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Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, 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 products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

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

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas 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 applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.

11. In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.

13. Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.
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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
General Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each

other, the description in the body of the manual takes precedence.

1. Handling of Unused Pins

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

the manual.

The input pins of CMOS products are generally in the high-impedance state. In operation
with an unused pin in the open-circuit state, extra electromagnetic noise is induced in
the vicinity of LSI, an associated shoot-through current flows internally, and malfunctions
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 LS| are indeterminate and the states of register settings
and pins are undefined at the moment when power is supplied.

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

3. Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

The reserved addresses are provided for the possible future expansion of functions. Do not
access these addresses; the correct operation of LSl 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.

Rev.1.00 Jan. 10, 2008 Page iii of xxx
REJ09B0261-0100

Download from Www.SomﬂE.NMls Search And Download.



Rev.1.00 Jan. 10, 2008 Page iv of xxx
REJ09B0261-0100

Download from Www.Sona\@mSIMals Search And Download.



Preface

This LSI is a RISC (Reduced Instruction Set Computer) microcomputer which includes a Renesas
Technology-original 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 LSI 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 this LSI to the above users.

Notes on reading this manual:

e In order to understand the overall functions of the chip

Read the manual according to the contents. This manual consists of parts on the CPU, system
control functions, peripheral functions and electrical characteristics.

e In order to understand individual instructions in detail

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

Rules: Bit order: The MSB is on 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 Arithmetic Logic Unit

ASID Address Space Identifier

BGA Ball Grid Array

CMT Timer/Counter (Compare Match Timer)
CPG Clock Pulse Generator

CPU Central Processing Unit

DDR Double Data Rate

DDRIF DDR-SDRAM Interface
DMA Direct Memory Access

DMAC Direct Memory Access Controller

FIFO First-In First-Out

FPU Floating-point Unit

HAC Audio Codec

H-UDI User Debugging Interface
INTC Interrupt Controller

JTAG Joint Test Action Group
LBSC Local Bus State Controller

LRAM L Memory

LRU Least Recently Used

LSB Least Significant Bit
MMCIF Multimedia Card Interface

MMU Memory Management Unit

Rev.1.00 Jan. 10, 2008 Page vi of xxx
REJ09B0261-0100

Download from Www.Sona\@mSIMals Search And Download.



MSB

PC

PCI

PCIC

PFC

RISC

RTC

SCIF

SIOF

SSI

TAP

TLB

T™U

UART

UBC

WDT

Most Significant Bit

Program Counter

Peripheral Component Interconnect

PCI (local bus) Controller

Pin Function Controller

Reduced Instruction Set Computer
Realtime Clock

Serial Communication Interface with FIFO
Serial Interface with FIFO

Serial Sound Interface

Test Access Port

Translation Lookaside Buffer

Timer Unit

Universal Asynchronous Receiver/Transmitter
User Break Controller

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

Section 1 Overview

The SH7785 incorporates a DDR2-SDRAM interface, a PCI controller, a DMA controller, timers,
serial interfaces, audio interfaces, a graphics data translation accelerator (GDTA) that supports
YUYV data conversion and motion compensation processing, and a display unit (DU) that supports
digital RGB display. The DDR?2 interface, PCI interface, and the local bus are independent,
providing dedicated external bus interfaces for the transfer of large amounts of data and of
streaming data.

The SH7785 contains an SH-4A (PVR.VER = H'30: Extended version), which is a 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 600 MHz. The processor also includes an instruction
cache, an operand cache for which copy-back or write-through mode is selectable, a four-entry
fully associative instruction TLB (translation look-aside buffer), and an MMU (memory
management unit) with a 64-entry fully associative unified TLB.

1.1 Features of the SH7785
The features of the SH7785 are listed in table 1.1

Table 1.1 SH7785 Features

Item Features

LSI e CPU Operating frequency: 600 MHz
e \Voltage: 1.1V (internal), 1.8 V (DDR2-SDRAM), 3.3 V (I/O)
e Package: 436-pin BGA (size: 19 x 19 mm, pin pitch: 0.8 mm)

e External bus (local bus)

— Separate 26-bit address and 64-bit data buses (the PCI bus is not
available when the 64-bit data bus is in use)

— External bus frequency: up to 100 MHz
e External bus (DDR2-SDRAM bus interface)

— Separate 15-bit address and 32-bit data buses

— External bus frequency: up to 300 MHz (600 Mbps)
e External bus (PCI bus):

— 32-bit address/data multiplexed bus

— External bus frequency: 33 MHz or 66 MHz
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1. Overview

Item Features

CPU ¢ Renesas Technology original architecture
e 32-bit internal data bus
e General-register files:
— Sixteen 32-bit general registers (eight 32-bit shadow registers)
— Seven 32-bit control registers
— Four 32-bit system registers

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

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

— Delayed branch instructions

— Conditional instruction execution

— Instruction-set design based on the C language

e Super-scalar architecture covering both the FPU and CPU provides for
the simultaneous execution of any two instructions

¢ Instruction-execution time: Two instructions per cycle (max.)

e Virtual address space: 4 Gbytes

e Address-space identifiers (ASID): 8 bits, for 256 virtual address spaces
¢ Internal multiplier

e Eight-stage pipeline

e PVR.VER = H'30: SH-4A extended version

Rev.1.00 Jan. 10, 2008 Page 2 of 1658
REJ09B0261-0100

Download from Www.Sona\@Nﬁ.SMals Search And Download.



1. Overview

Item Features

FPU e On-chip floating-point coprocessor
e Supports single (32-bit) and double (64-bit) precisions
e Supports IEEE754-compliant data types and exceptions
e 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 bits x 16 words x 2 banks
(single-precision x 16 words or double-precision x 8 words) x 2 banks
e 32-bit CPU-FPU floating-point communications register (FPUL)
e Supports FMAC (multiply-and-accumulate) instruction
e Supports FDIV (divide) and FSQRT (square root) instructions
e Supports 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.
e 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)
e Ten-stage pipeline
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1. Overview

Iltem Features
Memory e 4-Gbyte address space, 256 address space identifiers (8-bit ASID)
umna;P?h%(I\aATJ?nt e Supports single virtual memory mode and multiple virtual memory mode

e Multiple page sizes: 1, 4, 8, 64, or 256 Kbytes, or 1, 4, or 64 Mbytes

e 4-entry fully associative TLB for instructions

e 64-entry fully associative TLB for instructions and operands

¢ Selection of software-driven or random-counter replacement algorithms
e The TLB is address-mapped, making its contents directly accessible.

e 29-bit physical address mode/32-bit extended mode

Cache memory

¢ Instruction cache (IC)
— 32-Kbyte 4-way set associative
— 256 entries/way, 32-byte block length
e Operand cache (OC)
— 32-Kbyte 4-way set associative
— 256 entries/way, 32-byte block length
e Selectable write method (copy-back or write-through)
e Store queue (32 bytes x 2 entries)

¢ One-stage copy-back buffer and one-stage write-through buffer

LRAM

e ILRAM
— 8-Kbyte high-speed memory
— Three independent read/write ports
— 8-/16-/32-/64-bit access from the 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
¢ OLRAM

— 16-Kbyte high-speed memory

— Three independent read/write ports

— 8-/16-/32-/64-bit access by the CPU or the FPU

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

— Support for protection of memory from CPU or FPU access
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1. Overview

Item Features

URAM e 128-Kbyte large-capacity memory
e Three independent read/write ports
e 8-/16-/32-bit access by the CPU or the FPU
e 8-/16-/32-bit access by the DMAC

Interrupt controller e Nine independent external interrupts: NMI and IRQ7 to IRQO
(INTC)

— NMI: Falling/rising edge selectable
— IRQ: Falling/rising edge or high level/low level selectable

¢ 15-level-encoded external interrupts: IRL3 to IRLO, or IRL7 to IRL4

¢ On-chip module interrupts: A priority level can be set for each module.
The following modules can issue on-chip module interrupts:
TMU, DU, GDTA, SCIF, WDT, H-UDI, DMAC, HAC, PCIC, SIOF, HSPI,
MMCIF, SSI, FLCTL, and GPIO.

Rev.1.00 Jan. 10, 2008 Page 5 of 1658
REJ09B0261-0100

Download from Www.Somﬂﬁ.NMls Search And Download.



1. Overview

Item Features

Local bus state e A dedicated Local-bus interface

controller (LBSC) — Controls the external memory space divided into seven 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 asarea 0,1, 2, 3,4,5,0r6
— Selectable bus width: 64-/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 asarea 0,1, 2, 3,4,5,0r6
— Selectable bus width: 64-/32-/16-/8-bit
e MPX interface
— Address/data multiplexing
— Connectable as area 1 or 4
— Selectable bus widths: 64-/32-bit
¢ SRAM interface with byte-control
— Connectable as area 1 or 4
— Selectable bus width: 64-/32-/16-bit
¢ 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 5 or 6
— Selectable bus width: 16-/8-bit
e Supports transfer to and from E-IDE/ATAPI devices (ATA3)
— Supports PIO mode 4 type and multi-word DMA mode 2 type
— Connectable as area 5 or 6
¢ Big or little endian is selectable
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1. Overview

Item Features

DDR2-SDRAM bus e A dedicated DDR2-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)

— Selectable bus width: 32-/16-bit
— Supports preceding precharging and activation
— Burst length: Four (fixed)
— Burst type: Sequential (fixed)
— CAS latency: 2, 3, 4, 5, 6 cycles
e 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 1 Gbyte
— With a 32-bit bus width
16 M x 16 bits (256 Mbits) x 2, 32 M x 16 bits (512 Mbits) x 2, 64 M x
16 bits (1 Gbit) x 2, 128 M x 16 bits (2 Gbits) x 2, 32 M x 8 bits (256
Mbits) x 4, 64 M x 8 bits (512 Mbits) x 4, 128 M x 8 bits (1 Gbit) x 4,
256 M x 8 bits (2 Gbits) x 4
— With a 16-bit bus width
16 M x 16 bits (256 Mbits) x 1, 32 M x 16 bits (512 Mbits) x 1, 64 M x
16 bits (1 Gbit) x 1, 128 M x 16 bits (2 Gbits) x 1, 32 M x 8 bits (256
Mbits) x 2, 64 M x 8 bits (512 Mbits) x 2, 128 M x 8 bits (1 Gbit) x 2,
256 M x 8 bits (2 Gbits) x 2
e Big or little endian is selectable
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1. Overview

Item Features

PCI bus controller e
(PCIC)

PCI bus controller (supports a subset of revision 2.2)
— 32-bit bus (33 MHz or 66 MHz)

Operation as PCl master/target

Operation in PCI host/normal mode

— Built-in bus arbiter (host mode)

Operates with up to four external bus-master devices
Mode for operation with an external bus arbiter
Supports burst transfers

Supports parity checking and error reports

Supports four individual external interrupt signals (INTA to INTD) in host
mode

Supports a single external interrupt signal (INTA) in normal mode
Up to 512 Mbytes of PCI memory space (32 bit address mode)
Up to 64 Mbytes of PCI memory space (29 bit address mode)

Direct memory .
access controller
(DMAC)

Number of channels: 12

12-channel physical address DMA controller

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

Units of data transfer: 8, 16, or 32 bits; 16 or 32 bytes
Address modes:

— Dual address mode

Transfer requests: External request, on-chip peripheral module request,
or auto-request

Choice of DACK or DRAK (four external pins)
Bus modes: Cycle-stealing or burst mode
Priority: Select either fixed mode or round-robin mode

Clock pulse o
generator (CPG)

CPU frequency: Up to 600 MHz

Local bus frequency: Up to 100 MHz

DDR2-SDRAM interface frequency: Up to 300 MHz

On-chip peripheral bus frequency: Up to 50 MHz

Power-down modes

— Sleep mode

— Module-standby mode

— DDR back-up power function (power is supplied only to the DDR)
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1. Overview

Item Features
Watchdog timer Number of channels: One
(WDT) Single-channel watchdog timer
(operation in watchdog-timer or interval-timer mode is selectable)
Selectable reset function: Power-on or manual reset
Timer unit (TMU) Number of channels: Six

6-channel auto-reloading 32-bit down-counter
Input-capture function (only on channel 2)

Choice of a maximum of six input clock signals to drive counting (external
and peripheral clock signals)

Graphics data
translation
accelerator (GDTA)

YUV data translation

— Translation mode: YUYV mode (YUV 4:2:.0 —» YUV 4:2:2), ARGB
mode (YUV 4:2:0 - ARGB8888)

Motion Compensation processing

— Generation of estimated images using motion vectors in macroblock
units (16 x 16 pixels)

— Modes: Forward, reverse, bidirectional, and intra-macroblock
processing

Dedicated DMAC for image-data transfer
Embedded RAM for color-palette data
Embedded RAM for IDCT data
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1. Overview

Item Features

Display unit (DU) o

Display plane

— 6 planes (a maximum number at 480 dots x 234 dots)

— 4 planes (a maximum number at 854 dots x 480 dots)

— 3 planes (a maximum number at 800 dots x 600 dots)

CRT scanning method: Non-interlaced, interlaced, interlaced sync & video

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)

Blending ratio setting

— Number of color-palette planes with blending ratios: Four

— 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: from 1 to 32)

Serial .
communications
interface with FIFO
(SCIF) ®

Number of channels: Six (max.)

On-chip 64-byte (8 bits x 64) FIFO for each of the six channels
Two full-duplex channels

Choice of 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
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1. Overview

Item

Features

Synchronized serial o

/O with FIFO
(SIOF)

Number of channels: One (max.)
Supports full-duplex operation
Separate 64-byte (32 bits x 16) FIFOs for transmission and reception

Supports the input and output of 8-/16-bit monaural and 16-bit
stereophonic audio data

Method of synchronization selectable as frame synchronization pulses or
left/right channel switching

Allows connection of linear, audio, A-law, or u-Law CODEC chip

Select an on-chip peripheral clock or input on an external pin as base for
the sampling-rate clock

Maximum sampling rate: 48 kHz
On-chip prescaler that uses the on-chip peripheral clock

Serial protocol
interface (HSPI)

Number of channels: One (max.)

Supports full-duplex operation

Master/slave mode

Selectable bit rate generated by the on-chip baud-rate generator

Multimedia card

interface (MMCIF)

Number of channels: One (max.)

Supports a subset of version 3.1 of the multimedia card system
specification

Supports MMC-mode operation

Interfaces with MMCCLK output (transfer clock output), MMCCMD 1I/O
(command output/response input), and MMCDAT I/O (data I/O) pins

Audio codec
interface (HAC)

Number of channels: Two (max.)
Digital interface for audio codecs
Supports transfer via slots 1 to 4
Choice of 16- or 20-bit DMA transfer rates for transmission/reception

Supports various sampling rates by adjusting the allocation of data to
slots
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1. Overview

Item

Features

Serial sound
interface (SSI)

Number of channels: Two (max.)
Supports transfer of compressed and non-compressed data
Selectable frame size

NAND flash
memory
controller (FLCTL)

Number of channels: One (max.)

Exclusively for NAND-type flash memory

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

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)

General purpose /O port pins: 111
Some GPIO pins are configurable as interrupts

User break
controller (UBC)

Supports user-break interrupts as a facility for debugging
Two break channels

Addresses, data values, types of access, and widths of data are all
specifiable as break conditions

Supports a sequential break function

User debug
interface (H-UDI)

JTAG interface (TCK, TMS, TRST, TDI, TDO)
Supports the E10A emulator
Realtime branch tracing

Package

436-pin flip-chip BGA (body: 19 x 19 mm, ball pitch: 0.8-mm)

Power supply
voltage

Internal (VDD), PLL1 (VDD-PLL1, VDDA-PLL1), PLL2 (VDD-PLL2):
1.1V

DDR2 I/O (VDD-DDR): 1.8 V
/O (VDDQ), PLL1 (VDDQ-PLL1), PLL2 (VDDQ-PLL2): 3.3 V
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1. Overview

1.2 Block Diagram

A block diagram of the SH7785 is given as figure 1.1.

Super Hyway Periperal bus
SH-4A | SCIFO/HSPI/FLCTL |
Superscalar CPU 0
FPU
MMU | SCIF2/MMCIF | 0
32 KB I-cache #
32 KB O-cache
8 KB ILRAM | HAC/SSI/SIOF | =
16 KB OLRAM
URAM | HAC/SSI | <=
32 bit/16 bit 128 KB
DDR2-SDRAM 300 MHz
DDR2-400/600 | TMU, WDT | <>
1 GB max
DDRII-SDRAM
DDA bus Controller 0
(DBSC) Peripheral Bus Controller
INTC
/8 bit
NOR Flash 0 100 MHz l(-:oce:I Elilus CPG
ontroller
* DMA
srRaM | <P SRAM, ROM, Controller
Local bus PCMCIA
PC Card/ATA3 (<> MPX - Debug
GDTA 0 Controller
32 bit
33/66 MHz
PCl bus

Note: * The PCI bus and the display unit are not available when the local bus width is 64 bits.
The PCI controller and the display unit cannot be used when the local bus width is 64 bits.

Figure 1.1 SH7785 Block Diagram
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1. Overview

1.3 Pin Arrangement Table

Table 1.2  Pin Function

No. Pin Name 110 Function No. Pin Name 110 Function

1 MDQO 10 DDR data 0 28 MDQ27 10 DDR data 27

2  MDQ1 10 DDR data 1 29 MDQ28 10 DDR data 28

3 MDQ2 10 DDR data 2 30 MDQ29 10 DDR data 29

4 MDQ3 10 DDR data 3 31  MDQ30 10 DDR data 30

5 MDQ4 10 DDR data 4 32 MDQ31 10 DDR data 31

6 MDQ5 10 DDR data 5 33 MDMO DDR data mask 0

7 MDQ6 10 DDR data 6 34 MDM1 DDR data mask 1

8 MDQ7 10 DDR data 7 35 MDM2 DDR data mask 2

9 MDQ8 10 DDR data 8 36 MDM3 DDR data mask 3

10 MDQ9 10 DDR data 9 37 MDQSO0 10 DDR data strobe 0

11 MDQ10 10 DDR data 10 38 MDQSH 10 DDR data strobe 1

12 MDQ11 10 DDR data 11 39 MDQS2 10 DDR data strobe 2

13  MDQ12 10 DDR data 12 40 MDQS3 10 DDR data strobe 3

14 MDQ13 10 DDR data 13 41 MDQSO0 10 DDR data strobe 0
(antiphase)

15 MDQ14 10 DDR data 14 42 MDQST 10 DDR data strobe 1
(antiphase)

16 MDQ15 10 DDR data 15 43 MDQS2 10 DDR data strobe 2
(antiphase)

17 MDQ16 10 DDR data 16 44 MDQS3 10 DDR data strobe 3
(antiphase)

18 MDQ17 10 DDR data 17 45 MAO o DDR address 0

19 MDQ18 10 DDR data 18 46 MA1 O DDR address 1

20 MDQ19 10 DDR data 19 47 MA2 o DDR address 2

21 MDQ20 10 DDR data 20 48 MA3 (e} DDR address 3

22 MDQ21 10 DDR data 21 49 MA4 o DDR address 4

23 MDQ22 10 DDR data 22 50 MAS5 o DDR address 5

24 MDQ23 10 DDR data 23 51 MA6 O DDR address 6

25 MDQ24 10 DDR data 24 52 MA7 o DDR address 7

26 MDQ25 10 DDR data 25 53 MA8 (e} DDR address 8

27 MDQ26 10 DDR data 26 54 MA9 o DDR address 9
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1. Overview

No. Pin Name 110 Function No. Pin Name 110 Function

55 MA10 (6] DDR address 10 87 D12 10 Local bus data 12
56 MA11 (0] DDR address 11 88 D13 10 Local bus data 13
57 MA12 O DDR address 12 89 D14 10 Local bus data 14
58 MA13 (0] DDR address 13 90 D15 10 Local bus data 15
59 MA14 (0] DDR address 14 91 D16 10 Local bus data 16
60 MBAO o DDR bank address 0 92 D17 10 Local bus data 17
61 MBA1 (0] DDR bank address 1 93 D18 10 Local bus data 18
62 MBA2 O DDR bank address 2 94 D19 10 Local bus data 19
63 MCKO (0] DDR clock 0 95 D20 10 Local bus data 20
64 MCKO 0 DDR clock 0 (antiphase) 96 D21 10 Local bus data 21
65 MCK1 o DDR clock 1 97 D22 10 Local bus data 22
66 MCK1 0 DDR clock 1 (antiphase) 98 D23 10 Local bus data 23
67 MCS (0] DDR chip select 99 D24 10 Local bus data 24
68 MRAS o DDR row address select 100 D25 10 Local bus data 25
69 MCAS o DDR column address select 101 D26 10 Local bus data 26
70 MWE o DDR write enable 102 D27 10 Local bus data 27
71 MODT O DDR on chip terminator 103 D28 10 Local bus data 28
72 MCKE (0] DDR clock enable 104 D29 10 Local bus data 29
73 MVREF | DDR reference voltage 105 D30 10 Local bus data 30
74 MBKPRST I DDR backup reset 106 D31 10 Local bus data 31
75 DO 10 Local bus data 0 107 A0 (0] Local bus address 0
76 D1 10 Local bus data 1 108 A1 o Local bus address 1
77 D2 10 Local bus data 2 109 A2 o Local bus address 2
78 D3 10 Local bus data 3 110 A3 (0] Local bus address 3
79 D4 10 Local bus data 4 111 A4 o Local bus address 4
80 D5 10 Local bus data 5 112 A5 (0] Local bus address 5
81 D6 10 Local bus data 6 113 A6 o Local bus address 6
82 D7 10 Local bus data 7 114 A7 o Local bus address 7
83 D8 10 Local bus data 8 115 A8 (0] Local bus address 8
84 D9 10 Local bus data 9 116 A9 o Local bus address 9
85 D10 10 Local bus data 10 117 A10 (0] Local bus address 10
86 D11 10 Local bus data 11 118 A11 (6] Local bus address 11
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1. Overview

No. Pin Name 110 Function No. Pin Name 110 Function

119 A12 o Local bus address 12 140 RD/FRAME 0/0 Read strobe/MPX IF
FRAME

120 A13 Local bus address 13 141 RW o Read/Write

121 A14 Local bus address 14 142 BS (0] Bus start

122 A15 Local bus address 15 143 WEO/RE O/0 Write enable 0/PCMCIA IF
REG

123 A16 Local bus address 16 144 WE1 (0] Write enable 1

124 A17 Local bus address 17 145 WEZ2/IORD O/0 Write enable 2/PCMCIA IF
IORD

125 A18 (0] Local bus address 18 146 WE3/IOWR 0/0 Write enable 3/PCMCIA IF
IOWR

126 A19 (0] Local bus address 19 147 RDY | Bus ready

127 A20 (0] Local bus address 20 148 CLKOUT (0] Clock out

128 A21 o Local bus address 21 149 CLKOUTENB (0] Clock out enable

129 A22 (6] Local bus address 22 150 D32/ADO/DRO  10/I0/O Local bus data 32/PCI
address data 0/Digital red 0

130 A23 o Local bus address 23 151 D33/AD1/DR1 10/10/O  Local bus data 33/PCI
address data 1/Digital red 1

131 A24 (0] Local bus address 24 152 D34/AD2/DR2  10/I0/O Local bus data 34/PCI
address data 2/Digital red 2

132 A25 (0] Local bus address 25 153 D35/AD3/DR3  10/I0/O Local bus data 35/PCI
address data 3/Digital red 3

133 CSO (0] Chip select 0 154 D36/AD4/DR4  10/10/O Local bus data 36/PCI
address data 4/Digital red 4

134 CSi o Chip select 1 155 D37/AD5/DR5  10/10/O Local bus data 37/PCl
address data 5/Digital red 5

135 CS2 o Chip select 2 156 D38/AD6/DGO  10/I0/O Local bus data 38/PCI
address data 6/Digital green
0

136 CS3 (0] Chip select 3 151 D33/AD1/DR1  10/10/O Local bus data 33/PCI
address data 1/Digital red 1

137 CS4 (0] Chip select 4 152 D34/AD2/DR2  10/I0/O Local bus data 34/PCI
address data 2/Digital red 2

138 CS5 o Chip select 5 153 D35/AD3/DR3  10/I0/O Local bus data 35/PCI
address data 3/Digital red 3

139 CS6 o Chip select 6 154 D36/AD4/DR4  10/10/O Local bus data 36/PCl

address data 4/Digital red 4
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1. Overview

No. Pin Name 110 Function No. Pin Name 110 Function

155 D37/AD5/DR5  10/10/O Local bus data 37/PCI 168 D50/AD18 10/10 Local bus data 50/PCl
address data 5/Digital red 5 address data 18

156 D38/AD6/DGO  10/10/O Local bus data 38/PCI 169 D51/AD19 10/10 Local bus data 51/PCl
address data 6/Digital green address data 19
0

157 D39/AD7/DG1  10/10/O Local bus data 39/PCI 170 D52/AD20 10/10 Local bus data 52/PCl
address data 7/Digital green address data 20
1

158 D40/AD8/DG2  10/10/O Local bus data 40/PCI 171 D53/AD21 10/10 Local bus data 53/PCl
address data 8/Digital green address data 21
2

159 D41/AD9/DG3  10/I0/O Local bus data 41/PCI 172 D54/AD22 10/10 Local bus data 54/PCl
address data 9/Digital green address data 22
3

160 D42/AD10/DG4 10/10/0O Local bus data 42/PCI 173 D55/AD23 10/10 Local bus data 55/PCl
address data 10/Digital address data 23
green 4

161 D43/AD11/DG5 10/10/O Local bus data 43/PCl 174 D56/AD24 10/10 Local bus data 56/PCl
address data 11/Digital address data 24
green 5

162 D44/AD12/DB0O 10/10/O Local bus data 44/PCl 175 D57/AD25 10/10 Local bus data 57/PCl
address data 12/Digital blue address data 25
0

163 D45/AD13/DB1 10/I0/O Local bus data 45/PCl 176 D58/AD26 10/10 Local bus data 58/PCl
address data 13/Digital blue address data 26
1

164 D46/AD14/DB2 10/10/0O Local bus data 46/PCl 177 D59/AD27 10/10 Local bus data 59/PCl
address data 14/Digital blue address data 27
2

165 D47/AD15/DB3 10/10/O Local bus data 47/PCl 178 D60/AD28 10/10 Local bus data 60/PCl
address data 15/Digital blue address data 28
3

166 D48/AD16/DB4 10/10/0O Local bus data 48/PCI 179 D61/AD29 10/10 Local bus data 61/PCl
address data 16/Digital blue address data 29
4

167 D49/AD17/DB5 10/I0/O Local bus data 49/PCI 180 D62/AD30 10/10 Local bus data 62/PCl

address data 17/Digital blue
5

address data 30
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1. Overview

No. Pin Name /0 Function No. Pin Name /0 Function

181 D63/AD31 I0/I0  Local bus data 63/PCI 199 REQ2 I Bus request 2 (PCI host)
address data 31

182 WE4/CBEO O/10 Write enable 4/PCl 200 REQ3 | Bus request 3 (PCI host)
command/byte enable 0

183 WES5/CBE1 O/I0 Write enable 5/PCl 201 GNT1 o PCI bus grant 1
command/byte enable 1

184 WEG/CBE2 O/I0 Write enable 6/PCl 202 GNT2 o PCI bus grant 2
command/byte enable 2

185 WE7/CBE3 o/10 Write enable 7/PCI 203 GNT3/MMCCLK O/O PCI bus grant 3yMMCIF card
command/byte enable 3 clock output

186 PCIFRAME/ 10/I0 PCI cycle frame/VSYNC 204 PCIRESET o PCl reset (RST)

VSYNC output

187 IRDY/HSYNC I0/I0  PCl initiator ready/HSYNC 205 PCICLK/ 1" PCl input clock/DU dot clock
output DCLKIN input

188 TRDY/DISP I0/0O  PClI target ready/display 206 INTA 10 PCl interrupt A
period

189 IDSEL | PCI configuration device 207 EXTAL [ External input clock/Crystal
select resonator

190 LOCK/ODDF 10/10  PCI lock/even-odd field 208 XTAL O Crystal resonator

191 DEVSEL/ 10/0 PCI device select/DU dot 209 PRESET [ Power on reset

DCLKOUT clock output

192 PAR 10 PCI parity 210 NMI | Nonmaskable interrupt

193 STOP/CDE 10/0 PCI transaction stop/color 211 IRLO | IRL interrupt request 0
detection

194 SERR 10 PCI system error 212 IRL1 | IRL interrupt request 1

195 PERR 10 PCI parity error 213 IRL2 | IRL interrupt request 2

196 REQO/REQOUT I/0 Bus request 0 (PCI host)/ 214 IRL3 | IRL interrupt request 3
bus request output

197 GNTO/GNTIN o/l PCI bus grant 0 215 STATUSO/ O/0 Status 0/DMA channel 0

DRAKO transfer request
acknowledge 0
198 REQ1 | PClI request 1 (PCI host) 216 STATUS1/ 0/0 Status 1/DMA channel 1
DRAK1 transfer request

acknowledge 1
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1. Overview

No. Pin Name 110 Function No. Pin Name 110 Function
217 BREQ/BSACK | Bus request (Master mode)/ 233 ASEBRK/ | H-UDI emulator
Bus acknowledgement BRKACK
(Slave mode)
218 BACK/BSREQ O Bus acknowledgement 234 AUDCK o H-UDI emulator clock
(Master mode)/Bus request
(Slave mode)
219 DREQO | DMA channel 0 request 235 AUDSYNC O H-UDI emulator
220 DREQ1 | DMA channel 1 request 236 AUDATAO H-UDI emulator data O
221 DREQ2/INTB I DMA channel 2 request/PClI 237 AUDATA1 H-UDI emulator data 1
interrupt B
222 DREQ3/INTC I/l DMA channel 3 request/PCl 238 AUDATA2 o H-UDI emulator data 2
interrupt C
223 DACKO O DMA channel 0 bus 239 AUDATA3 O H-UDI emulator data 3
acknowledgment
224 DACK1 o DMA channel 1 bus 240 SCIFO_TXD/ O/0/0  SCIFO transmit data/HSPI
acknowledgment HSPI_TX/FWE transmit data/NAND flash
write enable
225 DACK2/ O/0/0/I DMA channel 2 bus 241 SCIFO_RXD/ 11N SCIFO receive data/HSPI
SCIF2_TXD/ 0/0 acknowledgment/SCIF2 HSPI_RX/FRB receive data/NAND flash
MMCCMD/ transmit data/MMCIF ready or busy
SIOF_TXD command response/SIOF
transmit data
226 DACKS3/ O/0/I0/ DMA channel 3 bus 242 SCIFO_SCK/ 10/I0/0O SCIFO serial clock/HSPI
SCIF2_SCK/ 10/10 acknowledgment/SCIF2 HSPI_CLK/FRE serial clock/NAND flash read
MMCDAT/ serial clock/MMCIF enable
SIOF_SCK data/SIOF serial clock
227 DRAK2/CE2A  O/O DMA channel 2 transfer 243 SCIFO_RTS/ 10/I0/O SCIFO modem control/HSPI
request acknowledge HSPI_CS/FSE chip selection/NAND flash
2/PCMCIA CE2A spare area enable
228 TCK | H-UDI clock 244 SCIFO_CTS/ I0//0  SCIFO modem control/PCl
INTD/FCE interrupt D/NAND flash chip
enable
229 TMS | H-UDI emulator 245 SCIF1_TXD (0] SCIF1 transmit data
230 TDI | H-UDI data 246 SCIF1_RXD [ SCIF1 receive data
231 TDO o H-UDI data 247 SCIF1_SCK 10 SCIF1 serial clock
232 TRST | H-UDI emulator 248 SCIF2_RXD/ 1N SCIF2 receive data/SIOF
SIOF_RXD receive data
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1.

Overview

No. Pin Name 110 Function No. Pin Name /0 Function

249 SIOF_SCK/ 10/I/10  SIOF serial clock/HACO bit 256 SCIF5_RXD/ 1110 SCIF5 receive data/HAC1
HACO_BITCLK/ clock/SSI0 serial bit clock HAC1_SDIN/ serial data/SSI1 serial data
SSI0_CLK SSIH_SCK

250 SIOF_MCLK/ 1/0 SIOF master clock/HAC 257 SCIF5_SCK/ 10/0/I0  SCIF5 synchrounous/HAC1
HAC_RES reset HAC1_SDOUT/ serial data/SSI1 serial data

SSI1_SDATA

251 SIOF_SYNC/ 10/0/10 SIOF flame 258 MODEO/ 1110 Mode control 0/IRL interrupt
HACO_SYNC/ synchronous/HACO flame IRL4/FD4 request 4/NAND flash data 4
SSI0_WS synchronous/SSI0 word

select

252 SIOF_RXD/ 11710 SIOF receive data/HACO 259 MODE1/ 11710 Mode control 1/IRL interrupt
HACO_SDIN/ serial data incoming to Rx IRL5/FD5 request 5/NAND flash data 5
SSI0_SCK frame/SSIO serial bit clock

253 SIOF_TXD/ O/O/IO  SIOF transmit data/HACO 260 MODE2/ 1110 Mode control 2/IRL interrupt
HACO_SDOUT/ serial data/SSIO serial data IRL6/FD6 request 6/NAND flash data 6
SSI0_SDATA

254 HAC1_BITCLK/ 1110 HACH1 bit clock/SSI1 serial 261 MODE3/ 1110 Mode control 3/IRL interrupt
SSI1_CLK bit clock IRL7/FD7 request 7/NAND flash data 7

255 SCIF5_TXD/ 0O/0/I0  SCIF5 transmit data/HAC1 262 MODE4/ 1/0/0 Mode control 4/SCIF3
HAC1_SYNC/ synchronous/SSI1 serial bit SCIF3_TXD/ transmit data/NAND flash
SSI1_WS clock FCLE command latch enable

256 SCIF5_RXD/ 11710 SCIF5 receive data/HAC1 263 MODES5/ 1N Mode control 5/SIOF master
HAC1_SDIN/ serial data/SSI1 serial data SIOF_MCLK clock
SSI1_SCK

251 SIOF_SYNC/ 10/0/10  SIOF flame 264 MODES6/ 110 Mode control 6/SIOF frame
HACO_SYNC/ synchronous/HACO flame SIOF_SYNC synchronous
SSI0_WS synchronous/SSI0 word

select

252 SIOF_RXD/ 1110 SIOF receive data/HACO 265 MODE7/ 11/0 Mode control 7/SCIF3
HACO_SDIN/ serial data incoming to Rx SCIF3_RXD/ receive data/NAND flash
SSI0_SCK frame/SSI0 serial bit clock FALE ALE

253 SIOF_TXD/ O/0/IO  SIOF transmit data/HACO 266 MODES/ I/10/10  Mode control 8/SCIF3 serial
HACO_SDOUT/ serial data/SSIO serial data SCIF3_SCK/ clock/NAND flash data 0
SSI0O_SDATA FDO

254 HAC1_BITCLK/ 1/10 HACH1 bit clock/SSI1 serial 267 MODEY/ I/0/10  Mode control 9/SCIF4
SSH_CLK bit clock SCIF4_TXD/ transmit data/NAND flash

FD1 data 1

255 SCIF5_TXD/ O/0/I0  SCIF5 transmit data/HAC1 268 MODE10/ 1110 Mode control 10/SCIF4
HAC1_SYNC/ synchronous/SSI1 serial bit SCIF4_RXD/ receive data/NAND flash
SSI1_WS clock FD2 data 2
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1. Overview

No. Pin Name 110 Function No. Pin Name 110 Function
269 MODE11/ I/10/10  Mode control 11/SCIF4 274 MRESETOUT/ O/O Manual reset
SCIF4_SCK/ serial clock/NAND flash data IRQOUT output/Interrupt request
FD3 3 output
270 MODE12/ 1/0/0 Mode control 12/DMA 275 THDAG — Thermal diode*
DRAK3/CE2B channel 3 transfer request
acknowledge 3/PCMCIA
CE2B
271 MODE13/ 110/ TMU clock/PCMCIA I0OIS16 276 THDAS — Thermal diode*
TCLK/IOIS16
272 MPMD | H-UDI emulator mode 277 THDCD | Thermal diode*
273 MODE14 | Mode control 14 278 THDCTL | Thermal diode*
Note: * This pin must be pulled-down to GND.

Rev.1.00 Jan. 10, 2008 Page 21 of 1658

REJ09B0261-0100

Download from Www.Somﬂﬁ.NMls Search And Download.



1. Overview

14

Pin Arrangement

Package: 436-pin FC-BGA, 19 mm x 19 mm, ball pitch: 0.8 mm

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22
AUDC vssa- STATU vssa-
A| vss [mcko| vss |MCKE | MBAO | MA9 | MDQ1 | MDQ7 [MDQ13|MDQ12| MDM1 frusswc| A5 [ Tek VSO |THDCTLISDRA| XTAL |EXTAL |moeraf (99| vss | A
Ki
voD- [ vDD- VDD- AUDAT vDDQ- saTUSOY vDDQ VSSA-
B [MoKt | pon | MOKO | poc | Mat | vss [wpaz| P00 [mpas | vss [uparaAU0AT) vss | Toi | vopa || vss |*e” | vopa | {URS  vopa [Tl B
MDQS MDQS |AUDAT|AUDAT | AsEBRK | —er S VDDA- | voD- | vss-
MODT DACKO
c| vss |McKT |wererst MeA2 | MA11 D4  Mpao | M35 lupato| ) o o o] TRST BREGo|MPMD [ i [1PAC| EPE | VSE [ o
VDD VDD- | ~~=~ VDD- AUDAT SREGTI scir2_AXD vDDQ VSsQ-
MBAT | vss DREQH :
D [MVREF{ oo maz | TO% | mats | vss [Woasol [P0 [MDasi|*t 2| vooa [THpas| vss vooa [$erhel vss |55 [vona [0 o
— | rens | s | e VDD DREQ2[scrs niofscrs s voD- | vss
MCAS | MRAS o DACK1 |PREQZ sciF2_TxpfsciF2_sck| DREQ3 - -
E | Mat0 | MCS WWE | MAs | MA3 | MDQ3 | MDMo [MDa11[MDQ1s| (00| TDO |THDAS| TMS INTE [ [ neont| e | pLLz | pLL2
F | mata | vss | mas | Y22 | mao | vss | ma7 | VPP | mpas | vss |mpas|mpas| vss [rHoco|vopa [PEAK2| vss |“or | vopa [CLKOYf yss [ CLKO| ¢
DDR DDR [CE2A {RQOUT TENB uT
e | = | m MR | e [D32/AD)
G |MDQ22{MDQ17|MDQ21( MAS | MA4 | MAt2 | vss | voD | vss | vDD | vss | voD | vss | voD | vss [ VDD | TRCS | TRLT | A2 | owwe | INTA (520 @
VDD- VDD- 038IADY D34/AD D33/AD|
vss vss
H [MDQ16| ppr [MDQ18 mpats| 100 | voD VI W vopa | *52¥ f vss D340 vopa |233 00! H
MDQS I I :G | O I E | WE4/ [D3g/AD|D38/AD|D37/AD[D36/AD]
J [Mpzs|mpazs| MR 1basz| MoM:2 [MDazo| vss VPD | IRLO | &520 | 7,061 | 6060 | 5085 | anms | °
VDD- D42/AD D41/AD D40/AD)
K [MDaz6| vss |Mpazs| pof |Mpaez| vss | vop vss | vss | vss | vss vss | vss |omdaf vooa [olds)| ves |30gs] K
MDas || WES/ [D47/AD[D46/AD[D45/AD[D44/AD[D43/AD)
L | moms [mpast| M2 [Woass[Mpazs|Mpasof vss vss | vss | vss | vss VoD [ B [ Oaa 14082 13/081 | 19/080| 1108 -
MODEO VDD- oevsel | STOP | LOCK | 5= | arrn
M| vss | vss ;vlftl)_: voba [ oo [MDa24| VDD vss | vss | vss | vss VSS |ociour| Jooe |/opDE | PERR | SERR | PAR | M
MODE1|MODE2|MODE3 PCIFRA] TRDY/ TRDY
N |PRESET| VSS | /IRLS | /IRL6 | /IRL7 | vSS | vsS VvsSs | vss | vss | vss VDD | vSs |MENS|VDDQ [rsyne| VSS | pisp | N
/FD5 | /FD6 | /FD7 YNC
SCIFo_sck|SCIFo_TXD|SCIF0_RXD| SCIF0_CTS SCIFO_RTS| MODE7/ D52/A D51/A | D50/A |D49/AD|D48/AD| m/
R P vss WEe/
Pl || T | |mmie| VPP D20 | D19 | D18 |17/DBs|16/mB4| CBEZ | P
SCIF1_| MODES/ MODES/ | MODE4/ D55/A D54/A D53/A
vDDQ VDD
R [Psck o] VSS | sors | sars | vSS vooa | 5558 | vss | B2% [vooa [ 53R R
1 [8CIF1|SCIF1_|uooss s |eoeia vooa| voo | vas | voo | vss | voo | vss | voo | vss | voo | ves | % |Dpse/a|ps7ia | pseia | WET | pee | ¢
TXD | RXD | oF v Jsomissio s aeaovr | o6 | Dos | oae | Coes | 'PSEL
oK
o 0] Sior_soK — pr—
u [seseol vss || vopa | ©86 | vss | cs7 |vopa| R | vss |mor | pi2 | vss | ‘o | vbpa | ROV | vss | REQT |voba DoOA | vss | BEA Y
SDATA CLK 10IS16
1oF_ucL] 07 SN HACH_BI | MopE/ BACK/ |BREQY PCICLK
v [mcres | e | To |'sora | ©S5 | At4 | a11 | Ae | Cs3 | cs2 | csT | ps | pi1 | p1e | BS Q| REQz2 | D63/A  DO2/A | DEYA | | v
vnassi | T | sora BSREQ|BSACK D3t | D30 | D29
Sors son - —
i | WE I
w [aciso[ vopa |iscrs s| vss | At [vopa| ato | vss | as |vopa| €S0 | mes [voDa| WET | vss | D22 [vopa| D27 | vss [SNTO'|yppq | REQS | w
SDATA CK/FD3 REG GNTIN
soirs_xosors. ) e
Y| o feomesi | A28 | 20 | m17 | a3 | a9 | As [ a2 | D1 | D4 | D7 | Dio | Di5 [ D18 | D2t [5es | D26 | D29 | GNTZ GNTT [POEES| Y
ssiws | sox
AA[ A2s |vopa| A22 |vopa| Ate | vss | as [vbpba| At [ vss | b3 | De | vss | D14 |vopa| D20 | vss | D25 |vopa| D3t |voDQ | S AA
AB| vSS | A24 | A21 [ A19 | A15 | A12 | A7 A4 A0 DO D2 D5 D9 D13 | D17 | D19 | D23 | D24 | D28 | D30 % VSs (AB
1 2 3 4 5 6 7 8 9 0 11 2 18 14 15 16 17 18 19 20 21 22

Figure 1.2 SH7785 Pin Arrangement (Top View)
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1. Overview
1 2 3 4 5 6 78 9 10 11 | 12 13 14 15 16 17 18 19 20 21 22
ag| vss | a4 | a21 | At | ats [ a1z | a7 | A+ | A0 | Do | D2 | D5 | Do | D1o | D17 | Dto | D23 | D2e | D2s | D30 | BES| vss [ae
GNT3
Aa| 25 |vopa| a22 |vbpa| ate | vss | as [vopa| a1t | vss | ps | pe | vss | p14 |vopa| p2o | vss | pes [vopa| b3t |vopa|mmc [aa
CLK
Soirs oo, ) p— —
Y bnosn [somesn | A28 | A20 | A7 | A3 | A9 | As | A2 | D1 D4 [ D7 [ Dto [ D15 [ D18 [ D21 |55y | D26 | D29 | GNTZ | GNTT P%E Y
sox
[Fnci 5o HoDE 1/ | wew o o -
w [shs| vopa [serssed| vss | ate |vopa| ato | vss | A3 [vopa| cso | REY |vopa| WET | vss | p22 [vopa| pe7 | vss | mw [ vopa | REGE| W
SoATA
ior oL ica | et | wooears 5 | o | =7 | maok | sRew [ ooy | DE9/A | DE2A | DBV/A | oicLK
v || e e ferine| ©5 | Ate | A1t | s | CS3 | CS2 | CST | D | D11 | D6 | BS | iGfG | aox | FEQZ | bay | ao | beo |cusi| ¥
o
Sor 0] Sor_sox — [ oo
U [t5ase°| vss |wia| vopa | css | vss | cs# |vopa| RW | vss | RO pr2 | vss |mow | vopa| ROV | vss | REQT | vopa oo | vss gl I
SDATA 10I1s16
7 [sCF1_|SOFT_| oo izt o | oo | ves | vop | ves | voo | ves | vop | vss | voo | ves [reosr| DSt | BSTA fDsela | WET | e |
TXD | RXD [FoFsmel wsso. (5 FEQOUT| "Dog | D25 | D24 | CBES
SCIF1_ o uooEg | wooEw D55/A D54/A D53/A
R [Poae | vopa |sieiial] vss  fom sadparomof vss VI W vop | vooa | O33R | vss |52 fvooa [ S55A| R
sciro_sosciro xo|scrro rxofscro-crs|sciroars I I(G B I IVI E Dag/a | Das/a | weg
p [ opi_cux | e | mepim | INTBR | HEPLCS |G x| VDD vss |DSZA|DSUA|DSUA | 1on | Drem | YE9 | p
o e L R 020 | o19 | ois | OF CBE2
5 | B4
— wooer/ | wovezr | wooes PCIFRA (1RDY/ | —
N [PRESET| vss | Mooty | uoves | MODEY | ygg | yss vss | vss | vss | vss vop | vss |MENS| voa [RSYNC vss | 1]
MODEO DEVSE TOCK
M| vss | vss | imcar |vopa | VPP |vpes| vob vss | vss | vss | vss vss | Uoc | STOF [LOCK | perm | sERR | PAR | M
Tor DDR e | coe [1opoF
MDQS [MDQS3 WES/ |D47/AD|D46/AD|D45/AD|D44/AD[D43/AD)
L | mowms |mpaat| 7 MDQ29|MDQ30| vss vss | vss [ vss [ vss VOD | Shet [Tammalranaol iamey | 1obaol 11oag L
VDD- D42/AD| D41/AD)| D40/AD)
K [Mpazs| vss |mpazs| (22 IMpaz7| vss | vop vss | vss | vss | vss vss | vss [24280) voa [RHA0] vss [ioas| K
MDQs —— | WE4/ |pas/ap|p3s/AD|D37/AD[D36/AD)
J |Mpazs|vpazs| MO8 ioasz| Momz [Mbazo| vss voo | 00 | S (T S nao | soms | 4nr4 | *
vDD- vDD- D35/AD| D34/AD| D33/AD)
H [woats| (22 |Mpats| vss |mpats| 22 | vop vss |vopa |[355nl vss [Sroms | vopa [Somi | H
P - ____ |vODE12 __ |p32/AD]
G [Mpa2z|Mpa17|MDQ21| MAs | MA4 [mAt2 | vss | voD | vss | vop | vss | voD | vss | voD | vss | vop | RIS | TRCT | A2 |omaks | INTA [iamo | G
CE2B
VDD- VDD- DRAK2 MRESET CLKO CLKOU|
F[mat4| vss | Mas | pog | A0 | vsS | AT | oo | MDas| vss | MDAs |MDGs | Vss [THDCD| vDDa | TEERE| VSS | ouy |voDa [yl vss || F
. T ey p— s
=== | gr~ze | gexe | e - DREQ2 |ciF2_Txp/ | ciF2_sck/| DREQ3 | VDD- -
E [MAt0 | MCS | MCAS | MRAS | MWE | MAS | Ma3 | MDQ3 | MDMo [MDQ11[MDais| [oo | TDo [THDAS| s |pack| SREe® |redio | treser| SR | Wb | 158 | &
Sor 1o | Sor S0k
MVRE | vDD- vDD- ____| voo- [WBasT| Aupa o2 r) vbDQ vssa-
o |"E" | pom |MBAT| vss | maz | GO0 [ mats | vss |wDaso| )X Tar | vopa [THDAG| vss | oreat | vopa [ 0| vss | ez | vooa | S5 | B
MCKT MDQS MDQs | AUDA | AUDA | aseemio | I VDDA-| vpp- | vss-
MBKPRST
c| vss | Mcki MODT | MBA2 | MATT | MDQ4 | Mo [ MOAS bl MO ATBA |20 CR | TRsT DAkl omcas fmpwp i [0 | BP0 | B | ©
VDD- | 57 | VDD- VDD- AUDA VDDQ- STATUSO) vDDQ VSSA-
MCKo
B |MCK1| php ppR | MAT [ VSS |MDQ2| jh [MDQ6| vss (MDQ14 TA2 vss | TDI |vbbQ ™ VSS [/oRako | VDDQ | 5 ¢ [ vDDQ PLL1 | B
[STATUS1T
A| vss |moko| vss | MCKE | MBAo | mas | Mpat | Mpa7 |Mpartafmpara| momt (A0S |aupck| ok |VS33-(rper | omarr | XTAL |EXTAL |wopera| Y555 vss | A
1 2 3 PR 6 7 8 9 10 11 | 12 13 14 15 1 17 18 19 20 21 2

Figure 1.3

SH7785 Pin Arrangement (Bottom View)
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1. Overview

1.5 Physical Memory Address Map

The SH7785 supports 32-bit virtual address space, and supports both 29-bit and 32-bit physical
address spaces. For details of mappings from the virtual address space to the physical address

spaces, see section 7, Memory Management Unit (MMU).

Figure 1.4 shows the relationship between the AREASEL bits and the physical memory address
map. The 32-bit physical address space corresponds with the address space of the SuperHyway

bus.
MMSELR .\ .\ . . . \ !
AREASEL[2:0]* | B'000 |BOO1 |BO10 |BO11 |B100 |B101 |B110 |
H'0000 0000 ["Area 0 LBSC LBSC LBSC | LBSC LBSC LBSC 1BSC_| )
H'0400 0000 [“Area 1 LBSC LBSC | LBSC | LBSC | LBSC | LBSC LBSC
H'0800 0000 [™Area 2 LBSC | LBSC | DBSC2 | DBSC2 | DBSC2 | LBSC | LBSC 29-bit physical
H'0C00 0000 [“Area 3 DBSC3 | DBSC3 | DBSC3 | DBSC3 | DBSC3 | LBSC | LBSC addresps Zpace
H'1000 0000 [“Area 4 LBSC | PCIC LBSC | PCIC DBSC4 | LBSC PCIC
H'1400 0000 [“Area 5 LBSC | LBSC | LBSC | LBSC | DBSC5 | LBSC | LBSC
H'1800 0000 [“Area 6 LBSC | LBSC | LBSC | LBSC | LBSC | LBSC | LBSC
H'1C00 0000 ["Areq 7(Reserved)
H'2000 0000
(Undefined)
H'4000 0000 DBSCO DBSCo | DBSCo | DBSCO | DBSCo | DBSCO DBSCO
H'4400 0000 DBSC1 DBSC1 DBSC1 DBSC1 DBSC1 DBSC1 DBSC1
H'4800 0000 DBSC2 DBSC2 DBSC2 DBSC2 DBSC2 DBSC2 DBSC2
H'4C00 0000 DBSC3 | DBSC3 | DBSC3 | DBSC3 | DBSC3 | DBSC3 | DBSC3 32-bit physical
H'5000 0000 DBSC4 | DBSC4 | DBSC4 | DBSC4 | DBSC4 | DBSC4 | DBSC4 address space
H'5400 0000 DBSC5 | DBSCs | DBSCs | DBSCs | DBSCs | DBSCs | DBSCs (extended mode)
H'5800 0000 DBSC6 | DBSC6 | DBSC6 | DBSC6 | DBSC6 | DBSC6 | DBSC6E
H'5C00 0000 pBSC7 | pBsc7 | pesc7 | pesc7 | pesc7 | pBsc7 | pBsc7
H'6000 0000 | DPR-SDRAM DBSC8 DBSC8 DBSC8 DBSC8 DBSC8 DBSC8 DBSC8
H'6400 0000 DBSC9 DBSC9 DBSC9 DBSC9 DBSC9 DBSC9 DBSC9
H'6800 0000 DBSC10 | DBSC10 | DBSC10 | DBSC10 | DBSC10 | DBSC10 | DBSC10
H'6C00 0000 DBSC11 | DBSC11 | DBSCi1 | DBSC11 | DBSC11 | DBSC11 | DBSCH
H'7000 0000 DBSC12 | DBSC12 | DBSC12 | DBSC12 | DBSC12 | DBSC12 | DBSC12
H'7400 0000 DBSC13 | DBSC13 | DBSC13 | DBSC13 | DBSC13 | DBSC13 | DBSC13
H'7800 0000 DBSC14 | DBSC14 | DBSC14 | DBSC14 | DBSC14 | DBSC14 | DBSC14
H'7C00 0000 DBSC15 | DBSC15 | DBSC15 | DBSC15 | DBSC15 | DBSC15 | DBSC15
H'8000 0000
(undefined)
H'C000 0000
PCI (PCIC) PCIC PCIC PCIC PCIC PCIC PCIC PCIC
H'E000 0000 (Internal resource)
H'FFFF FFFF ),

Note: Memory Address Map Select Register (MMSELR) Area Select Bit (AREASEL)
For details, refer to section 11.4.1, Memory Address Map Select Register (MMSELR).

Figure 1.4 Relationship between AREASEL Bits and Physical Memory Address Map
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2. Programming Model

Section 2 Programming Model

The programming model of this LSI is explained in this section. This LSI has registers and data

formats as shown below.

2.1 Data Formats

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

Byte (8 bits)

Word (16 bits)

i

iyl

31
Longword (32 bits) |
31 30 22
Single-precision floating-point (32 bits) | sl e | f |
63 62 51 0
Double-precision floating-point (64 bits) | sl e | f |

Legend:

s :Sign field

e :Exponent field
f :Fraction field

Figure 2.1 Data Formats
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2. Programming Model

2.2 Register Descriptions
2.2.1 Privileged Mode and Banks
(1) Processing Modes

This LSI has two processing modes, user mode and privileged mode. This LSI 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_BANKI1 to R7_BANKI1 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 bit is 0 (that is, when bank 0 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_BANKI1 to R7_BANKI 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_BANKI1 to R7_BANKI 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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2. Programming Model

(DBR), which can only be accessed in privileged mode. Some bits of the status register (such as
the RB bit) 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 Registers and 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-FPR15_BANKO or FPRO_BANKI1-
FPR15_BANKI1).

FRO-FR15 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 XF0—
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 a reset are shown in table 2.1.
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2. Programming Model

Table 2.1 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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2. Programming Model

31 0 31 0 31 0
RO_BANKOQ#1#2 RO_BANK{:#1%3 RO_BANKO# %4
R1_BANKO*2 R1_BANK1*3 R1_BANKO**
R2_BANKO*2 R2_BANK1*3 R2_BANKO*#
R3_BANKO*2 R3_BANK1{*#3 R3_BANKO*#
R4_BANKO*2 R4_BANK1{*3 R4_BANKO*#
R5_BANKO*2? R5_BANK1*3 R5_BANKO*4
R6_BANKO*? R6_BANK1*3 R6_BANKO**
R7_BANKO*2 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
| SR | SR | | SR |
| SSR 1 1 SSR ]
GBR GBR GBR
MACH MACH MACH
MACL MACL MACL
PR PR PR
VBR VBR
| PC | FC ] | PC |
| SPC | | SPC |
| SGR | | SGR |
| DBR | | DBR |
RO_BANKOQ# 14 RO_BANK{#1%3
R1_BANKO** R1_BANK1*3
R2_BANKO** R2_BANK1*3
R3_BANKO** R3_BANK1*3
R4_BANKO** R4_BANK1{*3
R5_BANKO*4 R5_BANK1*3
R6_BANKO** R6_BANK1*3
R7_BANKO** 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.

Figure 2.2 CPU Register Configuration in Each Processing Mode
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2.2.2 General Registers

Figure 2.3 shows the relationship between the processing modes and general registers. This LSI
has twenty-four 32-bit general registers (RO_BANKO to R7_BANKO0, RO_BANKI to
R7_BANKI1, and R8 to R15). However, only 16 of these can be accessed as general registers RO
to R15 in one processing mode. This LSI has two processing modes, user mode and privileged
mode.

¢ RO_BANKO to 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).
e RO_BANKI to R7_BANKI1

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) (SR.MD =1, SR.RB = 1)
RO RO_BANKO RO_BANKO
R1 R1_BANKO R1-BANKO
R2 R2_BANKO R2_BANKO
R3 R3_BANKO R3-BANKO
R4 R4_BANKO R4-BANKO
R5 R5_BANKO R5-BANKO
R6 R6_BANKO R6-BANKO
R7 R7_BANKO R7-BANKO
RO-BANK1 RO_BANK1 RO
R1-BANK1 R1_BANK1 R1
R2_BANK1 R2_BANK1 R2
R3-BANK1 R3_BANK1 R3
R4-BANK1 R4_BANK1 R4
R5-BANK1 R5_BANK1 R5
R6-BANK1 R6_BANK1 R6
R7-BANK1 R7_BANK1 R7
R8 R8 R8
R9 R9 R9
R10 R10 R10
R11 Ri11 R11
R12 R12 R12
R13 R13 R13
R14 R14 R14
R15 R15 R15

Figure 2.3 General Registers
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2. Programming Model

Note on Programming: As the 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_BANKI1 to
R7_BANKI, it is not necessary for the interrupt handler to save and
restore the user's RO to R7 (RO_BANKO to R7_BANKO).

2.2.3 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_BANKO0, AND FPRO_BANKI1 to FPR15_BANKI,
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]j (32 registers)
FPRO_BANKO to FPR15_BANKO
FPRO_BANKI1 to FPR15_BANKI1

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_BANKI1 to FPR15_BANKI1.

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},

DRS8 = {FR8, FR9}, DR10 = {FR10, FR11}, DR12 = {FR12, FR13}, DR14 = {FR14, FR15}

Single-precision floating-point vector registers, FVi (4 registers): An FV register comprises
four FR registers.

FV0 = {FRO, FR1, FR2, FR3}, FV4 = {FR4, FR5, FR6, FR7},

FV8 = {FR8&, FR9, FR10, FR11}, FV12 = {FR12, FR13, FR14, FR15}

Single-precision floating-point extended registers, XFi (16 registers)
When FPSCR.FR = 0, XFO to XF15 are assigned to FPRO_BANKI1 to FPR15_BANKI;
when FPSCR.FR = 1, XFO to XF15 are assigned to FPRO_BANKO to FPR15_BANKO.

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, XF7},

XD8 = {XF8, XF9}, XD10 = {XF10, XF11}, XD12 = {XF12, XF13}, XD14 = {XF14, XF15}
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2. Programming Model

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

XMTRX = | XF0 XF4 XF8 XF12
XF1 XF5 XF9 XF13
XF2 XF6 XF10  XF14
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 XDé
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 FVv4
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_BANKI1 FR12 ~ DR12  FVi2
XF13 FPR13_BANK1 FR13
XD14  XF14 FPR14_BANK1 FR14 DR14
XF15 FPR15_BANK1 FR15

Figure 2.4 Floating-Point Registers
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Programming Model

224

Control Registers

(1) Status Register (SR)

Bl 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[—fwfr]e|-[-[ - - -[-]-J-FT-JT-]T-0-1]
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 11 10 9 8 7 6 5 4 3 2 1 0
leof-[-JT-J-[-[m]|al 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 RW RW
Initial
Bit Bit Name Value R/W Description
31 — 0 R Reserved
For details on reading/writing this bit, see General
Precautions on Handling of Product.
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

27t0 16 — All O R Reserved
For details on reading/writing this bit, see General
Precautions on Handling of Product.

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)

14t0 10 — AllO R Reserved
For details on reading/writing this bit, see General
Precautions on Handling of Product.

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.

7t04 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, see appendix
A, CPU Operation Mode Register (CPUOPM).

3,2 — AllO R Reserved
For details on reading/writing this bit, see General
Precautions on Handling of Product.

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 occurs is saved to SPC.

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

GBR is referenced 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 is referenced 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 is referenced as the
branch destination address of the user break handler instead of VBR.

2.2.5 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 a MAC instruction, and to store the operation
result of a MAC or MUL instruction.

(2) Procedure Register (PR) (32 bits, Initial Value = Undefined)

The return address is stored in PR in a subroutine call using a BSR, BSRF, or JSR instruction. PR
is referenced 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 Status/Control Register (FPSCR)

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
(-l -[-1-T-0=-1T-JT-1-1]-fF]|sz[rpr|oN]| caue
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

T o

R/W: R R R R R R R R R RW RW RW RW RW RW

Blt: 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
31t022 — All 0 R Reserved

For details on reading/writing this bit, see General
Precautions on Handling of Product.

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 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 FPU Exception Cause Field
FPU Exception Enable Field

11to7 Enable (EN) 00000 R/W

EN FPU Exception Flag Field

6to2  Flag 00000 R/W  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
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<Big endian>
63 0
Floating-point register | DR (2i) |
63 0
| FR (2i) | FR (2i+1) |
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 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
(1y8Z=0 (2)SZ=1,PR=0 (3)SZ=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.)

Figure 2.5 Relationship between SZ bit and Endian

Table 2.2  Bit Allocation for FPU Exception Handling

FPU Invalid Division Overflow Underflow Inexact
Field Name Error (E) Operation (V) by Zero (Z) (O) ) ()
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 flag None Bit 6 Bit 5 Bit 4 Bit 3 Bit 2
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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23 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'FCO00 0000 to HFFFF FFFF

These two areas are used as follows.

e H'ICO00 0000 to H'1FFF FFFF
This area must be accessed using the address translation function of the MMU.
Setting the page number of this area to the corresponding field of the TLB enables access to a
memory-mapped register.
The operation of an access to this area without using the address translation function of the
MMU is not guaranteed.

e H'FCO00 0000 to H'FFFF FFFF
Access to area H'FC00 0000 to HFFFF 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 translation.

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.

Rev.1.00 Jan. 10, 2008 Page 39 of 1658
REJ09B0261-0100
Download from Www.Somﬂﬁ.NMls Search And Download.



2. Programming Model

24 Data Formats in Registers

Register operands are always longwords (32 bits). When a memory operand is only a byte (8 bits)
or a word (16 bits), it is sign-extended into a longword when loaded into a register.

31

|S ........................................ | |
1514 0
[s] |

31/1514 0

|S .......................... Sl |

Figure 2.6 Formats of Byte Data and Word Data in Register
2.5 Data Formats in Memory

Memory data formats 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 bits in length
is sign-extended before being loaded into a register.

A word operand must be accessed starting from a word boundary (even address of a 2-byte unit:
address 2n), and a longword operand starting from a longword boundary (even address of a 4-byte
unit: address 4n). An address error will result if this rule 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, is the most significant bit and the rightmost bit, bit 0, is the least
significant bit.

The data format in memory is shown in figure 2.7.
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2. Programming Model

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 0|7 0|7 0 7 0|7 0|7 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

Figure 2.7 Data Formats in Memory

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

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

(1) Reset State

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

In the power-on reset state, the internal 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 power-down state:
sleep mode and standby mode. For details, see section 17, Power-Down mode.
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From any state
when reset/manual
reset input l
Reset state
Reset/manual

reset clearance

Reset/manual Reset/manual
reset input reset input

I Sleep instruction execution
nstruction execution state >
< Power-down state
Interrupt occurence

Figure 2.8 Processing State Transitions
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2.7 Usage Notes

2,71 Notes on Self-Modifying Code

To accelerate the processing speed, the instruction prefetching capability of this LSI 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 is increased 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 Codes to be Modified are in 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 Codes to be Modified are in 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 cache line is 32 bytes.

(3) When the Codes to be Modified are in 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.

Rev.1.00 Jan. 10, 2008 Page 43 of 1658
REJ09B0261-0100

Download from Www.Somﬂﬁ.NMls Search And Download.



2. Programming Model

Rev.1.00 Jan. 10, 2008 Page 44 of 1658
REJ09B0261-0100

Download from Www.Sona\@Nﬁ.SMals Search And Download.



3. Instruction Set

Section 3 Instruction Set

This LSI's instruction set is implemented with 16-bit fixed-length instructions. This LSI can use
byte (8-bit), word (16-bit), longword (32-bit), 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 LSI moves byte-size or word-size data from
memory to a register, the data is sign-extended.

3.1 Execution Environment

(1) PC

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

This LSI has a load-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 loaded 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 slot following a delayed branch is called a delay slot. For example, the BRA
execution sequence is as follows:
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3. Instruction Set

Table 3.1 Execution Order of Delayed Branch Instructions

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

A slot 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) TBit

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 is not changed by ADD operation
CMP/EQ R1, RO ; IfRO=RI1, T bitis setto 1
BT TARGET ; Branches to TARGET if T bit = 1 (RO = R1)

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

(6) Constant Values

An 8-bit 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 values in 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. Instruction Set

3.2 Addressing Modes

Addressing modes and effective address calculation methods are shown in table 3.2. When a
location in virtual memory space is accessed (AT in MMUCR = 1), the effective address is
translated 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).

Table 3.2  Addressing Modes and 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
indirect (EA: effective
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 - Bn
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: Rn + disp
(word), or 4 (longword), according to the operand 5 _, ga
size.
Longword:
Rn + disp x 4 —»
EA
disp Rn + disp x 1/2/4
(zero-extended)
Indexed @ (RO, Rn) Effective address is sum of register Rn and RO Rn + RO —» EA

register contents.

o
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3. Instruction Set
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 © _GBR 4 EA
(zero-extended) + disp x 1/2/4
Indexed GBR @(R0O, GBR) Effective address is sum of register GBR and RO GBR + R0 —
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 & HFFFF
FFFC + 4 +
disp x4 —> EA

@—l

disp
(zero-extended)

-

2/4

* With longword operand

PC + 4 + disp
X 2
or PC &
H'FFFF FFFC
+4 + disp x4
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Addressing Instruction
Mode Format

PC-relative  disp:8

Calculation
Effective Address Calculation Method Formula
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

T by

C
O,
4
(H—|PC + 4 + disp x 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

P

c
©

4

(H—[PC + 4 + disp x 2

disp
(sign-extended)

Rn

Effective address is sum of PC + 4 and Rn. PC+4+Rn—

Branch-Target

C
n
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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

Rev.1.00 Jan. 10, 2008 Page 51 of 1658
REJ09B0261-0100
Download from Www.Somﬂﬁ.NMls Search And Download.



3. Instruction Set

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

Table 3.3 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: FVv4

10: FV8

11: FVv12

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.
Table 3.4  Fixed-Point Transfer Instructions
Instruction Operation Instruction Code Privileged T Bit New
MOV #imm,Rn imm — sign extension > RN 1110nnnniiiiiiii — - -
MOV.W @(disp*,PC), Rn (disp x 2 + PC + 4) — sign 1001nnnndddddddd — - -
extension — Rn
MOV.L @(disp*,PC), Rn (disp x 4 + PC & H'FFFF FFFC 1101nnnndddddddd — —_ -
+4) > Rn
MOV Rm,Rn Rm — Rn 0ll0nnnnmmmmO0ll — - -
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 - RN 0110nnnnmmmm0000 — - —
MOV.W @Rm,Rn (Rm) — sign extension - RN 0110nnnnmmmm0001 — - -
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 - Rn, 0110nnnnmmmm0100 — —_ -
Rm+1— Rm
MOV.W @Rm+,Rn (Rm) — sign extension - Rn, 0110nnnnmmmm0101 — - —
Rm +2 — Rm
MOV.L @Rm+,Rn (Rm) -> Rn, Rm + 4 - Rm 0110nnnnmmmm0110 — - —
MOV.B RO0,@(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) 0001lnnnnmmmmdddd — - —
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Instruction Operation Instruction Code Privileged T Bit New
MOV.B @(disp*,Rm),R0 (disp + Rm) — sign 10000100mmmmdddd — — —
extension — RO
MOV.W @ (disp*,Rm),R0 (disp x 2 + Rm) — sign 10000101mmmmdddd — — —
extension - RO
MOV.L @ (disp*,Rm),Rn (disp x 4 + Rm) —» Rn 0101lnnnnmmmmdddd — — —
MOV.B Rm, @ (R0,Rn) Rm — (RO + Rn) 0000nnnnmmmm0100 — — —
MOV.W Rm, @ (RO,Rn) Rm — (RO + Rn) 0000nnnnmmmm010l — — —
MOV.L Rm, @ (R0,Rn) Rm — (RO + Rn) 0000nnnnmmmm0110 — — —
MOV.B @(R0,Rm),Rn (RO + Rm) —» 0000nnnnmmmml100 — — —
sign extension - Rn
MOV.W @(R0,Rm),Rn (RO + Rm) —» 0000nnnnmmmml10l — — —
sign extension - Rn
MOV.L @(RO,Rm),Rn (RO + Rm) — Rn 0000nnnnmmmml1110 — - —
MOV.B RO, @(disp*,GBR) RO — (disp + GBR) 11000000dddddddd — — —
MOV.W RO, @(disp*,GBR) RO — (disp x2 + GBR) 11000001dddddddd — — —
MOV.L R0,@(disp*,GBR) RO — (disp x4+ 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 x4 + GBR) > R0  110001104ddddddd — — —
MOVA @ (disp*,PC),R0 disp x 4 + 11000111dddddddd — — —
PC & HFFFF FFFC
+4 —> RO
MOVCO.L RO,@Rn LDST>T 0000nnnn01110011 — LDST New
If (T == 1) RO — (Rn)
0 —» LDST
MOVLI.L @Rm,R0 1 - LDST 0000mmmm01100011 — — New
(Rm) - RO
When interrupt/exception
occurred 0 —» LDST
MOVUALL @Rm,RO (Rm) > RO 0100mmmm10101001 — — New
Load non-boundary
alignment data
MOVUALL @Rm+,RO (Rm) > RO, Rm + 4 — 0100mmmm11101001 — — New

Rm
Load non-boundary
alignment data
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Instruction Operation Instruction Code Privileged T Bit New

MOVT Rn T—-Rn 0000nnnn00101001 — — —

SWAP.B Rm,Rn Rm — swap lower 2 bytes  0110nnnnmmmm1000 — — —

— Rn
SWAP.W Rm,Rn Rm — swap upper/lower 011l0nnnnmmmml00l — — —
words — Rn
XTRCT Rm,Rn Rm:Rn middle 32 bits > Rn 0010nnnnmmmm1101 — — —
Note: * The assembler of Renesas uses the value after scaling (x1, x2, or x4) as the
displacement (disp).

Table 3.5  Arithmetic Operation Instructions

Instruction Operation Instruction Code Privileged T Bit New

ADD Rm,Rn Rn + Rm — Rn 001lnnnnmmmm1100 — — —

ADD #imm,Rn  Rn +imm — Rn 0lllnnnniiiiiiii — — —

ADDC Rm,Rn Rn+Rm+ T — Rn, 00llnnnnmmmmll1l0 — Carry —
carry > T

ADDV Rm,Rn Rn + Rm — Rn, 00llnnnnmmmmllll — Overflow —
overflow - T

CMP/EQ #imm,RO When RO =imm,1>T 10001000iiiiiiii — Comparison —
Otherwise, 0 > T result

CMP/EQ Rm,Rn WhenRn=Rm, 1> T 0011lnnnnmmmm0000 — 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), 001lnnnnmmmm0011 — Comparison —
1->T 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
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Instruction

Operation

Instruction Code

Privileged T Bit

New

CMP/STR Rm,Rn

When any bytes are equal,
15T
Otherwise, 0 > T

0010nnnnmmmml1100

Comparison
result

DIV1 Rm,Rn

1-step division (Rn + Rm)

0011lnnnnmmmmO0100

Calculation
result

DIVOS Rm,Rn

MSB of Rn — Q,
MSB of Rm — M, MA\Q —
T

00l0nnnnmmmmOl1l

Calculation
result

DIVoU

0> M/QT

0000000000011001

DMULS.L Rm,Rn

Signed,
Rn x Rm — MAC,
32 x 32 — 64 bits

00llnnnnmmmmll101

DMULU.L Rm,Rn

Unsigned,
Rn x Rm — MAC,
32 x 32 — 64 bits

0011lnnnnmmmmO101

DT Rn

Rn-1— Rn;
whenRn=0,1->T
When Rn=0,0—>T

0100nnnn00010000

Comparison
result

EXTS.B Rm,Rn

Rm sign-extended from
byte - Rn

0110nnnnmmmml1110

EXTSW  Rm,Rn

Rm sign-extended from
word — Rn

0llOnnnnmmmmllll

EXTU.B Rm,Rn

Rm zero-extended from
byte - Rn

0llO0nnnnmmmml100

EXTUW  Rm,Rn

Rm zero-extended from
word — Rn

0llO0nnnnmmmmll101

MAC.L @Rm+,@Rn+

Signed,

(Rn) x (Rm) + MAC —
MAC

Rn+4 - Rn,Bm+4 >
Rm

32 x 32 + 64 — 64 bits

0000Onnnnmmmmllll

MAC.W @Rm+,@Rn+

Signed,

(Rn) x (Rm) + MAC —
MAC

Rn +2 — Rn,

Rm +2 —> Rm

16 x 16 + 64 — 64 bits

0l00nnnnmmmmllll

MUL.L Rm,Rn

Rn x Rm —- MACL
32 x 32 — 32 bits

0000nnnnmmmmO111

MULS.W  Rm,Rn

Signed,
Rn x Rm — MACL
16 x 16 — 32 bits

0010nnnnmmmmll11l
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Instruction Operation Instruction Code Privileged T Bit New
MULUW  Rm,Rn Unsigned, 0010nnnnmmmml1110 — — -
Rn x Rm — MACL
16 x 16 — 32 bits
NEG Rm,Rn 0-Rm— Rn 0110nnnnmmmml011l — — —
NEGC Rm,Rn 0-Rm-T— Rn, 0110nnnnmmmml010 — Borrow —
borrow - T
SuB Rm,Rn Rn-Rm — Rn 0011lnnnnmmmml000 — — —
SUBC Rm,Rn Rn—-Rm-T — Rn, 0011lnnnnmmmml010 — Borrow —
borrow —» T
SUBvV Rm,Rn Rn - Rm — Rn, 00llnnnnmmmml0ll — Underflow —
underflow - T
Table 3.6  Logic Operation Instructions
Instruction Operation Instruction Code Privileged T Bit New
AND Rm,Rn Rn & Rm — Rn 0010nnnnmmmml1001l — — —
AND  #imm,RO RO & imm — RO 11001001iiiiiiii — — —
AND.B #imm, @(R0,GBR) (RO + GBR) & imm 11001101iiiiiiii — — —
— (RO + GBR)
NOT Rm,Rn ~Rm — Rn 0110nnnnmmmmO011l — — —
OR Rm,Rn Rn | Rm — Rn 0010nnnnmmmm1011l — — —
OR #imm,R0 RO | imm — RO 11001011iiiiiiii — — —
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,RO RO & imm; 11001000iiiiiiii — Test —
whenresult=0,1—>T result
Otherwise, 0 > T
TST.B #imm, @(R0,GBR) (RO + GBR) & imm; 11001100iiiiiiii — Test —
whenresult=0,1—>T result
Otherwise, 0 > T
XOR Rm,Rn Rn ARm — Rn 0010nnnnmmmml1010 — — —
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3. Instruction Set

Instruction Operation Instruction Code Privileged T Bit New
XOR #imm,R0O RO A imm — RO 110010104iiiiiiii — — —
XOR.B #mm, @(R0,GBR) (RO + GBR) A imm — 11001110iiiiiiii — — —
(RO + GBR)
Table 3.7  Shift Instructions
Instruction Operation Instruction Code Privileged T Bit New
ROTL Rn T« Rn « MSB 0100nnNnNn00000100 — 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 When Rm >0, Rn << BRm - 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 When Rm >0, Rn << Rm - Rn  0100nnnnmmmm1101 — — —
When Rm < 0, Rn >> Rm —»
[0 > Rn]
SHLL Rn T<Rn«0 0100nnNNN00000000 — MSB —
SHLR Rn 0-5>Rno>T 0100nnnn00000001 — LSB —
SHLL2 Rn Rn<<2 - Rn 0100nnnn00001000 — — —
SHLR2 Rn Rn>>2 — Rn 0100nnnn00001001 — - —
SHLL8 Rn Rn << 8 - Rn 0100nnnn00011000 — — —
SHLR8 Rn Rn>>8 - Rn 0100nnnn00011001 — - —
SHLL16 Rn Rn << 16 - Rn 0100nnnn00101000 — — —
SHLR16 Rn Rn>>16 —» Rn 0100nnnn00101001 — — —

Rev.1.00 Jan. 10, 2008 Page 58 of 1658

REJ09B0261-0100

Download from Www.Sona\@Nﬁ.ﬂMals Search And Download.



3. Instruction Set

Table 3.8 Branch Instructions

Instruction Operation Instruction Code Privileged T Bit New
BF label When T =0, disp x2 + 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, 10001101dddddddd — — —

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 — — —

Table 3.9  System Control Instructions

Instruction Operation Instruction Code Privileged T Bit New
CLRMAC 0 - MACH, MACL 0000000000101000 — - -
CLRS 0->S 0000000001001000 — - -
CLRT 0->T 0000000000001000 — 0 —
ICBI @Rn Invalidates instruction cache block 0000nnnni1100011 — — New
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 — —
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Instruction Operation Instruction Code Privileged T Bit New

LDC Rm,SSR Rm — SSR 0100mmmm00111110 Privleged — —

LDC Rm,SPC Rm — SPC 0100mmmm01001110 Privileged — —

LDC Rm,DBR Rm — DBR 0100mmmml11111010 Privileged — —

LDC Rm,Rn_BANK Rm — Rn_BANK (n=0107) 0100mmmmlnnni110 Privieged — —

LDC.L @Rm+,SR (Rm) »> SR,BRBm+4 - BRm 0100mmmm00000111 Privileged LSB —

LDC.L @Rm+,GBR (Rm) > GBR,Rm +4 - Rm 0100mmmm00010111 — — —

LDC.L @Rm+,VBR (Rm) -» VBR, BRm +4 - Rm 0100mmmm00100111 Privileged — —

LDC.L @Rm+,SGR (Rm) > SGR, Rm +4 - Rm 0100mmmm00110110 Privileged — —

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 0100mmmm00011010 — — —

LDS Rm,PR Rm —» PR 0100mmmm00101010 — — —

LDS.L @Rm+,MACH (Rm) > MACH,Rm+4—  0100mmmm00000110 — — —
Rm

LDS.L @Rm+,MACL (Rm) > MACL,BRm+4 —  0100mmmm00010110 — — —
Rm

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 — — —

OCBI @Rn Invalidates operand cache ~ 0000nnnn10010011 — — —
block

OCBP @Rn Writes back and invalidates 0000nnnn10100011 — — —
operand cache block

OCBWB @Rn Writes back operand cache 0000nnnn10110011 — — —
block

PREF @Rn (Rn) — operand cache 0000nnnnl10000011 — — —

PREFI @Rn Reads 32-byte instruction 0000nnnnll010011 — — New
block into instruction cache

RTE Delayed branch, SSR/SPC  0000000000101011 Privileged — —

— SR/PC
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Instruction Operation Instruction Code Privileged T Bit New

SETS 1S 0000000001011000 — — —

SETT 15T 0000000000011000 — 1 —

SLEEP Sleep or standby 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 0000nNNN1mmmO010 Privileged — —
(m=0to7)

STC.L SR,@-Rn Rn-4 - Rn, SR — (Rn) 0100nnnn00000011 Privileged — —

STC.L GBR,@-Rn Rn -4 — Rn, GBR —» 0100nnnn00010011 — — —
(Rn)

STC.L VBR,@-Rn Rn-4 — Rn, VBR — 0100nnnn00100011 Privileged — —
(Rn)

STC.L SSR,@-Rn Rn-4 — Rn, SSR — 0100nnnn00110011 Privileged — —
(Rn)

STC.L SPC,@-Rn Rn-4 - Rn, SPC —» 0100nNnn01000011 Privileged — —
(Rn)

STC.L SGR,@-Rn Rn-4 - Rn, SGR —» 0100nNnn00110010 Privileged — —
(Rn)

STC.L DBR,@-Rn Rn -4 — Rn, DBR —» 0100nnnn11110010 Privileged — —
(Rn)

STC.L Rm_BANK,@- Rn-4 — Rn, 0100nnnnimmmO01l Privileged — —

Rn Rm_BANK — (Rn)

(m=0to7)

STS MACH,Rn MACH — Rn 0000nnnNn00001010  — — —

STS MACL,Rn MACL — Rn 0000nnnn00011010 — — —

STS PR,Rn PR — Rn 0000nnnNn00101010  — — —

STS.L MACH,@-Rn Rn—4 - Rn, MACH—>  0100nnnn00000010 — — —
(Rn)

STS.L MACL,@-Rn  Rn—-4 - Rn,MACL > 0100nnnn00010010 — — —
(Rn)

STS.L PR,@-Rn Rn-4 - Rn, PR — (Rn) 0100nnnn00100010 — — —
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3. Instruction Set

Instruction Operation Instruction Code Privileged T Bit New
SYNCO Data accesses invoked 0000000010101011 — — New

by the 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
Table 3.10 Floating-Point Single-Precision Instructions
Instruction Operation Instruction Code Privileged T Bit New
FLDIO FRn H'0000 0000 — FRn 1111nnnnl10001101 — — —
FLDI FRn H'3F80 0000 — FRn 1111nnnnl10011101 — — —
FMOV FRm,FRn FRm — FRn 111llnnnnmmmmll100 — — —
FMOV.S @Rm,FRn (Rm) - FRn 1111nnnnmmmml000 — — —
FMOV.S @(R0O,Rm),FRn (RO + Rm) —» FRn 111lnnnnmmmm0110 — — —
FMOV.S @Rm+,FRn (Rm) - FRn, Rm+4 —-Bm 111lnnnnmmmm1001 — — —
FMOV.S FRm,@Rn FRm — (Rn) 1111lnnnnmmmml010 — — —
FMOV.S FRm,@-Rn Rn-4 —» Rn, FRm —» (Rn) 111 1lnnnnmmmml011l — —_— -
FMOV.S FRm,@(R0,Rn) FRm — (RO + Rn) 111lnnnnmmmm0lll — — —
FMQV DRm,DRn DRm — DRn 1111nnnOmmm01100 — — —
FMOV @Rm,DRn (Rm) - DRn 1111nnnOmmmml1000 — — —
FMQV @(R0,Rm),DRn (RO + Rm) — DRn 1111nnnOmmmm0110 — — —
FMQOV @Rm+,DRn (Rm) > DRn,Rm +8 > Rm 1111nnnOmmmm1001 — — —
FMQOV DRm,@Rn DRm — (Rn) 1111nnnnmmm01010 — — —
FMQOV DRm,@-Rn Rn-8 — Rn, DRm — (Rn) 1111lnnnnmmm01011 — — —
FMOV DRm,@(R0,Rn) DRm — (RO + Rn) 1111lnnnnmmm00111 — — —
FLDS FRm,FPUL FRm — FPUL 1111mmmm00011101 — — —
FSTS FPUL,FRn FPUL — FRn 1111nnnn00001101 — — —
FABS FRn FRn & H7FFF FFFF - FRn 1111nnnn01011101 — — —
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Instruction Operation Instruction Code Privileged T Bit New
FADD FRm,FRn FRn + FRm — FRn 1111nnnnmmmm0000 — — -
FCMP/EQ FRm,FRn When FRn=FRm,1 > T 1111nnnnmmmm0100 — Comparis —
Otherwise, 0 > T on result
FCMP/GT FRm,FRn When FRn > FRBm, 1 > T 1111nnnnmmmm0101 — Comparis —
Otherwise, 0 > T on result
FDIV FRm,FRn FRn/FRm — FRn 111lnnnnmmmm0011l — — -
FLOAT FPUL,FRn (float) FPUL — FRn 1111nnnn00101101 — — —
FMAC FRO,FRm,FRn FRO*FRm + FRn — FRn 11llnnnnmmmmll10 — — —
FMUL FRm,FRn FRn*FRm — FRn 1111nnnnmmmm0010 — — —
FNEG FRn FRn A H'8000 0000 - FRN  1111nnnn01001101 — — —
FSQRT FRn \FRn — FRn 1111nnnn01101101 — — —
FSUB FRm,FRn FRn - FRm — FRn 111lnnnnmmmm0001 — - —
FTRC FRm,FPUL (long) FRm — FPUL 1111mmmm00111101 — — —
Table 3.11 Floating-Point Double-Precision Instructions
Instruction Operation Instruction Code Privileged T Bit New
FABS DRn DRn & H'7FFF FFFF FFFF  1111nnnoo1011101 — — —
FFFF — DRn
FADD DRm,DRn DRn + DRm — DRn 1111nnnOmmm00000 — — -
FCMP/EQ DRm,DRn When DRn=DRm,1 > T 1111nnnOmmm00100 — Comparison —
Otherwise, 0 > T result
FCMP/GT DRm,DRn When DRn>DRm,1 > T 1111nnnO0mmm00101 — Comparison —
Otherwise, 0 > T result
FDIV DRm,DRn DRn/DRm — DRn 1111nnn0mmm00011 — — —
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 A H'8000 0000 0000 1111nnn001001101 — — —
0000 —» DRn
FSQRT DRn \VDRn — DRn 1111nnn001101101 — — —
FSUB DRm,DRn DRn—-DRm — DRn 1111nnnOmmm00001 — — —
FTRC DRm,FPUL (long) DRm — FPUL 1111mmm000111101 — — —
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Table 3.12 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 — — —
Table 3.13 Floating-Point Graphics Acceleration Instructions
Instruction Operation Instruction Code Privileged T Bit New
FMOV  DRm,XDn DRm — XDn 11l1lnnnlmmm01100 — — -
FMOV  XDm,DRn XDm — DRn 1111nnnO0mmm11100 — - -
FMOV  XDm,XDn XDm — XDn 11llnnnlmmml1100 — — -
FMOV  @Rm,XDn (Rm) - XDn 111lnnnlmmmml000 — — -
FMOV  @Rm+,XDn (Rm) - XDn, Rm + 8 - Rm 111lnnnlmmmml001l — — —
FMOV  @(R0,Rm),XDn (RO + Rm) — XDn 1111lnnnlmmmm0110 — — —
FMOV  XDm,@Rn XDm — (Rn) 1111lnnnnmmml11010 — — —
FMOV  XDm,@-Rn Rn -8 — Rn, XDm — (Rn) 111lnnnnmmml1011 — — —
FMOV  XDm,@(R0,Rn) XDm — (RO + Rn) 11llnnnnmmml011l  — — —
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/sqrt(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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4. Pipelining

Section 4 Pipelining

This LSI is a 2-ILP (instruction-level-parallelism) superscalar pipelining microprocessor.
Instruction execution is pipelined, and two instructions can be executed in parallel.

4.1

Pipelines

Figure 4.1 shows the basic pipelines. Normally, a pipeline consists of eight stages: instruction
fetch (I1/12/13), decode and register read (ID), execution (E1/E2/E3), and write-back (WB). An
instruction is executed as a combination of basic pipelines.

1. General Pipeline

w

[ I | 12 | 13 | 1D | E1 | E2 | E3 | WB |
! -Instruction fetch \-Predecode ;-Instruction ;-Forwarding ' -Operation !-Write-back !
i i 1 decode I I i i
' ' 1 -lssue ' ' ' '
! ! ! -Register read ! ! ! !
2. General Load/Store Pipeline
[ I | 12 | 13 | ID | E1 | E2 | E3 | WB |
! -Instruction fetch \-Predecode | -Instruction ! -Address ! -Memory data access 1-Write-back '
! ! ! decode ! calculation ! ! !
i i 1 -Issue ' ' i '
' ' | -Register read | ' ' '
. Special Pipeline
I i I 12 I 13 I D I = I E2 I E3 I WB ]
! -Instruction fetch 1-Predecode ! -Instruction \-Forwarding ! -Operation 1-Write-back '
' ' i decode ' ' ' '
' ' 1 -lssue ' ' ' '
' ' | -Register read | ' ' '
4. Special Load/Store Pipeline
[ K | 12 | 13 | ID | E1 | E2 | E3 | WB |
wInstruction fetch I-Predecode ! -Instruction ]
' ' | decode '
. . | -Issue .
! ! ' -Register read !
5. Floating-Point Pipeline
[ 11 I 12 I 13 ] 1D [ _Fst T Fse ] Fs3 [ Fs4a ] ES ]
! -Instruction fetch 1-Predecode ! -Instruction I-Register read !-Operation ! -Operation ! -Operation ! -Operation !
! i 1 decode i-Forwarding I I 1 -Write-back 1
' ' | -lssue : : : : ' '
6. Floating-Point Extended Pipeline
12 | 13 [ D T FE1T T FE2 [ FES T FE4 | FE5 T FE6

[ I

! -Instruction fetch
'
'
'

1 decode
1 -lssue

-Forwarding 1
] '
' '

! -Predecode | -Instruction  !-Register read!-Operation ;-Operation ! -Operation ! -Operation !-Operation !-Operation

1-Write-back
!

[__Fs ]
|

Figure 4.1 Basic Pipelines
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4. Pipelining

Figure 4.2 shows the instruction execution patterns. Representations in figure 4.2 and their

descriptions are listed in table 4.1.

Table 4.1 Representations of Instruction Execution Patterns

Representation

Description

| E1 | E2 | E3 |wWB]|

CPU EX pipe is occupied

| st]s2]s3]|ws]

CPU LS pipe is occupied (with memory access)

| st | s2]s3|wB]

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

| I—

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

L1 1 2 f 13 ] ID !E1/S1 1 E2/s2] E3/s3] WB | Note: In branch instructions that are categorized
' as (1-1), the number of branch cycles
' may be reduced by prefetching.

COOT T3 T(D)] (Branch destination instruction)

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

I 12 13 ID_|E1/S1|E2/S2| E3/S3| WB

Lan 1 (2 i (13) 1 (ID) |  (Branch destination instruction)

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

I 12 13 ID_|E1/S1]E2/S2] E3/S3] WB Note: The number of branch cycles may be
' 0 by prefetching instruction.

a1 @] a3) 1 (D) | (Branch destination instruction)

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

T2 T 13T 10 =i 2 | s3 | wB ]
o EfsT{Easo| E3s3] wa ]
ISEN

O T (2T (3 T (DY ] (Branch destination instruction)

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

11 12 13 ] ID] S1[S2] S3|wB Note: Itis 15 cycles to the ID stage
LD _JF1s1|E2s2|E3s3| WB | in the first instruction of exception handler

[0 L EisiE2s2 [Eas3] we)
1D _JETsT[E2s2[E3s3[ WB
DJETsT|E2s2|E3s3[ WB

LD JE1s1IE2s2| E3s3| WB

Eis] —232|E333E|_|
LI Eis1[E2s2 [E3s3[WB

(1-6) SLEEP: 2 issue cycles

11 12 13 1D S1 S2 S3 WB Note: It is not constant cycles to
| ID N Eis1]| E2s2 | E3s3| wB | the clock halted period.

Figure 4.2 Instruction Execution Patterns (1)
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(2-1) 1-step operation (EX type): 1 issue cycle
EXT[SU]L.[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

L | 12 1 13 | b [ E1 | E2 | E3 | WB |
(2-2) 1-step operation (LS type): 1 issue cycle

MOVA

Lt | 12 | 138 | D | st | s2 | s3 | wWB |
(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

L1t [ 12 | 13 | b [Et/st]E2/s2]|E3/S3] WB |

Figure 4.2 Instruction Execution Patterns (2)
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(3-1) Load/store: 1 issue cycle
MOV.[BWL], MOV.[BWL] @(d,GBR)
Lt | 2 | 138 | b | s1 | s2 ] s3 | wB |

(3-2) AND.B, OR.B, XOR.B, TST.B: 3 issue cycles

L it [ 2] 13 11D [st s2 | s3 | wB |

| [s)
L JETsT E3S3

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

L it [ 2] 13 11D [st S2 S3 | wB |
L D BEiSi]| E2s2| E3S3| WB |

1D
| D _JE1S1 | E2S2 | E3S3 | WB |

(3-4) PREF, OCBI, OCBP, OCBWB, MOVCA.L, SYNCO: 1 issue cycle
L | | 13 | b J st | s2] s3] w|

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

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

I 12 13 1D 1 s2 s3 | WB

ID_FE1si]Eas2 [Eas3] wB
LD JEisi[E2s2| Eas3[ wB
5 cycles (min.) D ) Eisi| E2s2| E3s3

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

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

il 12 13 1D s1 s2 s3 wWB
T
T DX Eist [Ecs2 [ E3s3 [ wB
5 cycles (min.) LD Eis1 | E2s2 | E3s3 | WB |

1D Eis1 | E2s2 | E3s3| WB

----- l---- = = =
Lan J @2 1 @3 | D) |
(3-8) MOVLI.L: 1 issue cycle (Branch to the next instruction of PREFI.)

L[ 2 8] iDJst ] s2] s3] wsl]

(3-9) MOVCO.L: 1 issue cycle
L | 12 | 138 ] D | st ] s2] s3] ws|

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

L T 2 T 13 1 o [ st | s2 ] s3
—si 1 s2

wB_|
S3 | wB |

Figure 4.2 Instruction Execution Patterns (3)
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(4-1) LDC to Rp_BANK/SSR/SPC/VBR: 1 issue cycle
Ll 12 ] 18 ] IDJ] st | s2] s3 | WBJ|

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

[T 12 T 13 T 1D | st s2 | s3 | wB|
| )

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

[T 12 T 138 1T 1D [ st | s2 | s3 [ WB |

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

il 12 13 ID |E1s1 JE2s2| E3s3| WB |

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

Lt [ 2 18] DJst ] s2] s3] wB]

(4-6) LDC.L to DBR/SGR: 4 issue cycles
Lnnf 2 [ 138 [ > ]st s2 T s3 T ws]

| I

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

Lt 2] 138 ] oJst ] s2] s3] ws]

(4-8) LDC.L to SR: 6 issue cycles + 4 branch cycles

il 12 13 ID_|E1S1 JE2S2 | E3S3| WB |

1D

(Branch to the next instruction.)

Figure 4.2 Instruction Execution Patterns (4)
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(4-9) STC from DBR/GBR/Rp_BANK/SSR/SPC/VBR/SGR: 1 issue cycle

LT 2 T 138 1 b st | s2 ] s3] WB]J

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

Lt [ 12 1T 138 | 1D |Eis1 | E2s2 | E3s3 | WB |

(4-11) STC.L from DBR/GBR/Rp_BANK/SSR/SPC/VBR/SGR: 1 issue cycle
Lt T 12 T 13 ] o] st | s21] s3] ws]j

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

[T T 12 | 13 | ID JE1ST ] E2S2] E3S3] WB |

L 2] 138 | > ] st | s2 | s3] wWB]|

(4-14) LDS.L to PR: 1 issue cycle
L [ 2] 13 [ DJ]st Is21s3] ws]

(4-15) STS from PR: 1 issue cycle
Lo ] 2] 18 | iDJ st |s2 | s3] ws]

(4-16) STS.L from PR: 1 issue cycle
L[ 2] 18 | ibJst Is21s3 ] ws]

(4-17) BSRF, BSR, JSR delay slot instructions (PR set): 0 issue cycle
Lan 1 @2 [ @3 | o) [?21) [(222) | (2?3) | (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.

Figure 4.2 Instruction Execution Patterns (5)
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(5-1) LDS to MACHI/L: 1 issue cycle

L | 12 | 138 ] b | st | s2 s3_| wWB |
L MS |
(5-2) LDS.L to MACH/L: 1 issue cycle
L | 12 | 138 ] i | st | s2 S3 | wB |
LMS |
(5-3) STS from MACHY/L: 1 issue cycle
L | 2 | 138 ] b | st | s2 s3_| wB |
L MS |
(5-4) STS.L from MACH/L: 1 issue cycle
L | 12 | 138 ] i | st | s2 S3 | wB |
LMS |
(5-5) MULS.W, MULU.W: 1 issue cycle
L | 12 [ 138 | i | E1 | M2 M3 | MS |
(5-6) DMULS.L, DMULU.L, MUL.L: 1 issue cycle
L1 | 12 | 138 | b | E1 | m2 M3 |
M2 | M3 | mS ]
(5-7) CLRMAC: 1 issue cycle
T2 T3 T 1D JTE [ mM2 M3 ms |
(5-8) MAC.W: 2 issue cycle
[T T 2 T 13 ] D S1 S2 s3 | wB
1D St s2 | s3 | ws
M2 | M3 | mS ]
(5-9) MAC.L: 2 issue cycle
L | 12 ] 138 ] ID S1 S2 S3 | WB
1D S1 s2 | s3 | ws
M2 | M3 ]
M2 | M3 T MS |

Figure 4.2 Instruction Execution Patterns (6)
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(6-1) LDS to FPUL: 1 issue cycle

L[ 2 T 38 T b [ st [ s2 | s3
L FS1 [ Fs2 | FS3 [ Fs4 | Fs |
(6-2) STS from FPUL: 1 issue cycle
Lt [ 12 T 13 | D [Fs1 | Fs2] FsS3 | Fs4 |
L s1 [ s2 | s3 | wB |
(6-3) LDS.L to FPUL: 1 issue cycle
[ T 12 T 138 T 1> [ st | s2 ] s3 WB_|
L Fs1 [ Fs2 | FS3 | FS4 | FS |
(6-4) STS.L from FPUL: 1 issue cycle
[ T 12 T 138 T 1D [FST [ Fs2] FS3 | FS4 |
L s1+ | s2 ] s3] wB|
(6-5) LDS to FPSCR: 1 issue cycle
[ T 12 T 138 T 1D | st | s2 | s3
T FST | FS2 | FS3 | FS4 | FS |
(6-6) STS from FPSCR: 1 issue cycle
Lt T 12 T 1838 1 D [Fs1 | Fs2] Fs3 | Fs4 |
L s1 | s2 | s3 WB_|
(6-7) LDS.L to FPSCR: 1 issue cycle
[ T 12 T 138 T 1> [ st | s2 ] s3 WB_|
C—FST | FS2 | FS3 | FS4 | FS |
(6-8) STS.L from FPSCR: 1 issue cycle
Lt 12 T 13 1 D [Fs1 | Fs2] Fs3 | Fs4 |
L si [ s2] s3 | wB]
(6-9) FPU load/store instruction FMOV: 1 issue cycle
L1 [ 2 ] 13 T m>]st | s2] s3] ws]
L FS1 [ Fs2 | FS3 [ Fs4 | Fs |
(6-10) FLDS: 1 issue cycle
L T2 T 38 1 i [ st | s2 | 8 WB |
C—1TFST | FS2 | FS3 | FS4 | FS |
(6-11) FSTS: 1 issue cycle
[ T 12T 13 T 1D s1 52 s3
FS1 | FS2 | FS3 | FS4 | FS |

Figure 4.2 Instruction Execution Patterns (7)
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(6-12) Single-precision FABS, FNEG/double-precision FABS, FNEG: 1 issue cycle

Lt [ 2 T 13 1T b [ st | s2 | s3]
L FS1 | Fs2 | FS3 | FS4 [ FS ]
(6-13) FLDIO, FLDI1: 1 issue cycle
L. | 12 | 13 ] b | st | s2 | s3 |
L Fs1 | 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 2 | B | 1D JFel | FE2 | FE3 | FE4 | FE5 | FE6 |
(6-15) Single-precision FDIV/FSQRT: 1 issue cycle
[T 12 1 B | D | Fel | FE2 | FE3 | FE4 ] FE5 | FE6 | _FS | (
FEDS (Divider occupied cycle) \

FS ]

|LFE3 | FE4 | FE5 | FE6 |

(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 |

Lt | 12 | 13 | Ib | FE1
(6-17) Double-precision floating-point computation: 1 issue cycle

FMUL

L1t 1 12 ] 13 ] Db |[Fet |FE2 |FE3 | FE4 | FE5 | FE6 | FS

L EET | FE2 E3 E4 | FE5 | FE6 | F
FE1 FE2 FE3 FE4 FE5 FE6 FS

(6-18) Double-precision FDIV/FSQRT: 1 issue cycle

LT 12 T 13 1 o [Fe1t [FE2 |FES | FE4 ] FE5 | FE6 | FS | (

FEDS (Divider occupied cycle)

]
| Fs

LFE3 | FE4 | FE5 | FE6 | FS

FE3 | FE4 | FE5 | FE6

Figure 4.2 Instruction Execution Patterns (8)
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(6-19) FIPR: 1 issue cycle

| D [ FE1 | FE2 | FE3 | FE4 | FE5 | FE6 |

L | 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 |
(6-21) FSRRA: 1 issue cycle
L 1 | 12 | 13 | ID | FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS
| FEPL |
Function computing unit occupied cycle
(6-22) FSCA: 1 issue cycle
L [ 12 ] 13 | D | FEl 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

Figure 4.2 Instruction Execution Patterns (9)
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4.2 Parallel-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 parallel.

Table 4.2 Instruction Groups

Instruction

Group Instruction

EX ADD DT ROTL SHLR8
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,RO
CLRT NEG SHLD TST Rm,Rn
CMP NEGC SHLL XOR #imm,R0
DIVOS NOT SHLL2 XOR Rm,Rn
DIVOU OR #imm,RO SHLLS XTRCT
DIV1 OR Rm,Rn SHLL16
DMUS.L ROTCL SHLR
DMULU.L ROTCR SHLR2

MT MQV #imm,Rn MOV Rm,Rn NOP

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

LS FABS FMOV.S FR,@adr MOV.[BWL] @adr,R STC CR2,Rn
FNEG FSTS MOV.[BWL] R, @adr STC.L CR2,@-Rn
FLDIO LDC Rm,CR1 MOVA STS SR2,Rn
FLDI1 LDC.L @Rm+,CR1 MOVCA.L STS.L SR2,@-Rn
FLDS LDS Rm,SR1 MOVUA STS SR1,Rn
FMOV @adr,FR LDS Rm,SR2 OCBI STS.L SR1,@-Rn
FMOV FR, @adr LDS.L @adr,SR2 ocBP
FMOV FR,FR LDS.L @Rm+,SR1 OCBWB
FMOV.S @adr,FR LDS.L @Rm+,SR2 PREF
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Instruction
Group Instruction
FE FADD FDIV FRCHG FSCA
FSUB FIPR FSCHG FSRRA
FCMP (S/D) FLOAT FSQRT FPCHG
FCNVDS FMAC FTRC
FCNVSD FMUL FTRV
co AND.B #imm,@(R0,GBR)  LDC.L @Rm+,SR PREFI TRAPA
ICBI LDTLB RTE TST.B #imm, @ (R0O,GBR)
LDC Rm,DBR MAC.L SLEEP XOR.B #imm, @ (R0,GBR)
LDC Rm, SGR MAC.W STC SR,Rn
LDC Rm,SR MOVCO STC.L SR,@-Rn
LDC.L @Rm+,DBR MOVLI SYNCO
LDC.L @Rm+,SGR OR.B #imm, @ (R0,GBR) TAS.B
Legend:
R: Rm/Rn

@adr: Address

SR1: MACH/MACL/PR
SR2: FPUL/FPSCR
CR1: GBR/Rp_BANK/SPC/SSR/VBR
CR2: CR1/DBR/SGR
FR:  FRm/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. Data used by an instruction of addr does not conflict with data used by a previous instruction

Data used by an instruction of addr+2 does not conflict with data used by a previous

instruction

5. Both instructions are valid
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Table 4.3 Combination of Preceding and Following Instructions

Preceding Instruction (addr)

EX MT BR LS FE

Following EX No Yes Yes Yes Yes
Instruction MT Yes Yes Yes Yes Yes
(addr+2)

BR Yes Yes No Yes Yes

LS Yes Yes Yes No Yes

FE Yes Yes Yes Yes No

CcO

Rev.1.00 Jan. 10, 2008 Page 78 of 1658
REJ09B0261-0100
Download from Www.Sonﬂ\@Nﬁ.ﬂMals Search And Download.



4. Pipelining

4.3 Issue Rates and Execution Cycles

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

1. Issue Rate

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

E.g. AND.B instruction

Lt [ 12 1 13 | Ib S1 s2 | s3 | wB |
1D
ID_J E1S1]| E2S2 | E3S3| WB |
Issue rate: 3
Next instruction [y T (2) [ (3 D) |
E.g. MAC.W instruction
L[ 12 ] 13 ID S1 S2 S3_|_WB
1D S1 S2 S3 WB
M2 M3 [ wms |
Issue rate: 2
|
Next instruction [ (1) 2 [ 03 | (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
L | 12 1T 131 I S1 s2 | s3 | wB |
1D
ID J E1S1] E2S2 | E3S3| wB

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

A [ 2 [ 13 ] b S1 S2 S3_|_WB
D S S2 S3 | WB
M2 M3 | MS

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

L1t | 12 | 138 | 1D [ FE1 | FE2 | FE3 | FE4 | FE5 | FE6 | FS
_FE1 | FE2 E3 | FE4 | FE5 | FE6 | FS |
FE1 FE2 | FE3 | FE4 | FE5 | FE6 | FS

E.g. FDIV instruction | Execution Cycles: 14

|
Ll 12 1 131 D FE1|FE2|FE3]|FE4[FE5|FE6 | FS |((
Divider occupation cycle ~ \\ | FE3| FE4| FE5| FE6 | FS
/)
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Table 4.4  Issue Rates and Execution Cycles

Functional Instruction Execution Execution
Category No. Instruction Group Issue Rate Cycles Pattern
Data 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 3-1
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 3-1
17 MOV.W @ (disp,Rm),R0O LS 1 1 3-1
18 MOV.L @ (disp,Rm),Rn LS 1 1 3-1
19 MOV.B @(R0,Rm),R LS 1 1 3-1
20 MOV.W @(R0,Rm),Rn LS 1 1 3-1
21 MOV.L @(RO,Rm),R LS 1 1 3-1
22 MOV.B @ (disp,GBR),R0 LS 1 1 3-1
23 MOV.W @ (disp, GBR),R0 LS 1 1 3-1
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
Data transfer 30 MOV.L Rm,@-Rn LS 1 1 3-1
instructions 31 MOV.B RO, @ (disp,Rn) LS 1 1 3-1
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, @ (RO,Rn) LS 1 1 3-1
36 MOV.L Rm, @ (RO,Rn) LS 1 1 3-1
37 MOV.B RO, @ (disp,GBR) LS 1 1 3-1
38 MOV.W RO, @ (disp,GBR) LS 1 1 3-1
39 MOV.L RO, @ (disp,GBR) LS 1 1 3-1
40 MOVCAL Ro0,@Rn LS 1 1 3-4
41 MOVCO.L Ro0,@Rn CcO 1 1 3-9
42 MOVLIL @Rm,R0 CcO 1 1 3-8
43 MOVUAL @Rm,RO LS 2 2 3-10
44 MOVUAL @Rm+,RO LS 2 2 3-10
45 MOVT Rn EX 1 1 2-1
46 OCBI @Rn LS 1 1 3-4
47 OCBP @Rn LS 1 1 3-4
48 0OCBWB @Rn LS 1 1 3-4
49 PREF @Rn 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,RO 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 — “g4""GMPHI 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 DIV1 Rm,Rn EX 1 1 21
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 21
72 MAC.L @Rm+,@Rn+ CcO 2 5 5-9
73 MAC.W @Rm+,@Rn+ CcO 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
instructions “g3 " AND #imm,RO EX 1 1 2-1
84 AND.B #imm, @ (R0,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,R0 EX 1 1 2-1
88 OR.B #imm, @ (R0,GBR) CcO 3 3 3-2
89 TASB @Rn 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 “g1 g1 #imm,RO EX 1 1 2-1
92 TST.B #imm, @ (R0,GBR) CcO 3 3 3-2
93 XOR Rm,Rn EX 1 1 2-1
94 XOR #imm,R0O EX 1 1 21
95 XOR.B #imm, @ (R0O,GBR) co 3 3 3-2
Shift 96 ROTL Rn EX 1 1 2-1
nstructions "oz poTR Rn EX 1 1 2-1
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 21
107 SHLL16 Rn EX 1 1 2-1
108 SHLR Rn EX 1 1 21
109 SHLR2 Rn EX 1 1 2-1
110 SHLR8 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 443" pr/g disp BR 140102 1 1-1
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 451" SR @Rn BR 143 1 1-2
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 CcO Undefined Undefined 3-4
132 TRAPA #imm co 8+5+1 13 1-5
133 RTE CO 4+1 4 1-4
134 SLEEP CcO Undefined Undefined 1-6
135 LDTLB CO 1 1 3-5
136 LDC Rm,DBR CcO 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 co 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 CO 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 CcO 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 CcO 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
ﬁ;::i:goim 181 FLDI 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 @(R0,Rm),FRn LS 1 1 6-9
186 FMOV.S FRm,@Rn LS 1 1 6-9
187 FMOV.S FRm,@-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  FRm,FRn FE 1 1 6-14
194 FCMP/GT FRm,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 FRm,FRn FE 1 1 6-14
199 FNEG FRn LS 1 1 6-12
200 FSQRT FRn FE 1 30 6-15
201 FSUB FRm,FRn 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 @(R0,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, @ (RO0,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
ﬁ;::i:goim 211 FADD DRm,DRn 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 14 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 6-5
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
igrelﬁﬂ;n 232 FMOV XDm,DRn LS 1 1 6-9
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 @ (RO,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, @ (R0,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 -, 1> EScHG FE 1 1 6-14
instructions

243 FPCHG FE 1 1 6-14

244 FSRRA FRn FE 1 1 6-21

245 FSCA FPUL,DRn 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 a reset,
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 LSI is of three kinds: resets, general exceptions, and interrupts.
5.2 Register Descriptions
Table 5.1 lists the configuration of registers related exception handling.

Table 5.1  Register Configuration

Register Name Abbr. R/W P4 Address* :LZar:ss* Access Size
TRAPA exception register TRA R/W H'FF00 0020 H'1F00 0020 32
Exception event register EXPEVT R/W H'FF00 0024 H'1F00 0024 32
Interrupt event register INTEVT R/W H'FF00 0028 H'1F00 0028 32

Non-support detection exception EXPMASK R/W H'FF2F 0004 H'1F2F 0004 32
register

Note: * P4 isthe address when virtual address space P4 area is used. Area 7 is the address
when physical address space area 7 is accessed by using the TLB.
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Table 5.2  States of Register in Each Operating Mode

Power-on
Register Name Abbr. Reset Manual Reset Sleep Standby
TRAPA exception register TRA Undefined  Undefined Retained  Retained
Exception event register EXPEVT  H'0000 0000 H'0000 0020 Retained Retained
Interrupt event register INTEVT Undefined  Undefined Retained  Retained

Non-support detection exception

register

EXPMASK H'0000 0013 H'0000 0013 Retained Retained

5.2.1

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 also 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
—|—|— - | = —| 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
31to10 — All O R Reserved
For details on reading/writing this bit, see General
Precautions on Handling of Product.
9to 2 TRACODE Undefined R/W  TRAPA Code
8-bit immediate data of TRAPA instruction is set
1,0 — AllO R Reserved

For details on reading/writing this bit, see General
Precautions on Handling of Product.
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5.2.2 Exception Event Register (EXPEVT)

The exception event register (EXPEVT) consists of a 12-bit exception code. The exception code
set in EXPEVT is that for a reset or general exception event. The exception code is set
automatically by hardware when an exception occurs. EXPEVT 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
RW: R R R R R R R R R R R R R R R R
Bt 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0
[-[-[]-]-| EXPCODE |
Initial value: 0 0 0 0 0 0 0 0 0 0 01 o0 0 0 0 0
RW: R R R R RW RW RW RW RW RW RW RW RW RW RW RW
Initial
Bit Bit Name  Value R/W  Description
31to12 — All O R Reserved
For details on reading/writing this bit, see General
Precautions on Handling of Product.
11to0 EXPCODE H'000or R/W Exception Code
H'020

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

The interrupt event register (INTEVT) consists of a 14-bit exception code. The exception code is
set automatically by hardware when an exception occurs. INTEVT 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

©
@
~
[
o
N
w
o
o
o

| - | - | INTCODE

Initial value: 0 0 — — — — — — — — — — — — — —
RW: R R RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial
Bit Bit Name  Value R/W  Description
31to14 — All O R Reserved

For details on reading/writing this bit, see General
Precautions on Handling of Product.

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 Non-Support Detection Exception Register (EXPMASK)

The non-support detection exception register (EXPMASK) is used to enable or disable the
generation of exceptions in 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. This will 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.

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

According to the value of EXPMASK, functions 1 and 2 can generate a slot 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.

e 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
-t r-r-r-r-f{-r-r-1-{-1-1-1-[T-1-1]

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

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

o
o
o
o
o
o

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

-l - -T-T-T-T-T-T-T-1T-T&[ -1 - [¥[TE]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1
RW: R R R R R R R R R R R R/W R R RW R/W
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Bit Bit Name

Initial
Value

R/W

Description

31to5 —

AllO

Reserved

For details on reading/writing these bits, see General
Precautions on Handling of Product.

4 MMCAW

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.

AllO

Reserved

For details on reading/writing these bits, see General
Precautions on Handling of Product.

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: An instruction other than the NOP instruction in the
delay slot of the RTE instruction is enabled.
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53 Exception Handling Functions

5341 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
register15 (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
handle a specific exception. The exception handling routine is terminated and control returned to
the original program by executing a return-from-exception instruction (RTE). This instruction
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 SR is set to 1.

The mode bit (MD) in SR is set to 1.

The register bank bit (RB) in SR is set to 1.

In a reset, 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.

AN i e

53.2 Exception Handling Vector Addresses

The reset vector address is fixed at H'A0O000000. 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 a further 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 Types and Priorities

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

exception/interrupt codes.

Table 5.3 Exceptions

Exception Transition

Direction*’
Exception Execution Priority Priority Vector Exception
Category Mode Exception Level** Order** Address Offset  Code**
Reset Aborttype  Power-on reset 1 1 H'A000 0000 — H'000
Manual reset 1 2 H'A000 0000 — H'020
H-UDI reset 1 1 H'A000 0000 — H'000
Instruction TLB multiple-hit 1 3 H'A000 0000 — H'140
exception
Data TLB multiple-hit exception 1 4 H'A000 0000 — H'140
General Re- User break before instruction 2 0 (VBR/DBR) H'100/— H1EO
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'0AO0
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
Data TLB miss exception (read) 2 6 (VBR) H'400 H'040
Data TLB miss exception (write) 2 6 (VBR) H'400 H'060
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) H100  H'120
Initial page write exception 2 9 (VBR) H'100 H'080
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Exception Transition

Direction*’
Exception Execution Priority Priority Vector Exception
Category Mode Exception Level** Order® Address  Offset Code**
General Completion  Unconditional trap (TRAPA) 2 4 (VBR) H'100 H'160
exception  type User break after instruction 2 10 (VBR/DBR) H100/— H1EO
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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5.5 Exception Flow

5.5.1 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 settings in 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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Yes

Reset

requested?

Execute next instruction

Y

General
exception requested?

Is highest-
priority exception
re-exception

Yes

type?
No result

Cancel instruction execution

]

Interrupt
requested?

Y

SSR « SR
SPC «- PC
SGR « R15

No

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

EXPEVT/INTEVT « exception code

SR.{MD,RB,BL} « 111

SR.IMASK « received interuupt level (*)

PC « (CBCR.UBDE=1 && User_Break?
DBR: (VBR + Offset))

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.

Figure 5.1 Instruction Execution and Exception Handling
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5.5.2 Exception Source 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 simultaneously 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 a later
instruction. An example of the order of acceptance for general exceptions is shown in figure 5.2.

Pipeline flow: VvV TLB miss (data access) Legend:
Instruction n M |12 |13 |ID|ET|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 E1, E2, E3: Instruction execution
o . E2, E3M
l v TLB miss (instruction access) WB $Nrite-t:)3ackemory access)
Instruction n + 2 |12 13[D]|E1]|E2][E3|[wB]
Instruction n + 3 |11 1213 ]ID[E1]E2][E3 [wB]

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)
1

Re-execution of instruction n

General illegal instruction exception
(instruction n + 1)

2
Re-execution of instruction n + 1
TLB miss (instruction n + 2)

3
Re-execution of instruction n + 2
Execution of instruction n + 3 4

Figure 5.2 Example of General Exception Acceptance Order
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553 Exception Requests and BL Bit
When the BL bit 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's internal 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 as in a reset (H'A0000000). For the
operation in the event of a user break, see section 29, 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 O by software. If a nonmaskable interrupt (NMI) occurs, it can be held pending or
accepted according to the setting made by software. For further details, refer to the hardware
manual of the product.

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

554 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.

5.6.1 Resets
(1) Power-On Reset

e Condition:
Power-on reset request
e Operations:

Exception code H'000 is set in EXPEVT, initialization of the CPU and on-chip peripheral
modaule is carried out, and then a branch is made to the reset vector (H'A0000000). For details,
see the register descriptions in 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, initialization of the CPU and on-chip peripheral
module is carried out, and then a branch is made to the branch vector (H'A0000000). The
registers initialized by a power-on reset and manual reset are different. For details, see the
register descriptions in 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, initialization of VBR and SR is performed, and a
branch is made to PC = H'A0000000.
CPU and on-chip peripheral module initialization is performed. For details, see section 30,
User Debugging Interface (H-UDI), and the register descriptions in 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) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

Exception code H'140 is set in EXPEVT, initialization of VBR and SR is performed, and a
branch is made to PC = H'A0000000.

CPU and on-chip peripheral module initialization 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) is set in PTEH [31:10]. ASID in PTEH indicates
the ASID when this exception occurred.

Exception code H'140 is set in EXPEVT, initialization of VBR and SR is performed, and a
branch is made to PC = H'A0000000.

CPU and on-chip peripheral module initialization is performed in the same way as in a manual
reset. For details, see the register descriptions in the relevant sections.
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5.6.2 General Exceptions
(1) Data TLB Miss Exception

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) 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 this time are saved in SGR.

Exception code H'040 (for a read access) or H'060 (for a write access) is set in EXPEVT. The

BL, MD, and RB bits are 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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(2) Instruction TLB Miss Exception

e Source: Address mismatch in ITLB 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) 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 this time are saved in SGR.
Exception code H'40 is set in EXPEVT. The BL, MD, and RB bits are 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.

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;

Rev.1.00 Jan. 10, 2008 Page 105 of 1658
REJ09B0261-0100

Download from Www.Somﬂﬁ.NMls Search And Download.



5. Exception Handling

(3) [Initial Page Write Exception

e Source: TLB is hit in a store 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) 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 this time are saved in SGR.
Exception code H'080 is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a
branch is made to 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) Data TLB 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.

Table 5.4 UTLB Protection Information (TLB Compatible Mode)

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

Table 5.5 UTLB Protection Information (TLB Extended Mode)

EPR [5] Read Permission in Privileged Mode
0 Read access possible

1 Read access not possible

EPR [4] Write Permission in Privileged Mode
0 Write access possible

1 Write access not possible

EPR [2] Read Permission in User Mode

0 Read access possible

1 Read access not possible

EPR [1] Write Permission in User Mode

0 Write access possible

1 Write access 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) is set 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 this time are saved in SGR.

Exception code H'0AO (for a read access) or H'OCO (for a write access) is set in EXPEVT. The
BL, MD, and RB bits are 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 00AO0 : H'0000
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.

Table 5.6 ITLB Protection Information (TLB Compatible Mode)

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

Table 5.7 ITLB Protection Information (TLB Extended Mode)

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) 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 this time are saved in SGR.

Exception code H'0AO is set in EXPEVT. The BL, MD, and RB bits are set to 1 in 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 OOAOQ;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;
PC = VBR + H'0000 0100;

}

(6) Data Address Error

e Sources:

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

— Longword data access from other than a longword 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+5,8n+6,0r 8n+7)

— Access to area H'80000000 to HFFFFFFFF in user mode
Areas HE0000000 to HE3FFFFFF and HE5000000 to HESFFFFFF 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 this time are saved in SGR.

Exception code H'OEO (for a read access) or H'100 (for a write access) is set in EXPEVT. The
BL, MD, and RB bits are 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 OOEO: H'0000 0100;
SR.MD =
SR.RB
SR.BL
PC = VBR + H'0000 0100;

1;
1;
1;
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(7) Instruction Address Error

Sources:
— Instruction fetch from other than a word boundary (2n +1)
— Instruction fetch from area H'80000000 to H'FFFFFFFF in user mode
Area H'E5000000 to HESFFFFFF can be accessed in user mode. For details, see section 9,
On-Chip Memory.
Transition address: VBR + H'00000100
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 the
SPC and SSR. The R15 contents at this time are saved in SGR.
Exception code H'OEO is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a
branch is made to 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 00EO;
SR.MD = 1;

SR.RB = 1;

SR.BL = 1;

PC = VBR + H'0000 0100;
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(8) Unconditional Trap

Source: Execution of TRAPA instruction

Transition address: VBR + H'00000100

Transition operations:

As this is 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
is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a branch is made to 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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)

General Illegal Instruction Exception

Sources:

— Decoding of an undefined instruction not in a delay slot
Delayed branch instructions: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
Undefined instruction: HFFFD

— Decoding in user mode of a privileged instruction not in a delay 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 this time are saved in SGR.

Exception code H'180 is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a
branch is made to PC = VBR + H'0100. Operation is not 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 a delay slot
Delayed branch instructions: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
Undefined instruction: HFFFD

— Decoding of an instruction that modifies PC in a delay slot
Instructions that modify PC: JMP, 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 a delay slot

— The BRDSSLP bit in 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 slot 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'1 A0 is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a
branch is made to PC = VBR + H'0100. Operation is not 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 O1AO0;
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 a delay 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 this time are saved in SGR.

Exception code H'800 is set in EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a
branch is made 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 HFFFD), 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 a delay slot 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 bits are set to 1 in SR, and a
branch is made to 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 a break 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'1EO is set in EXPEVT.

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

For details of PC, etc., when a data break is set, see section 29, User Break Controller (UBC).

User break exception()

{

SPC = (pre execution break? PC : PC + 2);

SSR = SR;

SGR = R15;

EXPEVT = H'0000 Ol1lEO;

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

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

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 this time are saved in SGR. Exception code H'120 is set in

EXPEVT. The BL, MD, and RB bits are set to 1 in SR, and a branch is made to 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 Interrupt)

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 this time are saved in SGR.

Exception code H'1CO is set in INTEVT. The BL, MD, and RB bits are set to 1 in SR, and a
branch is made to PC = VBR + H'0600. When the BL bit in SR is 0, this interrupt is not
masked by the interrupt mask bits in SR, and is accepted at the highest priority level. When the
BL bit in SR is 1, a software setting can specify whether this interrupt 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 bit in SR. For details, see section 10, Interrupt Controller (INTC).

NMI ()
{
SPC = PC;
SSR = SR;
SGR = R15;
INTEVT = H'0000 01CO;
SR.MD = 1;
SR.RB = 1;
SR.BL = 1;

If (cond) SR.IMASK = B'1111;
PC = VBR + H'0000 0600;

}

(2) General Interrupt Request

e Source: The interrupt mask level bits setting in SR is smaller than the interrupt level of
interrupt request, and the BL bit in SR is 0 (accepted at instruction boundary).

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

The PC contents immediately 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 source is set in INTEVT. The BL, MD, and RB
bits are set to 1 in SR, and a branch is made to VBR + H'0600. When the INTMU bit in
CPUOPM is 1, IMASK bit 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;
}

5.6.4 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 is required in these cases, as the exception priority order differs from the
normal order.

(1) Imstructions that Make Two Accesses to Memory

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

Data address error in first data transfer

TLB miss in 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 miss in second data transfer

Nk =

TLB protection violation in second data transfer
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8.

Initial page write exception in second data transfer

(2) Indivisible Delayed Branch Instruction and Delay Slot Instruction

As a delayed 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 is for 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.

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

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

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

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

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

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

If the accepted exception (the highest-priority exception) is a delay slot instruction re-execution
type exception, the branch instruction PR register write operation (PC — PR operation performed
in a BSR, 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) Return from 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 a General Exception or Interrupt Occurs When BL Bit in SR =1

A. General exception
When a general exception other than a user break occurs, the PC value for the instruction at
which the exception occurred in SPC, and a manual reset is executed. The value in
EXPEVT at this time 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 standby mode, however, an interrupt is accepted even if the BL bit in SR is set
to 1.

(3) 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 occurs in a delay slot 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 is set 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.

(4) RTE Instruction Delay Slot

A. The instruction 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
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5. Exception Handling

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 slot of the RTE instruction.
(5) Changing the 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: * When the 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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6. Floating-Point Unit (FPU)

6.1

Section 6 Floating-Point Unit (FPU)

Features

The FPU has the following features.

Conforms to IEEE754 standard

32 single-precision floating-point registers (can also 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. Floating-Point Unit (FPU)

6.2 Data Formats

6.2.1 Floating-Point Format
A floating-point number consists of the following three fields:

e Sign bit (s)
e Exponent field (e)
e Fraction field (f)

This LSI can handle single-precision and double-precision floating-point numbers, using the
formats shown in figures 6.1 and 6.2.

31 30 23 22 0

] o | f

Figure 6.1 Format of Single-Precision Floating-Point Number

63 62 52 51 0
|s| -] f

Figure 6.2 Format of Double-Precision Floating-Point Number
The exponent is expressed in biased form, as follows:
e = E + bias

wn— LtOE +1. ThetwovaluesE  —1andE_+ 1 are

— 1 indicates zero (both positive and negative sign) and a

The range of unbiased exponent E is E
distinguished as follows. E
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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6. Floating-Point Unit (FPU)

Table 6.1 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

Floating-point number value v is determined as follows:

IfE=E__+1andf=#0,visanon-number (NaN) irrespective of sign s
IfE=E__+1andf=0,v=(-1) (infinity) [positive or negative infinity]
IfE, <E<E_ ,v=(-1)2"(1.f) [normalized number]

IfE=E_ —1andf=#0,v=(-1)2""(0.f) [denormalized number]

IfE=E_ —1andf=0,v=(-1)0 [positive or negative zero]

‘min

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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6. Floating-Point Unit (FPU)

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
number

H'007F FFFF to H'0000 0001

H'000F FFFF FFFF FFFF to
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
number

H'8000 0001 to H'807F FFFF

H'8000 0000 0000 0001 to
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. Floating-Point Unit (FPU)

6.2.2 Non-Numbers (NaN)
Figure 6.3 shows the bit pattern of a non-number (NaN). A value is NaN in the following case:

e Sign bit: Don't care
e Exponent field: All bits are 1

e Fraction field: At least one bit is 1

The NaN is a signaling NaN (sNaN) if the MSB of the fraction field is 1, and a quiet NaN (qNaN)
if the MSB is 0.

31 30 23 22 0

X 11111111 NXXXXXXXXXXXXXXXXXXXXXX

N = 1:sNaN
N = 0:qNaN

Figure 6.3 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 a qNaN.

e  When the EN.V bit in 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 FLDS FRm,FPUL
e FSTS FPUL,FRn

If a gNaN is input in an operation that generates a floating-point value, and an sNaN has not been
input in that operation, the output will always be a qNaN 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:

o Single-precision qNaN: H'7FBF FFFF
e Double-precision qNaN: H'7FF7 FFFF FFFF FFFF
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6. Floating-Point Unit (FPU)

See section 10, Instruction Descriptions of the SH-4A Extended Functions Software Manual for
details of floating-point operations when a non-number (NaN) is input.

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, a denormalized number (source operand or operation
result) is always positive or negative zero in a floating-point operation that generates a value (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 as it is. See section 10, Instruction Descriptions of the SH-4A Extended Functions
Software Manual for details of floating-point operations when a denormalized number is input.
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6. Floating-Point Unit (FPU)

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_BANKI. These thirty-two registers are referenced as FRO to FR15,
DRO0/2/4/6/8/10/12/14, FV0/4/8/12, XF0 to XF15, XD0/2/4/6/8/10/12/14, and XMTRX.
Corresponding registers to FPRO_BANKO to FPR15_BANKO, and FPRO_BANKI1 to
FPR15_BANKI1 are determined according to the FR bit of FPSCR.

1. Floating-point registers, FPRi_BANK] (32 registers)
FPRO_BANKO to FPR15_BANKO
FPRO_BANKI1 to FPR15_BANKI1

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_BANKI.

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},
DRS8 = {FRS, 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.
FV0 = {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, XFO to XF15 are allocated to FPRO_BANK1 to FPR15_BANKI1;
when FPSCR.FR = 1, XFO to XF15 are allocated to FPRO_BANKO to FPR15_BANKO.

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, XF7},
XD8 = {XF8, XF9}, XD10 = {XF10, XF11}, XD12 = {XF12, XF13}, XD14 = {XF14, XF15}
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6. Floating-Point Unit (FPU)

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

XMTRX = | XF0 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
FRS5 FPR5 BANKO XF5
DR6 FR6 FPR6 BANKO XF6  XD6
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
FVi2 DR12 FR12 FPR12 BANKO XF12  XD12
FR13 FPR13 BANKO XF13
DR14 FR14 FPR14 BANKO XFi4  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 FRS5
XD6  XF6 FPR6 BANK1 FR6  DR6
XF7 FPR7 BANK1 FR7
XD8  XF8 FPR8 BANK1 FR8 DR8 FV8
XF9 FPR9 BANK1 FR9
XD10 XF10 FPR10 BANKT FR10 DR10
XF11 FPR11 BANKT FR11
XD12 XF12 FPR12 BANKT FR12 DR12 FV12
XF13 FPR13 BANK1 FR13
XD14 XF14 FPR14 BANKT FR14 DR14
XF15 FPR15 BANKT FR15

Figure 6.4 Floating-Point Registers
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6. Floating-Point Unit (FPU)

6.3.2

Floating-Point Status/Control Register (FPSCR)

bit: 31

25 24 23 22 21 20 19 18 17 16
— | - [Fr [ sz ] Pr| DN | cause
o o

Initial value: 0

0 0 0 0 0 1 0 0
R R R R RW RW RW RW RW RW
9 8 7 6 5 4 3 2 1 0

Cause

Enable (EN) Flag RM

RW: R
bit: 15
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
31t022 — All O 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
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 FMOV 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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6. Floating-Point Unit (FPU)

Initial

Bit Bit Name  Value R/W  Description

17to 12 Cause AllO R/W  FPU Exception Cause Field

11t07 Enable All O R/W FPU Exception Enable Field

6102 Flag AllO RIW 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 6.3.

1 RM1 0 R/W  Rounding Mode

0 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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6. Floating-Point Unit (FPU)

<Big endian>

63 0
Floating-point register | DR (2i) |

63 0
[ Fre) | FRE |

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 1 32 31 I 0 63 1 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)Sz=0 (2)SZ=1,PR=0 (3)SZ=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.)

Figure 6.5 Relation between SZ Bit and Endian
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Table 6.3  Bit Allocation for FPU Exception Handling

FPU Invalid Division Overflow Underflo Inexact
Field Name Error (E) Operation (V) by Zero (2) (0) w (U) m

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

6.3.3 Floating-Point Communication Register (FPUL)

Information is transferred between the FPU and CPU via FPUL. FPUL is a 32-bit system register
that is accessed from the CPU side by means of LDS and STS instructions. For example, to
convert the integer stored in general register R1 to a single-precision floating-point number, the
processing flow is as follows:

R1 — (LDS instruction) - FPUL — (single-precision FLOAT instruction) — FR1
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6. Floating-Point Unit (FPU)

6.4 Rounding

In a floating-point instruction, rounding is performed when generating the final operation result
from the intermediate result. Therefore, the result of combination instructions such as FMAC,
FTRYV, 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 twice in FADD, FSUB, and FMUL.

Which of the two rounding methods is to be used is determined by the RM bits in 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 0 is selected.

Emax

If the unrounded value is 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) Round to Zero
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 is in other than delayed slot, the general FPU disable exception is
occurred. When the FPU instruction is in the delay slot, the slot FPU disable exception is
occurred.

6.5.2 FPU Exception Sources
The exception sources are as follows:

e 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
e Division by zero (Z): Division with a zero divisor

e Overflow (O): When the operation result overflows

e Underflow (U): When the operation result underflows

e Inexact exception (I): When overflow, underflow, or rounding occurs

The FPU exception cause field in FPSCR contains bits corresponding to all of above sources E, V,
Z,0, U, and I, and the FPU exception flag and enable fields in FPSCR contain bits corresponding
to sources V, 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 is set to 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 is initiated in the following cases:

e FPU error (E): FPSCR.DN = 0 and a denormalized number is input

e 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 is zero

e Overflow (O): 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 (I): FPSCR.Enable.I = 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 events that 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 I is set to 1, and a default value is generated as the operation result.

e Invalid operation (V): gNaN is generated as the result.
e Division by zero (Z): 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, a denormalized 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 (I): An inexact 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-value computations. To enable high-speed
computation with a minimum of hardware, this LSI ignores comparatively small values in 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\gils—1)) + MAX (result value x 2723’ 27149)

The number of significant digits is 24 for a normalized number and 23 for a denormalized number
(number of leading zeros in the fractional part).

In a future version of the SH Series, the above error is guaranteed, but the same result between
different processor cores is not guaranteed.

(1) FIPRFVm, FVn (m,n: 0,4, 8, 12)
This instruction 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 (I) bit in
both the FPU exception cause field and flag field are always set to 1 when an FIPR instruction is
executed. Therefore, if the I bit is set in the FPU exception enable field, FPU exception handling
will be executed.
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6. Floating-Point Unit (FPU)

(2) FTRV XMTRX, FVn (n: 0,4, 8, 12)
This instruction 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 a 4 x 4 matrix, this LSI supports 4-dimensional
operations.

e 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 (I) bit in
both the FPU exception cause field and flag field are always set to 1 when an FTRV instruction is
executed. Therefore, if the I bit is set in the FPU exception enable field, FPU exception handling
will be executed. It is not possible to check all data types in the registers beforehand when
executing an FTRYV 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 a translation 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 cycles in order to maintain the
FPU state. With the FRCHG instruction, the FR bit in FPSCR can be changed in one cycle.

6.6.2 Pair Single-Precision Data Transfer

In addition to the powerful new geometric operation instructions, this LSI also supports high-
speed data transfer instructions.

When the SZ bit is 1, this LSI 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) data items to be transferred; that is, the
transfer performance of these instructions is doubled.

e FSCHG
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6. Floating-Point Unit (FPU)

This instruction 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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7. Memory Management Unit (MMU)

Section 7 Memory Management Unit (MMU)

This LSI supports an 8-bit address space identifier, a 32-bit virtual address space, and a 29-bit or
32-bit physical address space. Address translation from virtual addresses to physical addresses is
enabled by the memory management unit (MMU) in this LSI. The MMU performs high-speed
address translation by caching user-created address translation table information in an address
translation buffer (translation lookaside buffer: TLB).

This LSI has four 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 translation. 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 this LSI runs in 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 LSI 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 is followed 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. Memory Management Unit (MMU)

7.1 Overview of MMU

The MMU was conceived as a means of making efficient use of physical memory. As shown in
(0) in figure 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 a virtual 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 a time sharing
system (TSS) that allows a number of processes to run simultaneously ((3) in figure 7.1). Running
a number of processes in a TSS did not increase efficiency since each process had to take account
of physical memory mapping. Efficiency is improved and the load on each process reduced by the
use of a virtual memory system ((4) in figure 7.1). In this virtual memory system, virtual memory
is allocated to each process. The task of the MMU is to 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 translation from virtual memory to physical memory is performed using the MMU,
it may happen that the translation information has not been recorded in the MMU, or the virtual
memory of a different process is 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
translation performed by software each time a process accessed physical memory would be very
inefficient. For this reason, a buffer for address translation (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 translation information. However, unlike a cache, if
address translation fails—that is, if an exception occurs—switching of the address translation
information is normally performed by software. Thus memory management can be performed in a
flexible manner by software.
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7. Memory Management Unit (MMU)

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 translation. With the paging method, the unit of translation is a
fixed-size address space called a page.

In the following descriptions, the address space in virtual memory in this LSI is referred to as
virtual address space, and the address space in physical memory as physical address space.

/ Virtual h
Memory MMU Physical
Ve Y\ " Physical ) Process 1 Memory
Physical Process 1 Memory -H-
Memory
Process 1 -t -
N 0
m @)
[ Physical | [ Virtual )
Process 1 Memory Process 1 Memory
*\MMU Physical
- K Memory
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.
Process 2 Process 2 . i
¢ ’ z
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]
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Process 3, :

Process 3 /

\ ®)  \ “@)

Figure 7.1 Role of MMU
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7. Memory Management Unit (MMU)

7.1.1 Address Spaces
(1) Virtual Address Space

This LSI 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 shown in 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 UQ 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
area in user mode will cause an address error.

When the AT bit in MMUCR is set to 1 and the MMU is enabled, the PO, P3, and UO areas can be
mapped onto any physical address space in 1-, 4-, 64-Kbyte, or 1-Mbyte page units in TLB
compatible mode and in 1-, 4-, 8-, 64-, 256-Kbyte, 1-, 4-, or 64-Mbyte page units in 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 space is
carried out using the TLB.

Physical
address space
H'0000 0000 Aroad H'0000 0000
| Areal |
/| Area2 |\
:' Area 3 l'.
PO area ! Area 4 ! U0 area
Cacheable /| Area5 |\ Cacheable
i | Area6 |
! Area 7 !
i n
1 " “ \\\
H'8000 0000 P1 area :' ',' ! \l‘ H'8000 0000
Cacheable [ q': I
H'A000 0000 P2 area ; ,ﬁ:’ \‘ ' Address error
Non-cacheable |/ "
H'C000 0000 P3 area .’,','" \| Store queue area | H'E000 0000
Cacheable |/ T Address error | HE400 0000
H'E000 0000 H'E500 0000
----- P4area ____| On-chip memory area | \1=+00 0000
HFFFF FrRF[_NOn-cacheable Address error | {FFFF FFFF
Privileged mode User mode

Figure 7.2 Virtual Address Space (AT in MMUCR = 0)
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7. Memory Management Unit (MMU)

256, *._  Physical 25?/—.1
o *« address space -/ =
H'0000 0000 .- pace -1 H'0000 0000
Area 0
Area 1
Area 2
PO area Area 3 U0 area
Cacheable Area 4 Cacheable
Address translation possible Area 5 Address translation possible
Area 6
Area 7
L h
H'8000 0000 o ' r H'8000 0000
P1 area ,":'
Cacheable ¥
H'A000 0000 | Address translation not possible ; ’,'
P2 area K Address error
Non-cacheable
Address translation not possible
H'C000 0000 1!
P3 area !
Address g:ﬁ:;?gs ossible Store queue area i ntnnn
H'E000 0000 p 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
User mode

Privileged mode

Figure 7.3 Virtual Address Space (AT in MMUCR =1)

PO, P3, and U0 Areas
The PO, P3, and UQ areas allow address translation 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 space in 1-,
4-, 64-Kbyte, or 1-Mbyte page units in TLB compatible mode and in 1-, 4-, 8-, 64, 256-Kbyte,
1-, 4-, or 64-Mbyte page units in TLB extended mode using the TLB. When CCR is in 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 area which is allocated 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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7. Memory Management Unit (MMU)

(b) P1Area

The P1 area does not allow address translation 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 O 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.

(¢) P2Area

The P2 area does not allow address translation 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) P4 Area

The P4 area is mapped onto the internal resource of this LSI. This area except the store queue
and on-chip memory areas does not allow address translation using the TLB. This area cannot
be accessed using the cache. The P4 area is shown in detail in figure 7.4.

H'E000 0000
Store queue

E:E‘S‘gg 8888 Reserved area
H'EB0O 0000 On-chip memory area

Reserved area
H'F000 0000 Instruction cache address array
H'F100 0000 Instruction cache data array
H'F200 0000 Instruction TLB address array
H'F300 0000 Instruction TLB data array
H'F400 0000 Operand cache address array
H'F500 0000 Operand cache data array
H'F600 0000 [ nified TLB and PMB address array
H'F700 0000 Unified TLB and PMB data array
H'F800 0000

Reserved area
H'FC00 0000

Control register area

H'FFFF FFFF

Figure 7.4 P4 Area
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7. Memory Management Unit (MMU)

The area from H'E000 0000 to H'E3FF FFFF comprises addresses for accessing the store queues
(SQs). In user mode, the access right 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'FOO0 0000 to H'FOFF FFFF is used for direct access to the instruction cache
address array. For details, see section 8.6.1, IC 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 HF37F FFFF is used for direct access to 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 area from 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'FSFF 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 area from H'F610 0000 to HF61F FFFF is used for direct access to the PMB address array.
For details, see section 7.8.5, Memory-Mapped PMB Configuration.

The area from 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 area from 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 descriptions in each section of the hardware manual of the product.
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7. Memory Management Unit (MMU)

(2) Physical Address Space

This LSI supports a 29-bit physical address space. The physical address space is divided into eight
areas as shown in figure 7.5. Area 7 is a reserved area. For details, see section 11, Local Bus State
Controller (LBSC) section of the hardware manual of the product.

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 a reserved area, but are equivalent to the control
register area in 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 s
H'1800 0000 Area 6
:: ICZ:I(:)IS 2'2?:?: Area 7 (reserved area)

Figure 7.5 Physical Address Space
(3) Address Translation

When the MMU is used, the virtual address space is divided into units called pages, and
translation to physical addresses is carried out in these page units. The address translation table in
external memory contains the physical addresses corresponding to virtual addresses and additional
information such as memory protection codes. Fast address translation is achieved by caching the
contents of the address translation table located in external memory into the TLB. In this LSI,
basically, the ITLB is used for instruction accesses and the UTLB for data accesses. In the event
of an access to an area other than the P4 area, the accessed virtual address is translated to a
physical address. If the virtual address belongs to the P1 or P2 area, the physical address is
uniquely determined without accessing the TLB. If the virtual address belongs to the PO, UO, or P3
area, the TLB is searched using the virtual address, and if the virtual address is recorded in the
TLB, a TLB hit is made and the corresponding physical address is read from the TLB. If the
accessed virtual address is 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 translation 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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7. Memory Management Unit (MMU)

the return from the exception handling routine, the instruction which caused the TLB miss
exception is re-executed.

(4) Single Virtual 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 address is 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 translated into different physical addresses
depending on the process. The only difference between the single virtual memory and multiple
virtual memory systems in terms of operation is in the TLB address comparison method (see
section 7.3.3, Address Translation Method).

(5) Address Space Identifier (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 process in 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 simultaneously in single virtual memory mode.
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7.2 Register Descriptions
The following registers are related to MMU processing.

Table 7.1  Register Configuration

Register Name Abbreviation R/W P4 Address* ::fc:':ss* Size
Page table entry high register PTEH R/W  H'FF00 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  H'FF00 0008 H'1F00 0008 32
TLB exception address register TEA R/W  H'FF00 000C H'1F00 000C 32
MMU control register MMUCR R/W  H'FF00 0010 H'1F00 0010 32
Page table entry assistance PTEA R/W  H'FF00 0034 H'1F00 0034 32
register

Physical address space control PASCR R/W  H'FF00 0070 H'1F00 0070 32
register

Instruction re-fetch inhibit control  IRMCR R/W  H'FF00 0078 H'1F00 0078 32
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.

Table 7.2  Register States in Each Processing State

Power-on Manual

Register Name Abbreviation Reset Reset Sleep Standby
Page table entry high register PTEH Undefined Undefined Retained Retained
Page table entry low register PTEL Undefined Undefined Retained Retained
Translation table base register TTB Undefined Undefined Retained Retained
TLB exception address register TEA Undefined Retained Retained Retained
MMU control register MMUCR H'0000 0000 H'0000 0000 Retained Retained
Page table entry assistance PTEA H'0000 xxx0 H'0000 xxx0 Retained Retained
register

Physical address space control PASCR H'0000 0000 H'0000 0000 Retained Retained
register
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7. Memory Management Unit (MMU)

Power-on Manual

Register Name Abbreviation Reset Reset Sleep Standby
Instruction re-fetch inhibit control  IRMCR H'0000 0000 H'0000 0000 Retained Retained
register

7.2.1 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 process is 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 UO area that uses the updated
ASID value is performed.

1. Execute a branch using the RTE instruction. In this case, the branch destination may be the PO,
P3, or UO area.

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

3. If the R2 bit in IRMCR is O (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, it is
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:  — — - - — — - - — — — - — — — —
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
| VPN [ -] -] ASID |
Initial value: — — — — — —
RW: RW RW RW RW RW RW

0 — — — — — — — —
R RW RW RW RW RW RW RW RW

I o
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7. Memory Management Unit (MMU)

Initial

Bit Bit Name Value R/W  Description

31t0 10 VPN Undefined R/W  Virtual Page Number

9,8 — All O R Reserved
For details on reading from or writing to these bits, see
description in General Precautions on Handling of
Product.

7t00 ASID Undefined R/W  Address Space ldentifier

7.2.2 Page Table Entry Low Register (PTEL)

PTEL is used to hold the physical page number and page management information to be recorded
in the UTLB by means of the LDTLB instruction. The contents of this register are not changed
unless a software directive is issued.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
[ -1-] PPN |
Initial value:

R/W: R R R RW RW RW RW RW RW RW RW RW RW RW RW RW

o
o
o

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| PPN | - | \ |SZ1 |PR1|PRO|SZO| C | D | SH |WT |
Initial value:  — — — - - - 0 - - — — — — — — —
R/W: RW RW RW RW RW RW R RW RW RW RW RW RW RW RW RW

Initial

Bit Bit Name  Value R/W  Description

31t029 — All O R Reserved
For details on reading from or writing to these bits, see
description in General Precautions on Handling of
Product.

28to 10 PPN Undefined R/W  Physical Page Number

9 — 0 R Reserved

For details on reading from or writing to this bit, see
description in General Precautions on Handling of
Product.
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Initial

Bit Bit Name  Value R/W  Description
8 \ 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 7.4,
4 sS70 Undefined R/W  TLB Functions (TLB Extended Mode; MMUCR.ME = 1).
3 C Undefined B/W Note: SZ1, PR1, SZO, and PRO bits are valid only in

TLB compatible mode.

2 D Undefined R/W
1 SH Undefined R/W
0 WT Undefined R/W

7.2.3 Translation Table Base Register (TTB)

TTB is used 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 is issued. This register can be used freely by

software.

Bit: 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

Bit: 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
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7. Memory Management Unit (MMU)

7.2.4 TLB Exception Address Register (TEA)

After an MMU exception or address error exception occurs, the virtual address