 and 6 in CSnPCR can be set for the first half and second half
individually. Thefirst half of area 5 is allocated from H'1400 0000 to H'15FF FFFF, and the
second half of area 5 is allocated from H'1600 0000 to H'17FF FFFF. Thefirst half of area6 is
alocated from H'1800 0000 to H'19FF FFFF, and the second half of area 6 is allocated from
H'1A00 0000 to H'1BFF FFFF (these addresses are the local bus address). The pulse widths of OE
and WE assertion for thefirst half of area’5 and 6 are set by the IW bitsin CSnWCR.

CSnPCRisinitialized to H'7700 0000 by a power-on reset, but it isnot initialized by a manual
reset.

Btt 31 30 20 28 27 26 25 24 23 22 21 20 19 18 17 16
[ — | SAA [ — | SAB [ Powa [ Pows | PCIW |

Intialvalue: o 1 1 41 o0 41 1 1 o0 ©0 O ©0 oO0 0 o0 o0
RW. R RW RW RW R RW RW RW RW RW RW RW RW RW RW RW

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

| — | TEDA | — | TEDB | — | TEHA | — | TEHB
Intalvalle: © ©0 ©0 o0 o0 O O O ©O0 ©0 ©0 ©0 ©0 0 o0 0
RW.:. R RW RW RW R RW RW RW R RW RW RW R RW RW RW

Bit Bit Name Initial Value R/W  Description

31 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

30to 28 SAA 111 R/W  Space Property A

These bits specify the space property of PCMCIA
connected to the first half of the area.

000: ATA complement mode

001: Dynamic I/O bus sizing

010: 8-bit I/O space

011: 16-bit I/O space

100: 8-bit common memory

101: 16-bit common memory

110: 8-bit attribute memory

111: 16-bit attribute memory

27 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

REJ09B0501-0100 Rev. 1.00 Page 409 of 2004

Nov 30, 2010 RENESAS



Section 11 Local Bus State Controller (LBSC)

SH7786 Group

Bit Bit Name Initial Value R/W

Description

26to 24 SAB 111 R/W

Space Property B

These bits specify the space property of PCMCIA
connected to the second half of the area.
000: ATA complement mode

001: Dynamic I/O bus sizing

010: 8-bit I/O space

011: 16-bit I/O space

100: 8-bit common memory

101: 16-bit common memory

110: 8-bit attribute memory

111: 16-bit attribute memory

23,22 PCWA 00 R/W

PCMCIA Wait A

These bits specify the number of wait cycles for low-
speed PCMCIA, which is added to the number set
by the IW bits in CSNWCR.

The bit settings are selected when the access area
of PCMCIA interface is the first half.

00: No wait cycle inserted

01: 15 wait cycles inserted

10: 30 wait cycles inserted

11: 50 wait cycles inserted

21,20 PCWB 00 R/W

PCMCIA Wait B

These bits specify the number of wait cycles for low-
speed PCMCIA, which is added to the number set
by the PCIW bhits.

The bit settings are selected when the access area
of PCMCIA interface is the second half.

00: No wait cycle inserted

01: 15 wait cycles inserted

10: 30 wait cycles inserted

11: 50 wait cycles inserted
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Bit Bit Name

Initial Value R/W

Description

19t0 16 PCIW

0000 R/W

PCMCIA Insert Wait Cycle B

These bits specify the number of wait cycles to be
inserted. The bit settings are selected when the
access area of PCMCIA interface is the second half.
When the access area of PCMCIA interface is the
first half, the number of wait cycles set by the IW bit
in CSNWCR is selected.

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

No cycle inserted
1 cycle inserted

2 cycles inserted
3 cycles inserted
4 cycles inserted
5 cycles inserted
6 cycles inserted
7 cycles inserted
8 cycles inserted
9 cycles inserted
11 cycles inserted
13 cycles inserted
15 cycles inserted
17 cycles inserted
21 cycles inserted
25 cycles inserted

15 —

Reserved

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

14to 12 TEDA

000 R/W

OE/WE Assert Delay A

These bits set the delay time from address output to
OE/WE assertion when the first half area is
accessed with the connected PCMCIA interface.

000:
001:
010:
011:
100:
101:
110:
111:

No wait cycle inserted
1 wait cycle inserted

2 wait cycles inserted
3 wait cycles inserted
6 wait cycles inserted
9 wait cycles inserted
12 wait cycles inserted
15 wait cycles inserted
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Bit Bit Name

Initial Value R/W

Description

11 —

0

R

Reserved

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

10to 8 TEDB

000

R/W

OE/WE Assert Delay B

These bits set the delay time from address output to
OE/WE assertion when the second half area is
accessed with the connected PCMCIA interface.
000: No wait cycle inserted

001: 1 wait cycle inserted

010: 2 wait cycles inserted

011: 3 wait cycles inserted

100: 6 wait cycles inserted

101: 9 wait cycles inserted

110: 12 wait cycles inserted

111: 15 wait cycles inserted

Reserved

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

6to4 TEHA

000

R/W

OE/WE Negation-Address Delay A

These bits set the delay time from OE/WE negation
to address hold when the first half area is accessed
with the connected PCMCIA interface.

000: No wait cycle inserted
001: 1 wait cycle inserted
010: 2 wait cycles inserted
011: 3 wait cycles inserted
100: 6 wait cycles inserted
101: 9 wait cycles inserted
110: 12 wait cycles inserted
111: 15 wait cycles inserted

Reserved

This bit is always read as 0. The write value should
always be 0.
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Bit Bit Name Initial Value R/W  Description

2t00  TEHB 000 R/W  OE/WE Negation-Address Delay B

These bits set the delay time from OE/WE negation
to address hold when the second half area is
accessed with the connected PCMCIA interface.

000: No wait cycle inserted
001: 1 wait cycle inserted
010: 2 wait cycles inserted
011: 3 wait cycles inserted
100: 6 wait cycles inserted
101: 9 wait cycles inserted
110: 12 wait cycles inserted
111: 15 wait cycles inserted
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115 Operation

11.5.1 Endian/Access Size and Data Alignment

This LSI supports both big and little endian modes. In big endian mode, the most significant byte
(MSByte) in astring of byte datais stored at address 0, and in little endian mode, the least
significant byte (LSByte) in astring of byte datais stored at address 0. The mode is specified by
the external pin (MODE 8 pin) at a power-on reset by the PRESET pin. At a power-on reset by the
PRESET pin, big endian mode is specified when the MODES pin is low, and little endian mode is
specified when the MODES pin is high.

The data bus width can be selected from 8, 16 and 32 bits for the normal memory interface. For
the PCMCIA interface, a data bus width of 8 or 16 bits can be selected. Datais aligned according
to the data bus width and endian mode of each device. Therefore, when the data bus width is
smaller than the access size, multiple bus cycles are automatically generated to reach the access
size. In this case, access is performed by incrementing the addresses corresponding to the bus
width. For example, when alongword accessis performed in the area with an 8-bit width with the
SRAM interface, each address isincremented by one, and accesses are performed four times. In
the 32-byte transfer, atotal of 32-byte datais continuously transferred according to the specified
buswidth. The first accessis performed on the data for which there was an access request, and the
remaining accesses are performed on the subsequent data up to the nearest 32-byte boundary in a
wraparound manner. The busis not released during these transfers. This LS| automatically aligns
data and changes the data length between interfaces.

In an 8- or 16-byte transfer, the LBSC executes the 4-byte accesses twice and four times
respectively.

Tables 11.7 to 11.12 show the relationship between the device data width, endian mode and access
size.

Data structure

MSB LSB
Byte I Data7to 0 I
MSB LSB LSB
Word I Data 150 8 I Data 7 to 0 I
MSB LSB
Longword |  Dataztto2s |  Dpata2stote | Datatstos Data 7 to 0
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Table11.7 32-Bit External Device/Big-Endian Access and Data Alignment

Operation Data Bus Strobe Signals
Access D31to D23to D15to D7to
Size Address No. D24 D16 D8 DO WE3 WE2 WET WEO
Byte 4n 1 Data — — — Asserted
7t00
4n+1 1 — Data — — Asserted
7t00
4n + 2 1 — — Data — Asserted
7t00
4n + 3 1 — — — Data Asserted
7t00
Word 4n 1 Data Data — — Asserted Asserted
15to8 7to0
4n + 2 1 — — Data Data Asserted Asserted
15to8 7to0
Longword 4n 1 Data Data Data Data Asserted Asserted Asserted Asserted
31to24 23to16 15t08 7to0
32 Bytes* 8n 1 Data Data Data Data Asserted Asserted Asserted Asserted
31to24 23to16 15t08 7to0
8n+4 2 Data Data Data Data Asserted Asserted Asserted Asserted
63t056 55t048 47to40 39to 32
8n+8 3 Data Data Data Data Asserted Asserted Asserted Asserted
95t088 87to80 79to72 71lto64
8n + 28 8 Data Data Data Data Asserted Asserted Asserted Asserted
255 to 247 to 239 to 231to
248 240 232 224

Note: * This table shows an example when the access start address is on the 32-byte
boundary. When the start address is not on the 32-byte boundary, accesses are
performed up to immediately before the 32-byte boundary and the address is wrapped
around to the previous 32-byte boundary.
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Table11.8 16-Bit External Device/Big-Endian Access and Data Alignment

Operation Data Bus Strobe Signals
Access D31to D23to D15to D7to
Size Address No. D24 D16 D8 DO WE3 WE2 WEA1 WEO
Byte 2n 1 — — Data — Asserted
7t00
2n+1 1 — — — Data Asserted
7t00

Word 2n 1 — — Data Data Asserted Asserted

15t08 7to0

Longword 4n 1 — — Data Data Asserted Asserted
31to24 23to 16

4n + 2 2 — — Data Data Asserted Asserted
15to8 7to0
32 Bytes* 8n 1 — — Data Data Asserted Asserted

15to8 7to0

8n+2 2 — — Data Data Asserted Asserted
31to24 23to 16

8n+4 3 — — Data Data Asserted Asserted
47to40 39to 32

8n + 30 16 — — Data Data Asserted Asserted
255 to 247 to
248 240

Note: * This table shows an example when the access start address is on the 32-byte
boundary. When the start address is not on the 32-byte boundary, accesses are
performed up to immediately before the 32-byte boundary and the address is wrapped
around to the previous 32-byte boundary.
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Table11.9 8-Bit External Device/Big-Endian Access and Data Alignment

Operation Data Bus Strobe Signals
Access D31to D23to D15to D7to
Size Address No. D24 D16 D8 DO WE3 WE2 WET WEO
Byte n 1 — — — Data Asserted
7t00
Word 2n 1 — — — Data Asserted
15t0 8
2n+1 2 — — — Data Asserted
7t00
Longword 4n 1 — — Data Asserted
31to 24
4n+1 2 — — — Data Asserted
23t0 16
4n +2 3 — — — Data Asserted
15t0 8
4n + 3 4 — — — Data Asserted
7t00
32 Bytes* 8n 1 — — — Data 7 Asserted
to0
8n+1 2 — — — Data 15 Asserted
to 8
8n +2 3 — — — Data 23 Asserted
to 16
8n + 31 32 — — — Data Asserted
255 to
248

Note: * This table shows an example when the access start address is on the 32-byte
boundary. When the start address is not on the 32-byte boundary, accesses are
performed up to immediately before the 32-byte boundary and the address is wrapped
around to the previous 32-byte boundary.

REJ09B0501-0100 Rev. 1.00 Page 417 of 2004

Nov 30, 2010 RENESAS



Section 11 Local Bus State Controller (LBSC) SH7786 Group

Table 11.10 32-Bit External Device/Little-Endian Accessand Data Alignment

Operation Data Bus Strobe Signals
Access D31to D23to D15to D7to
Size Address No. D24 D16 D8 DO WE3 WE2 WE1 WEO
Byte 4n 1 — — — Data Asserted
7t00
4n+1 1 — — Data — Asserted
7t00
4n + 2 1 — Data — — Asserted
7t00
4n+ 3 1 Data — — — Asserted
7t00
Word 4n 1 — — Data Data Asserted Asserted
15to8 7to0
4n + 2 1 Data Data — — Asserted Asserted

15to08 7to0

Longword 4n 1 Data Data Data Data Asserted Asserted Asserted Asserted
31to24 23to16 15t08 7to0

32 Bytes* 8n 1 Data 31 Data23 Datal5 Data7 Asserted Asserted Asserted Asserted
to 24 to 16 to 8 to0

8n+4 2 Data 63 Data55 Data47 Data39 Asserted Asserted Asserted Asserted
to 56 to 48 to 40 to 32

8n+8 3 Data 95 Data87 Data79 Data71 Asserted Asserted Asserted Asserted
to 88 to 80 to 72 to 64

8n + 28 8 Data Data Data Data Asserted Asserted Asserted Asserted
255 to 247 to 239 to 231to
248 240 232 224

Note: * This table shows an example when the access start address is on the 32-byte
boundary. When the start address is not on the 32-byte boundary, accesses are
performed up to immediately before the 32-byte boundary and the address is wrapped
around to the previous 32-byte boundary.
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Table11.11 16-Bit External Device/Little-Endian Access and Data Alignment

Operation Data Bus Strobe Signals
Access D31to D23to D15to D7to
Size Address No. D24 D16 D8 DO WE3 WE2 WE1 WEO
Byte 2n 1 — — — Data Asserted
7t00
2n+1 1 — — Data — Asserted
7t00
Word 2n 1 — — Data Data Asserted Asserted
15to8 7to0
Longword 4n 1 — — Data Data Asserted Asserted
15to8 7to0
4n + 2 2 — — Data Data Asserted Asserted
31to24 23to 16
32 Bytes* 8n 1 — — Data 15 Data 7 Asserted Asserted
to 8 to0
8n+2 2 — — Data 31 Data 23 Asserted Asserted
to 24 to 16
8n+4 3 — — Data 47 Data 39 Asserted Asserted
to 40 to 32
8n+30 16 — — Data Data Asserted Asserted
255 to 247 to
248 240

Note: * This table shows an example when the access start address is on the 32-byte
boundary. When the start address is not on the 32-byte boundary, accesses are
performed up to immediately before the 32-byte boundary and the address is wrapped
around to the previous 32-byte boundary.
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Table11.12 8-Bit External Device/Little-Endian Access and Data Alignment

Operation Data Bus Strobe Signals
Access D31to D23to D15to D7to
Size Address No. D24 D16 D8 DO WE3 WE2 WET WEO
Byte n 1 — — — Data Asserted
7t00
Word 2n 1 — — — Data Asserted
7t00
2n+1 2 — — — Data Asserted
15t0 8
Longword 4n 1 — — — Data Asserted
7t00
4n+1 2 — — — Data Asserted
15t0 8
4n + 2 3 — — — Data Asserted
23t0 16
4n + 3 4 — — — Data Asserted
31to 24
32 Bytes* 8n 1 — — — Data 7 Asserted
to0
8n+1 2 — — — Data 15 Asserted
to 8
8n + 2 3 — — — Data 23 Asserted
to 16
8n + 31 32 — — — Data Asserted
255 to
248

Note: * This table shows an example when the access start address is on the 32-byte
boundary. When the start address is not on the 32-byte boundary, accesses are
performed up to immediately before the 32-byte boundary and the address is wrapped
around to the previous 32-byte boundary.
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1152 Areas

() AreaO

Area 0 isan areawhere bits 28 to 26 in the local bus address are 000.

The interface that can be set for this areais the SRAM, burst ROM or MPX interface.

A buswidth of 8, 16, or 32 hitsis selectable by external pins MODE6, MODES5, and MODE4 at a
power-on reset. For details, see section 11.3.2, Memory Bus Width.

The size of area 0 can be selected from 128Mbytes and 64Mbytes, by MODEY pin at a power-on
reset. For details, see section 11.4.2, Bus Control Register (BCR).

When 128Mbytesis selected for area 0 size, CS1 pinis used as A26.

When area 0 is accessed, the CSO signal is asserted. In addition, the RD signal, which can be used
as OE, and write control signals WEO to WE3 are asserted.

For the number of bus cycles, 0 to 25 wait cycles to be inserted can be selected with CSOWCR.
When the burst ROM interface is used, the number of aburst pitch is selectable in the range from
0 to 7 with the BW bitsin CSOBCR.

Any number of wait cycles can be inserted in each bus cycle through the external wait pin (RDY).
(when the number of inserted cyclesis set to 0, the RDY signal isignored.)

When the burst ROM interface is used, the number of transfer cycles for aburst cycleis selected
in the range from 2 to 9 according to the number of wait cycles.

The setup/hold cycle of the address, the assert delay cycle of the read/write strobe signals for CSO
assertion and the CSO negate delay cycle for the read/write strobe signals negation can be set in
the range from 0 to 7 cycles by CSOWCR. The BS hold cycles can be set to 1 or 2 when the RDS
bitsin CSOWCR are not 000 in reading and the WTS bitsin CSOWCR are not 000 in writing.

(2) Areal
Arealisan areawhere bits 28 to 26 in the local bus address are 001.

The interface that can be set for this areais the SRAM, burst ROM, MPX and byte-control SRAM
interface.

REJ09B0501-0100 Rev. 1.00 Page 421 of 2004

Nov 30, 2010 RENESAS



Section 11 Local Bus State Controller (LBSC) SH7786 Group

The bus width can be selected from 8, 16, and 32 bits by bits SZ in CS1BCR. When the MPX
interface is used, the bus width should be set to 32 bits with bits SZ in CS1BCR. When the byte
control SRAM interface is used, the bus width should be set to 16 or 32 bits.

When area 1 is accessed, the CS1 signal is asserted. The RD signal, that can be used as OE, and
write control signals WEO to WE3 are also asserted.

For the number of bus cycles, 0 to 25 wait cycles to be inserted can be selected by CSIWCR.

When the burst ROM interface is used, the number of aburst pitch is selectable in the range from
0 to 7 with the BW bitsin CS1BCR.

Any number of wait cycles can be inserted in each bus cycle through the external wait pin (RDY).
(when no cycles are inserted, the RDY signal isignored.)

The setup/hold time of the address, the assert delay cycle of the read/write strobe signals for CS1
assertion and the CS1 negate delay cycle for the read/write strobe signals negation can be set in
the range from 0 to 7 cycles by CSIWCR. The BS hold cycles can be set to 1 or 2 when the RDS
bitsin CSIWCR are not 000 in reading and the WTS bitsin CSIWCR are not 000 in writing.

(3) AreaZ2
Area 2 isan areawhere bits 28 to 26 in the local bus address are 010.
This area can be used as ainterface for SRAM, MPX, or Burst ROM.

The bus width can be selected from 8, 16, and 32 bits, by bits SZ in CS2BCR. When the MPX
interface is used, the bus width should be set to 32 hits.

When area 2 is accessed, the CS2 signal is asserted. If area 2 is used as a SRAM interface, RD
signal, which can be used as OE, and write control signals WEO to WE3 are also asserted.

For the bus cycle number, 0 to 25 wait cyclesto be inserted can be selected by BW bitsin
CS2BCR. When Burst ROM interface is used, the number of aburst pitch is selectable in the
range from O to 7, by the BW bitsin CS2BCR.

Any number of wait cycles can be inserted in each bus cycle through the external wait pin (RDY).
(when no cycles are inserted, the RDY signal isignored.)

The setup/hold time of the address, the assert delay cycle of the read/write strobe signals for CS2
assertion and the CS2 negate delay cycle for the read/write strobe signals negation can be set in
the range from 0 to 7 cycles by CS2WCR. The BS hold cycles can be set to 1 or 2 when the RDS
bitsin CS2WCR are not 000 in reading and the WTS bitsin CS2WCR are not 000 in writing.
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(49 Area3
Area3isan areawhere bits 28 to 26 in the local bus address are 011.
This area can be used as ainterface for SRAM, MPX, or Burst ROM.

The bus width can be selected from 8, 16, and 32 bits, by bits SZ in CS3BCR. When the MPX
interface is used, the bus width should be set to 32 bits.

When area 3 is accessed, the CS3 signal is asserted. If area3 isused asa SRAM interface, RD
signal, which can be used as OE, and write control signals WEO to WE3 are also asserted.

For the bus cycle number, 0 to 25 wait cycles to be inserted can be selected by BW bitsin
CS3BCR. When Burst ROM interface is used, the number of aburst pitch is selectable in the
range from 0 to 7, by the BW bitsin CS3BCR.

Any number of wait cycles can be inserted in each bus cycle through the external wait pin (RDY).
(when no cycles are inserted, the RDY signal isignored.)

The setup/hold time of the address, the assert delay cycle of the read/write strobe signals for CS3
assertion and the CS3 negate delay cycle for the read/write strobe signals negation can be set in
the range from 0 to 7 cycles by CS3WCR. The BS hold cycles can be set to 1 or 2 when the RDS
bitsin CS3WCR are not 000 in reading and the WTS bitsin CS3WCR are not 000 in writing.

(5) Area4d
Area4 isan areawhere bits 28 to 26 in the local bus address are 100.

The interface that can be set for this areais the SRAM, MPX, byte control RAM, and burst ROM
interface.

A buswidth of 8, 16, or 32 bitsis selectable by bits SZ in CS4BCR. When the MPX interfaceis
used, a bus width of 32 hits should be selected through bits SZ in CS4BCR. When the byte control
SRAM interface is used, select a bus width of 16 or 32 bits. For details, see section 11.3.2,
Memory Bus Width.

When area 4 is accessed, the CS4 signal is asserted.

When the SRAM interface is set, the RD signal, which can be used as OE, and write control
signals WEQ to WE3 are asserted. For details, see section 11.5.8, Wait Cycles between Access

Cycles.

For the number of bus cycles, 0 to 25 wait cycles inserted can be selected by CSAWCR.
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When the burst ROM interface is used, the number of aburst pitch is selectable in the range from
0 to 7 with the BW bitsin CS4BCR.

Any number of wait cycles can be inserted in each bus cycle through the external wait pin (RDY).
(when no cycles areinserted, the RDY signal isignored.)

The setup/hold time of the address, the assert delay cycle of the read/write strobe signals for CS4
assertion and the CS4 negate delay cycle for the read/write strobe signals negation can be set in
the range from 0 to 7 cycles by CS4WCR. The BS hold cycles can be set to 1 or 2 when the RDS
bitsin CSAWCR are not 000 in reading and the WTS bitsin CS4WCR are not 000 in writing.

(6) Areab
Areab5isan areawhere bits 28 to 26 in the local bus address are 101.

When the SRAM or burst ROM interface is used, a buswidth of 8, 16, or 32 bitsis selectable by
bits SZ in CS5BCR. When the MPX interface is used, a bus width of 32 bits should be selected by
bits SZ in CS5BCR. When the PCMCI A interface is used, select a bus width of 8 or 16 bits with
SZ in CS5BCR. For details, see section 11.3.2, Memory Bus Width.

While the SRAM interface is used, the CS5 signal is asserted when area5 is accessed. The RD
signal, which can be used as OE, and write control signals WEO to WE3 are also asserted. While
the PCMCIA interface is used, the CE1A and CE2A signals, the RD signal, (which can be used as
OE), the WEO, WE1, WE2, and WE3 signals, (which can be used as, REG, WE, IORD, and
IOWR, respectively) are asserted.

For the number of bus cycles, 0 to 25 wait cyclesinserted by CSSWCR can be selected.

When the burst ROM interface is used, the number of a burst pitch is selectable the range from O
to 7 with the BW bitsin CS5BCR.

Any number of wait cycles can be inserted in each bus cycle through the external wait pin (RDY).
(when no cycles areinserted, the RDY signal isignored.)

The setup/hold time of the address, the assert delay cycle of the read/write strobe signals for CS5
assertion and the CS5 negate delay cycle for the read/write strobe signals negation can be set in
the range from 0 to 7 cycles by CSSWCR. The BS hold cycles can be set to 1 or 2 when the RDS
bitsin CSBWCR are not 000 in reading and the WTS bitsin CS5WCR are not 000 in writing.

For the PCMCIA interface, the setup/hold time of the address, CE1A and CE2A to the read/write
strobe signal can be specified in the range from 0 to 15 cycles by bits TEDA/B and TEHA/B in
CS5PCR. In addition, the number of wait cycles can be specified in the range from 0 to 50 cycles
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by the PCWA/B hit. The number of wait cycles specified by CS5PCR is added to the value
specified by bits IW3 to IW0 in CS5WCR or bits PCIW3 to PCIWO0 in CS5PCR.

(7) Areab
Area 6 isan areawhere bits 28 to 26 in the local bus address are 110.

The interface isthat can be set for this area is the SRAM, MPX, burst ROM, and PCMCIA
interface.

When the SRAM interface is used, a bus width of 8, 16 or 32 hitsis selectable by bits SZ in
CS6BCR. When the MPX interface is used, a bus width of 32 bits should be selected by bits SZ in
CS6BCR. When the PCMCIA interface is used, select abuswidth of 8 or 16 bitswith SZ in
CS6BCR. For details, see section 11.3.2, Memory Bus Width.

When the SRAM interface is used, the CS6 signal is asserted when area 6 is accessed. The RD
signal, which can be used as OE, and write control signals WEO to WE3 are also asserted. When
the PCMCIA interface is used, the CE1B and CE2B signals, the RD signal (which can be used as
OE), and the WEO, WE1, WE2, and WE3 signals which can be used as REG, WE, IORD, and
IOWR, respectively are asserted.

For the number of bus cycles, 0 to 25 wait cyclesinserted by CS6WCR can be selected.

When the burst ROM interface is used, the number of aburst pitch is selectable in the range from
0 to 7 with the BW bitsin CS6BCR.

Any number of wait cycles can be inserted in each bus cycle through the external wait pin (RDY).
(when no cycles areinserted, the RDY signal isignored.)

The setup/hold time of the address, the assert delay cycle of the read/write strobe signals for CS6
assertion and the CS6 negate delay cycle for the read/write strobe signals negation can be set in
the range from 0 to 7 cycles by CSBWCR. The BS hold cycles can be set to 1 or 2 when the RDS
bitsin CS6BWCR are not 000 in reading and the WTS bitsin CS6WCR are not 000 in writing.

For the PCMCIA interface, the setup/hold time of the address, CE1B and CE2B to the read/write
strobe signal can be specified within arange from 0 to 15 cycles by bits TEDA/B and TEHA/B in
CS6PCR. In addition, the number of wait cycles can be specified in the range from 0 to 50 cycles
by the PCWA/B bit. The number of wait cycles specified by CS6PCR is added to the value
specified by bits IW3 to IW0 in CS6WCR or bits PCIW3 to PCIWO0 in CS6PCR.
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1153 SRAM interface
(1) BasicTiming

The strobe signals for the SRAM interface in this LS| are output primarily based on the SRAM
connection. Figure 11.5 shows the basic timing of the SRAM interface. Normal access without
wait cycles is completed in two cycles. The BS signal is asserted for one or two cyclesto indicate
the start of abus cycle. The CSn signal is asserted at the rising edge of the clock in the T1 state,
and negated at the next rising edge of the clock in the T2 state. Therefore, there is no negation
period in accesses at minimum pitch.

In reading, an access size is not specified. The output of an access address on the address pins
(A25to AQ) is correct, however, since the access size is not specified, 32-bit datais always output
when a 32-bit device isin use, and 16-bit data is output when a 16-bit deviceisin use. During
writing, only the WE signal corresponding to the byte to be written is asserted. For details, see
section 11.5.1, Endian/Access Size and Data Alignment.

In 32-byte transfer, atotal of 32 bytes are transferred continuously according to the bus width set.
The first accessis performed on the datafor which an access request is issued, and the remaining
accesses are performed in wraparound method according to the set bus width. The busis not
released during this transfer.
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SH7786 Group

CLKOUT

A25 to A0
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In this example, DACKn is high-active.

Figure11l5 Basic Timing of SRAM Interface
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Figures 11.6 to 11.8 show examples of connectionsto SRAM with 32-, 16- and 8-bit data width,
respectively.

128K x 8 bits
SH7786 SRAM
A18 " | A6
A2 ’ M V)
CSn CS
RD OE
D31 — )07
D24 : " 1joo
WE3 WE
D23
D16 - A16
WE2
D15 M Y
Hl cs
D8 oF
WET — 07
D7 3 : :
: : 100
DO WE
WED
—1 At6
N )
CS
OE
—{ o7
/00
WE
— A16
N )
CS
OE
— 107
~ oo
WE

Figure11.6 Example of 32-Bit Data Width SRAM Connection

Page 428 of 2004 REJ09B0501-0100 Rev. 1.00
IZENESAS Nov 30Y 2010




SH7786 Group Section 11 Local Bus State Controller (LBSC)

128K x 8 bits
SH7786 SRAM
A17 A16
A1 “ 1 A0
CSn CS
RD OE
D15 1107
D8 1100
WET WE
D7
DO A16
WEO S
A0
CS
OE
- /07
1100
WE

Figure11.7 Example of 16-Bit Data Width SRAM Connection
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128K x 8 bits
SH7786 SRAM
A16 N A16
AO A0
CSn CS
RD OE
D7 N 1107
DO 1/00
WEO WE

Figure11.8 Example of 8-Bit Data Width SRAM Connection
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(2) Wait CycleControl

Wait cycle insertion for the SRAM interface can be controlled by CSnWCR. If the IW bitsin
CSnWCR are set to avalue other than 0, a software wait isinserted in accordance with the wait
control bits. For details, see section 11.4.4, CSn Wait Control Register (CShWCR).

The specified number of Tw cyclesisinserted as wait cycles in accordance with the CSnWCR
setting. The wait cycle insertion timing is shown in figure 11.9.

wor
T © G D &
. D a

RD

D31 to DO
(read)

WEn

D31 to DO ; E E ;
(write) '> ! ;< x !

DACKn _éj 5 é é é 5 é \_é_

Note: In this example, DACKn is active-high. (The circle indicates the sampling timing.)

Figure11.9 SRAM Interface Wait Timing (Software Wait Only)
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When software wait insertion is specified by CSNWCR, the external wait input signal, RDY,, is
also sampled. The RDY signal sampling timing is shown in figure 11.10, where a single wait cycle
is specified as a software wait. The RDY signal is sampled at the transition from the Tw state to
the T2 state. Therefore, the assertion of theRDY signal has no effect in the T1 cycle or in the first
Tw cycle. TheRDY signal is sampled on the rising edge of the clock.

A25 to AD :X X

RD
(read)

D31 to DO
(read)

WEn
(write)

i

e ——0
-
_/

DACKn

Note: In this example, DACKn is active-high. (The circles indicate the sampling timing.)

Figure11.10 SRAM Interface Wait Timing
(Wait Cycle Insertion by RDY Signal, RDY Signal is synchronous input)
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(3) Read-Strobe Negate Timing

When the SRAM interface is used, the strobe signal negation timing in reading can be specified
with the RDSPL bit in CSnBCR. For de