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Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corporation puts the maximum effort into making semiconductor products better
and more reliable, but there is aways the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

1

These materials are intended as areference to assist our customersin the selection of the Renesas
Technology Corporation product best suited to the customer's application; they do not convey any
license under any intellectual property rights, or any other rights, belonging to Renesas Technology
Corporation or athird party.

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

All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corporation without notice due to product improvements or
other reasons. It istherefore recommended that customers contact Renesas Technology Corporation
or an authorized Renesas Technology Corporation product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other loss
rising from these inaccuracies or errors.

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

When using any or al of the information contained in these materials, including product data, diagrams,
charts, programs, and algorithms, please be sure to evaluate al information as atotal system before
making afinal decision on the applicability of the information and products. Renesas Technology
Corporation assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for usein a device
or system that is used under circumstances in which human lifeis potentially at stake. Please contact
Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor
when considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

The prior written approval of Renesas Technology Corporation is hecessary to reprint or reproduce in
whole or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be
exported under alicense from the Japanese government and cannot be imported into a country other
than the approved destination.

Any diversion or reexport contrary to the export control laws and regul ations of Japan and/or the
country of destination is prohibited.

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

1

Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s
patent, copyright, trademark, or other intellectual property rights for information contained in
this document. Hitachi bears no responsibility for problems that may arise with third party’s
rights, including intellectual property rights, in connection with use of the information
contained in this document.

Products and product specifications may be subject to change without notice. Confirm that you
have received the latest product standards or specifications before final design, purchase or
use.

Hitachi makes every attempt to ensure that its products are of high quality and reliability.
However, contact Hitachi’ s sales office before using the product in an application that
demands especially high quality and reliability or whereits failure or malfunction may directly
threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, nuclear
power, combustion control, transportation, traffic, safety equipment or medical equipment for
life support.

Design your application so that the product is used within the ranges guaranteed by Hitachi
particularly for maximum rating, operating supply voltage range, heat radiation characteristics,
installation conditions and other characteristics. Hitachi bears no responsibility for failure or
damage when used beyond the guaranteed ranges. Even within the guaranteed ranges,
consider normally foreseeable failure rates or failure modes in semiconductor devices and
employ systemic measures such as fail-safes, so that the equipment incorporating Hitachi
product does not cause bodily injury, fire or other consequential damage due to operation of
the Hitachi product.

This product is not designed to be radiation resistant.

No oneis permitted to reproduce or duplicate, in any form, the whole or part of this document
without written approval from Hitachi.

Contact Hitachi’ s sales office for any questions regarding this document or Hitachi
semiconductor products.
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General Precautions on Handling of Product

1. Treatment of NC Pins

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

2. Treatment of Unused Input Pins

Note: Fix all unused input pinsto high or low level.
Generaly, theinput pins of CMOS products are high-impedance input pins. If unused pins
are in their open states, intermediate levels are induced by noise in the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initidization

Note:  When power isfirst supplied, the product’s state is undefined.
The states of internal circuits are undefined until full power is supplied throughout the
chip and alow level isinput on the reset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing whileit isin this
undefined state. For those products which have areset function, reset the LSl immediately
after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Addresses

Note: Access to undefined or reserved addressesis prohibited.
The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system’s
operation is not guaranteed if they are accessed.
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Configuration of This Manual

This manua comprises the following items:

General Precautions on Handling of Product
Configuration of This Manual
Preface
Contents
Overview
Description of Functional Modules
* CPU and System-Control Modules
*  On-Chip Peripheral Modules

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

i) Feature
ii) Input/Output Pin
iii) Register Description
iv) Operation
v) Usage Note
When designing an application system that includes this L SI, take notes into account. Each

section includes notes in relation to the descriptions given, and usage notes are given, as required,
asthefinal part of each section.

o 00k wbdPRE

7. List of Registers
8. Main Revisions and Additionsin this Edition (only for revised versions)

Thelist of revisionsisasummary of pointsthat have been revised or added to earlier versions.
This does not include al of the revised contents. For details, see the actual locationsin this
manual.
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Preface

The SH7760 RISC (Reduced Instruction Set Computer) microcomputer includes a Hitachi-
original RISC CPU asits core, and the peripheral functions required to configure a system.

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

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

Notes on reading this manual:

* Product names
The following products are covered in this manual.

Product Classifications and Abbreviations

Basic Classification Product Code

SH7760 (256-pin LBGA) HD6417760BP200D

* Inorder to understand the overall functions of the chip

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

Rules: Bit order: The MSB ison the left and the LSB is on theright.
Number notation: Binary is B’ xxxx, hexadecima is H’ xxxx, decimal is Xxxx.
Signal notation:  An overbar is added to alow-active signal: xxxx

Related Manuals:  The latest versions of all related manuals are available from our web site.
Please ensure you have the latest versions of all documents you require.
http://www.hitachi semiconductor.com
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Section1l Overview

This LSl isamicrocomputer, featuring an LCD controller, USB host, and other periphera
functions. The SuperHO RISC engine is a Hitachi-original 32-bit RISC (Reduced Instruction Set
Computer) microcomputer. The SuperH RISC engine employs a fixed-length 16-bit instruction
set, allowing an approximately 50% reduction in program size over a 32-bit instruction set.

This LSl features the SH-4 CPU, which at the object code level is upwardly compatible with the
SH-1, SH-2, and SH-3 microcomputers. This LS| has an instruction cache, an operand cache that
can be switched between copy-back and write-through maodes, a 4-entry full-associative
instruction TLB (trandation look aside buffer), and MMU (memory management unit) with 64-
entry full-associative shared TLB. The sizes of the instruction cache and operand cache are 16
kbytes and 32 kbytes.

This LSl aso features the bus state controller (BSC) that can connect to synchronous DRAM.
Also, because of its on-chip functions, such asan LCD controller, a USB host, timers, and serial
communication functions, required for multimedia and OA equipment, this LS| enables a dramatic
reduction in system costs.

Note: SuperH™ isatrademark of Hitachi, Ltd.
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1.1 Features

Iltem Features

LSl .

Operating frequency: 200 MHz

Performance: 360MIPS, 1.4 GFLOPS

Voltage: 1.5 V (internal), 3.3 V (I/O)

Superscalar architecture: Parallel execution of two instructions
Packages: 256-pin BGA (Size: 21 x 21 mm, pin pitch: 1.0 mm)
External buses:

0 Separate 26-bit address and 32-bit data buses

O External bus frequency: 67MHz

Choice of MFI mode or LCD mode:

0 MFI mode: 8-/16-bit parallel interface
(supports 68-/80-family interface)

0 LCD mode: LCD controller/data output

CPU .

Original Hitachi SuperH architecture

32-bit internal data bus

General register file:

0 Sixteen 32-bit general registers (and eight 32-bit shadow registers)
O Seven 32-bit control registers

O Four 32-bit system registers

RISC-type instruction set (upward-compatible with SuperH Series)
Fixed 16-bit instruction length for improved code efficiency
Load-store architecture

Delayed branch instructions

Conditional execution

O 0o oo o

C-based instruction set

Superscalar architecture (providing simultaneous execution of two
instructions) including FPU

Instruction execution time: Maximum 2 instructions/cycle

Virtual address space: 4 Gbytes (448-Mbyte external memory space)
Space identifier ASIDs: 8 bits, 256 virtual address spaces

On-chip multiplier

5-stage pipeline
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Iltem

Features

FPU

On-chip floating-point coprocessor

Supports single-precision (32 bits) and double-precision (64 bits)
Supports IEEE754-compliant data types and exceptions

Two rounding modes: Round to Nearest and Round to Zero

Handling of denormalized numbers: Truncation to zero or interrupt
generation for compliance with IEEE754

Floating-point registers: 32 bits x 16 words x 2 banks

32-bit CPU-FPU floating-point communication register (FPUL)

Supports FMAC (multiply-and-accumulate) instruction

Supports FDIV (divide) and FSQRT (square root) instructions

Supports FLDIO/FLDI1 (load constant 0/1) instructions

Instruction execution times:

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

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

Note: FMAC is supported for single-precision only.

3-D graphics instructions (single-precision only):

O 4-dimensional vector conversion and matrix operations (FTRV): 4
cycles (pitch), 7 cycles (latency)

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

5-stage pipeline
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Iltem Features

Clock pulse .
generator (CPG)

Choice of main clock: 1, 6, or 12 times EXTAL

Clock modes:

0O CPU frequency: 1, 1/2, 1/3, 1/4, 1/6, or 1/8 times main clock

O Bus frequency: 1, 1/2, 1/3, 1/4, 1/6, or 1/8 times main clock

O Peripheral frequency: 1/2, 1/3, 1/4, 1/6, or 1/8 times main clock
Power-down modes:

Sleep mode

Deep sleep mode

Standby mode

Hardware standby mode

O O oo g

Module standby mode
Single-channel watchdog timer

Memory .
management
unit (MMU)

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

Supports multiple page sizes: 1 kbyte, 4 kbytes, 64 kbytes, 1 Mbyte
4-entry fully-associative TLB for instructions

64-entry fully-associative TLB for instructions and operands

Supports software-controlled replacement and random-counter
replacement algorithm

TLB contents can be accessed directly by address mapping
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Iltem

Features

Cache memory

Instruction cache (IC)

0 16-kbyte, 2-way set associative (LRU)

0 256 entries, 32-byte block length

0 Cache-double-mode (16-kbyte cache)

O Index mode

Operand cache (OC)

32-kbyte, 2-way set associative (LRU)

512 entries, 32-byte block length
Cache-double-mode (32-kbyte cache)

Index mode

RAM mode (16-kbyte cache + 16-kbyte RAM)
Choice of write method (copy-back or write-through)

O Ooooogodg

Single-stage copy-back buffer, single-stage write-through buffer

Cache memory contents can be accessed directly by address mapping
(usable as on-chip memory)

Store queue (32 bytes x 2 entries)

Interrupt controller
(INTC)

Nine independent external interrupts: NMI, IRL3 to IRLO, and IRQ7 to
IRQ4
15-level signed external interrupts: IRL3 to IRLO

On-chip peripheral module interrupts: Priority level can be set for each
module

User break
controller (UBC)

Supports debugging by means of user break interrupts
Two break channels

Address, data value, access type, and data size can all be set as break
conditions

Supports sequential break function
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Iltem Features

Bus state * Supports external memory access

controller (BSC) » External memory space divided into seven areas, each of up to 64

Mbytes, with the following parameters settable for each area:
O Bus size (8, 16, or 32 hits)
O Number of wait cycles (hardware wait function also supported)
O SRAM, synchronous DRAM, or burst ROM
0 Supports PCMCIA interface (only in little endian mode)
e Synchronous DRAM refresh functions:
O Programmable refresh interval
O Supports auto refresh mode and self-refresh mode
e Synchronous DRAM burst access function
* Big endian or little endian mode can be set

Direct memory » 8-channel physical address DMA controller
?;K/le:é)controller e Transfer data size: 8, 16, 32, or 64 bits, or 32 bytes
e Address modes:
0 1-bus-cycle single address mode
0 2-bus-cycle dual address mode
e Transfer requests: External, peripheral module, or auto-requests
* Choice of DACK or DRAK (four external pins)
« Bus modes: Cycle-steal or burst mode

e Supports on-chip FIFO bridge (16-stage x 32-bit FIFO x 7) to achieve
high-speed transfer for HAC/SSI, USB and LCDC

Timer unit (TMU) e 3-channel auto-reload 32-bit timer
e Input-capture function (only channel 2)
« Choice of six types counter input clocks (external and peripheral clocks)

Compare match e 4-channel auto-reload 32-bit timers
timer (CMT) * Choice of 16 or 32 bits
* Choice of 1-shot or free-running operation

« Choice of an interrupt source or DMA transfer request from compare
match or overflow
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Iltem Features

Serial e Three full-duplex communications channels
communication On-chip 128-byte FIFOs for all channels

interface

(SCIF) » Choice of asynchronous mode or synchronous mode

« Can select any bit rate generated by on-chip baud-rate generator
e On-chip modem control function (SCIF_RTS and SCIF_CTS) for channel
land?2

Hitachi audio codec « Digital interface for audio codec
interface (HAC)

Supports transfer for slot 1 to slot 4
e Choice of 16- or 20-bit DMA transfer
e Supports various sampling rates by adjusting slot data
» Generates interrupt: data ready, data request, overflow, and underrun

Serial sound e 2-channel bi-directional transfer (maximum)

interface (SSI) Support multi-channel and compressed-data transfer

e Selectable frame size

I’C bus interface e 2 channels (maximum)
(o) * Master/slave
« 16-byte FIFO
e Supports high-speed mode (400 kbits/sec)

e Supports version 1.0

Multimedia card e Supports MMC mode

interface (MMCIF) A maximum bit rate of 20 Mbps at 20 MHz of peripheral clock

* Interface with MCCLK output for transfer clock output, MCCMD I/O for
command output/response input, MCDAT 1/O (data 1/O)

« Four interrupt sources

Smart card interface «  Supports ISO/IEC7816-3 (Identification card)
(SIM)

e Asynchronous half-duplex transfer (8 bits)
« Can select any bit rate generated by on-chip baud-rate generator
* Generates and checks parity bit

* Four interrupt sources
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Iltem Features

Hitachi controller .
area network 2

2 channels (maximum)
Supports CAN specification 2.0A and 2.0B

(HCAN2)
0 Standard data and remote frame (11-bit ID)
0 Extended data and remote frame (29-bit ID)
« 32 independent message buffers using standard (11-bit) and extended
(29-bit) ID format
« 31 Mailboxes can be used for transmission or reception
* One Mailbox can be used for only reception
* Message reception filtering by IDs:
0 Standard message ID
0 Extended message ID
« Local reception filter for reception-only Mailbox (standard and extended
message ID) can be specified
e Power-down sleep mode
* A maximum of 1-Mbit/s CAN data transfer rate can be specified
« Transmit message queue having internal priority sorting mechanism which
handle priority-inversion issue of real time applications
» Data buffer access without hand-shaking
Serial peripheral « 1 channel

interface (HSPI)

Master/slave mode
Selectable bit rate generated by on-chip baud-rate generator

Multifunctional .
interface (MFI)

2-kbyte internal memory can be read from or written to via the MFI pin in
32-bit units or by the CPU in 8-/16-/32-bit units.

Choice of 8- or 16-bit parallel interface
Supports 68-/80-family interface (can be switched during reset)
Endians can be switched

USB host .

1 channel

Supports USB version 1.1 and OHCI 1.0

Supports data transfer rate of 1.5 Mbps and 12Mbps

On-chip 8-kbyte SRAM as shared memory defined in OHCI specification
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Iltem Features

LCD controller .
(LCDC)

Supports 16 x 1 to 1024 x 1024 dots (8 bpp: a maximum of 640 x480
dots, 16 bpp: a maximum of 400 x 240 dots)

Supports 4, 8, 15, and 16 bpp color modes

Supports 1, 2, 4, and 6 bpp grayscale modes.

Supports TFT/DSTN/STN display

Selectable signal polarities

24-bit color palette memory (16 bits of 24 bits are valid: R: 5/G: 6/B: 5)
Unified graphics memory architecture

A/D converter (ADC) «

10-bit resolution

4-channel input

Three types of conversion modes

O Single mode: 1-channel A/D conversion

O Multi mode: 1- to 4-channel A/D conversion

0 Scan mode: 1- to 4-channel A/D conversion
Conversion time: 8 s for are channel (maximum)
Absolute error + 4LSB

General /O (GPIO)

70 general I/O port (69 for 1/0O and one for output)
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Legend:
BSC : Bus state controller HAC : Hitachi audio codec interface
DMAC : Direct memory access controller SS| : Serial sound interface
FPU : Floating-point unit 12c : 12C bus interface
UBC : User break controller HSPI : Hitachi serial peripheral interface
ITLB : Instruction translation lookaside buffer SIM : Smart card interface
UTLB : Unit translation lookaside buffer MMCIE : Multimedia card interface
CPG : Clock pulse generator HCAN2 : Hitachi controller area network 2
INTC : Interrupt controller MFI : Multifunctional interface
TMU : Timer unit USB : USB host
H-UDI : Hitachi user debug interface LCDC :LCD controller
CMT : Compare match timer ADC : A/D converter
SCIF : Serial communication interface with FIFO GPIO : General port I/0

Figurel.1 SH7760 Block Diagram
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13 Pin Arrangement
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Figure1.2 SH7760 Pin Arrangement
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14 Pin Description

Table 1.1 lists the pin configuration of thisLSI. In the 1/O column, I, O, and 10 indicate input,

output, and input/output, respectively. In the GPIO column, O indicates a pin which also functions

asageneral /O port.

Tablel.1 Pin Configuration

Pin No. Pin Name I} Function GPIO
Al EXTAL | External input clock/crystal resonator

A2 XTAL O Crystal resonator

A3 VDD-CPG CPG VDD

A4 VDD-PLL1 O PLL1 VDD

A5 SSI0_SCK/HAC_SD_IN0/BS2 10/1/10 SSi serial clock input/HAC serial data/bus start2 O
A6 HSPI_TX/SIM_D/MCDAT O/I0/I0  HSPI transmit data/SIM data transfer/MMCIF data O
A7 HSPI_CLK/SIM_CLK/MCCLK 10/0/0  HSPI serial clock/SIM clock/MMCIF clock (0]
A8 CMT_CTR1 10 CMT counter (0]
A9 CMT_CTR3 10 CMT counter (0]
A10 SCIF2_CLK 10 SCIF serial clock (0]
All SCIF2_TXD (¢} SCIF transmit data (0]
A12 SCIF2_RXD | SCIF receive data (0]
Al13 SCIF2_CTS 10 SCIF modem control o=
Al4 SCIF2_RTS 10 SCIF modem control o+
Al5 SCIF0_CLK 10 SCIF serial clock (0]
Al6 SCIFO_TXD (¢} SCIF transmit data (0]
Al7 MD4/CE2B 10 Mode control 4/PCMCIA-CE

A18 DACKO O DMACO bus acknowledge

A19 VDD-PLL3 O PLL3 VDD

A20 UCLK | USB operation clock (0]
B1 RESET I Reset

B2 VSS-CPG O CPG GND

B3 VDD-PLL2 O PLL2 VDD

B4 VSS-PLL1 ] PLL1 VSS

B5 SSI0_WS/HAC_SYNCO 10/0 SSI word selection/HAC from sync output (0]
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Pin No. Pin Name 1/0 Function GPIO

B6 HSPI_RX | HSPI receive data input (0]

B7 HSPI_CS/SIM_RST/MCCMD I0/O/I0  HSPI chip selection/SIM reset/MMCIF (0]
command/response

B8 CMT_CTRO/TCLK 10/1 CMT counter/TMU clock (0]

B9 CMT_CTR2 10 CMT counter (0]

B10 NMI | Non-maskerable interrupt

B11 SCIF1_CLK 10 SCIF serial clock (0]

B12 SCIF1_TXD O SCIF transmit data (0]

B13 SCIF1_RXD | SCIF receive data (0]

B14 SCIF1_CTS 10 SCIF modem control o

B15 SCIF1_RTS 10 SCIF modem control o}

B16 SCIFO_RXD I SCIF receive data (0]

B17 MD3/CE2A 10 Mode control 3/PCMCIA-CE

B18 VSS-PLL3 O PLL3 GND

B19 UsSB_DM 10 USB D-transceiver

B20 VDDQ ] USB analog VDD

c1 RDY I Bus ready

c2 HAC_BIT_CLKO | HAC serial data clock/SSI divider input clock (0]

C3 VSS-PLL2 O PLL2 GND

C4 HAC_RES 0 HAC reset o

C5 SSI0_SDATA/HAC_SD_OUTO 10/0 SS| serial data/HAC serial data 0]

C6 SSI1_SDATA/HAC-SD_OUT1 10/0 SSiI serial data/HAC serial data (0]

Cc7 VDD O Internal VDD

cs8 ASEBRK/BRKACK 110 H-UDI emulator

C9 VDDQ ] 1/0 VDD

C10 T™MS | H-UDI mode

Cl1 VDDQ O 1/0 VDD

C12 TDO O H_UDI data

C13 VDDQ O 1/0 VDD

Cl14 VDD O Internal VDD

C15 TCK | H-UDI clock

Cl6 MD2 | Mode control 2

C17 DRAKO o DMAC 1 request acknowledgement

C18 USB_PENC O USB power-on enable control O *?
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Pin No. Pin Name 110 Function GPIO

C19 VSSQ 0 USB analog VSS

C20 USB_DP 10 USB D+ transceiver

D1 DCK 0 Clock (Oh4

D2 SSI1_SCK/HAC_SD_IN1 10/1 SSI clock/HAC serial data (0]

D3 SSI1_WS/HAC_SYNC1 10/0 SSI word selection/HAC frame sync output (0]

D4 HAC_BIT_CLK1 O HAC serial data clock/SSI divider input clock (0]

D5 MRESET I Manual reset

D6 STATUSO (e} Status 0

D7 VSS O Internal GND

D8 STATUS1 O Status 1

D9 VSSQ 0 1/0 GND

D10 TRST I H-UDI reset

D11 VSSQ O 1/0 GND

D12 TDI | H-UDI data

D13 VSSQ O 1/0 GND

D14 VSS O Internal GND

D15 VSSQ O 1/0 GND

D16 MDO | Mode control 0

D17 MD1 | Mode control 1

D18 DRAK1 (0] DMAC 1 request acknowledgement

D19 DACK1 O DMAC 1 bus acknowledgement

D20 USB_OVC I USB overcurrent detection o}

El VCPWC/IRQ4 o/l LCDC panel power supply control (VCC)/external O
interrupt request 4

E2 VEPWC/IRQ5 o/l LCDC panel power supply control (VEE)/external O
interrupt request 5

E3 CA | Chip active

E4 BREQ I Bus request

E17 VSSQ O 1/0 GND

E18 VDDQ O 1/0 VDD

E19 DREQO I DMAC 0 request

E20 DREQT I DMAC 1 request

F1 MFI-D8/LCD_DATAS8 10/0 MFI data/LCDC panel data (0]

F2 MFI-DO/LCD_DATAO 10/0 MFI data/LCDC panel data (0]
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Pin No. Pin Name 110 Function GPIO

F3 CSo 0 Chip select 1

F4 BACK o Bus acknowledgement

F17 I12C1_SCL 10 I’C serial clock

F18 12C1_SDA 10 I’C serial data

F19 12C0_SCL 10 I’C serial clock

F20 12C0_SDA 10 I’C serial data

Gl MFI-D9/LCD_DATA9 10/0 MFI data/LCDC panel data (0]

G2 MFI-D1/LCD_DATA1 10/0 MFI data/LCDC panel data (0]

G3 VDD O Internal VDD

G4 VSS O Internal GND

G17 VSS O Internal GND

G18 VDD O Internal VDD

G19 MD6/I0IS16 1] Mode control 6/101S16 (PCMCIA)

G20 MD5 | Mode control 5

H1 MFI-D10/LCD_DATAL0 10/0 MFI data/LCDC panel data (0]

H2 MFI-D2/LCD_DATA2/1RQ6 10/0/1 MFI data/LCDC panel data/external interrupt (0]
request 6

H3 VDDQ ] 10 VDD

H4 VSSQ O 10 GND

H17 MD7 | Mode control 7

H18 MD8 | Mode control 8

H19 Reserved/AUDCK (0] Reserved/H-UDI emulator (0]

H20 Reserved/AUDSYNC o Reserved/H-UDI emulator (0]

Jl MFI-D11/LCD_DATAl1 10/0 MFI data/LCDC panel data (0]

J2 MFI-D3/LCD_DATA3/IRQ7 10/0/1 MFI data/LCDC panel data/external interrupt (0]
request 7

J3 CS1 o Chip select 1

J4 CSs2 Chip select 2

J17 VSSQ O 10 GND

Ji8 VDDQ O 10 VDD

J19 Reserved/AUDATA[2] (0] Reserved/H-UDI emulator (0]

J20 Reserved/AUDATA[3] O Reserved/H-UDI emulator O *?

K1 MFI-D12/LCD_DATA12 10/0 MFI data/LCDC panel data (0]

K2 MFI-D4/LCD_DATA4/DREQ2 10/011 MFI data/LCDC panel data/DMAC2 request (0]
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Pin No. Pin Name 110 Function GPIO

K3 VDDQ ] 10 VDD

K4 VSSQ O 10 GND

K17 AVss_ADC O ADC analog GND

K18 AVcc_ADC O ADC analog VCC

K19 ADTRG/AUDATA[0] 110 A/D external trigger/H-UDI emulator (0]

K20 Reserved/AUDATA[1] (e} Reserved/H-UDI emulator (0]

L1 MFI-D13/LCD_DATA13 10/0 MFI data/LCDC panel data (0]

L2 MFI-D5/LCD_DATAS5/DRAK2/DACK2  10/0/O/O MFI data/LCDC panel data/DMAC2 request (0]
acknowledgement/DMAC?2 bus acknowledgement

L3 CS4 Chip select 4

L4 A20 (0] Address bus

L17 AN3 | ADC analog input

L18 AN2 | ADC analog input

L19 AN1 | ADC analog input

L20 ANO | ADC analog input

M1 MFI-D14/LCD_DATA14 10/0 MFI data/LCDC panel data (0]

M2 MFI-D6/LCD_DATAG6/DREQ3 10/011 MFI data/LCDC panel data/DMAC3 request (0]

M3 VDDQ ] 10 VDD

M4 VSSQ O 10 GND

M17 VSSQ ] 10 GND

M18 VDDQ ] 10 VDD

M19 IRL3 I IRL interrupt request 3

M20 IRL2 I IRL interrupt request 2

N1 MFI-D15/LCD_DATA15 10/0 MFI data/LCDC panel data (0]

N2 MFI-D7/LCD_DATA7/DRAK3/DACK3  I0/0/O/O MFI data/LCDC panel data/DMAC3 request (0]
acknowledgement/DMAC3 bus acknowledgement

N3 CS5 o Chip select 5

N4 A21 Address bus

N17 VSSQ O 10 GND

N18 VDDQ O 10 VDD

N19 IRLT I IRL interrupt request 1

N20 IRLO I IRL interrupt request 0

P1 MFIFINT/LCD_CLK oIl MFI interrupt/LCDC clock O+

P2 MFI-CS/LCD_DON 110 MFI chip selection/LCDC display-on signal O+
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Pin No. Pin Name 110 Function GPIO

P3 VDD O Internal VDD

P4 VSS O Internal GND

P17 VSS O Internal GND

P18 VDD O Internal VDD

P19 CANO_NERR/AUDCK 110 HCANO bus error signal/H-UDI emulator (0]

P20 CAN1_NERR/AUDSYNC 110 HCAN1 bus error signal/H-UDI emulator (0]

R1 MFI-E/LCD_CL1 110 MFI enable/ LCDC shift clock 1 O

R2 MFI-MD/LCD_CL2 lfe} MFI mode/LCDC shift clock 2 O

R3 CS6 o Chip select 6

R4 A0 Address bus

R17 A24 Address bus

R18 A25 Address bus

R19 CANO_RX/AUDATA[2] 110 HCANO bus data receive signal/H-UDI emulator (0]

R20 CAN1_RX/AUDATA[3] 110 HCANL1 bus data receive signal/H-UDI emulator (0]

T1 MFI-RS/LCD_M_DISP 110 MFI register select/LCDC current-alternating O
signal/DISP signal

T2 MFI-RW/LCD_FLM 110 MFI read-write/read/LCDC first line marker O

T3 BS o] Bus start

T4 Al Address bus

T17 A22 o Address bus

T18 A23 (0] Address bus

T19 CANO_TX/AUDATA[O] (0)[e] HCANO bus data transmit signal/H-UDI emulator (0]

T20 CAN1_TX/AUDATA[1] 0O/0 HCAN1 bus data transmit signal/H-UDI emulator (0]

Ul DO 10 Data bus

u2 D15 10 Data bus

us D3 10 Data bus

U4 D11 10 Data bus

us VSSQ 10 GND

U6 CKE O Clock output enable

u7 VSS Internal GND

us VSSQ 10 GND

U9 A17 o Address bus

u10 VSSQ 10 GND
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Pin No. Pin Name 1/0 Function GPIO

U1l VSSQ O 10 GND
ui12 VSSQ O 10 GND
u13 A18 o Address bus
u14 VSS O Internal GND
uis A19 (e} Address bus
u16 VSSQ 0 10 GND
u17 D20 10 Data bus
uis D28 10 Data bus
u19 D16 10 Data bus
u20 D31 10 Data bus

Vi D1 10 Data bus

V2 D14 10 Data bus

V3 VDDQ ] 10 VDD

V4 D10 10 Data bus

V5 VDDQ ] 10 VDD

V6 A2 o Address bus
V7 VDD O Internal VDD
V8 VDDQ ] 10 VDD

V9 A7 o Address bus
V10 VDDQ ] 10 VDD

V11 VDDQ O 10 VDD

V12 VDDQ ] 10 VDD

V13 A15 o Address bus
V14 VDD O Internal VDD
V15 Al6 o Address bus
V16 VDDQ O 10 VDD

V17 D21 10 Data bus
V18 VDDQ O 10 VDD

V19 D17 10 Data bus
V20 D30 10 Data bus
w1 D2 10 Data bus
w2 VSSQ O 10 GND

W3 D4 10 Data bus
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Pin No. Pin Name 110 Function GPIO
w4 D6 10 Data bus

W5 D7 10 Data bus

we RD/WR (¢} Read/write

w7 WEO/DQMO/REG 0/0 Selection signal for D7 to DO/REG
W8 A4 (0] Address bus

W9 A6 o Address bus

w10 A8 o Address bus

w11 A10 (0] Address bus

w12 Al12 o Address bus

W13 Al4 (0] Address bus

W14 WE2/DQM2/ICIORD 0/0 Selection signal for D23 to D16/ICIORD
W15 RAS o RAS

W16 D24 10 Data bus

w17 D25 10 Data bus

w18 D27 10 Data bus

w19 VSSQ O 10 GND

W20 D29 10 Data bus

Y1 D13 10 Data bus

Y2 D12 10 Data bus

Y3 D5 10 Data bus

Y4 D9 10 Data bus

Y5 D8 10 Data bus

Y6 RD/CASS/FRAME O/O/O  Read/CAS/FRAME

Y7 WE1/DQM1 0 Selection signal for D15 to D8

Y8 A3 o Address bus

Y9 A5 O Address bus

Y10 CKIO (o] Clock output

Y11 A9 o Address bus

Y12 All (0] Address bus

Y13 A13 (0] Address bus

Y14 WES3/DQM3/ICIOWR [e)e} Selection signal for D31 to D24/ICIOWR
Y15 CS3 0 Chip select 3
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Pin No. Pin Name 1/0 Function GPIO

Y16 D23 10 Data bus

Y17 D22 10 Data bus

Y18 D26 10 Data bus

Y19 D19 10 Data bus

Y20 D18 10 Data bus

Legend: Inthe I/O column, I, O, 10, and O indicate input, output, input/output, and no direction,
respectively.

Notes: 1. Can be used as a GPIO interrupt pin.
2. Can be used as a GPIO interrupt pin. When an interrupt occurs, this LSI exits standby
mode.
3. Only outputs.
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Pin Functions
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Pin Functions (1)
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Pin Functions (2)
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Pin Functions (3)
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Tablel1.4 Pin Functions

Memory Interface

Pin

No. Function Pin Name 110 SRAM SDRAM PCMCIA MPX Remarks
R4 Address A0 (0]

T4 Al o]

V6 A2 o

Y8 A3 (¢]

w8 A4 o]

Y9 A5 (6]

w9 A6 o

V9 A7 o]

W10 A8 (@]

Y11 A9 o]

W11 A10 o]

Y12 All o

W12 Al2 o

Y13 A13 (e]

W13 Al4 o

V13 A15 (e]

V15 Al6 o]

u9 Al7 o

u13 Al8 o]

u1s Al19 o]

L4 A20 o]

N4 A21 o]

T17 A22 o

T18 A23 o

R17 A24 o

R18 A25 (e]

Ul Data DO I[e} A0
V1 D1 110 Al
w1 D2 I[e} A2
u3 D3 110 A3
w3 D4 I[e} A4

Rev. 1.0, 02/03, page 25 of 1294
RENESAS



Memory Interface

Pin

No. Function Pin Name 110 SRAM SDRAM PCMCIA MPX Remarks
Y3 Data D5 I[e} A5

w4 D6 I[e} A6

W5 D7 110 A7

Y5 D8 I[e} A8

Y4 D9 110 A9

V4 D10 I[e} Al0

U4 D11 110 All

Y2 D12 110 Al12

Y1 D13 I[e} Al13

V2 D14 I[e} Al4

u2 D15 I[e} Al5

u19 D16 110 Al6

V19 D17 I[e} Al7

Y20 D18 110 A18

Y19 D19 110 A19

u17 D20 110 A20

V17 D21 110 A21

Y17 D22 110 A22

Y16 D23 110 A23

W16 D24 110 A24

W17 D25 I[e} A25

Y18 D26 110

w18 D27 I[e}

u18 D28 110

W20 D29 I[e} ACCSIZEO
V20 D30 I[e} ACCSIZE1
u20 D31 110 ACCSIZE2
F3 Chip select CSo o] CSo CSo

J3 Ccs1 o] Cs1 Ccs1

J4 Cs2 o Cs2 Cs2 Cs2

Y15 Cs3 o] CS3 Cs3 CS3

L3 CS4 o] CS4 CS4
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Memory Interface

Pin
No. Function Pin Name 110 SRAM SDRAM PCMCIA MPX Remarks
N3 Chip select CS5 o] CS5 CE1A CS5
R3 CS6 (e} CS6 CE1B CS6
W6  Read/Write RD/WR ¢} RD/WR RD/WR RD/WR
wi5 RAS RAS o RAS
Y6  Read/CAS/FRAME RD/CASS/FRAME O OE CAS OE FRAME
W7  Selection signal for D7 to WEO/DQMO/REG O WEO DQMO REG

DO/REG
Y7  Selection signal for D15 to D8 WE1/DQM1 o] WET DQM1 WET
W14 Selection signal for D23 to WE2/DQM2/ICIORD O WE2 DQM2 ICIORD

D16/ICIORD
Y14  Selection signal for D31 to WES/DQM3/ICIOWR O WE3 DQM3 ICIOWR

D24/ICIOWR
Y10  Clock output CKIO (@) CKIO CKIO
U6 Clock output enable CKE o CKE
D16 Mode MDO | Reset; MDO
D17 Mode MD1 | Reset; MD1
C16 Mode MD2 | Reset; MD2
B17 Mode/PCMCIA-CE MD3/CE2A 110 CE2A Reset; MD3
Al7  Mode/PCMCIA-CE MD4/CE2B lle] CE2B Reset; MD4
G20 Mode MD5 | Reset; MD5
G19 Mode/lOIS16 MD6/10IS16 " [0IS16 Reset; MD6
H17  Mode MD7 | Reset; MD7
H18 Mode MD8 | Reset; MD8
Bl Reset RESET I RESET
D5  Manual reset MRESET I
Cl  Busready RDY | RDY RDY RDY
T3 Bus start BS o] (BS) (BS) (BS) (BS)
E4  Bus request BREQ |
F4  Bus acknowledgement BACK o]
E3 Chip active CA |
D6 Status 0 STATUSO
D8 Status 1 STATUS1
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Memory Interface

Pin
No. Function Pin Name 110 SRAM SDRAM PCMCIA MPX Remarks
Al External input clock/crystal EXTAL |
resonator
A2 Crystal resonator XTAL O
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Section 2 Programming Model

2.1 Data Formats

The data formats supported in this LS| are shown in figure 2.1.

7 0

Byte (8 bits) |
15 0

Word (16 bits) :|
31 0

Longword (32 bits) |
3130 22 0

Single-precision floating-point (32 bits) s| exp | fraction |
63 62 51 0

Double-precision floating-point (64 bits) |s| exp | fraction |

Figure2.1 Data Formats
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2.2 Register Descriptions

221 Privileged Mode and Banks

Processor Modes: This LS| has two processor modes, user mode and privileged mode. ThisLSI
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
processor modes.

General Registers: There are 16 genera registers, designated RO to R15. General registers RO to
R7 are banked registers which are switched by a processor mode change.

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

When the RB bit is 1 (that is, when bank 1 is selected), the 16 registers comprising bank 1 general
registers RO_BANK1 to R7_BANK1 and non-banked general registers R8 to R15 can be accessed
as general registers RO to R15. In this case, the eight registers comprising bank 0 general registers
RO_BANKO to R7_BANKO are accessed by the LDC/STC instructions. When the RB bit is 0 (that
is, when bank 0 is selected), the 16 registers comprising bank O 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_BANK1 to
R7_BANKZ1 are accessed by the LDC/STC instructions.

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_BANK1 to R7_BANK1 cannot be accessed.

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

System Registers. System registers comprise the multiply-and-accumulate registers
(MACH/MACL), the procedure register (PR), the program counter (PC), the floating-point
status/control register (FPSCR), and the floating-point communication register (FPUL). Accessto
these registers does not depend on the processor mode.
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Floating-Point Registers: There are thirty-two floating-point registers, FRO-FR15 and XF0O—
XF15. FRO—-R15 and XFO—XF15 can be assigned to either of two banks (FPRO_BANKO-
FPR15_BANKO or FPRO_BANK1-FPR15 BANK1).

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 X FO—
XF15 can be used as the eight registers XD0/2/4/6/8/10/12/14 (register pairs) or register matrix
XMTRX.

Register values after areset are shown in table 2.1.

Table2.1 Initial Register Values

Type Registers Initial Value*

General registers RO_BANKO to R7_BANKaO, Undefined
RO_BANK1 to R7_BANK1,
R8 to R15

Control registers SR MD bit=1, RB bit=1, BL bit=1, FD bit =0,
I3 to 10 bits = 1111 (H'F), reserved bits = 0,
others = undefined

GBR, SSR, SPC, SGR, DBR Undefined

VBR H'0000 0000
System registers MACH, MACL, PR, FPUL Undefined

PC H'A000 0000

FPSCR H'0004 0001
Floating-point FRO to FR15, XFO to XF15  Undefined

registers

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

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

User mode and privileged mode are switched by the processing mode bit (MD) in the status
register.
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31 31 31
RO_BANKOQ*1*2 RO_BANK1*1*3 RO_BANKQ* 1*4
R1_BANKO*? 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_BA *3 R4_BANKO**
R5_BANKO*2 R5_BA *3 R5_BANKO**
R6_BANKO*2 R6_BA *3 R6_BANKO**
R7_BANKO*2 R7_BA *3 R7_BANKO*#
R8 R8 R8
R9 R9 R9
R10 R10 10
RIL R1L R11
R12 R12 R12
R13 R13 R13
R14 R14 R14
R15 R15 R15
| SR SR | SR
SSR | SSR
GBR GBR GBR
MACH MACH MACH
MACL MACL MACL
PR PR PR
VBR VBR
[ PC PC | PC
SPC | SPC
SGR | SGR
DBR | DBR
RO_BANKOQ*1+4 RO_BANK1*1*3
R1_BANKO** R1_BANK1*3
R2_BANKO** R2_BANK1*3
R3_BANKO** R3_BANK1*3
R4_BANKO*4 R4_BANK1*3
R5_BANKO*4 R5_BANK1*3
R6_BANKO*4 R6_BANK1*3
R7_BANKO*4 R7_BANK1*3
(a) Register configuration (b) Register configuration in (c) Register configuration in
in user mode privileged mode (RB = 1) privileged mode (RB = 0)
Notes: 1. RO is used as the index register in indexed register-indirect addressing mode and

indexed GBR indirect addressing mode.

2. Banked registers
3. Banked registers
Accessed as general registers when the RB bit is set to 1 in SR. Accessed only by
LDC/STC instructions when the RB bit is cleared to 0.
4. Banked registers
Accessed as general registers when the RB bit is cleared to 0 in SR. Accessed only
by LDC/STC instructions when the RB bit is set to 1.
Figure2.2 CPU Register Configuration in Each Processing Mode
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222 General Registers

Figure 2.3 shows the relationship between the processing modes and general registers. ThisLSI
has twenty-four 32-bit general registers (RO_BANKO to R7_BANKO, RO_BANK1to
R7_BANK1, and R8 to R15). However, only 16 of these can be accessed as general registers RO
to R15 in one processing mode. ThisLSI 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).

RO_BANK1 to R7_BANK1
Cannot be accessed in user mode.

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

SR.MD =0 or
(SRMD =1, SR.RB=0)
RO RO BANKO
R1 R1_BANKO
R2 R2 BANKO
R3 R3 BANKO
R4 R4 BANKO
RS R5 BANKO
R6 R6_BANKO
R7 R7 BANKO
RO_BANK1 RO _BANK1
R1_BANK1 R1 BANK1
R2_BANK1 R2 BANK1
R3_BANK1 R3 BANK1
R4_BANK1 R4 BANK1
R5_BANK1 R5 BANK1
R6_BANK1 R6 BANK1
R7_BANK1 R7 BANK1
R8 R8
R9 R9
R10 R10
R11] R11
R12 R12
R13 R13
R14 R14
R15 R15

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

RO_BANKO
R1_BANKO
R2_BANKO
R3_BANKO
R4_BANKO
R5_BANKO
R6_BANKO
R7_BANKO

RO
R1
R2

R15

Note : As the user's RO-R7 are assigned to RO_BANKO0-R7_BANKO, and after an exception or interrupt RO-R7
are assigned to RO_BANK1-R7_BANK1, it is not necessary for the interrupt handler to save and restore

the user's RO-R7 (RO_BANKO-R7_BANKO).

After a reset, the values of RO_BANKO0-R7_BANKO, RO_BANK1-R7_BANK1, and R8-R15 are undefined.

Figure2.3 General Registers
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Control Registers

The control registers are 32 bitslong. They consist of the status register (SR), global base register
(GBR), saved status register (SSR), saved program counter (SPC), vector base register (VBR),
saved general register 15 (SGR), and debug base register (DBR). SR and GBR can be accessed in
both processing modes, but SSR, SPC, VBR, SGR, and DBR can only be accessed in privileged

mode.

Status Register (SR):

Bit: 31 29 27 26 25 24 23 22 21 20 19 18 17 16
[ Twlelol T T T T T T T T T T 1]
Initial value: 0 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
Bit: 15 13 11 10 8 7 6 5 4 3 2 1
| ED I - I I I M I Q IIMASKSIIMASK2IIMASK1IIMASKOI - I - I S I T |
Initial value: 0 0 0 - - 1 1 1 1 0 0 - -
R/W:  R/W R R RW RW R/W R/W RW R/W R R RIW  R/W
Bit Bit Name |Initial Value R/W Description
31 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
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

29 RB 1 R/W Privileged Mode General Register Bank Soecification

Bit

This bit is set to 1 by an exception or interrupt.

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 1
can be accessed using LDC/STC instructions

28 BL 1 R/W Exception/Interrupt Block Bit

This bit is set to 1 by a reset, an 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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Bit Bit Name |Initial Value R/W Description

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

15 FD 0 R/W FPU Disable Bit
A reset clears this bit to 0.

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)

141010 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.

9 M — R/W M Bit

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

7 IMASK3 1 R/W Interrupt Mask Level Bits
6 IMASK2 1 R/W An interrupt whose priority is equal to or less than the
5 IMASK1 1 R/W value of the IMASK bits is masked. These bits are not
4 IMASKO 1 R/W modified by an interrupt.
3,2 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
1 S — R/W S Bit
Used by the MAC instruction.
0 T — R/W T Bit

Indicates true/false or carry/borrow.

Saved Status Register (SSR): The contents of SR are saved to SSR in the event of an exception
or interrupt.

Saved Program Counter (SPC): The address of an instruction at which an interrupt or exception
occursis saved to SPC.

Global Base Register (GBR): GBR isreferenced as the base address in a GBR-referencing MOV
instruction.

Vector Base Register (VBR): VBR isreferenced as the branch destination base address in the
event of an exception or interrupt.
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Saved General Register 15 (SGR): The contents of R15 are saved to SGR in the event of an
exception or interrupt.

Debug Base Register (DBR): When the user break debugging function is enabled (BRCR.UBDE
= 1), DBRisreferenced as the branch destination address of the user break handler instead of
VBR.

2.2.4 System Registers

The system registers are 32 bitslong. They consist of two multiply-and-accumulate registers
(MACH and MACL), the procedure register (PR), the program counter (PC), the floating-point
statug/control register (FPSCR), and the floating-point communication register (FPUL). For details
on FPSCR and FPUL, see section 3, Floating-Point Unit (FPU).

Multiply-and-Accumulate Registers (MACH and MACL): MACH and MACL are used for the
added valuein aMAC instruction, and to store the operation result of aMAC or MUL instruction.

Procedure Register (PR): Thereturn addressis stored in PR in asubroutine call using aBSR,
BSRF, or JSR instruction. PR is referenced by the subroutine return instruction (RTS).

Program Counter (PC): PC indicates the address of the instruction currently being executed.

225 FPU Registers

See section 3, Floating-Point Unit (FPU).

2.3 Memory-Mapped Registers

For details on the control registers mapped to memory, see section 32, List of Registers. The
control registers are double-mapped to the following two memory areas. All registers have two
addresses.

H'1C00 0000 to H'1FFF FFFF
H'FCO0 0000 to H'FFFF FFFF

These two areas are used as follows.

» H'1CO00 0000 to H'1FFF FFFF
This area must be accessed using the address trand ation function of the MMU.
Setting the page number of this areato the corresponding field of the TLB enables accessto a
memory-mapped register.
The operation of an access to this area without using the address trand ation function of the
MMU is hot guaranteed.

Rev. 1.0, 02/03, page 36 of 1294
RENESAS



»  H'FC00 0000 to H'FFFF FFFF

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

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.

24 Data Formats

24.1 Data Format in Registers

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

Longword |

24.2 Data Formatsin Memory

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

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

Big endian or little endian byte order can be selected for the data format. The endian should be set
with the MD5 external pin after a power-on reset. Big endian is selected when the MD5 pinislow,
and little endian when high. The endian cannot be changed dynamically. Bit positions are
numbered left to right from most-significant to least-significant. Thus, in a 32-bit longword, the
leftmost bit, bit 31, isthe most significant bit and the rightmost bit, bit O, is the least significant
bit.

The dataformat in memory is shown in figure 2.4.
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A A+l 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 | gyte 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 2.4 Data Formatsin Memory

Note: This LSl does not support endian conversion for the 64-bit dataformat. Therefore, if
double-precision floating-point format (64-bit) accessis performed in little endian mode,
the upper and lower 32 bits will be reversed.

25 Processing States

This LSl hasfive processing states: the reset state, exception-handling state, bus-released state,
program execution state, and power-down state.

Reset State: In this state the CPU isreset. The power-on reset state is entered when the RESET
pin goes low. The manual reset state is entered when the RESET pin is high and the MRESET pin
islow. For more information on resets, see section 8, Exceptions.

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 registers of on-
chip peripheral modules other than the BSC are initialized. Since the BSC is not initialized in the
manual reset state, refreshing operations continue. For details, see register descriptions for each
section.

Exception-Handling State: Thisisatransient state during which the CPU's processing state flow
isaltered by areset, general exception, or interrupt exception handling source.

In the case of areset, the CPU branches to address H'A000 0000 and starts executing the user-
coded exception handling program.

In the case of ageneral exception or interrupt, the PC is saved in the SPC, the SR is saved in the
SSR, and the R15 is saved in SGR. The CPU branches to the start address of the user-coded
exception handling routine found from the sum of the contents of the vector base address and the
vector offset. See section 8, Exceptions, for more information on resets, general exceptions, and
interrupts.

Program Execution State: In this state, the CPU executes program instructions in sequence.
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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 three
modes in the power-down state: sleep mode, deep sleep mode, and standby mode. For details on
power-down states, see section 14, Power-Down Modes.

Bus-Released State: In this state, the CPU has released the bus to a device that requested it.

Transitions between the states are shown in figure 2.5.

From any state when From any state” when
RESET =0 RESET =1 and MRESET =0

i 1
B 1
! '
N 1
.
I
- I
! Power-on ri Manual r '
.
' |
K 1
' 1
N 1

Reset state

RESET =1,
MRESET =1

Exception-handling state

Bus request
4 Bus request

clearance
Interrupt Interrupt
Exception End of exception
Bus-released state | _ interrupt transition
.

-

processing

Bus request

clearance
request

A

Bus request
clearance

Bus request Program execution state

SLEEP instruction
with STBY bit
cleared

SLEEP instruction
with STBY bit set

E Sleep mode Standby mode E

Power-down mode !

Note :" In the middle of a bus cycle, it does not change in the manual reset state.

Figure2.5 Processing State Transitions
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2.6 Processing M odes

There are two processing modes: user mode and privileged mode. The processing modeis
determined by the processing mode bit (MD) in the status register (SR). User mode is selected
when the MD bit is cleared to 0, and privileged mode when the MD bit is set to 1. When the reset
state or exception state is entered, the MD bit is set to 1. When exception handling ends, the MD
bit is cleared to 0 and user mode is entered. There are certain registers and bits which can only be
accessed in privileged mode.
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Section 3 Floating-Point Unit (FPU)

3.1 Features
The FPU has the following features.

» Conformsto |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

e Six exception sources: FPU Error, Invalid Operation, Divide By Zero, Overflow, Underflow,
and I nexact

» Comprehensive instructions: Single-precision, double-precision, graphics support, and system
control

When the FD hit 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.

3.2 Data Formats

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

* Sign(s)
» Exponent (e)
» Fraction (f)

This LSl can handle single-precision and double-precision floating-point numbers, using the
formats shown in figures 3.1 and 3.2.

31 30 23 22 0

Figure3.1 Format of Single-Precision Floating-Point Number
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63 62 52 51 0

Figure 3.2 Format of Double-Precision Floating-Point Number
The exponent is expressed in biased form, as follows:
e = E + bias

The range of unbiased exponent Eisg_, —1toE__ + 1. ThetwovaluesE  —1landE __ +1are
distinguished asfollows. E_,, — 1 indicates zero (both positive and negative sign) and a
denormalized number, and E, _ + 1 indicates positive or negative infinity or anon-number (NaN).
Table3.1showsE_ and E__ values.

Table3.1 Floating-Point Number Formatsand Parameters

Parameter Single-Precision Double-Precision
Total bit width 32 bits 64 bits

Sign bit 1 bit 1 bit

Exponent field 8 bits 11 bits

Fraction field 23 bits 52 bits

Precision 24 bits 53 bits

Bias +127 +1023

E. . +127 +1023

E -126 -1022

‘min

Floating-point number value v is determined as follows:

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

IfE=E, —1landf#0,v=(-1)2""(0.f) [denormalized number]
IfE=E,,—1andf=0,v = (-1)0 [positive or negative zero]

Table 3.2 shows the ranges of the various numbers in hexadecimal notation.
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Table 3.2

Type

Floating-Point Ranges

Single-Precision

Double-Precision

Signaling non-number

H'7FFF FFFF to H'7FCO 0000

H7FFF 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'7FFO 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

322 Non-Numbers (NaN)

Figure 3.3 shows the bit pattern of a non-number (NaN). A valueis NaN in the following case:

e Sign bit: Don't care

» Exponent field: All bitsare 1
* Fractionfield: At least one bitis 1

The NaN isasignaling NaN (sNaN) if the MSB of the fraction field is 1, and aquiet NaN (gNaN)
if theMSB isO.

31 30 23 22 0

X 11111111 INXXXXXKXXXXXXXXXXXXXXX

N = 1:sNaN
N = 0:qNaN

Figure 3.3 Single-Precision NaN Bit Pattern
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An sNaN isinput in an operation, except copy, FABS, and FNEG, that generates a floating-point
value.

*  Whenthe EN.V bit in FPSCR is 0, the operation result (output) isa qNaN.

*  Whenthe EN.V bitin FPSCR is 1, an invalid operation exception will be generated. In this
case, the contents of the operation destination register are unchanged.

If agNaN isinput in an operation that generates a floating-point value, and an sSNaN has not been
input in that operation, the output will always be agNaN irrespective of the setting of the EN.V bit
in FPSCR. An exception will not be generated in this case.

The gNAN values as operation results are as follows:

» Single-precision gNaN: H'7FBF FFFF
» Double-precision gNaN: H'7FF7 FFFF FFFF FFFF

Seethe individual instruction descriptions for details of floating-point operations when anon-
number (NaN) isinput.

3.2.3 Denor malized Numbers

For a denormalized number floating-point value, the exponent field is expressed as 0, and the
fraction field as anon-zero value.

When the DN bit in FPSCR of the FPU is 1, a denormalized humber (source operand or operation
result) is always flushed to 0 in a floating-point operation that generates a value (an operation
other than copy, FNEG, or FABS).

When the DN bit in FPSCR is 0, a denormalized number (source operand or operation result) is
processed asit is. See the individual instruction descriptions for details of floating-point
operations when a denormalized number isinput.
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3.3 Register Descriptions

331 Floating-Point Registers

Figure 3.4 shows the floating-point register configuration. There are thirty-two 32-bit floating-
point registers, referenced by specifying 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 XM TRX.

1.

Floating-point registers, FPRi_BANK] (32 registers)
FPRO_BANKO to FPR15 BANKO
FPRO_BANK1 to FPR15_BANK1

. Single-precision floating-point registers, FRi (16 registers)

When FPSCR.FR = 0, FRO to FR15 indicate FPRO_BANKO to FPR15_BANKO;
when FPSCR.FR = 1, FRO to FR15 indicate FPRO_BANK1 to FPR15_BANK1.

Double-precision floating-point registers, DRi (8 registers): A DR register comprises two FR
registers.

DRO = {FRO, FR1}, DR2 = { FR2, FR3}, DR4 = { FR4, FR5}, DR6 = { FR6, FR7},

DR8 = {FR8, FR9}, DR10 = { FR10, FR11}, DR12 = { FR12, FR13}, DR14 = { FR14, FR15}

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

FVO0 ={FRO, FR1, FR2, FR3}, FV4 = { FR4, FR5, FR6, FR7},

Fv8 ={FR8, FR9, FR10, FR11}, FV12 = { FR12, FR13, FR14, FR15}

Single-precision floating-point extended registers, XFi (16 registers)
When FPSCR.FR = 0, XF0 to XF15 indicate FPRO_BANK1 to FPR15 BANKZ,;
when FPSCR.FR = 1, XF0 to XF15 indicate 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}

Single-precision floating-point extended register matrix, XMTRX: XMTRX comprises all 16
XF registers.
XMTRX = | XFO XF4 XF8 XF12

XF1 XF5 XF9 XF13

XF2 XF6 XF10 XF14

XF3 XF7 XF11  XFi5
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FPSCR.FR=0

FVO

Fva

Fv8

FV12

DRO

DR2

DR4

DR6

DR8

DR10

DR12

DR14

XMTRX XDO

XD2

XD4

XD6

XD8

XD10

XD12

XD14

FRO
FR1
FR2
FR3
FR4
FR5
FR6
FR7
FR8
FR9
FR10
FR11
FR12
FR13
FR14
FR15

XFO
XF1
XF2
XF3
XF4
XF5
XF6
XF7
XF8
XF9

XF10

XF11

XF12

XF13

XF14

XF15

FPRO_BANKO

FPR1_BANKO

FPR2_BANKO

FPR3_BANKO

FPR4_BANKO

FPR5_BANKO

FPR6_BANKO

FPR7_BANKO

FPR8_BANKO

FPR9_BANKO

FPR10_BANKO

FPR11_BANKO

FPR12_BANKO

FPR13_BANKO

FPR14_BANKO

FPR15_BANKO

FPRO_BANK1

FPR1_BANK1

FPR2_BANK1

FPR3_BANK1

FPR4_BANK1

FPR5_BANK1

FPR6_BANK1

FPR7_BANK1

FPR8_BANK1

FPR9_BANK1

FPR10_BANK1

FPR11_BANK1

FPR12_BANK1

FPR13_BANK1

FPR14_BANK1

FPR15_BANK1

FPSCRFR =1
XFO  XDO  XMTRX
XF1
XF2  XD2
XF3
XF4  XD4
XF5
XF6  XD6
XF7
XF8  XD8
XF9
XF10  XD10
XF11
XF12  XD12
XF13
XF14  XD14
XF15
FRO  DRO FVO
FR1
FR2  DR2
FR3
FR4  DR4 Fv4
FR5
FR6  DR6
FR7
FR8  DRS Fv8
FR9
FR10 DRI0
FRI11
FR12 DR12  FVI12
FR13
FR14 DR14
FR15

Figure3.4 Floating-Point Registers
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332

Floating-Point Status/Control Register (FPSCR)

FPSCR is a 32-bit register that controls floating-point instructions, sets FPU exceptions, and
selects the rounding mode. Do not set the SZ and PR bits to 1 simultaneously; this setting is

reserved.

Bit:

31 30 29 28 27

26

25 24 23 22 21 20 19 18 17 16

-1 -]

I

T T e[ [or [on] come |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
RW: R R R R R R R R R RW RW RW RW RW RW
Bit: 15 14 13 12 11 10 8 7 6 5 4 3 2 1 0
| Cause I Enable I Flag I RM1 I RMO |
Initial value: 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 R/W
Bit Bit Name Initial Value R/W Description
31to22 — 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 FMQOV instruction is 32-bits
1: Data size of FMOV instruction is a 32-bit register
pair (64 bits)
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)
18 DN 1 R/W  Denormalization Mode

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

Description

17to 12 Cause All O R/W

11to7 Enable AllO R/W

6t02 Flag All O RIW

FPU Exception Cause Field

FPU Exception Enable Field

FPU Exception Flag Field

When an FPU exception occurs, the bits
corresponding to the FPU exception cause field and
FPU exception flag field are set to 1. Each time an
FPU operation instruction is executed, the FPU
exception cause field is cleared to 0. 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 3.3.

1 RM1 0 R/W
0 RMO 1 R/W

Rounding Mode
These bits select the rounding mode.

00: Round to Nearest
01: Round to Zero
10: Reserved

11: Reserved

Table3.3 Bit Allocation for FPU Exception Handling

FPU Invalid Division Overflow Underflow Inexact
Field Name Error (E) Operation (V) by Zero (2) (O) V) ()
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

333 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 theinteger stored in general register R1 to a single-precision floating-point number, the

processing flow is asfollows:

R1 - (LDSinstruction) -» FPUL - (single-precision FLOAT instruction) — FR1
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34 Rounding

In afloating-point instruction, rounding is performed when generating the final operation result
from the intermediate result. Therefore, the result of combination instructions such as FMAC,
FTRV, and FIPR will differ from the result when using a basic instruction such as FADD, FSUB,
or FMUL. Rounding is performed once in FMAC, but twicein FADD, FSUB, and FMUL.

Which of the two rounding methods is to be used is determined by the RM bitsin FPSCR.

FPSCR.RM[1:0] = 00: Round to Nearest
FPSCR.RM[1:0] = 01: Round to Zero

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 25™ (2 — 27) 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.

Round to Zero: The digits below the round bit of the unrounded value are discarded.

If the unrounded value islarger than the maximum expressible absolute value, the value will
become the maximum expressible absolute value.

35 Floating-Point Exceptions

351 General FPU Disable Exceptions and Slot FPU Disable Exceptions

FPU-related exceptions include general FPU disable exceptions and slot FPU disable exceptions.
These exceptions occur if an FPU instruction is executed when the FD bit of SRisset to 1.

352 FPU Exception Sour ces
The exception sources are as follows:

* FPU error (E): When FPSCR.DN = 0 and a denormalized number is input
» Invalid operation (V): In case of an invalid operation, such as NaN input
» Division by zero (Z): Division with a zero divisor

* Overflow (O): When the operation result overflows

* Underflow (U): When the operation result underflows

* Inexact exception (1): When overflow, underflow, or rounding occurs
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The FPU exception cause field in FPSCR contains bits corresponding to all of above sourcesE, V,
Z,0, U, and I, and the FPU exception flag and enable fieldsin FPSCR contain bits corresponding
to sourcesV, Z, O, U, and I, but not E. Thus, FPU errors cannot be disabled.

When an FPU exception occurs, the corresponding bit in the FPU exception cause field issetto 1,
and 1 is added to the corresponding bit in the FPU exception flag field. When an FPU exception
does not occur, the corresponding bit in the FPU exception cause field is cleared to 0, but the
corresponding bit in the FPU exception flag field remains unchanged.

353 FPU Exception Handling
FPU exception handling isinitiated in the following cases.

* FPU error (E): FPSCR.DN = 0 and a denormalized number isinput

* Invalid operation (V): FPSCR.Enable.V = 1 and (instruction = FTRV or invalid operation)

» Division by zero (Z): FPSCR.Enable.Z = 1 and division with a zero divisor

» Overflow (O): FPSCR.Enable.O = 1 and instruction with possibility of operation result
overflow

e Underflow (U): FPSCR.Enable.U = 1 and instruction with possibility of operation result
underflow

* Inexact exception (1): FPSCR.Enable.l = 1 and instruction with possibility of inexact operation
result
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These possibilities are shown in the individual instruction descriptions. 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. If no
bits are set in the FPU exception cause field of FPSCR when one or more of bitsO, U, I, and V (in
case of FTRV only) are set in the FPU exception enable field, thisindicates that an actual
exception source is not generated. Also, the destination register is not changed by any FPU
exception handling operation.

Except for the above, the FPU disables exception handling. In every processing, the bit
corresponding to source V, Z, O, U, or | isset to 1, and a default value is generated as the
operation result.

» Invalid operation (V): gNaN is generated as the result.
» Division by zero (Z): Infinity with the same sign as the unrounded value is generated.
*  Overflow (O):
When rounding mode = RZ, the maximum normalized number, with the same sign asthe
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.
» Inexact exception (1): Aninexact result is generated.
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3.6 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.

3.6.1 Geometric Operation Instructions

Geometric operation instructions perform approximate-val ue computations. To enable high-speed
computation with aminimum of hardware, this LSI ignores comparatively small valuesin the
partial computation results of four multiplications. Consequently, the error shown below is
produced in the result of the computation:

Maximum error = MAX (individual multiplication result x
2—MIN (number of multiplier significant digits—1, number of multiplicand significant digus—l)) + MAX (result Value X 2—23 2—149)

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

In afuture version of the SH Series, the above error is guaranteed, but the same result is not
guaranteed.

FIPR FVm, FVn (m, n: 0, 4, 8, 12): Thisinstruction is basically used for the following purposes:

e Inner product (m # n):

This operation is generally used for surface/rear surface determination for polygon surfaces.
» Sum of square of elements (m = n):

This operation is generally used to find the length of a vector.

Since approximate-value computations are performed to enable high-speed computation, the
inexact exception (1) bit in both the FPU exception cause field and flag field are always set to 1
when an FIPR instruction is executed. Therefore, if thel bit is set in the FPU exception enable
field, FPU exception handling will be executed.

FTRV XMTRX, FVn (n: 0, 4, 8, 12): Thisinstruction is basically used for the following
purposes:

* Matrix (4 x 4) Orector (4):
This operation is generally used for viewpoint changes, angle changes, or movements called
vector transformations (4-dimensional). Since affine transformation processing for angle +
parallel movement basically requires a4 x 4 matrix, this LS| supports 4-dimensional
operations.

o Matrix (4 x 4) x matrix (4 x 4):
This operation requires the execution of four FTRV instructions.
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Since approximate-value computations are performed to enable high-speed computation, the
inexact exception (1) bit in both the FPU exception cause field and flag field are always set to 1
when an FTRV instruction is executed. Therefore, if thel bit is set in the FPU exception enable
field, FPU exception handling will be executed. It is not possible to check al datatypesin the
registers beforehand when executing an FTRV instruction. If the V bit is set in the FPU exception
enable field, FPU exception handling will be executed.

FRCHG: Thisinstruction modifies banked registers. For example, when the FTRV instruction is
executed, matrix elements must be set in an array in the background bank. However, to create the
actual elements of atranglation matrix, it is easier to use registersin the foreground bank. When
the LDS instruction is used on FPSCR, thisinstruction takes four to five cyclesin order to
maintain the FPU state. With the FRCHG instruction, the FR bit in FPSCR can be changed in one
cycle.

3.6.2 Pair Single-Precision Data Transfer

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

When the SZ bitis 1, thisLSI 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)
* FMOV DRm/XDm, @Rn (m: 0, 2, 4, 6, 8, 10, 12, 14; n: 0 to 15)

These ingtructions enable two single-precision (2 x 32-bit) dataitems to be transferred; that is, the
transfer performance of these instructions is doubled.

. FSCHG

Thisinstruction changes the value of the SZ bit in FPSCR, enabling fast switching between use
and non-use of pair single-precision data transfer.

3.7 Notes on programming

When the SZ bit is 1 and big-endian mode is used, FMQOV can be used for a double-precision
floating-point load or store. In little-endian mode, a double-precision floating-point load or store
requires execution of two 32-bit data size operations with the SZ bit in FPSCR cleared to 0.
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Section 4 Instruction Set

4.1 Execution Environment
PC: At the start of instruction execution, the PC indicates the address of the instruction itself.

» Datasizes and data types
ThisLSI'sinstruction set isimplemented with 16-bit fixed-length instructions. ThisLSI 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 a double-precision floating-point
operation is specified (PR in FPSCR = 1), the result of an operation using quadword access
will be undefined. When this LSl moves byte-size or word-size data from memory to a
register, the data is sign-extended.

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

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. This execution slot following a
delayed branch is called adelay dot. For example, the BRA execution sequenceis asfollows:

Static Sequence Dynamic Sequence

BRA TARGET BRA TARGET

ADD R1,RO ADD R1, RO ADD in delay slot is executed before
next_2 target_instr branching to TARGET

Delay Slot: A dot illegal instruction exception may occur when a specific instruction is executed
in adelay dot. For details, see section 8, Exceptions. The instruction following BF/S or BT/S for
which the branch is not taken is also a delay slot instruction.

T Bit: The T bitin SR isused to show the result of a compare operation, and is referenced by a
conditional branch instruction. An example of the use of a conditional branch instruction is shown
below.

ADD #1, RO ; T bit isnot changed by ADD operation
CMP/EQ R1, RO ; IfRO=R1, Thitissettol
BT TARGET ; Branchesto TARGET if T bit =1 (R0 = R1)
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Inan RTE delay dlot, 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 al SR bits after modification.

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 valuesin
memory, and can be referenced by a PC-relative load instruction.

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

There are no PC-relative load instructions for floating-point operations. However, it is possible to
set 0.0 or 1.0 by using the FLDIO or FLDI 1 instruction on a single-precision floating-point
register.
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4.2 Addressing Modes

Addressing modes and effective address calculation methods are shown in table 4.1. When a
location in virtual memory spaceis accessed (AT in MMUCR = 1), the effective address is
trandated into a physical memory address. If multiple virtual memory space systems are selected
(SV in MMUCR = 0), the least significant bit of PTEH is aso referenced as the access ASID. For
details, see section 6, Memory Management Unit (MMU).

Table4.1 Addressing Modesand Effective Addresses
Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Register Rn Effective address is register Rn. —
direct (Operand is register Rn contents.)
Register @Rn Effective address is register Rn contents. Rn - EA
indirect (EA: effective
address)
Register @Rn+ Effective address is register Rn contents. Rn - EA
indirect A constant is added to Rn after instruction After
with post- execution: 1 for a byte operand, 2 for a word instruction
increment operand, 4 for a longword operand, 8 for a execution
guadword operand. Byte:
Word:
Rn + 1/2/4/8 RN+ 2 - RN
Longword:
1/2/4/8 Rn+4 - Rn
Quadword:
Rn+8 - Rn
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 — 1/2/4/8 Quadword:
- Rn — 1/2/4/8 Rn_8 - Rn
1/2/4/8 Rn - EA
(Instruction
executed
with Rn after
calculation)
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Register @(disp:4, Rn)  Effective address is register Rn contents with Byte: Rn +
indirect with 4-bit displacement disp added. After disp is disp -~ EA
displacement zero-extended, it is multiplied by 1 (byte), 2 Word: Rn +
(word), or 4 (longword), according to the disp x 2 - EA
operand size.
Longword:
Rn + disp x4
- - EA
disp Rn + disp x 1/2/4
(zero-extended)
Indexed @ (RO, Rn) Effective address is sum of register Rnand RO Rn + RO -
register contents. EA
indirect
GBR indirect @(disp:8, GBR) Effective address is register GBR contents with  Byte: GBR +
with 8-bit displacement disp added. After disp is disp -~ EA
displacement zero-extended, it is multiplied by 1 (byte), 2 Word: GBR +
(word), or 4 (longword), according to the disp x 2 . EA
operand size.
Longword:
GBR + disp x
4 - EA
disp ) GBR
(zero-extended) + disp x 1/2/4
Indexed @(RO, GBR) Effective address is sum of register GBR and RO GBR + RO —
GBR indirect contents. EA

GBR + RO
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Addressing Instruction Calculation

Mode Format Effective Address Calculation Method Formula
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 operan_d size. With a longword operand, Longword:
the lower 2 bits of PC are masked. PC & H'EFFE
frrcar
disp x4 -
EA
H'FFFF FFFC
PC + 4 + disp
x 2
orPC &
H'FFFF FFFC
(zero-extended) t4+dispxa
* With longword operand
PC-relative  disp:8 Effective address is PC + 4 with 8-bit displacement PC + 4 + disp
disp added after being sign-extended and X2 5
multiplied by 2. Branch-
Target

PC + 4 + disp x 2

disp
(sign-extended)
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Addressing Instruction Calculation

Mode Format Effective Address Calculation Method Formula

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

PC + 4 +disp x 2

(sign-extended)

Rn Effective address is sum of PC + 4 and Rn. PC+4+Rn
- Branch-
Target

PC+4 +Rn

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 instructionis —
zero-extended and multiplied by 4.

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

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

@ (disp:8, PC) ; PC-relative with displacement
disp:8, disp:12 ; PC-relative
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4.3 Instruction Set
Table 4.2 shows the notation used in the SH instruction lists shown in tables 4.3 to 4.12.

Table4.2 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

Summary of -, Transfer direction
operation (xx) Memory operand
M/Q/T SR flag bits
& Logical AND of individual bits
| Logical OR of individual bits
0 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 (DRm, XDm, Rn_BANK)
000: DRO, XDO0O, RO_BANK

001: DR2, XD2, R1_BANK

111: DR14, XD14, R7_BANK

mm: Register number (FVm)

nn: Register number (FVn)

00: FVO0

01: FVv4

10: FV8

11: FV12

iiii: Immediate data
dddd: Displacement

Privileged mode "Privileged" means the instruction can only be executed
in privileged mode.
T bit Value of T bit after = —: No change

instruction execution

Note: Scaling (x1, x2, x4, or x8) is executed according to the size of the instruction operand.
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Table4.3

Fixed-Point Transfer Instructions

Instruction Operation Instruction Code Privileged T Bit

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

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

MOV.L @(disp,PC),Rn (disp x4 + PC & H'FFFF FFFC 1101nnnndddddddd — —
+4) - Rn

MOV Rm,Rn Rm - Rn 0110nnnnmmmD011 — —

MOV.B Rm,@Rn Rm - (Rn) 0010nnnNnmMMMO000 — —

MOV.W  Rm,@Rn Rm - (Rn) 0010nnnnmmmD001 — —

MOV.L Rm,@Rn Rm - (Rn) 0010nnnnmmmD010 — —

MOV.B @Rm,Rn (Rm) - sign extension - Rn ~ 0110nnnnnmm©D000 — —

MOV.W  @Rm,Rn (Rm) - sign extension - Rn  0110nnnnmmm0001 — —

MOV.L @Rm,Rn (Rm) - Rn 0110nnnnmm0D010 — —

MOV.B Rm,@-Rn Rn-1 - Rn, Rm - (Rn) 0010nnnnmmm0100 — —

MOV.W Rm,@-Rn Rn-2 - Rn, Rm - (Rn) 0010nnnnmMmmmOD101 — —

MOV.L Rm,@-Rn Rn-4 - Rn, Rm - (Rn) 0010nnnnmMmmOD110 — —

MOV.B @Rm+,Rn (Rm) - sign extension — Rn,  0110nnnnmmm®0100 — —
Rm+1 - Rm

MOV.W  @Rm+,Rn (Rm) - sign extension - Rn, 0110nnnnmmm®0101 — —
Rm+2 - Rm

MOV.L @Rm+,Rn (Rm) - Rn,Rm+4 - Rm 0110nnnnmm0110 — —

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

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

MOV.L Rm,@(disp,Rn) Rm - (disp x 4 + Rn) 0001nnnnmmmdddd — —

MOV.B @(disp,Rm),R0  (disp + Rm) - sign extension ~ 10000100mmmmdddd — —
- RO

MOV.W  @(disp,Rm),R0  (disp x 2 + Rm) - sign 10000101nmmmdddd — —
extension - RO

MOV.L @(disp,Rm),Rn (disp x4 + Rm) - Rn 0101nnnnmmmdddd — —

MOV.B Rm,@(RO,Rn) Rm - (RO + Rn) 0000NnNNNMMMO100 — —

MOV.W  Rm,@(RO,Rn) Rm - (RO + Rn) 0000nnnnmmMmmMO0101 — —

MOV.L Rm,@(RO,Rn) Rm - (RO + Rn) 0000nnNnnMMMO110 — —

MOV.B @(RO,Rm),Rn (RO + Rm) - sign extension 0000nnnnmmMmML100 — —
- Rn

MOV.W  @(RO,Rm),Rn (RO + Rm) - sign extension 0000nnnnmmmM101 — —
- Rn

MOV.L @(RO,Rm),Rn (RO+Rm) - Rn 0000nnnnmmMML110 — —
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Instruction Operation Instruction Code Privileged T Bit

MOV.B RO,@(disp,GBR) RO - (disp + GBR) 11000000dddddddd — —

MOV.W  RO,@(disp,GBR) RO - (disp x 2 + GBR) 11000001dddddddd — —

MOV.L  RO,@(disp,GBR) RO — (disp x 4 + GBR) 11000010dddddddd — —

MOV.B @(disp,GBR),RO  (disp + GBR) - 11000100dddddddd — —
sign extension - RO

MOV.W  @(disp,GBR),R0 (disp x 2 + GBR) - 11000101dddddddd — —
sign extension - RO

MOV.L @(disp,GBR),R0  (disp x 4 + GBR) - RO 11000110dddddddd — —

MOVA @(disp,PC),RO  disp x 4 + PC & HFFFF FFFC  11000111dddddddd — —
+4 5 RO

MOVT Rn T > Rn 0000nnnn00101001 — —_

SWAP.B  Rm,Rn Rm - swap lower 2 bytes 0110nnnnmmmml000 — —
- Rn

SWAP.W Rm,Rn Rm - swap upper/lower 0110nnnnnMmMMm1001 — —
words - Rn

XTRCT Rm,Rn Rm:Rn middle 32 bits - Rn 0010nnnnmmm1101 — —

Table4.4  Arithmetic Operation Instructions

Instruction Operation Instruction Code Privileged T Bit

ADD Rm,Rn Rn+Rm - Rn 0011nnnnmmm1100 — —

ADD #mm,Rn Rn +imm - Rn Olllnnnniiiiiiii — —

ADDC Rm,Rn Rn+Rm+T - Rn,carry - T 001lnnnnnmmmill110 — Carry

ADDV Rm,Rn Rn+Rm - Rn, overflow -~ T  001lnnnnnmmil11ll — Overflow

CMP/EQ  #imm,R0 When RO =imm,1 - T 10001000iiiiiiii — Comparison
Otherwise, 0 - T result

CMP/EQ Rm,Rn WhenRn=Rm,1 - T 0011nnnnmmmD000 — Comparison
Otherwise, 0 - T result

CMP/HS Rm,Rn When Rn = Rm (unsigned), 0011nnnnmmmD010 — Comparison
1-T result
Otherwise, 0 — T

CMP/GE Rm,Rn When Rn 2 Rm (signed), 1 - T 0011nnnnmmm0011 — Comparison
Otherwise, 0 - T result

CMP/HI Rm,Rn When Rn > Rm (unsigned), 0011nnnnmmm0110 — Comparison
1-T result
Otherwise, 0 — T

CMP/GT Rm,Rn When Rn > Rm (signed), 1 -~ T 0011nnnnmmm0111 — Comparison
Otherwise, 0 — T result

CMP/PZ Rn WhenRn20,1 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
CMP/STR Rm,Rn When any bytes are equal, 0010nnnnmmmi1100 — Comparison
1-T result
Otherwise, 0 - T
DIV1 Rm,Rn 1-step division (Rn + Rm) 0011nnnnmMmmm0100 — Calculation
result
DIVOS Rm,Rn MSB of Rn - Q, 0010nnnnmmm0111 — Calculation
MSB of Rm - M, M"Q - T result
DIVOU 0 - M/IQIT 0000000000011001 — 0
DMULS.L Rm,Rn Signed, Rn x Rm - MAC, 001innnnmmmll01l — —
32 x 32 - 64 bits
DMULU.L Rm,Rn Unsigned, Rn x Rm - MAC, 001lnnnnmmm®D101 — —
32 x 32 - 64 bits
DT Rn Rn—-1 - Rn; when Rn =0, 0100nnnn00010000 — Comparison
1-T result
WhenRn#0,0 - T
EXTS.B Rm,Rn Rm sign-extended from 0110nnnnmmml110 — —
byte -~ Rn
EXTS.W Rm,Rn Rm sign-extended from 01i10nnnnmmml111l — —
word - Rn
EXTU.B Rm,Rn Rm zero-extended from 0110nnnnnmMm1100 — —
byte -~ Rn
EXTUW Rm,Rn Rm zero-extended from 0110nnnnmmm1101 — —
word - Rn
MAC.L @Rm+,@Rn+ Signed, (Rn) x (Rm) + MAC -~ 0000nnnnnmmM1111 — —
MAC
Rn+4 - Rn,Rm+4 - Rm
32 x 32+ 64 - 64 bits
MAC.W @Rm+,@Rn+ Signed, (Rn) x (Rm) + MAC - 0100nnnnnmmmi111 — —
MAC
Rn+2 - Rn,Rm+2 - Rm
16 x 16 + 64 — 64 bits
MUL.L Rm,Rn Rn xRm - MACL 0000nnnnmMmMO0111 — —
32 x 32 - 32 bits
MULS.W Rm,Rn Signed, Rn x Rm - MACL 0010nnnnmmmi1ll — —
16 x 16 — 32 bits
MULU.W Rm,Rn Unsigned, Rn x Rm - MACL 0010nnnnmmm1110 — —
16 x 16 — 32 bits
NEG Rm,Rn 0-Rm - Rn 0110nnnnmmm1011 — —
NEGC Rm,Rn 0-RmM-T - Rn, borrow -~ T 0110nnnnnmmml010 — Borrow
SUB Rm,Rn Rn—-Rm - Rn 0011nnnnmmm1000 — —
SUBC Rm,Rn Rn—-Rm-T - Rn, borrow - T 0011nnnnnmmi1010 — Borrow
SUBV Rm,Rn Rn—Rm - Rn,underflow - T 001lnnnnnmmml0l1l — Underflow
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Table4.5 Logic Operation Instructions

Instruction Operation Instruction Code Privileged T Bit
AND Rm,Rn Rn & Rm - Rn 0010nnnnmmm1001 — —
AND #imm,R0O RO & imm - RO 1100100%iiiiiiii — —
AND.B #mm,@(R0,GBR) (RO + GBR) & imm — (RO + 1100110%iiiiiiii — —
GBR)
NOT Rm,Rn ~Rm - Rn 0110nnnnmmO111 — —
OR Rm,Rn Rn|Rm - Rn 0010nnnnmMmMM1011 — —
OR #imm,RO RO | imm - RO 1100101%iiiiiiii — —
OR.B  #imm,@(RO,GBR) (RO + GBR) |imm - (RO +GBR)11001111iiiiiiii —
TAS.B @Rn When (Rn)=0,1 - T 0100nnnn00011011 — Test result

Otherwise, 0 - T
In both cases, 1 - MSB of (Rn)

TST Rm,Rn Rn & Rm; when result = 0, 0010nnnnmMmmm1000 — Test result
1-T
Otherwise, 0 - T

TST #imm,R0 RO & imm; when result = 0, 11001000iiiiiiii — Test result
1-T
Otherwise, 0 - T

TST.B #imm,@(R0O,GBR) (RO + GBR) & imm; when result 11001100iiiiiiii — Test result
= 0, 1-T
Otherwise, 0 - T

XOR  Rm,Rn RnORm - Rn 0010nnnnmMmM1010 — —

XOR #imm,R0O RO Oimm - RO 11001010iiiiiiii — —

XOR.B #imm,@(RO,GBR) (RO +GBR)Oimm - (RO+  11001110iiiiiiii — —
GBR)
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Table 4.6

Shift Instructions

Instruction Operation Instruction Code Privileged T Bit
ROTL Rn T « Rn -« MSB 0100nnnn00000100 — MSB
ROTR Rn LSB - Rn - T 0100nnnn00000101 — LSB
ROTCL Rn T-Rn T 0100nnnn00100100 — MSB
ROTCR Rn T-Rn-T 0100nnnn00100101 — LSB
SHAD Rm,Rn When Rm =0, Rn << Rm - Rn 0100nnnnmmmmi1100 — —

When Rm <0, Rn >>Rm -

[MSB - Rn]
SHAL Rn T~Rn~0 0100nnnn00100000 — MSB
SHAR Rn MSB - Rn - T 0100nnnn00100001 — LSB
SHLD RmM,Rn When Rm =0, Rn << Rm - Rn 0100nnnnmmmi101 — —

When Rm <0, Rn>>Rm -

[0 - Rn]
SHLL RN T<Rn-0 0100nnnn00000000 — MSB
SHLR Rn 0-Rn-T 0100nnnn00000001 — LSB
SHLL2 Rn Rn<<2 - Rn 0100nnnn00001000 — —
SHLR2 Rn Rn>>2 5 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 — —
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Table4.7 Branch Instructions

Instruction Operation Instruction Code Privileged T Bit
BF label When T =0, dispx2+PC + 10001011dddddddd — —

4 - PC

When T =1, nop
BF/S label Delayed branch; when T =0, 10001111dddddddd — —

dispx2+PC+4 - PC
When T =1, nop

BT label When T =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, 10l1ldddddddddddd — —
dispx2+PC+4 - PC

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

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

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

RTS Delayed branch, PR - PC 0000000000001011 — —
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Table 4.8

System Control Instructions

Instruction Operation Instruction Code Privileged T Bit
CLRMAC 0 -~ MACH, MACL 0000000000101000 — —
CLRS 0-S 0000000001001000 — —
CLRT 0T 0000000000001000 — 0
LDC Rm,SR Rm - SR 0100mmMmMD0001110 Privileged LSB
LDC Rm,GBR Rm - GBR 0100mMmmMm00011110 — —
LDC Rm,VBR Rm - VBR 0100mmMmD0101110 Privileged —
LDC Rm,SSR Rm - SSR 0100mmm00111110 Privileged —
LDC Rm,SPC Rm - SPC 0100mmMmD1001110 Privileged —
LDC Rm,DBR Rm - DBR 0100mMmmL1111010 Privileged —
LDC Rm,Rn_BANK Rm - Rn_BANK (n=0to 7) 0100mmmminnn1110 Privileged —
LDC.L @Rm+,SR (Rm) - SR,Rm+4 - Rm 0100mMmmmD0000111 Privileged LSB
LDC.L @Rm+,GBR (Rm) - GBR,Rm +4 - Rm 0100mmm00010111 — —_
LDC.L @Rm+,VBR (Rm) - VBR,Rm+4 -, Rm 0100mmm©00100111 Privileged —
LDC.L @Rm+,SSR (Rm) - SSR,Rm+4 - Rm 0100mmm00110111 Privileged —
LDC.L @Rm+,SPC (Rm) - SPC,Rm+4 - Rm 0100mmm01000111 Privileged —
LDC.L @Rm+,DBR (Rm) - DBR,Rm +4 - Rm 0100mMmmL1110110 Privileged —
LDC.L @Rm+,Rn_BANK (Rm) - Rn_BANK, 0100mmmminnn0111 Privileged —
Rm+4 - Rm
LDS Rm,MACH Rm - MACH 0100mMmmm00001010 — —
LDS Rm,MACL Rm - MACL 0100mMmmm00011010 — —
LDS Rm,PR Rm - PR 0100mmm00101010 — —
LDS.L @Rm+,MACH (Rm) -~ MACH,Rm+4 - Rm 0100mmm©00000110 — —
LDS.L @Rm+,MACL (Rm) -~ MACL,Rm+4 -~ Rm 0100nmm00010110 — —_
LDS.L @Rm+,PR (Rm) -~ PR,Rm+4 - Rm 0100mmm00100110 — —_
LDTLB PTEH/PTEL - TLB 0000000000111000 Privileged ——
MOVCA.L RO,@Rn RO - (Rn) (without fetching 0000nnnn11000011 — —
cache block)
NOP No operation 0000000000001001 — —
OcCBI @Rn Invalidates operand cache block 0000nnnn10010011 — —
OCBP @Rn Writes back and invalidates 0000nnnn10100011 — —
operand cache block
OCBWB @Rn Writes back operand cache block0O000nnnn10110011 — —
PREF @RnN (Rn) - operand cache 0000nnnn10000011 — —
RTE Delayed branch, SSR/SPC - 0000000000101011 Privileged —

SR/PC
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Instruction Operation Instruction Code Privileged T Bit

SETS 1-8S 0000000001011000 — —
SETT 1T 0000000000011000 — 1

SLEEP Sleep or standby 0000000000011011 Privileged —
STC SR,Rn SR - Rn 0000nnnn00000010 Privileged —
STC GBR,Rn GBR - Rn 0000nnnNn00010010 — —
STC VBR,Rn VBR - Rn 0000nnnn00100010 Privileged —
STC SSR,Rn SSR - Rn 0000nnnn00110010 Privileged —
STC SPC,Rn SPC - Rn 0000nnnn01000010 Privileged —
STC SGR,Rn SGR - Rn 0000nnnn00111010 Privileged —
STC DBR,Rn DBR - Rn 0000nnnn11111010 Privileged —
STC Rm_BANK,Rn Rm_BANK -~ Rn(m=0to7) 0000nnnnlmm0010 Privileged —
STC.L SR,@-Rn Rn-4 - Rn, SR - (Rn) 0100nnnn00000011 Privileged —
STC.L GBR,@-Rn Rn-4 - Rn, GBR - (Rn) 0100nnnn00010011 — —
STC.L VBR,@-Rn Rn -4 - Rn, VBR - (Rn) 0100nnnn00100011 Privileged —
STC.L SSR,@-Rn Rn -4 - Rn, SSR - (Rn) 0100nnnn00110011 Privileged —
STC.L SPC,@-Rn Rn-4 - Rn, SPC - (Rn) 0100nnnn01000011 Privileged —
STC.L SGR,@-Rn Rn -4 - Rn, SGR - (Rn) 0100nnnn00110010 Privileged —
STC.L DBR,@-Rn Rn-4 - Rn, DBR - (Rn) 0100nnnn11110010 Privileged —
STC.L Rm_BANK,@-Rn Rn—-4 - Rn, 0100nnnn1lnmm®D011 Privileged —

Rm_BANK - (Rn) (m=0to7)

STS MACH,Rn MACH - Rn 0000nnnn00001010 — —
STS MACL,Rn MACL - Rn 0000nnnn00011010 — —
STS PR,Rn PR - Rn 0000nnnn00101010 — —
STS.L MACH,@-Rn Rn -4 - Rn, MACH - (Rn) 0100nnnn00000010 — —
STS.L MACL,@-Rn Rn -4 - Rn, MACL - (Rn) 0100nnnn00010010 — —
STS.L PR,@-Rn Rn-4 - Rn, PR - (Rn) 0100nnnn00100010 — —
TRAPA  #imm PC+2 - SPC, SR - SSR, 1100001%iiiiiiii — —_

#imm << 2 - TRA,
H'160 — EXPEVT,
VBR + H'0100 - PC
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Table 4.9

Floating-Point Single-Precision Instructions

Instruction Operation Instruction Code Privileged T Bit
FLDIO FRn H'0000 0000 - FRn 1111nnnn10001101 — —
FLDI1 FRn H'3F80 0000 - FRn 1111nnnn10011101 — —
FMOV FRm,FRn FRm - FRn 111InnnnmMmm1100 — —
FMOV.S @Rm,FRn (Rm) - FRn 1111nnnnmmmil000 — —
FMOV.S  @(RO,Rm),FRn (RO +Rm) - FRn 1111nnnnmMmm®0110 — —
FMOV.S @Rm+,FRn (Rm) - FRn,Rm+4 - Rm 111lnnnnnmmmil001 — —
FMOV.S  FRm,@Rn FRm - (Rn) 1111nnnnnmmm1010 — —
FMOV.S FRmM,@-Rn Rn-4 - Rn, FRm - (Rn) 1111nnnnmmmil0ll — —
FMOV.S FRm,@(RO,Rn) FRm - (RO + Rn) 1111nnnnnmmmo111 — —
FMOV DRm,DRn DRm - DRn 1111nnnOnMMmM®D1100 — —
FMOV @Rm,DRn (Rm) - DRn 1111nnnOmmmi1l000 — —
FMOV @(RO,Rm),DRn (RO + Rm) - DRn 1111nnnOmMmm®D110 — —
FMOV @Rm+,DRn (Rm) - DRn,Rm+8 - Rm 1111nnnOnmmmi1001 — —
FMOV DRm,@Rn DRm - (Rn) 1111nnnnnmm®01010 — —
FMOV DRm,@-Rn Rn-8 - Rn, DRm - (Rn) 1111nnnnnmm®01011 — —
FMOV DRm,@(RO,RN) DRm - (RO + Rn) 1111nnnnnMmo0111 — —
FLDS FRm,FPUL FRm - FPUL 111200011101 — —
FSTS FPUL,FRn FPUL - FRn 1111nnnn00001101 — —
FABS FRn FRn & H'7FFF FFFF - FRn 1111nnnn01011101 — —
FADD FRmM,FRn FRn + FRm - FRn 1111nnnnmmm0000 — —
FCMP/EQ FRm,FRn When FRn=FRm, 1 - T 1111nnnnmmm0100 — Comparison
Otherwise, 0 — T result
FCMP/GT FRm,FRn When FRn >FRm, 1 - T 1111nnnnmMmm0101 — Comparison
Otherwise, 0 — T result
FDIV FRm,FRn FRN/FRmM - FRn 1111nnnnmMmm©O0011 — —
FLOAT FPUL,FRn (float) FPUL - FRn 1111nnnn00101101 — —
FMAC FRO,FRm,FRn  FRO*FRm + FRn - FRn 1111nnnnmmm1110 — —
FMUL FRm,FRn FRn*FRm - FRn 1111nnnnmMmm©»0010 — —
FNEG FRn FRn OH'8000 0000 -~ FRn 1111nnnn01001101 — —
FSQRT FRn VFRn - FRn 1111nnnn01101101 — —
FSUB FRm,FRn FRn — FRmM - FRn 1111nnnnmmm0001 — —
FTRC FRm,FPUL (long) FRm - FPUL 111200111101 — —
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Table4.10 Floating-Point Double-Precision Instructions

Instruction Operation Instruction Code Privileged T Bit
FABS DRn DRn & H'7FFF FFFF FFFF FFFF1111nnn001011101 — —

- DRn
FADD DRm,DRn DRn + DRm - DRn 1111nnnOmMmmD0000 — —
FCMP/EQ DRm,DRn When DRn=DRm, 1 - T 1111nnnOnMMD0100 — Comparison

Otherwise, 0 — T result
FCMP/GT DRm,DRn When DRn>DRm, 1 -~ T 1111nnnOnmD0101 — Comparison

Otherwise, 0 - T result
FDIV DRm,DRn DRn /DRm - DRn 1111nnnOnMM®D0011 — —
FCNVDS DRm,FPUL double_to_ floatiDRm] - FPUL 1111mm®010111101 — —
FCNVSD FPUL,DRn float_to_ double [FPUL] - DRn 1111nnn010101101 — —
FLOAT FPUL,DRn (float)FPUL - DRn 1111nnn000101101 — —
FMUL DRm,DRn DRn *DRm - DRn 1112nnnOmMmO0010 — —
FNEG DRn DRn ~ H'8000 0000 0000 0000 1111nnn001001101 — —

- DRn
FSQRT DRn vDRn - DRn 1111nnn001101101 — —
FSUB DRm,DRn DRn —DRm - DRn 1111nnnOmMmMO0001 — —
FTRC DRm,FPUL (long) DRm - FPUL 1112mm®©000111101 — —
Table4.11 Floating-Point Control Instructions
Instruction Operation Instruction Code Privileged T Bit
LDS Rm,FPSCR Rm - FPSCR 0100mMmmMmM01101010 — —
LDS Rm,FPUL Rm - FPUL 0100mMmmMm01011010 — —
LDS.L @Rm+,FPSCR (Rm) -» FPSCR, Rm+4 -~ Rm 0100mmm01100110 — —
LDS.L @Rm+,FPUL (Rm) - FPUL, Rm+4 - Rm 0100mMmmMm©01010110 — —
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 — —
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Table4.12 Floating-Point Graphics Acceleration Instructions

Instruction Operation Instruction Code Privileged T Bit
FMOV DRm,XDn DRm - XDn 1111nnn1nmm01100 — —
FMOV XDm,DRn XDm - DRn 1112nnnOmm11100 — —
FMOV  XDm,XDn XDm - XDn 1112nnn1mmmi11100 — —
FMOV @Rm,XDn (Rm) - XDn 1111nnnlmmmmil000 — —
FMOV ~ @Rm+,XDn (Rm) -~ XDn, Rm +8 - Rm 1111nnnlnmmm1001 — —
FMOV  @(RO,Rm),XDn (RO + Rm) — XDn 1111nnnlnmmo0110 — —
FMOV XDm,@Rn XDm - (Rn) 1111nnnnnmm11010 — —
FMOV XDm,@-Rn Rn -8 - Rn, XDm - (Rn) 1111nnnnmm1011 — —
FMOV  XDm,@(RO,Rn) XDm - (RO + Rn) 1111nnnnnmml0111 — —
FIPR FVm,FVn inner_product [FVm, FVn] - 1111nnm11101101 — —
FR[n+3]
FTRV  XMTRX,FVn transform_vector [XMTRX, Fvn] 1111nn0111111101 — —
- FVn
FRCHG ~FPSCR.FR - FPSCR.FR 1111101111111101 — —
FSCHG ~FPSCR.SZ - FPSCR.SZ 1111001111111101 — —
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Section 5 Pipelining

ThisLSl isa2-ILP (instruction-level-parallelism) superscalar pipelining microprocessor.
Instruction execution is pipelined, and two instructions can be executed in parallel. The execution
cycles depend on the implementation of aprocessor. The definitions in this section may not be
applied to the SH-4 Series other than thisLSI.

51 Pipelines

Figure 5.1 shows the basic pipelines. Normally, a pipeline consists of five or six stages: instruction
fetch (1), decode and register read (D), execution (EX/SX/FO/FL/F2/F3), data access (NA/MA),
and write-back (S/FS). Aninstruction is executed as a combination of basic pipelines. Figure 5.2
shows the instruction execution patterns.
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1. General Pipeline

| | D EX NA s
« Instruction fetch < Instruction * Operation « Non-memory  Write-back
decode data access
*Issue
« Register read
« Destination address calculation
for PC-relative branch
2. General Load/Store Pipeline
| | D | EX MA s
« Instruction fetch < Instruction * Address * Memory * Write-back
decode calculation data access
* Issue
« Register read
3. Special Pipeline
| | | D sx NA s
« Instruction fetch < Instruction « Operation * Non-memory » Write-back
decode data access
* Issue
* Register read
4. Special Load/Store Pipeline
| | | D | sX MA s
« Instruction fetch  Instruction * Address * Memory « Write-back
decode calculation data access
* Issue
* Register read
5. Floating-Point Pipeline
| | | D F1 F2 Fs
« Instruction fetch e« Instruction * Computation 1 » Computation 2« Computation 3
decode « Write-back
* Issue
* Register read
6. Floating-Point Extended Pipeline
| | | D | FO F1 F2 FS
« Instruction fetch e Instruction e Computation 0 « Computation1  « Computation 2 « Computation 3
decode « Write-back
* Issue

* Register read

7. FDIVIFSQRT Pipeline

Computation: Takes several cycles

Figure5.1 Basic Pipelines

Rev. 1.0, 02/03, page 74 of 1294
RENESAS




. 1-step operation: 1 issue cycle

EXT[SU].[BW], MOV, MOV#, MOVA, MOVT, SWAP.[BW], XTRCT, ADD*, CMP*,
DIV*, DT, NEG*, SUB*, AND, AND#, NOT, OR, OR#, TST, TST#, XOR, XOR#,
ROT*, SHA*, SHL*, BF*, BT*, BRA, NOP, CLRS, CLRT, SETS, SETT,

LDS to FPUL, STS from FPUL/FPSCR, FLDIO, FLDI1, FMOV, FLDS, FSTS,
single-/double-precision FABS/FNEG

[ 1 | o [ ex | na | s ]

. Load/store: 1 issue cycle
MOV.[BWL]. FMOV*@, LDS.L to FPUL, LDTLB, PREF, STS.L from FPUL/FPSCR

[ 1 | o [ ex | wma | s |

. GBR-based load/store: 1 issue cycle
MOV.[BWL]@(d,GBR)
L+ [ o [ sx [ ma [ s |

. JMP, RTS, BRAF: 2 issue cycles

[ v T o EX NA s
D EX NA s |

. TST.B: 3 issue cycles

[ 1+ ] o SX MA S
D SX NA s
D SX NA s |

. AND.B, OR.B, XOR.B: 4 issue cycles

[+ [ b SX MA s
D SX NA s
D SX NA S
D || sx MA s |

. TAS.B: 5 issue cycles

[ 7 T o EX MA S
D EX MA s
D EX NA S
D EX NA S
D || Ex MA s ]
. RTE: 5 issue cycles
[ 7 T o EX NA s
D EX NA S
D EX NA S
D EX NA S
D | EX NA s |
. SLEEP: 4 issue cycles
[+ [ b EX NA s
D EX NA S
D EX NA S
D || EX NA s |

Figure5.2 Instruction Execution Patterns
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10. OCBI: 1 issue cycle

[ T b [ Ex | maA s ]
[ mA
11. OCBP, OCBWSB: 1 issue cycle
[ T o [ Ex | ™A s ]
L_mA
MA
MA
MA
12. MOVCA.L: 1 issue cycle
[ T o [ Ex | mA s ]
MA
MA
MA
MA
MA
MA
13. TRAPA: 7 issue cycles
) EX NA S
D EX NA S
D EX NA S
D EX NA S
D EX NA S
D EX NA S
D EX NA

14. LDC to DBR/Rp_BANK/SSR/SPC/VBR, BSR: 1 issue cycle

T T o [ ex Na [ s ]
SX
|| SX
15. LDC to GBR: 3 issue cycles
[T T o EX NA [ s ]
D SX
D || SX
16. LDC to SR: 4 issue cycles
[ T b EX NA | s ]
D SX
D SX
LD | sx
17. LDC.L to DBR/Rp_BANK/SSR/SPC/VBR: 1 issue cycle
L v [ b | Ex MA | s |
SX

18. LDC.L to GBR: 3 issue cycles

[ 1 T o EX MA [ s ]
D SX
[0 | SX

Figure5.2 Instruction Execution Patter ns (cont)
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19

. LDC.L to SR: 4 issue cycles

[T T b EX MA | s |
D SX
D SX
D | sx
20. STC from DBR/GBR/Rp_BANK/SR/SSR/SPC/VBR: 2 issue cycles
[ 1 ] o SX NA s
D SX NA s |
21. STC. from SGR: 3 issue cycles
[ 1 ] o SX NA S
D SX NA S
D SX NA s |
22. STC.L from DBR/GBR/Rp_BANK/SR/SSR/SPC/VBR: 2 issue cycles
[ 1+ [ D SX NA s
D SX MA s |
23. STC.L from SGR: 3 issue cycles
[ 7 ] b SX NA s
D SX NA S
D SX MA s |
24. LDS to PR, JSR, BSRF: 2 issue cycles
[ T o EX NA [ s ]
Lo SX
| sx
25. LDS.L to PR: 2 issue cycles
[ [ o EX va [ s |
o SX
[ sX
26. STS from PR: 2 issue cycles
[ 7 ] o SX NA S
D SX NA s |
27. STS.L from PR: 2 issue cycles
[+ [ b SX NA s
D SX MA s |
28. CLRMAC, LDS to MACHI/L: 1 issue cycle
[ 1T | b | ex NA [ s ]
F1
[ Frr [ F2 [ Fs ]
29. LDS.L to MACHI/L: 1 issue cycle
[+ [ o [ Ex MAa [ s |
[ F1
[FL [ F2 [ Fs |
30. STS from MACHI/L: 1 issue cycle
[ T o [ex [ na [ s ]

Figure5.2 Instruction Execution Patter ns (cont)
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31. STS.L from MACHY/L: 1 issue cycle
[T T o T ex | wma ] s ]

32. LDS to FPSCR: 1 issue cycle

[T T o [T ex | na | s ]
F1
F1
F1
33. LDS.L to FPSCR: 1 issue cycle
[+ [ o [ Ex MA | s |
|L_F1
F1
F1

34. Fixed-point multiplication: 2 issue cycles
DMULS.L, DMULU.L, MUL.L, MULS.W, MULU.W

| EX NA S (CPU)
I [ o ] [ [ |
Co T ex [ na [ s 1]
(FPU)
f1
[ 1 [ F2 [ Fs ]

35. MAC.W, MAC.L: 2 issue cycles

[0 T o Tex I wma | s | (cPu)
Co 1 ex [ wa [ s 1]
(FPU)
f1

-
my
n
N
m
%]

36. Single-precision floating-point computation: 1 issue cycle
FCMP/EQ, FCMP/GT, FADD, FLOAT, FMAC, FMUL, FSUB, FTRC, FRCHG, FSCHG

[ T o T Fm T 2 | Fs |

37. Single-precision FDIV/SQRT: 1 issue cycle
7 T o T Ff | 2 | Fs |

[ T F T Fs |

38. Double-precision floating-point computation 1: 1 issue cycle
FCNVDS, FCNVSD, FLOAT, FTRC

7 T o T Fm [ F T ]

L d T rm [ 2 |

Fs |

39. Double-precision floating-point computation 2: 1 issue cycle
FADD, FMUL, FSUB

[ 7 T o T rm F2 FS
d F1 F2 FS
d F1 F2 FS
d F1 F2 FS
d F1 F2 Fs |
F1 F2 | Fs

Figure5.2 Instruction Execution Patter ns (cont)
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40. Double-precision FCMP: 2 issue cycles
FCMP/EQ, FCMP/GT

[ 1+ ] o F1 F2 FS
D F1 F2 Fs |

41. Double-precision FDIV/FSQRT: 1 issue cycle

FDIV, FSQRT
[+ T b F1 F2 FS
d F1 F2 |
F3
[ F1 F2 FS
F1 F2 FS
) F1 F2 Fs |
42. FIPR: 1 issue cycle
L+ I o [ o I i [ F2 | Fs |
43. FTRV: 1 issue cycle
(I FO F1 F2 Fs
d FO F1 F2 FS
d FO F1 F2 FS
d FO F1 F2 Fs |
Notes: : Cannot overlap a stage of the same kind, except when two instructions are
executed in parallel.
. Locks D-stage.
[ d__|: Register read only
|| ?? . Locks, but no operation is executed.
. Can overlap another f1, but not another F1.

Figure5.2 Instruction Execution Patter ns (cont)
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52 Par allel-Executability

Instructions are categorized into six groups according to the internal function blocks used, as
shown intable 5.1. Table 5.2 shows the parallel-executability of pairs of instructionsin terms of
groups. For example, ADD in the EX group and BRA in the BR group can be executed in parallel.

Table5.1 Instruction Groups

1. MT Group

CLRT CMP/HI Rm,Rn MOV Rm,Rn
CMP/EQ #imm,R0O CMP/HS Rm,Rn NOP

CMP/EQ Rm,Rn CMP/PL Rn SETT

CMP/GE Rm,Rn CMP/PZ Rn TST #imm,RO
CMP/GT Rm,Rn CMP/STR Rm,Rn TST Rm,Rn
2. EX Group

ADD #imm,Rn MOVT Rn SHLL2 Rn
ADD Rm,Rn NEG Rm,Rn SHLLS8 Rn
ADDC Rm,Rn NEGC Rm,Rn SHLR Rn
ADDV Rm,Rn NOT Rm,Rn SHLR16 Rn
AND #imm,RO OR #imm,RO SHLR2 Rn
AND Rm,Rn OR Rm,Rn SHLRS8 Rn
DIVOS Rm,Rn ROTCL Rn SUB Rm,Rn
DIvVOoU ROTCR Rn SUBC Rm,Rn
DIVl Rm,Rn ROTL Rn SUBV Rm,Rn
DT Rn ROTR Rn SWAP.B Rm,Rn
EXTS.B Rm,Rn SHAD Rm,Rn SWAP.W Rm,Rn
EXTS.W Rm,Rn SHAL Rn XOR #imm,RO
EXTU.B Rm,Rn SHAR Rn XOR Rm,Rn
EXTU.W Rm,Rn SHLD Rm,Rn XTRCT Rm,Rn
MOV #imm,Rn SHLL Rn

MOVA @(disp,PC),R0 [SHLL16 Rn

3. BR Group

BF disp BRA disp BT disp
BF/S disp BSR disp BT/S disp
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4. LS Group

FABS DRn FMOV.S @Rm+,FRn MOV.L RO,@(disp,GBR)
FABS FRN FMOV.S FRm,@(RO,Rn) |[MOV.L Rm,@(disp,Rn)
FLDIO FRn FMOV.S FRm,@-Rn MOV.L Rm,@(RO,Rn)
FLDI1 FRn FMOV.S FRmM,@Rn MOV.L Rm,@-Rn
FLDS FRm,FPUL FNEG DRn MOV.L Rm,@Rn
FMOV @(RO,Rm),DRn |FNEG FRN MOV.W @(disp,GBR),R0O
FMOV @(RO,Rm),XDn |FSTS FPUL,FRn MOV.W @(disp,PC),Rn
FMOV @Rm,DRn LDS Rm,FPUL MOV.W @(disp,Rm),R0
FMOV @Rm,XDn MOV.B @(disp,GBR),R0 |[MOV.W @(RO,Rm),Rn
FMOV @Rm+,DRn MOV.B @(disp,Rm),R0  [MOV.W @Rm,Rn
FMOV @Rm+,XDn MOV.B @(RO,Rm),Rn MOV.W @Rm+,Rn
FMOV DRm,@(RO,Rn) |MOV.B @Rm,Rn MOV.W RO,@(disp,GBR)
FMOV DRm,@-Rn MOV.B @Rm+,Rn MOV.W RO,@(disp,Rn)
FMOV DRmM,@Rn MOV.B RO,@(disp,GBR) |MOV.W Rm,@(RO,Rn)
FMOV DRm,DRn MOV.B RO,@(disp,Rn) MOV.W Rm,@-Rn
FMOV DRm,XDn MOV.B Rm,@(RO,Rn) MOV.W Rm,@Rn
FMOV FRm,FRn MOV.B Rm,@-Rn MOVCA.L RO,@Rn
FMOV XDm,@(RO,Rn) [(MOV.B Rm,@Rn OCBI @Rn

FMOV XDm,@-Rn MOV.L @(disp,GBR),R0 |OCBP @Rn

FMOV XDm,@Rn MOV.L @(disp,PC),Rn |OCBWB @Rn

FMOV XDm,DRn MOV.L @(disp,Rm),Rn  |PREF @Rn

FMOV XDm,XDn MOV.L @(RO,Rm),Rn STS FPUL,Rn
FMOV.S @(RO,Rm),FRn |MOV.L @Rm,Rn

FMOV.S @Rm,FRn MOV.L @Rm+,Rn

5. FE Group

FADD DRm,DRn FIPR FVm,FVn FSQRT DRn

FADD FRm,FRn FLOAT FPUL,DRn FSQRT FRn
FCMP/EQ FRm,FRn FLOAT FPUL,FRn FSUB DRm,DRn
FCMP/GT FRm,FRn FMAC FRO,FRm,FRn |FSUB FRm,FRn
FCNVDS DRm,FPUL FMUL DRm,DRn FTRC DRm,FPUL
FCNVSD FPUL,DRn FMUL FRm,FRn FTRC FRm,FPUL
FDIV DRm,DRn FRCHG FTRV XMTRX,FVn
FDIV FRm,FRn FSCHG
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6. CO Group

AND.B #imm,@(R0,GBR) |LDS Rm,FPSCR STC SR,Rn

BRAF Rm LDS Rm,MACH STC SSR,Rn

BSRF Rm LDS Rm,MACL STC VBR,Rn
CLRMAC LDS Rm,PR STC.L DBR,@-Rn
CLRS LDS.L @Rm+,FPSCR STC.L GBR,@-Rn
DMULS.L Rm,Rn LDS.L @Rm+,FPUL STC.L Rp_BANK,@-Rn
DMULU.L  Rm,Rn LDS.L @Rm+,MACH STC.L SGR,@-Rn
FCMP/EQ DRm,DRn LDS.L @Rm+,MACL STC.L SPC,@-Rn
FCMP/GT  DRm,DRn LDS.L @Rm+,PR STC.L SR,@-Rn

JMP @Rn LDTLB STC.L SSR,@-Rn
JSR @Rn MAC.L @Rm+,@Rn+ STC.L VBR,@-Rn
LDC Rm,DBR MAC.W @Rm+,@Rn+ STS FPSCR,Rn
LDC Rm,GBR MUL.L Rm,Rn STS MACH,Rn

LDC Rm,Rp_BANK MULS.W Rm,Rn STS MACL,Rn

LDC Rm,SPC MULU.W Rm,Rn STS PR,Rn

LDC Rm,SR OR.B #imm,@(RO,GBR) [STS.L FPSCR,@-Rn
LDC Rm,SSR RTE STS.L FPUL,@-Rn
LDC Rm,VBR RTS STS.L MACH,@-Rn
LDC.L @Rm+,DBR SETS STS.L MACL,@-Rn
LDC.L @Rm+,GBR SLEEP STS.L PR,@-Rn
LDC.L @Rm+,Rp_BANK [STC DBR,Rn TAS.B @Rn

LDC.L @Rm+,SPC STC GBR,Rn TRAPA #imm

LDC.L @Rm+,SR STC Rp_BANK,Rn TST.B #imm,@(RO,GBR)
LDC.L @Rm+,SSR STC SGR,Rn XOR.B #imm,@(RO,GBR)
LDC.L @Rm+,VBR STC SPC,Rn
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Table5.2 Parallel-Executability

2nd Instruction

MT EX BR LS FE CO

1st MT o) o) @) @) @) X
Instruction EX o) X o) o) o X
BR o 0 X 0 o) X

LS o) o) @) X o) X

FE o) o) O O X X

CcO X X X X X X

Legend:
O: Can be executed in parallel
X: Cannot be executed in parallel

53 Execution Cycles and Pipeline Stalling

This LSl has three basic clocks: CPU clock (Ick), bus clock (Bck), and peripheral clock (Pck).
Each hardware unit operates on one of these clocks, as follows:

* CPU clock: CPU, FPU, MMU, cache
* Busclock: External bus controller
* Peripheral clock: Peripheral units

The frequency ratios of the three clocks are determined with the frequency control register
(FRQCR). In this section, machine cycles are based on the CPU clock unless otherwise specified.
For details on FRQCR, see section 12, Clock Pulse Generator (CPG).

Instruction execution cycles are summarized in table 5.3. Penalty cycles dueto apipeline stall are
not considered in this table.

» Issuerate: Interval between the issue of an instruction and that of the next instruction

« Latency: Interval between the issue of an instruction and the generation of its result
(completion)

» Instruction execution pattern (see figure 5.2)

» Locked pipeline stage: Pipeline stage which has been locked

» Lock start: Interval between the issue of an instruction and the start of locking (see table 5.3)

» Lock cycle: Period of locking (seetable 5.3)
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The instruction execution sequence is expressed as a combination of the execution patterns shown
infigure 5.2. One instruction is separated from the next by the number of machine cyclesfor its
issue rate. Normally, execution, data access, and write-back stages cannot be overlapped onto the
same stages of another instruction; the only exception is when two instructions are executed in
parallel under parallel-executability conditions. See (a) to (d) in figure 5.3 for some simple
examples.

Latency istheinterval between issue and completion of an instruction, and is also the interval
between the execution of two instructions with an interdependent relationship. When thereis
interdependency between two instructions fetched simultaneously, the latter of the two is stalled
for the following humber of cycles:

» (Latency) cycleswhen thereisflow dependency (read-after-write)

» (Latency — 1) or (latency — 2) cycles when there is output dependency (write-after-write)
0 Single/double-precision FDIV or FSQRT isthe preceding instruction: (latency — 1) cycles
O Other instructions in the FE group is the preceding instruction: (latency — 2) cycles

» Fiveor two cycles when there is anti-flow dependency (write-after-read), asin the following
Cases:
O FTRV isthe preceding instruction: 5 cycles
0 Double-precision FADD, FSUB, or FMUL isthe preceding instruction: 2 cycles

In the case of flow dependency, the latency may be exceptionally increased or decreased,
depending on the combination of sequential instructions (figure 5.3 (€)).

» When afloating-point computation is followed by a floating-point register store, latency of the
floating-point computation may be decreased by one cycle.

» If thereisaload of the shift amount immediately before an SHAD or SHLD instruction,
latency of the load isincreased by one cycle.

« If aninstruction with latency of less than two cycles, including write-back to afloating-point
register, isfollowed by a double-precision floating-point instruction, FIPR, or FTRV, latency
of thefirst instruction isincreased to two cycles.

The number of cyclesin apipeline stall due to flow dependency will vary depending on the
combination of interdependent instructions or the fetch timing (see figure 5.3 (g)).

Output dependency occurs when the destination operands are the same in a preceding FE group
instruction and afollowing LS group instruction.

For the stall cycles of an instruction with output dependency, the longest latency to the last write-
back among all the destination operands must be applied instead of "latency"” (see figure 5.3 (f)). A
stall due to output dependency with respect to FPSCR, which reflects the result of afloating-point
operation, never occurs. For example, when FADD follows FDIV with no dependency between
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floating-point registers, FADD is not stalled even if both instructions update the cause field of
FPSCR.

Anti-flow dependency can occur only between a preceding double-precision FADD, FMUL,
FSUB, or FTRV and afollowing FMOV, FLDIO, FLDI1, FABS, FNEG, or FSTS (see figure 5.3

(9)).

If an executing instruction locks any resource—i.e. afunction block that performs a basic
operation—a following instruction that happens to attempt to use the locked resource must be
stalled (figure 5.3 (h)). Thiskind of stall can be compensated by inserting one or more instructions
independent of the locked resource to separate the interfering instructions. For example, when a
load instruction and an ADD instruction that references the loaded value are consecutive, the 2-
cycle stall of the ADD is eliminated by inserting three instructions without dependency. Software
performance can be improved by such instruction scheduling.

Other penalties arise in the event of exceptions or external data accesses, as follows.

» Instruction TLB miss

» Instruction access to external memory (instruction cache miss, etc.)
» Dataaccessto external memory (operand cache miss, etc.)

» Data access to amemory-mapped control register

During the penalty cycles of an instruction TLB miss or external instruction access, no instruction
isissued, but execution of instructions that have already been issued continues. The penalty for a
data accessis a pipeline freeze: that is, the execution of uncompleted instructionsisinterrupted
until the arrival of the requested data. The number of penalty cycles for instruction and data
accessesis largely dependent on the user's memory subsystems.
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(a) Serial execution: Non-parallel-executable instructions

SHAD RO,R1
ADD R2,R3
next

(b

~

ADD R2R1
MOV.L @R4,R5

<—> lissue cycle

D EX

NA

D

EX

NA

s |

<+—> 1stall cycle

<+—> 1lissue cycle

(c) Issue rate: Multi-step instruction

AND.B#1,@(RO,GBR) [ |

MOV  R1,R2
next

(d) Branch

BT/S L_far
ADD RO,R1
SUB R2,R3

BT/S L_far
ADD RO,R1

L_far

BT L_skip
ADD #1,R0
L_skip:

Parallel execution: Parallel-executable and no dependency

EX-group SHAD and EX-group ADD
cannot be executed in parallel. Therefore,
the preceding SHAD is issued, and the
following ADD is recombined with the next
instruction.

EX-group ADD and LS-group MOV.L can
be executed in parallel. Overlapping of
stages in the two instructions is possible.

AND.B and MOV are fetched
simultaneously, but MOV is stalled due to
resource locking. After the lock is released,
MOV is refetched together with the next
instruction.

No stall occurs if the branch is not taken.

| D EX NA S
| D EX MA S
< » 4 issue cycles
[ D[ sx] ma[ s
D SX NA S
D SX NA S
D SX MA
L] i | o | E s ]
< |
> | .
4 stall cycles E—
| D EX NA S
| D EX NA S
I D | EX| NaA| s |

<+ 2-cycl

D EX

NA

S

EX

O

NA

S

<«—» lstallcycle

D
D —

| D

No stall

EX [ Na s ]

e latency for |-stage of branch destination

If the branch is taken, the I-stage of the
branch destination is stalled for the period
of latency. This stall can be covered with a
delay slot instruction which is not parallel-
executable with the branch instruction.

Even if the BT/BF branch is taken, the I-
stage of the branch destination is not
stalled if the displacement is zero.

Figure5.3 Examplesof Pipelined Execution
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(e) Flow dependency

Zero-cycle latency The following instruction, ADD, is not

MOV  RO,R1 [ I o ex[ nal s | stalled when executed after an instruction
ADD R2,R1 | | | D |\ EX | NA | S | with zero-cycle latency, even if there is
dependency.
<—> 1-cycle latency
ADD and MOV.L are not executed in
ADD R2.R1 | | D EX \I NA | S | K
i ; arallel, since MOV.L references the result
MOV.L @RLR1 ! i D Mex [ mal s | para’e, sin
next ” | of ADD as its load address.
1 stall cycle

<«—— - 2-cycle latency
MOV.L @R1,R1 [ D EX [ mal s | Because MOV.L and ADD are not fetched
ADD RO,R1 | |<—>\EX simultaneously in this example, ADD is
next | D | | NA | S | stalled for only 1 cycle even though the

. Llstallcycle latency of MOV.L is 2 cycles.
2-cycle latency
<— 1l-cycle increase
MOV.L @RLRL [ D | EX [ mal s | Due to the flow dependency between the
SHAD R@l R2 | D | Nd | Ex] NA | s | loadandthe SHAD/SHLD shift amount,
next ' | the latency of the load is increased to 3
2 stall cycles cycles.
4-cycle latency for FPSCR
FADD FR1L,FR2 | I | b [ FL [ F2 | Fs
STS  FPUL,R1L [ D EX [ NnaY s
STS  FPSCR,R2 | | >N D | ex| Na] s |
2 stall cycles

< » 7-cycle latency for lower FR

< » 8-cycle latency for upper FR
FADD DRODR2 | 1 | D [ F1 | F2 ] Fs

[ d FL [ F2 [ Fs

d F1 F2 FS
d F1 E2 ES. | FR3 write
F1 F2 N\ ES | FR2 write

FMOV FR3,FR5 D [ Ex}y Nna] s |
FMOV FR2,FR4 D NEx [ na| s ]

<+— 3-cycle latency for upper/lower FR

FLOAT FPULDRO [ I | D F1 | F2 | Es | FR1 write
FMOV.S FRO,@-R15 d | F1 | F2 [|Fs | FROwrite
| D YEX | ma] s

Zero-cycle latency
<«— > 3-cycle increase
FLDIL FR3 [T ol ex[ nal s |
FIPR  FVOFV4 | D [ d [rO]Fr [ r[Fs]
<«—— » 3stallcycles

<«——» 2-cycle latency
<— l-cycle increase
FMOV @R1,xD14 [ | | D | EX] MA] s
FTRV  XMTRX,FVO | D d FO | F1 | F2 | Fs
d Fo [ F1 | F2 [ Fs
d Fo [ F1 [ F2 [ Fs |
d Fo [ Fr | F2 [ Fs |

3 stall cycles

Figure5.3 Examplesof Pipelined Execution (cont)
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(e) Flow dependency (cont)

<—» Effectively 1-cycle latency for consecutive LDS/FLOAT instructions

ios moFpuL L1 | D JEXJ NAL s

FLOAT FPUL,FRO ' D [*F1 | F2 | FS

LDS  RLFPUL I D | EX\| NA| s
|

FLOAT FPUL,R1 D Fl F2 FS |

ETR FROEPUL |1 D F1 F2 FS |«— Effectively 1-cycle latency for consecutive
STSC FPB’L Rg | EX | NA [Ng | FTRC/STS instructions

D
FTRC FR1,FPUL | D | F1 | F2 | Fs
STS  FPULR1 | D | EX | Nna[N's |

(f) Output dependency

< » 11-cycle latency

FSQRT FR4 [ [ [ FRr] r]Fs]
F3

[ Fr] r2] Fs

10 stall cycles = latency (11) - 1 The registers are written-back
in program order.

» 7-cycle latency for lower FR
» 8-cycle latency for upper FR

A A

FADD DRO,DR2

d F1 F2 FS
d F1 F2 FS
d F1 E2 FS | FR3 write

F1 F2 Es | FR2 write

FMOV FROFR3 | 1 | D |« > EX | NA| s |

6 stall cycles = longest latency (8) - 2

(9) Anti-flow dependency

FTRV XMTRX,Fvo I | D [ FO[ F1 [ F2[ s
d FO F1 E2 FS

FMOV @R1xp0 | 1 | D |« > EX | MA | s |

5 stall cycles

FADD DRODR2 |1 | D [ FL[ F2] Fs
d F1 F2 FS

d F1 F2 FS
d F1 F2 ES

FL | F2 Fs |

FMOV FR4FR1 ! | D | EX] NA] s
2 stall cycles

Figure5.3 Examplesof Pipelined Execution (cont)
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(h) Resource conflict

# #2 H3 s #8 #9 w0 #11 #2
~—» 1cyclefissue Latency
FDIV  FR6,FR7 [T T o I F1L T Fr2 | Fs | —<— F1 stage locked for 1 cycle
F3
F1 F2 FS
FMAC FRO,FR8,FR9 [T ol mTrJEF]
FMAC FRO,FR10,FR11 [ I [ o [ AR [ 2] Fs]
FMAC FROFR12FR13 ' [T [ D ][] ]

1 stall cycle (F1 stage resource conflict)

FIPR FV8,FVO [ v olr[TFrR]Fr]EF]
FADD FR15FR4 [ D [« F1 [ F2 [ Fs |
1 stall cycle
LDS.L @R15+PR [V T o] ex] ma]Fs |
D [ sX
SX
STC  GBRR2 ] o] [ sx[ nal s ]
[ o [ sx[ Nna| s |
3 stall cycles
FADD DRO,DR2 [+ T olrm[Fr]eEs
[ d F1 [ F2 | Fs
d FL | F2 | Fs
d F1 | F2 | Fs
d F1 | F2 | Fs
F1 | F2 [ Fs |
MACW @R1+@R2+ [T o} > Ex [ wal| s |
5 stall cycles 1
D | EX| mA] s |
f1
f1 [ F2 [ Fs |
f1 F2 | Fs
MACW @R1+@R2+[ | | D EX MA| s | f1 stage can overlap preceding f1,
1 but F1 cannot overlap f1.
D | EX [ ma] s ]
1
f1 F2 | Fs
f1 F2 | Fs |
MACW @R1+@R2+ [ | |« D [ EX| MA[ s
1 stall 1
cycle D || EX|] MA[ s |
f1
f1 | F2 | Fs
[ 1 F2 | Fs
FADD DR4,DR6 | »[ D | F1 F2 | Fs
3 stall cycles 2 stall cycles d F1 F2 FS
d F1 | F2 | Fs

F1

Figure5.3 Examplesof Pipelined Execution (cont)
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Table5.3

Execution Cycles

Instruc- Lock
Functional tion Issue Execution
Category  No. Instruction Group Rate Latency Pattern  Stage Start Cycles
Data transfer 1 EXTS.B Rm,Rn EX 1 1 #1 — — —
instructions 5" ExTSW  Rm,Rn EX 1 1 #1 - - -
3 EXTU.B Rm,Rn EX 1 1 #1 — — —
4 EXTUW Rm,Rn EX 1 1 #1 — — —
5 MOV Rm,Rn MT 1 0 #1 — — —
6 MOV #imm,Rn EX 1 1 #1 — — —
7  MOVA @(disp,PC),R0  EX 1 1 #1 S —
8 MOVW  @(disp,PC),Rn LS 1 2 #2 S —
9  MOV.L @(disp,PC),Rn LS 1 2 #2 S —
10 MOV.B @RmM,Rn LS 1 2 #2 — — —
11 MOV.W @Rm,Rn LS 1 2 #2 — — —
12 MOV.L @RmM,Rn LS 1 2 #2 — — —
13 MOV.B @Rm+,Rn LS 1 1/2 #2 — — —
14  MOV.W @Rm+,Rn LS 1 1/2 #2 —_ —_ —
15 MOV.L @Rm+,Rn LS 1 1/2 #2 — — —
16 MOV.B  @(disp,Rm),RO0 LS 1 2 #2 S —
17 MOV.W  @(disp,Rm),R0 LS 1 2 #2 S —
18 MOV.L @(disp,Rm),Rn LS 1 2 #2 — — —
19 MOV.B  @(RO,Rm),Rn LS 1 2 #2 S —
20 MOV.W @(RO,Rm),Rn LS 1 2 #2 — — —
21 MOV.L @(RO,Rm),Rn LS 1 2 #2 S —
22 MOV.B  @(disp,GBR),R0O LS 1 2 #3 S —
23  MOV.W  @(disp,GBR),R0 LS 1 2 #3 S —
24 MOV.L @(disp,GBR),R0 LS 1 2 #3 S —
25 MOV.B Rm,@Rn LS 1 1 #2 — — —
26 MOV.W Rm,@Rn LS 1 1 #2 — — —
27 MOV.L Rm,@Rn LS 1 1 #2 — — —
28 MOV.B Rm,@-Rn LS 1 1/1 #2 — — —
29 MOV.W Rm,@-Rn LS 1 11 #2 — — —
30 MOV.L Rm,@-Rn LS 1 1/1 #2 — — —
31 MOV.B  RO,@(disp,Rn) LS 1 1 #2 S —
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Instruc- Lock

Functional tion Issue Execution
Category  No. Instruction Group Rate Latency Pattern Stage Start Cycles
Data transfer32 ~ MOV.W RO,@(disp,Rn) LS 1 1 #2 — — —
instructions 33"V Rm@(disp.Rn) LS 11 #2 — - =

34 MOV.B  Rm,@(RORn) LS 1 1 #2 - - =

35 MOV.W Rm,@(RO,Rn) LS 1 1 #2 — — —

3 MOV.L Rm,@(RO,Rn) LS 1 1 #2 - - =

37 MOV.B  RO,@(disp,GBR) LS 1 1 #3 S —

38 MOV.W RO,@(disp,GBR) LS 1 1 #3 S —

39  MOV.L RO,@(disp,GBR) LS 1 1 #3 - - =

40 MOVCA.L RO,@Rn LS 1 3to7 #12 MA 4 3to7

41 MOVT Rn EX 1 1 #1 — — —

42  OCBI @RnN LS 1 1to2 #10 MA 4 1to2

43  OCBP @Rn LS 1 1to5 #11 MA 4 1to5

44 OCBWB @Rn LS 1 1to5 #11 MA 4 1to5

45 PREF @RnN LS 1 1 #2 — — —

46 SWAP.B Rm,Rn EX 1 1 #1 — — —

47  SWAP.W Rm,Rn EX 1 1 #1 — — —

48  XTRCT Rm,Rn EX 1 1 #1 — — —
Fixed-point 49  ADD Rm,Rn EX 1 1 #1 — — —
arnthmetic 55 ™"App #imm,Rn EX 11 #1 - - —
instructions

51 ADDC Rm,Rn EX 1 1 #1 — — —

52 ADDV Rm,Rn EX 1 1 #1 — — —

53 CMP/EQ #imm,RO MT 1 1 #1 — — —

54 CMP/EQ Rm,Rn MT 1 1 #1 — — —

55 CMP/GE Rm,Rn MT 1 1 #1 — — —

56 CMP/GT Rm,Rn MT 1 1 #1 — — —

57 CMP/HI Rm,Rn MT 1 1 #1 — — —

58 CMP/HS Rm,Rn MT 1 1 #1 — — —

59 CMP/PL Rn MT 1 1 #1 — — —

60 CMP/PZ Rn MT 1 1 #1 — — —

61 CMP/STR Rm,Rn MT 1 1 #1 — — —

62 DIVOS Rm,Rn EX 1 1 #1 — — —
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Instruc- Lock
Functional tion Issue Execution
Category  No. Instruction Group Rate Latency Pattern Stage Start Cycles
Fixed-point 63  DIVOU EX 1 1 #1 — — —
arithmetic g™ 57 Rm,Rn EX 11 #1 - - —
instructions
65 DMULS.L Rm,Rn CcOo 2 4/4 #34 F1 2
66 DMULU.L Rm,Rn CcO 2 4/4 #34 F1 4 2
67 DT Rn EX 1 1 #1 — — —
68 MAC.L @Rm+,@Rn+ CcO 2 2/2/4/14  #35 F1 4 2
69 MAC.W @Rm+,@Rn+ CcO 2 2/2/4/14  #35 F1 4 2
70 MUL.L Rm,Rn CcoO 2 4/4 #34 F1 4 2
71 MULS.W Rm,Rn CcO 2 4/4 #34 F1 4 2
72  MULU.W Rm,Rn CcOo 2 4/4 #34 F1 4 2
73 NEG Rm,Rn EX 1 1 #1 — — —
74 NEGC Rm,Rn EX 1 1 #1 — — —
75 SUB Rm,Rn EX 1 1 #1 — — —
76  SUBC Rm,Rn EX 1 1 #1 — — —
77  SUBV Rm,Rn EX 1 1 #1 — — —
Logical 78 AND Rm,Rn EX 1 1 #1 — — —
instructions - 79™"AND #imm,RO EX 1 1 #1 - - -
80 AND.B #imm,@(R0,GBR) CO 4 4 #6 — — —
81 NOT Rm,Rn EX 1 1 #1 — — —
82 OR Rm,Rn EX 1 1 #1 — — —
83 OR #imm,RO EX 1 1 #1 — — —
84 OR.B #imm,@(R0,GBR) CO 4 4 #6 - - =
85 TAS.B @RnN Cco 5 5 #7 — — —
86 TST Rm,Rn MT 1 1 #1 — — —
87 TST #imm,R0 MT 1 1 #1 — — —
88 TST.B #imm,@(RO,GBR) CO 3 3 #5 - - =
89 XOR Rm,Rn EX 1 1 #1 — — —
90 XOR #imm,RO EX 1 1 #1 — — —
91 XOR.B  #mm,@(R0,GBR) CO 4 4 #6 - - =
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Instruc- Lock

Functional tion Issue Execution

Category  No. Instruction Group Rate Latency Pattern Stage Start Cycles

Shift 92 ROTL Rn EX 1 1 #1 — — —

instructions ‘93" "RoTR  Rn EX 1 1 #1 - - —
94 ROTCL Rn EX 1 1 #1 — — —
95 ROTCR Rn EX 1 1 #1 — — —
96 SHAD Rm,Rn EX 1 1 #1 — — —
97 SHAL Rn EX 1 1 #1 — — —
98 SHAR Rn EX 1 1 #1 — — —
99 SHLD Rm,Rn EX 1 1 #1 — — —
100 SHLL Rn EX 1 1 #1 — — —
101 SHLL2 Rn EX 1 1 #1 — — —
102 SHLLS8 RN EX 1 1 #1 — — —
103 SHLL16 Rn EX 1 1 #1 — — —
104 SHLR Rn EX 1 1 #1 — — —
105 SHLR2 RN EX 1 1 #1 — — —
106 SHLRS8 Rn EX 1 1 #1 — — —
107 SHLR16 Rn EX 1 1 #1 — — —

Branch 108 BF disp BR 1 2(rl) #1 — — —

instructions - 59 r)s disp BR 1 2(orl) #1 — -
110 BT disp BR 1 2(or1) #1 S —
111 BT/S disp BR 1 2(orl) #1 - - =
112 BRA disp BR 1 2 #1 — — —
113 BRAF Rm CcoO 2 3 #4 — — —
114 BSR disp BR 1 2 #14 SX 3 2
115 BSRF Rm CcOo 2 3 #24 SX 3 2
116 JMP @Rn CcO 2 3 #4 — — —
117 JSR @RnN CcO 2 3 #24 SX 3 2
118 RTS Cco 2 3 #4 — — —
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Instruc- Lock

Functional tion Issue Execution

Category  No. Instruction Group Rate Latency Pattern Stage Start Cycles

System 119 NOP MT 1 0 #1 — — —

control 120 CLRMAC co 1 3 #28 FI 3 2

instructions
121 CLRS CcoO 1 1 #1 — — —
122 CLRT MT 1 1 #1 — — —
123 SETS Cco 1 1 #1 — — —
124 SETT MT 1 1 #1 — — —
125 TRAPA #imm CcO 7 7 #13 — — —
126 RTE CcoO 5 5 #8 — — —
127 SLEEP CcO 4 4 #9 — — —
128 LDTLB CcO 1 1 #2 — — —
129 LDC Rm,DBR CcO 1 3 #14 SX 3 2
130 LDC Rm,GBR CcO 3 3 #15 SX 3 2
131 LDC Rm,Rp_BANK CcoO 1 3 #14 SX 3 2
132 LDC Rm,SR CcO 4 4 #16 SX 3 2
133 LDC Rm,SSR CcoO 1 3 #14 SX 3 2
134 LDC Rm,SPC CcO 1 3 #14 SX 3 2
135 LDC Rm,VBR CcOo 1 3 #14 SX 3 2
136 LDC.L @Rm+,DBR co 1 1/3 #17 SX 3 2
137 LDC.L @Rm+,GBR co 3 3/3 #18 SX 3 2
138 LDC.L @Rm+,Rp_BANK CO 1 1/3 #17 SX 3 2
139 LDC.L @RmM+,SR CcO 4 4/4 #19 SX 3 2
140 LDC.L @Rm+,SSR Cco 1 1/3 #17 SX 3 2
141 LDC.L @Rm+,SPC co 1 1/3 #17 SX 3 2
142 LDC.L @Rm+,VBR CcOo 1 1/3 #17 SX 3 2
143 LDS Rm,MACH CcoO 1 3 #28 F1 3 2
144 LDS Rm,MACL CcO 1 #28 F1 3 2
145 LDS Rm,PR CcoO 2 3 #24 SX 3 2
146 LDS.L @Rm+,MACH co 1 1/3 #29 F1 3 2
147 LDS.L @Rm+,MACL Cco 1 1/3 #29 F1 3 2
148 LDS.L @Rm+,PR co 2 2/3 #25 SX 3 2
149 STC DBR,Rn CcO 2 2 #20 — — —
150 STC SGR,Rn CO 3 3 #21 — — —
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Instruc- Lock

Functional tion Issue Execution
Category  No. Instruction Group Rate Latency Pattern Stage Start Cycles
System 151 STC GBR,Rn CcoO 2 2 #20 — — —
control 955 57¢ Rp.BANKRn CO 2 2 #20 - - —
instructions
153 STC SR,Rn CcoO 2 2 #20 — — —
154 STC SSR,Rn CcO 2 2 #20 — — —
155 STC SPC,Rn Cco 2 2 #20 — — —
156 STC VBR,Rn CcO 2 2 #20 — — —
157 STC.L DBR,@-Rn CcO 2 2/2 #22 — — —
158 STC.L SGR,@-Rn Cco 3 3/3 #23 — — —
159 STC.L GBR,@-Rn CcO 2 2/2 #22 — — —
160 STC.L Rp_BANK,@-Rn CO 2 2/2 #22 — — —
161 STC.L SR,@-Rn CcO 2 2/2 #22 — — —
162 STC.L SSR,@-Rn CcO 2 2/2 #22 — — —
163 STC.L SPC,@-Rn CcO 2 2/2 #22 — — —
164 STC.L VBR,@-Rn CcO 2 2/2 #22 — — —
165 STS MACH,Rn CcO 1 3 #30 — — —
166 STS MACL,Rn cOo 1 #30 — — —
167 STS PR,Rn CcoO 2 #26 — — —
168 STS.L MACH,@-Rn CcO 1 1/1 #31 — — —
169 STS.L MACL,@-Rn CcO 1 1/1 #31 — — —
170 STS.L PR,@-Rn CcoO 2 2/2 #27 — — —
Single- 171 FLDIO FRn LS 1 #1 — — —
fFI’(r)Z‘iiiig’_goim FLDI1 FRn LS 1 #1 - - —
instructions 173 FMOV FRm,FRn LS 1 #1 — — _
174 FMOV.S @Rm,FRn LS 1 #2 — — —
175 FMOV.S @Rm+,FRn LS 1 1/2 #2 —_ —_ —
176 FMOV.S @(RO,Rm),FRn LS 1 2 #2 — — —
177 FMOV.S FRm,@Rn LS 1 1 #2 — — —
178 FMOV.S FRm,@-Rn LS 1 1/1 #2 — — —
179 FMOV.S FRm,@(RO,Rn) LS 1 1 #2 — — —
180 FLDS FRm,FPUL LS 1 0 #1 — — —
181 FSTS FPUL,FRn LS 1 #1 — — —
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Instruc- Lock
Functional tion Issue Execution

Category  No. Instruction Group Rate Latency Pattern Stage Start Cycles

Single- 182 FABS FRn LS 1 0 #1 — — —

zg‘;cﬂii;’;oim FADD FRm,FRn FE 1 34 #36 - - =

instructions 184 FCMP/EQ FRm,FRn FE 1 2/4 #36 — — —

185 FCMP/GT FRm,FRn FE 1 2/4 #36 — — —

186 FDIV FRm,FRn FE 1 12/13 #37 F3 2 10

F1 11 1

187 FLOAT FPUL,FRNn FE 1 3/4 #36 — — —

188 FMAC FRO,FRm,FRn FE 1 3/4 #36 — — —

189 FMUL FRm,FRn FE 1 3/4 #36 — — —

190 FNEG FRn LS 1 0 #1 — — —

191 FSQRT FRn FE 1 11/12 #37 F3 2 9

F1 10 1

192 FSUB FRm,FRn FE 1 3/4 #36 — — —

193 FTRC FRm,FPUL FE 1 3/4 #36 — — —

194 FMOV DRm,DRn LS 1 0 #1 — — —

195 FMOV @Rm,DRn LS 1 2 #2 — — —

196 FMOV @Rm+,DRn LS 1 1/2 #2 —_ —_ —

197 FMOV @(RO,Rm),DRn LS 1 2 #2 — — —

198 FMOV DRm,@Rn LS 1 1 #2 — — —

199 FMOV DRm,@-Rn LS 1 1/1 #2 — — —

200 FMOV DRm,@(RO,Rn) LS 1 1 #2 — — —

Double- 201 FABS DRn LS 1 0 #1 — — —

zg‘;cﬂii;’;oim 02 FADD DRm,DRnN FE 1 (7,8)/9 #39 F1 2 6

instructions 203 FCMP/EQ DRm,DRn CcO 2 3/5 #40 F1 2 2

204 FCMP/GT DRm,DRn CcoO 2 3/5 #40 F1 2 2

205 FCNVDS DRm,FPUL FE 1 4/5 #38 F1 2 2

206 FCNVSD FPUL,DRn FE 1 (3,4)/5 #38 F1 2 2

207 FDIV DRm,DRn FE 1 (24, 25)/ #41 F3 2 23

26 FI 22 3

F1 2 2

208 FLOAT FPUL,DRn FE 1 (3,4)/5 #38 F1 2 2

209 FMUL DRm,DRn FE 1 (7,8)/9 #39 F1 2 6
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Instruc- Lock

Functional tion Issue Execution
Category  No. Instruction Group Rate Latency Pattern Stage Start Cycles
Double- 210 FNEG DRn LS 1 0 #1 — — —
zg‘;cﬂii;’;oim FSQRT  DRn FE 1 (2253 24)] #41 F3 2 22
instructions F1 21 3
F1 2 2
212 FSUB DRm,DRn FE 1 (7,8)/9 #39 F1 6
213 FTRC DRm,FPUL FE 1 4/5 #38 F1 2 2
FPU system 214 LDS Rm,FPUL LS 1 1 #1 — — —
contol 51571 ps Rm,FPSCR co 1 4 #32 FI 3 3
instructions
216 LDS.L @Rm+,FPUL cO 1 1/2 #2 — — —
217 LDS.L @Rm+,FPSCR CcO 1 1/4 #33 F1 3 3
218 STS FPUL,Rn LS 1 3 #1 — — —
219 STS FPSCR,Rn CcOo 1 3 #1 — — —
220 STS.L FPUL,@-Rn Cco 1 1/1 #2 — — —
221 STS.L FPSCR,@-Rn CcO 1 1/1 #2 — — —
Graphics 222 FMOV DRm,XDn LS 1 0 #1 — — —
acceleration %3\ 5y " Xbm,DRn LS 1 #1 - - —
instructions
224 FMOV XDm,XDn LS 1 #1 — — —
225 FMOV @Rm,XDn LS 1 2 #2 — — —
226 FMOV @Rm+,XDn LS 1 1/2 #2 — — —
227 FMOV @(RO,Rm),XDn LS 1 2 #2 S —
228 FMOV XDm,@Rn LS 1 1 #2 — — —
229 FMOV XDm,@-Rm LS 1 11 #2 — — —
230 FMOV XDm,@(RO,Rn) LS 1 1 #2 — — —
231 FIPR FVm,FVn FE 1 4/5 #42 F1 3 1
232 FRCHG FE 1 1/4 #36 — — —
233 FSCHG FE 1 1/4 #36 — — —
234 FTRV XMTRX,FVn FE 1 (5,5,6, #43 FO
7)I8 F1 3
Notes: 1. See table 5.1 for the instruction groups.
2. Latency "L1/L2...": Latency corresponding to a write to each register, including
MACH/MACL/FPSCR.
Example: MOV.B @Rm+, Rn "1/2": Latency for Rm is 1 cycle and latency for Rn is 2
cycles.

3. Branch latency: Interval until the branch destination instruction is fetched

4. Conditional branch latency "2 (or 1) ": Latency is 2 for a non-zero displacement, and 1
for a zero displacement.

5. Double-precision floating-point instruction latency " (L1, L2)/L3": L1 is the latency for FR
[n+1], L2 that for FR [n], and L3 that for FPSCR.
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9.

FTRV latency " (L1, L2, L3, L4)/L5": L1 is the latency for FR [n], L2 that for FR [n+1], L3
that for FR [n+2], L4 that for FR [n+3], and L5 that for FPSCR.

Latency "L1/L2/L3/L4" of MAC.L and MAC.W instructions: L1 is the latency for Rm, L2
that for Rn, L3 that for MACH, and L4 that for MACL.

Latency "L1/L2" of MUL.L, MULS.W, MULU.W, DMULS.L, and DMULU.L instructions:
L1 is the latency for MACH, and L2 that for MACL.

Execution pattern: Instruction execution pattern number (see figure 5.2)

10. Lock/stage: Stage locked by the instruction
11. Lock/start: Locking start cycle; 1 is the first D-stage of the instruction.
12. Lock/cycles: Number of cycles locked

Exceptions:

1.

When a floating-point computation instruction is followed by an FMOV store instruction,
an STS FPUL, Rn instruction, or an STS.L FPUL, @-Rn instruction, latency of the
floating-point computation is decreased by 1 cycle.

When the preceding instruction loads the shift amount of the following SHAD/SHLD,
latency of the load is increased by 1 cycle.

When an LS group instruction with latency of less than 3 cycles is followed by a double-

precision floating-point instruction, FIPR, or FTRV, latency of the first instruction is

increased to 3 cycles.

Example: In the case of FMOV FR4,FRO and FIPR FVO0,FV4, FIPR is stalled for 2
cycles.

When MAC.W/MAC.L/MUL.L/MULS.W/MULU.W/DMULS.L/DMULU.L is followed by an

STS.L MACH/MACL, @-Rn instruction, latency of MAC.W/MAC.L/MUL.L/MULS.W/

MULU.W/DMULS.L/DMULU.L is 5 cycles.

In the case of consecutive executions of MAC.W/MAC.L/MUL.L/MULS.W/MULU.W/

DMULS.L/DMULU.L, latency is decreased to 2 cycles.

When an LDS to MACH/MACL is followed by an STS.L MACH/MACL, @-Rn

instruction, latency of the LDS to MACH/MACL is 4 cycles.

When an LDS to MACH/MACL is followed by MAC.W/MAC.L/MUL.L/MULS.W/

MULU.W/DMULS.L/DMULU.L, latency of the LDS to MACH/MACL is 1 cycle.

When an FSCHG or FRCHG instruction is followed by an LS group instruction that

reads from or writes to a floating-point register, the aforementioned LS group

instructions cannot be executed in parallel.

When a single-precision FTRC instruction is followed by an STS FPUL, Rn instruction,

latency of the single-precision FTRC instruction is 1 cycle.
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Section 6 Memory Management Unit (MMU)

This LSl supports an 8-bit address space identifier, a 32-bit virtual address space, and a 29-bit
external memory space. Address trandlation from virtual addresses to physical addressesis
enabled by the memory management unit (MMU) in thisLSl. The MMU performs high-speed
address trandlation by caching user-created address tranglation table information in an address
trandation buffer (trandation lookaside buffer: TLB).

ThisLSI hasfour instruction TLB (ITLB) entries and 64 unified TLB (UTLB) entries. UTLB
copies are stored in the ITLB by hardware. A paging system is used for address trandation, with
four page sizes (1, 4, and 64 kbytes, and 1 Mbyte) supported. It is possible to set the virtual
address space access right and implement memory protection independently for privileged mode
and user mode.

6.1 Overview of theMMU

The MMU was conceived as ameans of making efficient use of physical memory. Asshown in
figure 6.1, when a processis smaller in size than the physical memory, the entire process can be
mapped onto physical memory, but if the processincreasesin 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 6.1). 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 6.1). With avirtual memory system, the size
of the available virtual memory is much larger than the actual physical memory, and processes are
mapped onto this virtual memory. Thus processes only have to consider their operation in virtual
memory, and mapping from virtual memory to physical memory is handled by the MMU. The
MMU is normally managed by the OS, and physical memory switching is carried out so asto
enable the virtual memory required by a process to be mapped smoothly onto physical memory.
Physical memory switching is performed via secondary storage, etc.

The virtual memory system that came into being in this way works to best effect in atime sharing
system (TSS) that allows a number of processesto run simultaneously ((3) in figure 6.1). Running
anumber of processesin a TSS did not increase efficiency since each process had to take account
of physical memory mapping. Efficiency isimproved and the load on each process reduced by the
use of avirtual memory system ((4) in figure 6.1). In this virtual memory system, virtual memory
isallocated to each process. The task of the MMU isto map a number of virtual memory areas
onto physical memory in an efficient manner. It is also provided with memory protection functions
to prevent a process from inadvertently accessing another process' s physical memory.

When address trand ation from virtual memory to physical memory is performed using the MMU,
it may happen that the trandglation information has not been recorded in the MMU, or the virtua
memory of adifferent processis accessed by mistake. In such cases, the MMU will generate an
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exception, change the physical memory mapping, and record the new address trandlation
information.

Although the functions of the MMU could be implemented by software alone, having address
trang ation performed by software each time a process accessed physical memory would be very
inefficient. For this reason, a buffer for address trandation (the trandation |ookaside buffer: TLB)
is provided by hardware, and frequently used address trandlation information is placed here. The
TLB can be described as a cache for address translation information. However, unlike a cache, if
address trangdlation fails—that is, if an exception occurs—switching of the address trandlation
information is normally performed by software. Thus memory management can be performedin a
flexible manner by software.

There are two methods by which the MMU can perform mapping from virtual memory to physical
memory: the paging method, using fixed-length address translation, and the segment method,
using variable-length address trand ation. With the paging method, the unit of trandation isa
fixed-size address space called a page (usually from 1 to 64 kbytesin size).

In the following descriptions, the address space in virtual memory inthisLSl isreferred to as
virtual address space, and the address space in physical memory as physical address space.
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Figure6.1 Roleof theMMU

6.1.1 Addr ess Spaces
(1) Physical Address Space

This LS supports a 32-bit physical address space, and can access a 4-Ghyte address space. When
the AT bitin MMUCR iscleared to 0 and the MMU is disabled, the address space is this physical
address space. The physical address space is divided into a number of areas, as shown in figure
6.2. The physical address space is permanently mapped onto a 29-bit external memory space; this
correspondence can be implemented by ignoring the upper 3 bits of the physical address space
addresses. In privileged mode, the 4-Ghyte space from the PO area to the P4 area can be accessed.
In user mode, a 2-Gbyte spacein the UO area can be accessed. Accessing the P1 to P4 areas
(except the store queue area) in user mode will cause an address error.
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H'0000 0000 T Areao H'0000 0000
Areal |
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HFFFF Frrp|_NNon-cacheable Address ermor | i rrrr FRFF
Privileged mode User mode

Figure 6.2 Physical Address Space (AT =0in MMUCR)

Accessto a PCMCIA interface area by the CPU in thisL S| is always performed using the values
of the SA and TC bitsin PTEA.

Accessto a PCMCIA interface area by the DMAC is always performed using the SSAn, DSAN,
STC, and DTC valuesin CHCRn of the DMAC. For details, see section 11, Direct Memory
Access Controller (DMAC).

PO, P1, P3, and UO Areas. The PO, P1, P3, and UO areas can be accessed using the cache.
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 accessesis
specified by the WT bit in CCR, except for in the P1 area. Switching in the P1 areais determined
by the CB bit in CCR. Replacing the upper 3 bits of an address in these areas with 0s gives the
corresponding external memory space address. However, since area 7 in the external memory
space isareserved area, areserved areawill exist in these areas.

P2 Area: The P2 area cannot be accessed using the cache. In the P2 area, clearing the upper 3 bits
of an address to O gives the corresponding external memory space address. However, since area 7
in the external memory spaceis areserved area, areserved areawill exist in this area.

P4 Area: The P4 areais mapped onto on-chip 1/0 memory. The P4 area cannot be accessed using
the cache. The P4 areais shown in detail in figure 6.3.
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H'E000 0000
Store queue

H'E400 0000

Reserved area
H'F000 0000 Instruction cache address array
H'F100 0000 Instruction cache data array
H'F200 0000 Instruction TLB address array
HF300 0000 Instruction TLB data arrays 1 and 2
HF400 0000 Operand cache address array
HF500 0000 Operand cache data array
H'F600 0000 Unified TLB address array
H'F700 0000 Unified TLB data arrays 1 and 2
H'F800 0000

Reserved area
H'FC00 0000

Control register area

H'FFFF FFFF

Figure6.3 P4 Area

The area from H'E000 0000 to H'E3FF FFFF comprises addresses for accessing the store queues
(SQs). When the MMU isdisabled (AT bitin MMUCR = 0), the SQ accessright is specified by
the SQMD hit in MMUCR. For details, see section 7.7, Store Queues.

The area from H'FO00 0000 to H'FOFF FFFF is used for direct access to the instruction cache
address array. For details, see section 7.6.1, |C Address Array.

The area from H'F100 0000 to H'F1FF FFFF is used for direct accessto the instruction cache data
array. For details, see section 7.6.2, IC Data Array.

The area from H'F200 0000 to H'F2FF FFFF is used for direct accessto the instruction TLB
address array. For details, see section 6.6.1, ITLB Address Array.

The areafrom H'F300 0000 to H'F3FF FFFF is used for direct accessto instruction TLB data
arrays 1 and 2. For details, see section 6.6.2, ITLB DataArray 1, and section 6.6.3, ITLB Data
Array 2.

The areafrom H'F400 0000 to H'F4FF FFFF is used for direct access to the operand cache address
array. For details, see section 7.6.3, OC Address Array.

The areafrom H'F500 0000 to H'F5FF FFFF is used for direct access to the operand cache data
array. For details, see section 7.6.4, OC Data Array.
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The area from H'F600 0000 to H'F6FF FFFF is used for direct access to the unified TLB address
array. For details, see section 6.6.4, UTLB Address Array.

The areafrom H'F700 0000 to H'F7FF FFFF is used for direct accessto unified TLB dataarrays 1
and 2. For details, see section 6.6.5, UTLB Data Array 1, and section 6.6.6, UTLB Data Array 2.

The areafrom H'FC00 0000 to H'FFFF FFFF is the on-chip peripheral module control register
area

(2) External Memory Space

This LS| supports a 29-bit external memory space. The external memory space is divided into
eight areas as shown in figure 6.4. Areas 0 to 6 relate to memory, such as SRAM, synchronous
DRAM, and PCMCIA. Area 7 isareserved area. For details, see section 10, Bus State Controller
(BSC).

H'0000 0000 Area 0
H'0400 0000 Area 1
H'0800 0000 Area 2
H'0CO00 0000 Area 3
H'1000 0000 Area 4
H'1400 0000 Area 5
H'1800 0000 Area 6
:iggg 2'2?:?: Area 7 (reserved area)

Figure6.4 External Memory Space
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(3) Virtual Address Space

Setting the AT bitin MMUCR to 1 enables the PO, P3, and UO areas of the physical address space
inthis LS to be mapped onto any external memory spacein 1-, 4-, or 64-kbyte, or 1-Mbyte page
units. By using an 8-bit address space identifier, the PO, U0, P3, and store queue areas can be
increased to a maximum of 256. Thisis called the virtual address space. Mapping from the virtual
address space to the 29-hit external memory space is carried out using the TLB. Only when area 7
in the external memory space is accessed using the virtual address space, addresses H'1C00 0000
to H'1FFF FFFF of area 7 are not designated as areserved area, but are equivalent to the P4 area
control register areain the physical address space. The virtua address spaceis shown in figure
6.5.

When the PO, P3, and UQ areas are mapped onto a PCMCIA interface area by means of the TLB in
the cache enabled state, either the WT bit in CCR must be set to 1 or the C bit in PTEL must be
cleared to O for that page. In this case, accessto the areais performed using the SA and TC bit
values specified in page unitsfor each TLB page.

Note that the CPU cannot access a PCM CIA interface area through access of the P1, P2, or P4
area. Accessto a PCMCIA interface area by the DMAC is always performed using the SSAn,
DSAnN, STC, and DTC valuesin CHCRn of the DMAC. For details, see section 11, Direct
Memory Access Controller (DMAC).
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256 . N External 256 ==
F *+. memory space ’,»’Iﬁﬁ
Area 0
Area 1
Area 2
PO area Area 3
U0 area
Cacheable Area 4 Cacheable
Address translation possible - .
fon posst Area 5 Address translation possible
Area 6
Area 7
i
P1 area 'I/
Cacheable i
Address translation not possible i
P2 area ,' !
Non-cacheable B
Address translation not possible / Address error
P3 area
Cacheable
Address translation possible |}
__________ Pdarea _________[ Store queue area
Non-cacheable Add
Address translation not possible ress error
Privileged mode User mode

Figure6.5 Virtual Address Space (AT =1in MMUCR)

PO, P3, and U0 Areas: The PO area (excluding addresses H'7C00 0000 to H'7FFF FFFF), P3 area,
and U0 area (excluding addresses H'7C00 0000 to H'7FFF FFFF) allow access using the cache and
address tranglation using the TLB. These areas can be mapped onto any external memory spacein
1-, 4-, or 64-kbyte, or 1-Mbyte page units. When CCR isin the cache enabled state and the TLB
cacheability bit (C bit) is 1, accesses can be performed using the cache. In write accesses to the
cache, switching between the copy-back method and the write-through method is indicated by the
TLB write-through bit (WT bit), and is specified in page units.

Only when the PO, P3, and U0 areas are mapped onto external memory space by means of the
TLB, addresses H'1C00 0000 to H'1FFF FFFF of area 7 in the external memory space are

allocated to the control register area. This enables control registersto be accessed from the U0
areaeven in user mode. In this case, the C hit for the corresponding page must be cleared to 0.

P1, P2, and P4 Areas. Address tranglation using the TLB cannot be performed for the P1, P2, or
P4 area (except for the store queue area). Accesses to these areas are the same as for the physical
address space. The store queue area can be mapped onto any external memory space by the MMU.
However, operation in the case of an exception differs from that for normal PO, U0, and P3 areas.
For details, see section 7.7, Store Queues.
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(4) On-Chip RAM Space

InthisLSI, half of the operand cache can be used as on-chip RAM. This can be done by changing
the CCR settings.

When the operand cache is used as on-chip RAM (ORA bit in CCR = 1), addresses H'7C00 0000
to H'7FFF FFFF in the PO and UQ areas are an on-chip RAM area. Data accesses
(byte/word/longword/quadword) can be used in this area. This area can only be used in RAM
mode.

(5) Address Trandation

When the MMU is used, the virtual address space is divided into units called pages, and
trangdlation to physical addressesis carried out in these page units. The address trandlation table in
external memory contains the physical addresses corresponding to virtual addresses and additional
information such as memory protection codes. Fast address trandation is achieved by caching the
contents of the address trandlation table located in external memory into the TLB. In thisLSl,
basicaly, the ITLB isused for instruction accesses and the UTLB for data accesses. In the event
of an access to an area other than the P4 area, the accessed virtual addressistrandated to a
physical address. If the virtual address belongs to the P1 or P2 area, the physical addressis
uniquely determined without accessing the TLB. If the virtua address belongs to the PO, UOQ, or P3
area, the TLB is searched using the virtual address, and if the virtual addressisrecorded in the
TLB, aTLB hit is made and the corresponding physical addressisread from the TLB. If the
accessed virtual addressis not recorded in the TLB, a TLB miss exception is generated and
processing switches to the TLB miss exception handling routine. In the TLB miss exception
handling routine, the address trand ation table in external memory is searched, and the
corresponding physical address and page management information are recorded in the TLB. After
the return from the exception handling routine, the instruction which caused the TLB miss
exception is re-executed.
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(6) Single Virtual Memory Mode and Multiple Virtual Memory M ode

There are two virtual memory systems, single virtual memory and multiple virtual memory, either
of which can be selected with the SV bit in MMUCR. In the single virtual memory system, a
number of processes run simultaneously, using virtual address space on an exclusive basis, and the
physical address corresponding to a particular virtual addressis uniquely determined. In the
multiple virtual memory system, a number of processes run while sharing the virtual address
space, and particular virtual addresses may be trandated into different physical addresses
depending on the process. The only difference between the single virtual memory and multiple
virtual memory systemsin terms of operation isin the TLB address comparison method (see
section 6.3.3, Address Trandlation Method).

(7) Address Space I dentifier (ASID)

In multiple virtual memory mode, an 8-bit address space identifier (ASID) is used to distinguish
between multiple processes running simultaneously while sharing the virtual address space.
Software can set the 8-bit ASID of the currently executing processin PTEH in the MMU. The
TLB does not have to be purged when processes are switched by means of ASID.

In single virtual memory mode, ASID is used to provide memory protection for multiple processes
running simultaneously while using the virtual address space on an exclusive basis.

Note: Two or more entries with the same virtual page number (VPN) but different ASID must
not be set in the TLB simultaneously as a single virtual memory mode setting.

6.2 Register Descriptions

The following registers are related to MMU processing. For details on the addresses of these
registers and the state of registersin each operating mode, see section 32, List of Registers.

Table6.1 Register Configuration (1)

Sync
Register Name Abbrev. R/W P4 Address Area 7 Address Size C)IIOCK
Page table entry high register PTEH R/W  H'FF00 0000 H'1F00 0000 32 Ick
Page table entry low register PTEL R/W  H'FFO0 0004 H'1F00 0004 32 Ick
Page table entry assistance register PTEA R/W  HFFO00 0034 H'1F00 0034 32 Ick
Translation table base register TTB R/W  H'FF00 0008 H'1F00 0008 32 Ick
TLB exception address register TEA R/W  HFF00 000C H'1F00 000C 32 Ick
MMU control register MMUCR R/W  H'FF00 0010 H'1F00 0010 32 Ick
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Table6.1 Register Configuration (2)

Manual Standby

Power-on  Reset by

Reset by RESET Sleep by

RESET Pin/WDT/ by Sleep Software

Pin/WDT/  Multiple Instruction/by /Each
Register Name Abbrev.  H-UDI Exception Deep Sleep Hardware Module
Page table entry high register PTEH Undefined Undefined Retained * Retained
Page table entry low register PTEL Undefined Undefined Retained Retained
Page table entry assistance register PTEA 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  H0000 0000 H’0000 0000 Retained Retained

Note: * After exiting hardware standby mode, this LS| enters the power-on reset state caused by
the RESET pin.

6.2.1 Page Table Entry High Register (PTEH)

PTEH can be accessed in longwords from H'FFO0 0000 in the P4 area and from H'1F00 0000 in
area 7. PTEH consists of the virtual page number (VPN) and address space identifier (ASID).
When an MMU exception or address error exception occurs, the VPN of the virtual address at
which the exception occurred is set in the VPN bit by hardware. VPN varies according to the page
size, but the VPN set by hardware when an exception occurs consists of the upper 22 bits of the
virtual address which caused the exception. VPN setting can also be carried out by software. The
number of the currently executing processis set in the ASID bit by software. ASID is not updated
by hardware. VPN and ASID are recorded in the UTLB by means of the LDLTB instruction.

After the ASID field in PTEH has been rewritten, abranch instruction to the PO, P3, or UO area
that uses the updated ASID value should be located at least six instructions after the PTEH update
instruction.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
I VPN I
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 I - I - I ASID |
Initial value: - - - - - - 0 0 - - - - - - - -
R/W: RW RW RW RW RW R/W R R RW RW RW RW RW RW RW RW
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Bit Bit Name Initial Value R/W Description
31to10 VPN ad R/W Virtual Page Number

9,8 a AllO R Reserved
These bits are always read as 0. The write value
should always be 0.

7t0o0 ASID ad R/W Address Space Identifier

6.2.2 Page Table Entry Low Register (PTEL)

PTEL can be accessed in longwords from H'FFO0 0004 in the P4 area and from H'1F00 0004 in
area 7. 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 isissued.

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

L-1-1-1 |
Initial value: 0 0 0 - - - - - - - - - - - - -
R/W: R R R RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| PPN I - I \ I Sz1 I PR1 I PRO I SZ0 I C I D I SH I WT |
Initial value: - - - - - - 0 - - - - - - - - -
R/W: R/W R/ RW RW RW RW R RW RW RW RW RW RW RW RW RW

Bit Bit Name Initial Value R/W Description

31to29 O All O R Reserved
These bits are always read as 0. The write value
should always be 0.

28to 10 PPN d R/W Physical Page Number

9 O 0 R Reserved
This bit is always read as 0. The write value
should always be 0.

8 \% d R/W Page Management Information

7 S71 0 RIW For details, see section 6.3, TLB Functions.
6 PR1 g R/W

5 PRO

4 Sz0 a R/W

3 C O R/IW

2 D a R/W

1 SH a R/W

0 WT g R/W
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6.2.3 Page Table Entry Assistance Register (PTEA)

PTEA can be accessed in longwords from H'FFO0 0034 in the P4 area and from H'1F00 0034 in
area 7. PTEA isused to store assistance bits for PCM CIA access to the UTLB by means of the
LDTLB instruction. When performing access from the CPU in thisL S| to the PCMCIA interface
areawith the AT bit in MMUCR cleared to 0, accessis aways performed using the values of the

SA and TC bitsin thisregister. When the AT bitin MMUCR iscleared to 0 in thisLSI, the
PCMCIA interface area cannot be accessed. The accessto a PCMCIA interface area by the
DMAC is always performed using the SSAn, DSAn, STC, and DTC valuesin CHCRn of the
DMAC. The contents of thisregister are not changed unless a software directive isissued.

Bit:

31

30

29

19 18 17 16

I

|-

|- T-1-T-1T-7-]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - [-[-[-] [ [ -[-[-lrclsmfsnfsn]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 - - - -
RW: R R R R R R R R R R R R RW RW RW RW
Bit Bit Name Initial Value R/W Description
3lto4 O AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
3 TC ad R/W PCMCIA Access Assistance Bits
2 SA2 0 RIW For details, see section 6.3, TLB Functions.
1 SAl a R/W
0 SAOQ O R/W
6.2.4 Tranglation Table Base Register (TTB)

TTB can be accessed in longwords from H'FFO0 0008 in the P4 area and from H'1F00 0008 in
area 7. TTB is used, for example, to hold the base address of the currently used page table. The
contents of TTB are not changed unless a software directive isissued. This register can be used
freely by software.
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Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| TTB |
Initial value: - - - - - - - - - - - - - - -
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| TTB |
Initial value: - - - - - - - - - - - - - - - -
R/W: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

6.2.5 TLB Exception Address Register (TEA)

TEA can be accessed in longwords from H'FF00 000C in the P4 area and from H'1F00 000C in
area7. After an MMU exception or address error exception occurs, the virtual address at which the
exception occurred is set in TEA by hardware. The contents of this register can be changed by
software.

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

| Virtual address at which MMU exception or address error occurred |
Initial value: - - - - - - - - - - - - - - -
R/W: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

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

| Virtual address at which MMU exception or address error occurred |
Initial value: - - - - - - - - - - - - - - - -
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

6.2.6 MMU Control Register (MMUCR)

MMUCR can be accessed in longwords from H'FFOO0 0010 in the P4 area and from H'1F00 0010
inarea 7. Theindividual bits perform MMU settings as shown below. Therefore, MMUCR
rewriting should be performed by a program in the P1 or P2 area. After MMUCR is updated, an
instruction that performs data access to the PO, P3, UO, or store queue area should be located at
least four instructions after the MMUCR update instruction. Also, a branch instruction to the PO,
P3, or U0 area should be located at least eight instructions after the MMUCR update instruction.
MMUCR contents can be changed by software. However, the LRUI bits and URC bits may also
be updated by hardware.

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

| LRUI [ - | - | URB [ - | - |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: RW RW RW RW R/W R/W R R RW RW RW R/W R/W R/W R R

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| URG owefsv | - | -] -] -] -fn]-Jar]
Initalvalue: 0 0 o0 o0 o0 o0 ©O0 0 ©O0 0 ©0 0 0 0 0 o0

RW: RW RW RW RW RW RW RW RW R R R R R R/W R R/W
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Bit Bit Name Initial Value R/W Description

31to26 LRUI AllO R/W Least Recently Used ITLB
These bits indicate the ITLB entry to be replaced.
The LRU (least recently used) method is used to
decide the ITLB entry to be replaced in the event
of an ITLB miss. The entry to be purged from the
ITLB can be confirmed using the LRUI bits.
LRUI is updated by means of the algorithm
shown below. x means that updating is not
performed.
000xxx: ITLB entry O is used
1xx00x: ITLB entry 1 is used
x1x1x0: ITLB entry 2 is used
xx1x11: ITLB entry 3 is used
xxxxxx: Other than above
When the LRUI bit settings are as shown below,
the corresponding ITLB entry is updated by an
ITLB miss. Ensure that values for which "Setting
prohibited" is indicated below are not set at the
discretion of software. After a power-on or
manual reset, the LRUI bits are initialized to 0,
and therefore a prohibited setting is never made
by a hardware update.
X means "don't care”.
111xxx: ITLB entry O is updated
Oxx11x: ITLB entry 1 is updated
x0x0x1: ITLB entry 2 is updated
xx0x00: ITLB entry 3 is updated
Other than above: Setting prohibited

25,24 0O All O R Reserved
These bits are always read as 0. The write value
should always be 0.

231018 URB AllO R/W UTLB Replace Boundary
These bits indicate the UTLB entry boundary at
which replacement is to be performed. Valid only
when URB > 0.

17,16 O All O R Reserved

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

Initial Value

R/W

Description

15t010 URC

All O

R/W

UTLB Replace Counter

These bits serve as a random counter for
indicating the UTLB entry for which replacement
is to be performed with an LDTLB instruction.
This bit is incremented each time the UTLB is
accessed. If URB >0, URC is cleared to 0 when
the condition URC = URB is satisfied. Also note
that if a value is written to URC by software
which results in the condition of URC > URB,
incrementing is first performed in excess of URB
until URC = H'3F. URC is not incremented by an
LDTLB instruction.

9 SQMD

R/W

Store Queue Mode Bit
Specifies the right of access to the store queues.

0: User/privileged access possible
1: Privileged access possible (address error
exception in case of user access)

R/W

Single Virtual Memory Mode/Multiple Virtual
Memory Mode Switching Bit

When this bit is changed, ensure that 1 is also
written to the TI bit.

0: Multiple virtual memory mode
1: Single virtual memory mode

7t03 O

All O

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

R/W

TLB Invalidate Bit

Writing 1 to this bit invalidates (clears to 0) all
valid UTLB/ITLB bits. This bit is always read as
0.

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

R/W

Address Translation Enable Bit
These bits enable or disable the MMU.

0: MMU disabled
1: MMU enabled

MMU exceptions are not generated when the AT
bit is 0. In the case of software that does not use
the MMU, the AT bit should be cleared to 0.
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6.3 TLB Functions

6.3.1 Unified TLB (UTLB) Configuration
The UTLB isused for the following two purposes.

1. Totrandate avirtual addressto aphysical addressin a data access

2. Asatable of addresstrandation information to be recorded in the ITLB in the event of an
ITLB miss

The UTLB is so called because of its use for the above two purposes. Information in the address
trand ation table located in external memory is cached into the UTLB. The address trandlation
table contains virtual page numbers and address space identifiers, and corresponding physical page
numbers and page management information. Figure 6.6 shows the UTLB configuration. The
UTLB consists of 64 fully-associative type entries. Figure 6.7 shows the relationship between the
page size and address format.

Entry 0 [ASID [7:0]| VPN [31:10]|V | |PPN [28:10]|SZ [1:0]|SH |C [PR [1:0] | D |WT|SA [2:0]| TC
Entry 1 [ASID [7:0]| VPN [31:10]|V | |PPN [28:10]|SZ [1:0]|SH |C [PR [1:0] | D | WT|SA [2:0]| TC
Entry 2 [ASID[7:0]| VPN [31:10]|V | |PPN [28:10]|SZ [1:0]| SH |C [PR[1:0]| D |WT|SA [2:0]| TC

Entry 63 [ASID [7:0] |V.PN (31:10] [V |  [PPN [28:10]|SZ [1:0]| SI-; |c|Pr[1:0][D|wT]sA[2:0]| TC|

Figure6.6 UTLB Configuration
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« 1-kbyte page
Virtual address Physical address
31 10 9 0 28 10 9 0
VPN Offset | — | PPN Offset

« 4-kbyte page

Virtual address Physical address
31 1211 0 28 1211 0

VPN Offset | — | PPN Offset

¢ 64-kbyte page
Virtual address Physical address
31 16 15 8 16 15 0

0 2
VN | ofset | ==b| PPN |  Offset

« 1-Mbyte page
Virtual address Physical address
31 20 19 0 28 20 19 0

[ ven | Offset | =——p | PPN | Offset |

Figure 6.7 Relationship between Page Size and Address Format
Legend:

e VPN: Virtua page number
For 1-kbyte page: Upper 22 bits of virtual address
For 4-kbyte page: Upper 20 bits of virtual address
For 64-kbyte page: Upper 16 bits of virtual address
For 1-Mbyte page: Upper 12 bits of virtual address

» ASID: Address space identifier
Indicates the process that can access a virtual page.

In single virtual memory mode and user mode, or in multiple virtual memory mode, if the SH
bit is 0, thisidentifier is compared with the ASID in PTEH when address comparison is
performed.

» SH: Share status bit
When 0, pages are not shared by processes.
When 1, pages are shared by processes.

e SZ[1:0]: Page size hits
Specify the page size.
00: 1-kbyte page
01: 4-kbyte page
10: 64-kbyte page
11: 1-Mbyte page
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V: Validity bit

Indicates whether the entry isvalid.
0: Invalid

1: valid

Cleared to 0 by a power-on reset.
Not affected by a manual reset.

PPN: Physical page number

Upper 22 hits of the physical address of the physical page number.

With a 1-kbyte page, PPN[28:10] are valid.

With a 4-kbyte page, PPN[28:12] are valid.

With a 64-kbyte page, PPN[28:16] are valid.

With a 1-Mbyte page, PPN[28:20] are valid.

The synonym problem must be taken into account when setting the PPN (see section 6.4.5,
Avoiding Synonym Problems).

PR[1:0]: Protection key data

2-bit data expressing the page access right as a code.

00: Can be read from only in privileged mode

01: Can be read from and written to in privileged mode

10: Can be read from only in privileged or user mode

11: Can be read from and written to in privileged mode or user mode

C: Cacheability bit

Indicates whether apage is cacheable.

0: Not cacheable

1: Cacheable

When the control register space is mapped, this bit must be cleared to 0.

When performing PCMCIA space mapping in the cache enabled state, either clear thishit to O
or set the WT bit to 1.

D: Dirty bit

Indicates whether a write has been performed to a page.
0: Write has not been performed

1: Write has been performed

WT: Write-through bit
Specifies the cache write mode.
0: Copy-back mode

1: Write-through mode
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When performing PCMCIA space mapping in the cache enabled state, either set thisbit to 1 or
clear the C bit to 0.

» SA[2:0]: Space attribute bits
Valid only when the page is mapped onto PCMCIA connected to area5 or 6.
000: Undefined
001: Variable-size 1/0 space (base size according to IOIS16 signal)
010: 8-hit I/O space
011: 16-bit 1/0O space
100: 8-bit shared memory space
101: 16-bit shared memory space
110: 8-bit attribute memory space
111: 16-bit attribute memory space

e TC: Timing control bit
Used to select wait control register bitsin the bus control unit for areas 5 and 6.

0: WCR2 (A5W?2 to ASW0) and PCR (A5PCW1 to ASPCWO0, ASTED2 to ASTEDO, ASTEH2
to ASTEHO) are used

1: WCR2 (A6W2 to A6WO0) and PCR (A6PCW1 to A6PCWO0, A6TED2 to A6GTEDO, A6TEH2
to AGTEHO) are used

6.3.2 Instruction TLB (ITLB) Configuration

TheITLB isused to trandate a virtual addressto a physical address in an instruction access.
Information in the address trandation table located in the UTLB is cached into the ITLB. Figure
6.8 showsthe ITLB configuration. The ITLB consists of four fully-associative type entries.

Entry 0 [ASID [7:0] | VPN [31:10] | V| |PPN [28:10]|SZ [1:0] | SH
1| VPN [31:10] | V| |PPN [28:10]|SZ [1:0]|SH
Entry 2 [ASID [7:0] | VPN [31:10] | V| |PPN [28:10]|SZ [1:0] | SH
] 1|V

Entry 3 [ASID [7:0] | VPN [31:10 PPN [28:10] | SZ [1:0] | SH

PR|SA[2:0]|TC
PR|SA[2:0]|TC
PR|SA[2:0]| TC
PR|SA[2:0]|TC

Entry 1 |ASID [7:0

O|olo|o

Notes: 1.The D and WT bits are not supported.
2.There is only one PR bit, corresponding to the upper bit of the PR bits in the UTLB.

Figure6.8 ITLB Configuration
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6.3.3 Address Trandation Method

Figure 6.9 shows a flowchart of amemory access using the UTLB.

C Data access to virtual address (VA) )
VAis VAis VAis VA'is in PO, UO,
inP4area |inP2area in P1 area or P3 area

| On-chip I/O accessl

VPNs match
and ASIDs match and
V=1

VPNs match
andVvV=1

Data TLB miss
exception

Data TLB multiple

0 (User) hit exception

Data TLB protection
Data TLB protection violation exception

violation exception

A

Cache access
in copy-back mode

Cache access

in write-through mode

:l Memory access |
(Non-cacheable)

Figure6.9 Flowchart of Memory Access Using UTLB
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Figure 6.10 shows a flowchart of a memory access using the ITLB.

(

Instruction access to virtual address (VA)

VAis VAis VAis

in P4 area | in P2 area in P1 area or P3 area

Access prohibited 0 CCR.

VA is in PO,

uo,

NO _—Z1d (MMUCR.SV = 0 of

VPNs match
and ASIDs match and
V=1

VPNs match No

andV =1

Hardware ITLB
miss handling

Search UTLB

Record in ITLB

Instruction TLB
miss exception

Instruction TLB protection
violation exception

Cache access

1 (Privileged)

Instruction TLB
multiple hit exception

»
> Memory access

(Non-cacheable)

Figure6.10 Flowchart of Memory AccessUsing ITLB
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6.4 M MU Functions

6.4.1 MMU Hardware Management

This LSl supports the following MMU functions.

1.

The MMU decodes the virtual address to be accessed by software, and performs address
trandation by controlling the UTLB/ITLB in accordance with the MMUCR settings.

The MMU determines the cache access status on the basis of the page management
information read during address trandlation (C, WT, SA, and TC hits).

If address trandation cannot be performed normally in a data access or instruction access, the
MMU notifies software by means of an MMU exception.

If address trandation information is not recorded in the ITLB in an instruction access, the
MMU searches the UTLB. If the necessary address trandlation information is recorded in the
UTLB, the MMU copies thisinformation into the ITLB in accordance with the LRUI bit
setting in MMUCR.

6.4.2 MM U Software M anagement

Software processing for the MMU consists of the following:

1.

Setting of MMU-related registers. Some registers are also partially updated by hardware
automatically.

Recording, deletion, and reading of TLB entries. There are two methods of recording UTLB
entries: by using the LDTLB instruction, or by writing directly to the memory-mapped UTLB.
ITLB entries can only be recorded by writing directly to the memory-mapped ITLB. Deleting
or reading UTLB/ITLB entriesis enabled by accessing the memory-mapped UTLB/ITLB.

MMU exception handling. When an MMU exception occurs, processing is performed based on
information set by hardware.

6.4.3 MMU Instruction (LDTLB)

A TLB load instruction (LDTLB) is provided for recording UTLB entries. When an LDTLB
instruction isissued, this LSl copies the contents of PTEH, PTEL, and PTEA to the UTLB entry
indicated by the URC bit in MMUCR. ITLB entries are not updated by the LDTLB instruction,
and therefore address tranglation information purged from the UTLB entry may still remain in the
ITLB entry. Asthe LDTLB instruction changes address trand ation information, ensure that it is
issued by aprogram in the P1 or P2 area. The operation of the LDTLB instruction is shown in
figure 6.11.
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MMUCR

31 26252423 18171615 109 8 7 3210
LRUI — URB — URC \S — TI{—|AT|
——
Entry specification SQMD
PTEL
31 2928 109876543210
— PPN —| v szilPriz:0jszo| C | D |SH|wr]
PTEH
31 109 8 7 0
VPN — ASID PTEA
31 432 0
— TC| SA[2:0]

Write
A

Entry 0 ASID [7:0] |VPN[31:10] |V PPN [28:10] |SZ[1:0] |SH|C [PR[1:0] |D |WT [SA[2:0] |TC

Entry 1 ASID [7:0] | VPN [31:10] |V PPN [28:10] |SZ[1:0] |SH|C |PR[1:0] |D |WT |SA[2:0] |TC

Entry 2 ASID [7:0] | VPN [31:10] |V PPN [28:10] |SZ[1:0] |SH|C |PR[1:0] |D |WT |[sA[20] |TC

Entry 63 |ASID [7:0] | VPN [31:10] |V PPN [28:10] |SZ[1:0] |SH|C [PR[1:0] |D |WT [SA[2:0] |TC

UTLB

Figure6.11 Operation of LDTLB Instruction

6.4.4 Hardware | TLB MissHandling

In an instruction access, this LS| searchesthe ITLB. If it cannot find the necessary address
trandation information (ITLB miss occurred), the UTLB is searched by hardware, and if the
necessary address tranglation information is present, it is recorded in the ITLB. This procedureis
known as hardware ITLB miss handling. If the necessary address trandlation information is not
found in the UTLB search, an instruction TLB miss exception is generated and processing passes
to software.
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6.4.5 Avoiding Synonym Problems

When 1- or 4-kbyte pages are recorded in TLB entries, a synonym problem may arise. The
problem is that, when a number of virtual addresses are mapped onto a single physical address, the
same physical address data is recorded in a number of cache entries, and it becomesimpossible to
guarantee data integrity. This problem does not occur with the instruction TLB and instruction
cache because datais only read in these cases. In this LSI, entry specification is performed using
bits 13 to 5 of the virtual address in order to achieve fast operand cache operation. However, bits
13 to 10 of the virtual addressin the case of a 1-kbyte page, and bits 13 and 12 of the virtual
addressin the case of a 4-kbyte page, are subject to address trandation. As aresult, bits 13 to 10 of
the physical address after tranglation may differ from bits 13 of 10 of the virtual address.

Conseguently, the following restrictions apply to the recording of address tranglation information
in UTLB entries.

*  When address trand ation information whereby a number of 1-kbyte page UTLB entries are
trandated into the same physical addressis recorded in the UTLB, ensure that the VPN[13:10]
values are the same.

» When address trandation information whereby a number of 4-kbyte page UTLB entries are
trandated into the same physical addressis recorded in the UTLB, ensure that the VPN[13:12]
values are the same.

» Do not use 1-kbyte page UTLB entry physical addresses with UTLB entries of a different page
size.

* Do not use 4-kbyte page UTLB entry physical addresses with UTLB entries of a different page
size.

The above restrictions apply only when performing accesses using the cache. When cache index
mode is used, VPN[25] is used for the entry address instead of VPN[13], and therefore the above
restrictions apply to VPN[25].

Note:  When multiple items of address trandation information use the same physical memory to
provide for future expansion of the SuperH RISC engine family, ensure that the
VPN[20:10] values are the same. Also, do not use the same physical address for address
trandation information of different page sizes.
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6.5 MMU Exceptions

There are seven MMU exceptions: instruction TLB multiple hit exception, instruction TLB miss
exception, instruction TLB protection violation exception, data TLB multiple hit exception, data
TLB miss exception, data TLB protection violation exception, and initial page write exception.
Refer to figures 6.9 and 6.10 for the conditions under which each of these exceptions occurs.

6.5.1 Instruction TLB Multiple Hit Exception

Aninstruction TLB multiple hit exception occurs when more than one ITLB entry matches the
virtual address to which an instruction access has been made. If multiple hits occur when the
UTLB is searched by hardware in hardware I TLB miss handling, adata TLB multiple hit
exception will result.

When an instruction TLB multiple hit exception occurs, areset is executed and cache coherency is
not guaranteed.

Hardware Processing: In the event of an instruction TLB multiple hit exception, hardware carries
out the following processing:

1. Setsthe virtual address at which the exception occurred in TEA.
2. Setsexception code H'140 in EXPEVT.
3. Branchesto the reset handling routine (H'A000 0000).

Softwar e Processing (Reset Routine): The ITLB entries which caused the multiple hit exception
are checked in the reset handling routine. This exception is intended for use in program
debugging, and should not normally be generated.
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6.5.2 Instruction TLB Miss Exception

An instruction TLB miss exception occurs when address translation information for the virtual
address to which an instruction accessis made is not found in the UTLB entries by the hardware
ITLB miss handling routine. The instruction TLB miss exception processing carried out by
hardware and software is shown below. Thisis the same asthe processing for adata TLB miss
exception.

Hardwar e Processing: In the event of an instruction TLB miss exception, hardware carries out
the following processing:

Setsthe VPN of the virtual address at which the exception occurred in PTEH.
Setsthe virtual address at which the exception occurred in TEA.
Sets exception code H'040 in EXPEVT.

Sets the PC value indicating the address of the instruction at which the exception occurred in
SPC. If the exception occurred at adelay slot, setsthe PC value indicating the address of the
delayed branch instruction in SPC.

Setsthe SR contents at the time of the exception in SSR. The R15 contents at thistime are
saved in SGR.

Setsthe MD hit in SR to 1, and switches to privileged mode.
Setsthe BL bit in SR to 1, and masks subsequent exception requests.
Setsthe RB bitin SR to 1.

Branches to the address obtained by adding offset H'0000 0400 to the contents of VBR, and
starts the instruction TLB miss exception handling routine.

A wDNPR

ol

© © N o

Softwar e Processing (I nstruction TL B Miss Exception Handling Routineg): Softwareis
responsible for searching the external memory page table and assigning the necessary page table
entry. Software should carry out the following processing in order to find and assign the necessary
page table entry.

1. Writeto PTEL the values of the PPN, PR, SZ, C, D, SH, V, and WT bhitsin the page table
entry recorded in the external memory address trandlation table. If necessary, the values of the
SA and TC bits should be written to PTEA.

2. When the entry to be replaced in entry replacement is specified by software, write that value to
the URC bitsin MMUCR. If URC is greater than URB at this time, the value should be
changed to an appropriate value after issuing an LDTLB instruction.

3. Executethe LDTLB instruction and write the contents of PTEH, PTEL, and PTEA to the TLB.

4. Finaly, execute the exception handling return instruction (RTE), terminate the exception
handling routine, and return control to the normal flow. The RTE instruction should be issued
at least one instruction after the LDTLB instruction.
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6.5.3 Instruction TLB Protection Violation Exception

Aningtruction TLB protection violation exception occurs when, even though an ITLB entry
contains address trandation information matching the virtual address to which an instruction
access is made, the actual access type is not permitted by the access right specified by the PR bit.
Theinstruction TLB protection violation exception processing carried out by hardware and
software is shown below.

Hardwar e Processing: In the event of an instruction TLB protection violation exception,
hardware carries out the following processing:

Setsthe VPN of the virtual address at which the exception occurred in PTEH.
Setsthe virtual address at which the exception occurred in TEA.
Sets exception code H'OAO in EXPEVT.

Sets the PC value indicating the address of the instruction at which the exception occurred in
SPC. If the exception occurred at adelay slot, setsthe PC value indicating the address of the
delayed branch instruction in SPC.

Setsthe SR contents at the time of the exception in SSR. The R15 contents at thistime are
saved in SGR.

Setsthe MD hit in SR to 1, and switches to privileged mode.
Setsthe BL bit in SR to 1, and masks subsequent exception requests.
Setsthe RB bitin SR to 1.

Branches to the address obtained by adding offset H'0000 0100 to the contents of VBR, and
starts the instruction TLB protection violation exception handling routine.

A wDNPR

ol
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Softwar e Processing (I nstruction TLB Protection Violation Exception Handling Routine):
Resolve the instruction TLB protection violation, execute the exception handling return instruction
(RTE), terminate the exception handling routine, and return control to the normal flow. The RTE
instruction should be issued at least one instruction after the LDTLB instruction.
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6.5.4 Data TLB Multiple Hit Exception

A data TLB multiple hit exception occurs when more than one UTLB entry matches the virtual
address to which a data access has been made. A data TLB multiple hit exception is aso generated
if multiple hits occur when the UTLB is searched in hardware ITLB miss handling.

When adata TLB multiple hit exception occurs, areset is executed, and cache coherency is not
guaranteed. The contents of PPN in the UTLB prior to the exception may also be corrupted.

Hardwar e Processing: In the event of adata TLB multiple hit exception, hardware carries out the
following processing:

1. Setsthevirtual address at which the exception occurred in TEA.
2. Setsexception code H'140 in EXPEVT.
3. Branchesto the reset handling routine (H'A000 0000).

Softwar e Processing (Reset Routine): The UTLB entries which caused the multiple hit exception
are checked in the reset handling routine. This exception isintended for usein program
debugging, and should not normally be generated.

6.5.5 Data TLB Miss Exception

A data TLB miss exception occurs when address translation information for the virtual address to
which a data accessis made is not found in the UTLB entries. The data TLB miss exception
processing carried out by hardware and software is shown below.

Hardwar e Processing: In the event of adata TLB miss exception, hardware carries out the
following processing:

1. Setsthe VPN of the virtual address at which the exception occurred in PTEH.
2. Setsthevirtual address at which the exception occurred in TEA.

3. Setsexception code H'040 in the case of aread, or H'060 in the case of awrite in EXPEVT
(OCBP, OCBWB: read; OCBI, MOV CA..L: write).

4, Setsthe PC vaue indicating the address of the instruction at which the exception occurred in
SPC. If the exception occurred at adelay dlot, sets the PC value indicating the address of the
delayed branch instruction in SPC.

5. Setsthe SR contents at the time of the exception in SSR. The R15 contents at thistime are
saved in SGR.

6. Setsthe MD bit in SR to 1, and switchesto privileged mode.
7. SetstheBL bit in SR to 1, and masks subsequent exception requests.
8. Setsthe RB bitin SRto 1.
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9. Branchesto the address obtained by adding offset H'0000 0400 to the contents of VBR, and
starts the data TL B miss exception handling routine.

Softwar e Processing (Data TLB Miss Exception Handling Routineg): Softwareis responsible
for searching the external memory page table and assigning the necessary page table entry.
Software should carry out the following processing in order to find and assign the necessary page
table entry.

1. Writeto PTEL the values of the PPN, PR, SZ, C, D, SH, V, and WT bhitsin the page table
entry recorded in the external memory address trandlation table. If necessary, the values of the
SA and TC bits should be written to PTEA.

2. When the entry to be replaced in entry replacement is specified by software, write that value to
the URC bitsin MMUCR. If URC is greater than URB at this time, the value should be
changed to an appropriate value after issuing an LDTLB instruction.

3. Executethe LDTLB instruction and write the contents of PTEH, PTEL, and PTEA to the
UTLB.

4. Finaly, execute the exception handling return instruction (RTE), terminate the exception
handling routine, and return control to the normal flow. The RTE instruction should be issued
at least one instruction after the LDTLB instruction.

6.5.6 Data TLB Protection Violation Exception

A data TLB protection violation exception occurs when, even though a UTLB entry contains
address trandlation information matching the virtual address to which a data accessis made, the
actual accesstype is not permitted by the access right specified by the PR bit. The data TLB
protection violation exception processing carried out by hardware and software is shown below.

Hardwar e Processing: In the event of adata TLB protection violation exception, hardware
carries out the following processing:

1. Setsthe VPN of the virtual address at which the exception occurred in PTEH.
2. Setsthevirtual address at which the exception occurred in TEA.

3. Setsexception code H'OAOQ in the case of aread, or H'OCO in the case of awritein EXPEVT
(OCBP, OCBWB: read; OCBI, MOV CA..L: write).

4. Setsthe PC value indicating the address of the instruction at which the exception occurred in
SPC. If the exception occurred at a delay slot, setsthe PC value indicating the address of the
delayed branch instruction in SPC.

5. Setsthe SR contents at the time of the exception in SSR. The R15 contents at thistime are
saved in SGR.

6. Setsthe MD bitin SR to 1, and switchesto privileged mode.
7. SetstheBL bitin SR to 1, and masks subsequent exception requests.
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8. Setsthe RB bitin SRto 1.

9. Branchesto the address obtained by adding offset H'0000 0100 to the contents of VBR, and
starts the data TLB protection violation exception handling routine.

Softwar e Processing (Data TL B Protection Violation Exception Handling Routine): Resolve
the data TLB protection violation, execute the exception handling return instruction (RTE),
terminate the exception handling routine, and return control to the normal flow. The RTE
instruction should be issued at least one instruction after the LDTLB instruction.

6.5.7 Initial Page Write Exception

Aninitial page write exception occurs when the D bit is 0 even though aUTLB entry contains
address tranglation information matching the virtual address to which a data access (write) is
made, and the access is permitted. Theinitial page write exception processing carried out by
hardware and software is shown below.

Hardwar e Processing: In the event of an initial page write exception, hardware carries out the
following processing:

Setsthe VPN of the virtual address at which the exception occurred in PTEH.
Setsthe virtual address at which the exception occurred in TEA.
Sets exception code H'080 in EXPEVT.

Sets the PC value indicating the address of the instruction at which the exception occurred in
SPC. If the exception occurred at a delay dlot, setsthe PC value indicating the address of the
delayed branch instruction in SPC.

Sets the SR contents at the time of the exception in SSR. The R15 contents at thistime are
saved in SGR.

Setsthe MD hit in SR to 1, and switches to privileged mode.
Setsthe BL bit in SR to 1, and masks subsequent exception requests.
Setsthe RB bitin SR to 1.

Branches to the address obtained by adding offset H'0000 0100 to the contents of VBR, and
startsthe initial page write exception handling routine.

AW DNPR

o
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Softwar e Processing (I nitial Page Write Exception Handling Routine): Software isresponsible
for the following processing:

1. Retrievethe necessary page table entry from external memory.
2. Write 1 to the D bit in the external memory page table entry.

3. Writeto PTEL the values of the PPN, PR, SZ, C, D, WT, SH, and V bitsin the page table
entry recorded in external memory. If necessary, the values of the SA and TC bits should be
written to PTEA.

4. When the entry to be replaced in entry replacement is specified by software, write that value to
the URC bitsin MMUCR. If URC is greater than URB at thistime, the value should be
changed to an appropriate value after issuing an LDTLB instruction.

5. Executethe LDTLB instruction and write the contents of PTEH, PTEL, and PTEA to the
UTLB.

6. Finaly, execute the exception handling return instruction (RTE), terminate the exception
handling routine, and return control to the normal flow. The RTE instruction should be issued
at least one instruction after the LDTLB instruction.

6.6 Memory-Mapped TLB Configuration

To enablethe ITLB and UTLB to be managed by software, their contents are allowed to be read
from and written to by a P2 area program with a MOV instruction in privileged mode. Operation
is not guaranteed if accessis made from a program in another area. A branch to an area other than
the P2 area should be made at least eight instructions after this MOV instruction. The ITLB and
UTLB are alocated to the P4 areain the physical address space. VPN, V, and ASID inthe ITLB
can be accessed as an address array, PPN, V, SZ, PR, C, and SH asdataarray 1, and SA and TC as
dataarray 2.

VPN, D, V, and ASID inthe UTLB can be accessed as an address array, PPN, V, SZ, PR, C, D,
WT, and SH asdataarray 1, and SA and TC asdataarray 2. V and D can be accessed from both
the address array side and the data array side. Only longword access is possible. Instruction
fetches cannot be performed in these areas. For reserved bits, awrite value of O should be
specified; their read value is undefined.
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6.6.1 ITLB AddressArray

The ITLB address array is allocated to addresses H'F200 0000 to H'F2FF FFFF in the P4 area. An
address array access requires a 32-bit address field specification (when reading or writing) and a
32-bit data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and VPN, V, and ASID to be written to the address array are
specified in the datafield.

In the address field, bits[31:24] have the value H' F2 indicating the ITLB address array and the
entry is specified by bits[9:8]. Asonly longword access is used, 0 should be specified for address
field bits[1:0].

In the datafield, bits[31:10] indicate VPN, bit [8] indicates V, and bits[7:0] indicate ASID.
The following two kinds of operation can be used on the ITLB address array:

1. ITLB address array read
VPN, V, and ASID areread into the data field from the ITLB entry corresponding to the entry
set in the address field.

2. ITLB address array write
VPN, V, and ASID specified in the data field are written to the ITLB entry corresponding to
the entry set in the address field.

31 2423 109 8 7 0
Addressfield|1|1|1|1|0|o|1|0 .................................. | E | ................. |
31 10987 0
Data field | VPN |.1v| ASID |
VPN: Virtual page number ASID: Address space identifier
V: Validity bit -..: Reserved bits (write value should be 0,
E: Entry and read value is undefined )

Figure6.12 Memory-Mapped ITLB AddressArray
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6.6.2 ITLB Data Array 1

ITLB dataarray 1 isalocated to addresses H'F300 0000 to H'F37F FFFF in the P4 area. A data
array access requires a 32-hit address field specification (when reading or writing) and a 32-hit
data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and PPN, V, SZ, PR, C, and SH to be written to the data array are
specified in the datafield.

In the address field, bits[31:23] have the value H' F30 indicating ITLB data array 1 and the entry
is specified by bits[9:8].

In the datafield, bits[28:10] indicate PPN, bit [8] indicates V, bits[7] and [4] indicate SZ, bit [6]
indicates PR, bit [3] indicates C, and hit [1] indicates SH.

The following two kinds of operation can be used on ITLB data array 1.

1. ITLB dataarray 1 read
PPN, V, SZ, PR, C, and SH are read into the data field from the ITLB entry corresponding to
the entry set in the address field.

2. ITLB dataarray 1 write
PPN, V, SZ, PR, C, and SH specified in the datafield are written to the ITLB entry
corresponding to the entry set in the address field.

31 2423 109 8 7 0
Addressfield|1|1|1|1|0|0|1|1|0| ................................ | E | ................... |
31302928 987654321
Datafieldl ...... | PPN | M | | | | | i | |
SZl SZO
PPN: Physical page number PR: Protection key data PR SH
V: Validity bit C: Cacheability bit
E: Entry SH: Share status bit
SZ[1:0]: Page size bits -+ . Reserved bits (write value should be 0,

and read value is undefined )

Figure6.13 Memory-Mapped ITLB Data Array 1
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6.6.3 ITLB Data Array 2

ITLB dataarray 2 is allocated to addresses H'F380 0000 to H'F3FF FFFF in the P4 area. A data
array access requires a 32-bit address field specification (when reading or writing) and a 32-hit
data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and SA and TC to be written to data array 2 are specified in the data
field.

In the address field, bits[31:23] have the value H' F38 indicating ITLB data array 2 and the entry
is specified by bits[9:8].

Inthe datafield, bit [3] indicates TC and bits [2:0] indicate SA.
The following two kinds of operation can be used on ITLB data array 2:

1. ITLB dataarray 2 read

SA and TC areread into the data field from the ITLB entry corresponding to the entry set in
the data field.

2. ITLB dataarray 2 write

SA and TC specified in the data field are written to the ITLB entry corresponding to the entry
set in the addressfield.

31 24 23 10 9 87 0
Addressfield|1|1|1|1|o|o|1 1|1| ............................. | E | .................. |
31 4320

Data field | ......................................................................... | |
L L

TC: Timing control bit SA[2:0]: Space attribute bits
E: Entry .-+ : Reserved bits (write value should be 0, SAL
and read value is undefined )

2:0]

Figure6.14 Memory-Mapped ITLB Data Array 2

6.6.4 UTLB AddressArray

The UTLB address array is alocated to addresses H'F600 0000 to H'F6FF FFFF in the P4 area. An
address array access requires a 32-bit address field specification (when reading or writing) and a
32-bit data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and VPN, D, V, and ASID to be written to the address array are
specified in the datafield.
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In the address field, bits [31:24] have the value H' F6 indicating the UTLB address array and the
entry is specified by bits[13:8]. Bit [7] that is the association bit (A bit) in the address field
specifies whether address comparison is performed in awrite to the UTLB address array.

In the datafield, bits[31:10] indicate VPN, bit [9] indicates D, bit [8] indicates V, and bits[7:0]
indicate ASID.

The following three kinds of operation can be used on the UTLB address array:

1. UTLB address array read
VPN, D, V, and ASID are read into the data field from the UTLB entry corresponding to the
entry set in the addressfield. In aread, associative operation is not performed regardless of
whether the association bit specified in the addressfield is 1 or O.

2. UTLB address array write (non-associative)

VPN, D, V, and ASID specified in the data field are written to the UTLB entry corresponding
to the entry set in the addressfield. The A bit in the address field should be cleared to 0.

3. UTLB address array write (associative)
When awrite is performed with the A bit in the address field set to 1, comparison of all the
UTLB entriesis carried out using the VPN specified in the datafield and ASID in PTEH. The
usual address comparison rules are followed, but if a UTLB miss occurs, the result is no
operation, and an exception is not generated. If the comparison identifiesa UTLB entry
corresponding to the VPN specified in the datafield, D and V specified in the datafield are
written to that entry. If there is more than one matching entry, adata TLB multiple hit
exception occurs. This associative operation is simultaneously carried out on the ITLB, and if a
matching entry isfound inthe ITLB, V iswritten to that entry. Evenif the UTLB comparison
resultsin no operation, awriteto the ITLB side only is performed aslong asthereisan ITLB
match. If there is a match in both the UTLB and ITLB, the UTLB information is also written to
the ITLB.

31 2423 1413 876 0
Addressfield|1|1|1|1|0|1|1 0| ....................... | E |A| ............... |
31 10987 0
Data field | VPN |D|V| ASID |
VPN: Virtual page number ASID: Address space identifier
V: Validity bit A: Association bit
E: Entry .-+ . Reserved bits (write value should be 0,
D: Dirty bit and read value is undefined )

Figure6.15 Memory-Mapped UTLB Address Array
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6.6.5 UTLB DataArray 1

UTLB dataarray 1 is allocated to addresses H'F700 0000 to H'F77F FFFF in the P4 area. A data
array access requires a 32-bit address field specification (when reading or writing) and a 32-hit
data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and PPN, V, SZ, PR, C, D, SH, and WT to be written to dataarray 1
are specified in the data field.

In the address field, bits[31:23] have the value H'F70 indicating UTLB data array 1 and the entry
is specified by bits[13:8].

In the datafield, bits[28:10] indicate PPN, bit [8] indicates V, bits[7] and [4] indicate SZ, bits
[6:5] indicate PR, bit [3] indicates C, bit [2] indicates D, bit [1] indicates SH, and bit [0] indicates
WT.

The following two kinds of operation can be used on UTLB data array 1:

1. UTLB dataarray 1read
PPN, V, SZ, PR, C, D, SH, and WT are read into the data field from the UTLB entry
corresponding to the entry set in the address field.

2. UTLB dataarray 1 write

PPN, V, SZ, PR, C, D, SH, and WT specified in the data field are written to the UTLB entry
corresponding to the entry set in the address field.

31 242322
Addressfield|1|1|1|1|0|1|1 1|o|

31 2928 109876543210
Datafieldl ...... | PPN ||V| | | |C|D| | |
1 1 1 1 1
T T 1
PPN: Physical ber PR[1:0]: Protection k dtszl | S20 SH|
. Physical page number :0]: Protection key data .
V: Validity bit C: Cacheability bit PRI1:0] wr
E: Entry SH: Share status bit
SZ[1:0]: Page size bits WT: Write-through bit
D: Dirty bit ... . Reserved bits (write value should be 0,

and read value is undefined )

Figure6.16 Memory-Mapped UTLB Data Array 1
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6.6.6 UTLB Data Array 2

UTLB dataarray 2 is allocated to addresses H'F780 0000 to H'F7FF FFFF in the P4 area. A data
array access requires a 32-hit address field specification (when reading or writing) and a 32-hit
data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and SA and TC to be written to data array 2 are specified in the data
field.

In the address field, bits[31:23] have the value H' F78 indicating UTLB data array 2 and the entry
is specified by bits[13:8].

Inthe datafield, bit [3] indicates TC and bits [2:0] indicate SA.
The following two kinds of operation can be used on UTLB data array 2:

1. UTLB dataarray 2 read

SA and TC areread into the data field from the UTLB entry corresponding to the entry setin
the addressfield.

2. UTLB dataarray 2 write

SA and TC specified in the data field are written to the UTLB entry corresponding to the entry
set in the addressfield.

31 2322 14 13 8 7 0

Addressfield|1|1|1|1|0|1|1|1|1| ................... E | .................. |

31 432 0

Data field | ...................................................................... | |s A[2:0]|
TC

TC: Timing control bit SA[2:0]: Space attribute bits
E: Entry -+ Reserved bits (write value should be 0,
and read value is undefined )

Figure6.17 Memory-Mapped UTLB Data Array 2
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Section 7 Caches

7.1 Features

This LSl has an on-chip 16-kbyte instruction cache (IC) for instructions and an on-chip 32-kbyte
operand cache (OC) for data. Half of the memory of the operand cache (16 kbytes) may
aternatively be used as on-chip RAM. When the EMODE bit in CCR is 0, thisLSl's cache
behaves as shown in table 7.1. The features of the cache when the EMODE bit in CCRis1 are
givenintable 7.2. The EMODE bit isinitialized to O after apower-on reset or manual reset.

This LSl supports two 32-byte store queues (SQs) to perform high-speed writes to external
memory. The features of the store queues are given in table 7.3.

Table7.1 CacheFeatures(EMODE = 0)

ltem Instruction Cache Operand Cache
Capacity 8-kbyte cache 16-kbyte cache or
8-kbyte cache + 8-kbyte RAM
Type Direct mapping Direct mapping
Line size 32 bytes 32 bytes
Entries 256 entires 512 entires
Write method ad Copy-back/write-through selectable

Table7.2 Cache Features (EMODE = 1)

Item Instruction Cache Operand Cache
Capacity 16-kbyte cache 32-kbyte cache or
16-kbyte cache + 16-kbyte RAM
Type 2-way set-associative 2-way set-associative
Line size 32 bytes 32 bytes
Entries 256 entries/way 512 entries/way
Write method d Copy-back/write-through selectable

Replacement method  LRU (least-recently-used) algorithm LRU (least-recently-used) algorithm
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Table7.3

Store Queue Features

Item Store Queues

Capacity 32 bytes x 2

Addresses H’E000 0000 to H'E3FF FFFF

Write Store instruction (1-cycle write)
Write-back Prefetch instruction (PREF instruction)

Access right

MMU is off: Determined by SQMD bit in MMUCR
MMU is on: Determined by PR for each page
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The operand cache of this LS| uses the 2-way set-associative method, and each way is configured
of 512 cache lines. Figure 7.1 shows the configuration of the operand cache.

Theinstruction cache uses the 2-way set-associative method, and each way is configured of 256
cache lines. Figure 7.2 shows the configuration of the instruction cache.

Effective address

31 26 25 1312 10 5 4 2 0
W W AW/ N /
| RAM area
definiti
etinition Longword (LW)
oxX _, ¥ v l [12:5] selection
ORA [13]
Entry
selection
22
9 Address array
(way 0_way 1) 3 Data array (way 0, way 1 LRU
0 Tag U |Vv LWO | LW1 | LW2 | LW3 | LW4 | LW5 | LW6 | LW7
MMU E—
19
511 19 bits 1 bit|1 bit] 32 bits|32 bits|32 bits|32 bits|32 bits|32 bits|32 bits|32 bitsf§ |1 bit|
A A A A A A A A .
l l v A\ v v Y A\ A\ v
\ 4 \ 4 —
Compare | Compare l T
way 0 way 1 .
Read data Write data

\4
Hit signal

Figure7.1 Configuration of Operand Cache
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Effective address

31 25 13121110 5 4 2 0
/
[11:5]
: Longword (LW)
X —p oo L selection
[12]
Entry
selection
22 8 Address array
(way 0, wayl) 3 Data array (way 0, way 1) LRU
0 Tag \% LWO | LW1 | LW2 | LW3 | LW4 | LW5 | LW6 | LW7
MMU I
19
255 19 bits 1 bit 32 bits|32 bits|32 bits|32 bits|32 bits|32 bits|32 bits|32 bits§ |1 bit|
K Y Y 1 Y K 1 Y —
l l v A\ A\ v A\ v v A\
v A4 —
Compare | Compare l
way 0 way 1
Read data
A\
Hit signal
Figure7.2 Configuration of Instruction Cache
. Tag

Stores the upper 19 bits of the 29-bit external address of the data line to be cached. Thetag is
not initialized by a power-on or manual reset.

V bit (validity bit)

Indicates that valid datais stored in the cache line. When this bit is 1, the cache line datais
valid. TheV bit isinitialized to O by a power-on reset, but retains its value in amanual reset.
U bit (dirty bit)

The U bitisset to 1if dataiswritten to the cache line while the cache is being used in copy-
back mode. That is, the U bit indicates a mismatch between the data in the cache line and the
datain external memory. The U bit is never set to 1 while the cache isbeing used in write-
through mode, unlessit is modified by accessing the memory-mapped cache (see section 7.5,
Memory-Mapped Cache Configuration (Cache Direct Mapping Mode)). The U bit isinitialized
to 0 by apower-on reset, but retains its value in amanual reset.
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e Dataarray
The data field holds 32 bytes (256 bits) of data per cache line. The data array is not initialized
by a power-on or manual reset.

 LRU
In a2-way set-associative method, up to 2 items of data can be registered in the cache at each
entry address. When an entry isregistered, the LRU bit indicates which of the 2 waysit isto be
registered in. The LRU bit isasingle bit of each entry, and its usage is controlled by hardware.
The LRU (least-recently-used) algorithm is used for way selection, and selects the less recently
accessed way. The LRU bits are initialized to O by a power-on reset but not by a manual reset.
The LRU hits cannot be read from or written to by software.

7.2 Register Descriptions

The following registers are related to cache. For details on the addresses of these registers and the
state of registersin each operating mode, see section 32, List of Registers.

Table7.4 Register Configuration (1)

Sync
Register Name Abbrev. R/W P4 Address Area 7 Address  Size C)IIOCK
Cache control register CCR R/W HFF00 001C H'1F00 001C 32 Ick
Queue address control register 0 QACRO R/W HFF00 0038 H'1F00 0038 32 Ick
Queue address control register 1 QACR1 R/W HFF00 003C H'1F00 003C 32 Ick
Table7.4 Register Configuration (2)
Standby
Manual Reset by Sleep by
Power-on Reset RESET Pin/WDT/ by Sleep Software/
by RESET Multiple Instruction/ by Each
Register Name Abbrev. Pin/WDT/H-UDI Exception Deep Sleep Hardware Module
Cache control register CCR H’0000 0000 H’0000 0000 Retained * Retained
Queue address control register 0 QACRO  Undefined Undefined Retained Retained
Queue address control register 1  QACR1  Undefined Undefined Retained Retained

Note: * After exiting hardware standby mode, this LS| enters the power-on reset state caused by
the RESET pin.
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721 Cache Control Register (CCR)

CCR selects the cache operating mode, whether all cache entries are disabled, and the cache write
mode.

CCR can be accessed in longwords from H'FFO0 001C in the P4 area and from H'1F00 001C in
area 7. CCR modifications must only be made by a program in the non-cached P2 area. After CCR
is updated, an instruction that performs data access to the PO, P1, P3, or UO area should be located
at least four instructions after the CCR update instruction. Also, a branch instruction to the PO, P1,
P3, or U0 area should be located at least eight instructions after the CCR update instruction.

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

fooed | -1 -1 -T-T-T-T-T-1-07-[T-T-1T-71]
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW. RW R R R R R R R R R R R R R R R

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| 11X I - I - I - I ICI I - I - I ICE I OIX I - I ORAI - I OClI I CcB I WT I OCE |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W:  R/W R R R R/W R R R/W  R/W R R/W R RW R/W R/W R/W
Bit Bit Name Initial Value R/W Description
31 EMODE 0 R/W Double-Size Cache Mode Bit

This bit selects whether double-size cache mode
is used or not. Do not write to this bit while cache
is being used.

0: Cache direct mapping mode
1: Double-size cache mode

30to 16 O All O R Reserved
These bits are always read as 0. The write value
should always be 0.

15 11X 0 R/W IC Index Enable Bit

0: Effective address bits [12:5] used for IC entry
selection

1: Effective address bits [25] and [11:5] used for
IC entry selection

14t012 O All O R Reserved
These bits are always read as 0. The write value
should always be 0.

11 ICI 0 R/W IC Invalidation Bit
When 1 is written to this bit, the V bits of all IC
entries are cleared to 0. This bit is always read
as 0.
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Bit Bit Name Initial Value R/W Description
10,9 O AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
8 ICE 0 R/W IC Enable Bit
Selects whether the IC is used. Note however
when address translation is performed, the IC
cannot be used unless the C bit in the page
management information is also 1.
0: IC not used
1:IC used
7 OIX 0 R/W OC Index Enable Bit
0: Effective address bits [13:5] used for OC entry
selection
1: Effective address bits [25] and [12:5] used for
OC entry selection
When the ORA bit is 1, this bit should be cleared
to 0.
6 O 0 R Reserved
This bit is always read as 0. The write value
should always be 0.
5 ORA 0 R/W OCRAM Bit
When the OC is enabled (OCE = 1), this bit
specifies whether half of the OC is to be used as
RAM. When the OC is disabled (OCE = 0), this
bit should be cleared to 0.
0: Normal mode (the entire OC is used as a
cache)
1: RAM mode (half of the OC is used as a cache
and the other half is used as RAM)
When the OIX bit is 1, this bit should be cleared
to 0.
4 O 0 R Reserved
This bit is always read as 0. The write value
should always be 0.
3 OCl 0 R/W OC Invalidation Bit
When 1 is written to this bit, the V and U bits of
all OC entries are cleared to 0. This bit is always
read as 0.
2 CB 0 R/W Copy-Back Bit

Indicates the P1 area cache write mode.

0: Write-through mode
1: Copy-back mode
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Bit Bit Name Initial Value R/W Description

1 WT 0 R/W Write-Through Mode
Indicates the PO, U0, and P3 area cache write
mode. When address translation is performed,
the value of the WT bit in the page management
information has priority.

0: Copy-back mode
1: Write-through mode

0 OCE 0 R/W OC Enable Bit
Selects whether the OC is used. Note however
when address translation is performed, the OC
cannot be used unless the C bit in the page
management information is also 1.

0: OC not used
1: OC used

7.2.2 Queue Address Control Register 0 (QACRO)

QACRO can be accessed in longwords from H'FF00 0038 in the P4 area and from H'1F00 0038 in
area 7. QACRO specifies the area onto which store queue 0 (SQO) is mapped when the MMU is
off.

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

SR, I N N N N N N N N N N N N I

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

Inltlalvaluellllllllllll AREAD II

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

Bit Bit Name Initial Value R/W  Description

3lto5 O d R Reserved
These bits are always read as 0. The write value
should always be 0.

4t02  AREAO ad R/W  When the MMU is off, these bits generate external
address bits [28:26] for SQO.
1,0 a O R Reserved

These bits are always read as 0. The write value
should always be 0.
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7.2.3 Queue Address Control Register 1 (QACR1)

QACRL can be accessed in longwords from H'FF00 003C in the P4 area and from H'1F00 003C in
area 7. QACRL specifies the area onto which store queue 1 (SQ1) is mapped when the MMU is
off.

Inilialvali:;l 3_1|3:0|2:9|2:8|2:7|2:6|2:5|2:4|2:3|2:2|2:l|2:0|1:9|1:8|1:7|156|

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

|niua|va||jietz|l_5|1;1|l__3|1:2|l:l|1:0|?I?I?I?I?IZlAR'SEAlZI'lI?l

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

Bit Bit Name Initial Value R/W  Description

31to5 O ad R Reserved
These bits are always read as 0. The write value
should always be 0.

4102 AREAl ad R/W  When the MMU is off, these bits generate external
address bits [28:26] for SQ1.
1,0 a O R Reserved

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

7.3 Operand Cache Operation

731 Read Operation

When the OC isenabled (OCE = 1 in CCR) and datais read by means of an effective address from
a cacheable area, the cache operates as follows:

1. Thetag, V bit, and U bit are read from the cache line indexed by effective address bits[13:5].

2. Thetagiscompared with bits[28:10] of the address resulting from effective address
tranglation by the MMU:

e If thetag matchesand the V hitis1 - 3.
e If thetag matches and the V bitis0O - 4.
« If the tag does not match and the V bitis0 - 4.

 If thetag does not match, the V bitis 1, and theU hitis0 - 4.
» If thetag does not match, theV bitis1, andtheU bitis1 - 5.
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3. Cachehit

The dataindexed by effective address bits [4:0] is read from the data field of the cache line
indexed by effective address bits [13:5] in accordance with the access size
(quadword/longword/word/byte).

Cache miss (no write-back)

Dataisread into the cache line from the external memory space corresponding to the effective
address. Data reading is performed, using the wraparound method, in order from the longword
data corresponding to the effective address, and when the corresponding data arrives in the
cache, the read data is returned to the CPU. While the remaining one cache line of datais being
read, the CPU can execute the next processing. When reading of one line of datais completed,
the tag corresponding to the effective addressis recorded in the cache, and 1 is written to the V
bit.

Cache miss (with write-back)

The tag and data field of the cache line indexed by effective address bits [13:5] are saved in the
write-back buffer. Then datais read into the cache line from the external memory space
corresponding to the effective address. Data reading is performed, using the wraparound
method, in order from the longword data corresponding to the effective address, and when the
corresponding data arrives in the cache, the read data is returned to the CPU. While the
remaining one cache line of datais being read, the CPU can execute the next processing. When
reading of one line of datais completed, the tag corresponding to the effective addressis
recorded in the cache, 1 iswritten to the V hit, and O to the U bit. The data in the write-back
buffer is then written back to external memory.

7.3.2 Write Operation

When the OC is enabled (OCE = 1 in CCR) and data is written by means of an effective addressto
a cacheable area, the cache operates as follows:

1.

Thetag, V bit, and U bit are read from the cache line indexed by effective address bits[13:5].

2. Thetagiscompared with bits[28:10] of the address resulting from effective address

tranglation by the MMU:
Copy-back  Write-through
e If thetag matchesand theV hitis 1 - 3. - 4,
« If thetag matches and the V hitis0O - 5. - 6.
« If the tag does not match and the V bitis0 - 5. - 6.
« If thetag does not match, theV bitis1, andtheU bitisO - 5. - 6.
 If thetag does not match, the V bitis1, and theU bitis1 - 7. - 6.
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. Cache hit (copy-back)

A datawrite in accordance with the access size (quadword/longword/word/byte) is performed
for the data indexed by effective address bits [4:0] of the datafield of the cache line indexed by
effective address bits[13:5]. Then 1 iswritten to the U bit.

. Cache hit (write-through)

A data write in accordance with the access size (quadword/longword/word/byte) is performed
for the dataindexed by effective address bits [4:0] of the datafield of the cache line indexed by
effective address bits[13:5]. A writeis aso performed to the corresponding external memory
using the specified access size.

. Cache miss (no copy-back/write-back)

A datawrite in accordance with the access size (quadword/longword/word/byte) is performed
for the data indexed by effective address bits [4:0] of the datafield of the cache line indexed by
effective address bits[13:5]. Then, datais read into the cache line from the external memory
space corresponding to the effective address. Data reading is performed, using the wraparound
method, in order from the longword data corresponding to the effective address, and one cache
line of datais read excluding the written data. During this time, the CPU can execute the next
processing. When reading of one line of data is completed, the tag corresponding to the
effective address is recorded in the cache, and 1 is written to the V bit and U bit.

. Cache miss (write-through)

A write of the specified access size is performed to the external memory corresponding to the
effective address. In this case, awrite to cache is not performed.

. Cache miss (with copy-back/write-back)

The tag and datafield of the cache line indexed by effective address bits[13:5] are first saved
in the write-back buffer, and then a data write in accordance with the access size
(quadword/longword/word/byte) is performed for the data indexed by effective address bits
[4:Q] of the datafield of the cache line indexed by effective address bits [13:5]. Then, datais
read into the cache line from the external memory space corresponding to the effective
address. Data reading is performed, using the wraparound method, in order from the longword
data corresponding to the effective address, and one cache line of datais read excluding the
written data. During thistime, the CPU can execute the next processing. When reading of one
line of datais completed, the tag corresponding to the effective addressis recorded in the
cache, and 1 iswritten to the V bit and U bit. The datain the write-back buffer is then written
back to external memory.
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7.3.3 Write-Back Buffer

In order to give priority to data reads to the cache and improve performance, thisL S| has awrite-
back buffer which holds the relevant cache entry when it becomes necessary to purge adirty cache
entry into external memory as the result of a cache miss. The write-back buffer contains one cache
line of data and the physical address of the purge destination.

Physical address bits [28:5] | LWo | LW1 | LW2 | LW3 | Lw4 | LW5 | LW6 | Lw7 |

Figure 7.3 Configuration of Write-Back Buffer

734 Write-Through Buffer

This LS| has a 64-bit buffer for holding write data when writing data in write-through mode or
writing to a non-cacheable area. This allows the CPU to proceed to the next operation as soon as
the write to the write-through buffer is completed, without waiting for completion of the write to
external memory.

Physical address bits [28:0] | LWoO | LW1 |

Figure 7.4 Configuration of Write-Through Buffer

7.35 RAM Mode

Setting the ORA bit in CCR to 1 enables half of the operand cache to be used as RAM. In cache
direct mapping mode, the 8-kbyte area otherwise used for OC entries 256 to 511 is designated as a
RAM area. In double-size cache mode, atotal of 16 kbytes, comprising entries 256 to 511 in both
of the ways of the operand cache, is desighated as a RAM area. Other entries can still be used as
cache. RAM can be accessed using addresses H'7C00 0000 to H'7FFF FFFF. Byte-, word-,
longword-, and quadword-size data reads and writes can be performed in the operand cache RAM
area. Instruction fetches cannot be performed in thisarea. ThisL S| cannot be used in OC index
mode when RAM mode is selected.

Examples of RAM usage is shown below.

* In cache direct mapping mode (EMODE = 0in CCR)
H'7C00 0000 to H'7C00 1FFF (8 kbytes): RAM area (entries 256 to 511)
H'7C00 2000 to H'7C00 3FFF (8 kbytes): RAM area (entries 256 to 511)

In the same pattern, shadows of the RAM area are created in 8-kbyte blocks until H'7FFF
FFFF isreached.
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* Indouble-size cache mode (EMODE = 1 in CCR)
In this mode, the 8 kbytes comprising entries 256 to 511 of OC way 0 are designated as RAM
area 1 and the 8-kbytes comprising entries 256 to 511 of OC way 1 are designated as RAM
area 2.
H'7C00 0000 to H'7C00 1FFF (8 kbytes): Correspondsto RAM area 1
H'7C00 2000 to H'7C00 3FFF (8 kbytes): Correspondsto RAM area 2
H'7C00 4000 to H'7C00 5FFF (8 kbytes): Correspondsto RAM area 1
H'7C00 6000 to H'7C00 7FFF (8 kbytes): Correspondsto RAM area 2

In the same pattern, shadows of the RAM area are created in 16-kbyte blocks until H'7FFF
FFFF isreached.

7.3.6 OC Index Mode

Setting the OIX bit in CCR to 1 enables OC indexing to be performed using bit [25] of the
effective address. Thisis called OC index mode. In normal mode, with the OIX bit in CCR cleared
to 0, OC indexing is performed using bits [13:5] of the effective address. Using index mode allows
the OC to be handled as two 8-kbyte areas by means of effective address bit [25], providing
efficient use of the cache. ThisL Sl cannot be used in RAM mode when OC index modeis
selected.

737 Coherency between Cache and External Memory

Coherency between cache and external memory should be assured by software. InthisLSl, the
following four new instructions are supported for cache operations. Details of these instructions
are given in the Programming Manual.

« Invalidate instruction : OCBI @Rn Cacheinvalidation (no write-back)

«  Purgeinstruction : OCBP @Rn Cacheinvalidation (with write-back)
e Write-back instruction 1 OCBWB @Rn Cache write-back

« Allocateinstruction :MOVCA.L RO,@Rn  Cacheallocation

7.3.8 Prefetch Operation

This LSl supports a prefetch instruction to reduce the cache fill penalty incurred as the result of a
cache miss. If it isknown that a cache misswill result from aread or write operation, it is possible
to fill the cache with data beforehand by means of the prefetch instruction to prevent a cache miss
due to the read or write operation, and so improve software performance. If a prefetch instruction
is executed for data already held in the cache, or if the prefetch addressresultsinaUTLB missor
a protection violation, the result is no operation, and an exception is not generated. Details of the
prefetch instruction are given in the Programming Manual.
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» Prefetchinstruction : PREF @Rn
7.4 Instruction Cache Operation

74.1 Read Operation

When the IC isenabled (ICE = 1 in CCR) and instruction fetches are performed by means of an
effective address from a cacheabl e area, the instruction cache operates as follows:

1. Thetagand V bit are read from the cache line indexed by effective address bits[12:5].

2. Thetagiscompared with bits[28:10] of the address resulting from effective address
tranglation by the MMU:

e If thetag matchesand the V hitis1 - 3.

e If thetag matches and the V bitis0O - 4.

¢ If the tag does not match and the V bitis0 - 4.

e If thetag does not match and the V bitis 1 - 4.
3. Cache hit

The dataindexed by effective address bits [4:2] isread as an instruction from the data field of
the cache line indexed by effective address bits[12:5].

4. Cachemiss
Datais read into the cache line from the external memory space corresponding to the effective
address. Data reading is performed, using the wraparound method, in order from the longword
data corresponding to the effective address, and when the corresponding data arrives in the
cache, the read dataiis returned to the CPU as an instruction. When reading of one line of data
is completed, the tag corresponding to the effective address is recorded in the cache, and 1 is
written to the V hit.

7.4.2 IC Index Mode

Setting the 11X bit in CCR to 1 enables |C indexing to be performed using bit [25] of the effective
address. Thisiscalled IC index mode. In normal mode, with the 11X bitin CCR clearedto O, IC
indexing is performed using bits [12:5] of the effective address. Using index mode allowsthe IC
to be handled as two 4-kbyte areas by means of effective address bit [25], providing efficient use
of the cache.
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75 Memory-M apped Cache Configuration (Cache Direct Mapping
Mode)

To enable the IC and OC to be managed by software, the IC contents can be read from or written
to by aprogram in the P2 area by means of aMQV instruction in privileged mode. Operation is
not guaranteed if accessis made from a program in another area. In this case, a branch to the PO,
U0, P1, or P3 area should be made at least eight instructions after this MOV instruction. In
privileged mode, the OC contents can be read from or written to by a program in the P1 or P2 area
by means of aMOV instruction. Operation is not guaranteed if access is made from aprogram in
another area. In this case, a branch to the PO, UO, or P3 area should be made at least eight
instructions after this MOV instruction The |C and OC are alocated to the P4 areain the physical
address space. Only data accesses can be used on both the |C address array and data array and the
OC address array and data array, and accesses are aways longword-size. Instruction fetches
cannot be performed in these areas. For reserved bits, awrite value of 0 should be specified and
the read value is undefined.

751 IC AddressArray

The IC address array is allocated to addresses H'FO00 0000 to H'FOFF FFFF in the P4 area. An
address array access requires a 32-bit address field specification (when reading or writing) and a
32-bit data field specification. The entry to be accessed is specified in the address field, and the
writetag and V bit are specified in the datafield.

In the address field, bits [31:24] have the value H'FO indicating the I C address array, and the entry
is specified by bits[12:5]. The I1X bit in CCR has no effect on this entry specification. The
association bit (A bit) [3] in the address field specifies whether or not association is performed
when writing to the |C address array. As only longword accessis used, O should be specified for
addressfield bits[1:0].

In the datafield, thetag isindicated by bits[31:10], and the V bit by bit [0]. Asthe IC address
array tag is 19 bitsin length, data field bits [31:29] are not used in the case of awrite in which
association is not performed. Data field bits [31:29] are used for the virtual address specification
only in the case of awritein which association is performed.

The following three kinds of operation can be used on the |C address array:

1. IC addressarray read
Thetag and V hit are read into the data field from the IC entry corresponding to the entry set in
the addressfield. In aread, associative operation is not performed regardless of whether the
association hit specified in the address fieldis 1 or O.
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2. |C address array write (non-associative)

Thetag and V bit specified in the data field are written to the I C entry corresponding to the
entry set in the addressfield. The A bit in the address field should be cleared to O.

3. IC address array write (associative)
When awrite is performed with the A bit in the addressfield set to 1, the tag stored in the entry
specified in the address field is compared with the tag specified in the datafield. If the MMU
is enabled at thistime, comparison is performed after the virtual address specified by datafield
bits [31:10] has been trandlated to a physical address using the ITLB. If the addresses match
andtheV bitis1, theV bit specified in the datafield iswritten into the IC entry. In other
cases, no operation is performed. This operation is used to invalidate a specific IC entry. If an
ITLB miss occurs during address translation, or the comparison shows a mismatch, an
exception is not generated, no operation is performed, and the write is not executed. If an
instruction TLB multiple hit exception occurs during address trand ation, processing switches
to the instruction TLB multiple hit exception handling routine.

31 2423 1312 543210
Addressfield|1|1|1|1|0|0|0 0| ........................... | Entry |{A| ....... |
31 109 10
Data field | Tag | ...................... |v|

V : Validity bit

A : Association bit
-+ Reserved bits (write value should be 0, and read value is undefined )

Figure7.5 Memory-Mapped IC Address Array

7.5.2 IC Data Array

The IC data array is allocated to addresses H'F100 0000 to H'F1FF FFFF in the P4 area. A data
array access requires a 32-bit address field specification (when reading or writing) and a 32-hit
data field specification. The entry to be accessed is specified in the address field, and the longword
datato be written is specified in the data field.

In the address field, bits[31:24] have the value H'F1 indicating the IC data array, and the entry is
specified by bits[12:5]. The 11X bit in CCR has no effect on this entry specification. Addressfield
bits [4:2] are used for the longword data specification in the entry. As only longword accessis
used, 0 should be specified for address field bits[1:0].

The datafield is used for the longword data specification.
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The following two kinds of operation can be used on the IC data array:

1. IC dataarray read
Longword datais read into the data field from the data specified by the longword specification
bitsin the address field in the I C entry corresponding to the entry set in the address field.

2. IC dataarray write

The longword data specified in the datafield is written for the data specified by the longword
specification bitsin the address field in the I C entry corresponding to the entry set in the
addressfield.

31
Addressfield|1|1|1|1|0|0|0 1| .......................... Entry | L ||

31 0
Data field | Longword data |

L : Longword specification bits
: Reserved bits (write value should be 0, and read value is undefined )

Figure7.6 Memory-Mapped IC Data Array

75.3 OC AddressArray

The OC address array is alocated to addresses H'F400 0000 to H'FAFF FFFF in the P4 area. An
address array access requires a 32-bit address field specification (when reading or writing) and a
32-bit data field specification. The entry to be accessed is specified in the address field, and the
write tag, U bit, and V bit are specified in the datafield.

In the address field, bits[31:24] have the value H'F4 indicating the OC address array, and the
entry is specified by bits[13:5]. The OIX and ORA bitsin CCR have no effect on this entry
specification. The association bit (A bit) [3] in the address field specifies whether or not
association is performed when writing to the OC address array. As only longword accessis used, O
should be specified for address field bits [1:0].

In the datafield, the tag isindicated by bits [31:10], the U bit by bit [1], and the V bit by bit [O].
Asthe OC address array tag is 19 bitsin length, datafield bits[31:29] are not used in the case of a
write in which association is not performed. Data field bits [31:29] are used for the virtual address
specification only in the case of awrite in which association is performed.
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The following three kinds of operation can be used on the OC address array:

1. OC address array read

The tag, U bit, and V bit are read into the data field from the OC entry corresponding to the
entry set in the addressfield. In aread, associative operation is not performed regardless of
whether the association bit specified in the addressfield is 1 or 0.

2. OC address array write (non-associative)

Thetag, U hit, and V bit specified in the data field are written to the OC entry corresponding to
the entry set in the address field. The A bit in the address field should be cleared to 0.

When awrite is performed to a cache line for which the U bit and V bit are both 1, after write-
back of that cache line, the tag, U bit, and V bit specified in the data field are written.

3. OC address array write (associative)

When awrite is performed with the A bit in the addressfield set to 1, the tag stored in the entry
specified in the address field is compared with the tag specified in the datafield. If the MMU
isenabled at thistime, comparison is performed after the virtual address specified by datafield
bits [31:10] has been trandated to a physical address using the UTLB. If the addresses match
and the V hitis 1, the U bit and V bit specified in the data field are written into the OC entry.
In other cases, no operation is performed. This operation is used to invalidate a specific OC
entry. If the OC entry U bit is 1, and O iswritten to the V bit or to the U bhit, write-back is
performed. If aUTLB miss occurs during address trandation, or the comparison shows a
mismatch, an exception is not generated, no operation is performed, and the write is not
executed. If adata TLB multiple hit exception occurs during address translation, processing
switchesto the data TLB multiple hit exception handling routine.

31 24 23 1413 543210
Addressfield|1|1|1|1|0|1|0 0| ......................... Entry ||A| ........ |
31 109 210
Data field | Tag | .................... |U|V|
V @ Validity bit
U : Dirty bit
A : Association bit

: Reserved bits (write value should be 0, and read value is undefined )

Figure7.7 Memory-Mapped OC AddressArray
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754 OC Data Array

The OC data array is alocated to addresses H'F500 0000 to H'F5FF FFFF in the P4 area. A data
array access requires a 32-bit address field specification (when reading or writing) and a 32-hit
data field specification. The entry to be accessed is specified in the address field, and the longword
datato be written is specified in the data field.

In the address field, bits[31:24] have the value H'F5 indicating the OC data array, and theentry is
specified by bits[13:5]. The OIX and ORA bitsin CCR have no effect on this entry specification.
Addressfield bits[4:2] are used for the longword data specification in the entry. As only longword
access is used, 0 should be specified for address field bits[1:0].

The datafield is used for the longword data specification.
The following two kinds of operation can be used on the OC data array:

1. OC dataarray read
Longword datais read into the data field from the data specified by the longword specification
bits in the address field in the OC entry corresponding to the entry set in the address field.

2. OC dataarray write
The longword data specified in the data field is written for the data specified by the longword
specification bits in the address field in the OC entry corresponding the entry set in the address
field. Thiswrite does not set the U bit to 1 on the address array side.

31 2423 1413 54 210
Addressfield|1|1|1|1|0|1|0|1 ......................... Entry | L ||
31 0

Data field | Longword data |

L : Longword specification bits
.- Reserved bits (write value should be 0, and read value is undefined )

Figure7.8 Memory-Mapped OC Data Array
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7.6 Memory-Mapped Cache Configuration (Double-Size Cache Mode)

To enable the IC and OC to be managed by software, the I C contents can be read from or written
to by aprogram in the P2 area by means of a MOV instruction in privileged mode. Operation is
not guaranteed if access is made from a program in another area. In this case, a branch to the PO,
U0, P1, or P3 area should be made at least eight instructions after this MOV instruction. In
privileged mode, the OC contents can be read from or written to by a program in the P1 or P2 area
by means of aMQV ingtruction. Operation is not guaranteed if access is made from aprogram in
another area. In this case, a branch to the PO, UO, or P3 area should be made at least eight
instructions after this MOV instruction. The IC and OC are alocated to the P4 areain the physical
address space. Only data accesses can be used on both the IC address array and data array and the
OC address array and data array, and accesses are always longword-size. Instruction fetches
cannot be performed in these areas. For reserved bits, awrite value of 0 should be specified; their
read value is undefined.

7.6.1 IC AddressArray

The IC address array is alocated to addresses H'FO00 0000 to H'FOFF FFFF in the P4 area. An
address array access requires a 32-bit address field specification (when reading or writing) and a
32-bit data field specification. The way and entry to be accessed are specified in the address field,
and the write tag and V bit are specified in the data field.

In the address field, bits[31:24] have the value H'FO indicating the IC address array, theway is
specified by bit [13], and the entry by bits[12:5]. The 11X bit in CCR has no effect on this entry
specification. The association bit (A bit) [3] in the address field specifies whether or not
association is performed when writing to the | C address array. As only longword accessis used, 0
should be specified for address field bits[1:0].

In the datafield, the tag isindicated by bits [31:10], and the V bit by bit [0]. Asthe IC address
array tag is 19 bitsin length, datafield bits [31:29] are not used in the case of awrite in which
association is not performed. Data field bits[31:29] are used for the virtual address specification
only in the case of awrite in which association is performed.

The following three kinds of operation can be used on the IC address array:

1. IC address array read
Thetag and V hit are read into the datafield from the I C entry corresponding to the way and
entry set in the addressfield. In aread, associative operation is not performed regardless of
whether the association bit specified in the addressfield is 1 or O.

2. 1C address array write (non-associative)
The tag and V bit specified in the data field are written to the | C entry corresponding to the
way and entry set in the address field. The A bit in the address field should be cleared to 0.
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3. IC address array write (associative)

When awrite is performed with the A bit in the address field set to 1, the tag for each of the
ways stored in the entry specified in the address field is compared with the tag specified in the
datafield. The way number set by bit [13] is not used. If the MMU is enabled at thistime,
comparison is performed after the virtual address specified by data field bits [31:10] has been
tranglated to a physical address using the ITLB. If the addresses match and the V bit for that
way is 1, theV hit specified in the datafield is written into the IC entry. In other cases, no
operation is performed. This operation is used to invalidate a specific IC entry. If an ITLB miss
occurs during address trandlation, or the comparison shows a mismatch, an exception is not
generated, no operation is performed, and the write is not executed. If an instruction TLB
multiple hit exception occurs during address tranglation, processing switches to the instruction
TLB multiple hit exception handling routine.

31 2423 141312 543210
Address field |1|1|1|1|0|0|0 0| ......................... || Entry HAl ....... |
1
Way
31 109 10
Data field | Tag | ...................... |v|
V : Validity bit

A : Association bit
. Reserved bits (write value should be 0, and read value is undefined )

Figure7.9 Memory-Mapped IC Address Array

7.6.2 IC Data Array

The IC data array is allocated to addresses H'F100 0000 to H'F1FF FFFF in the P4 area. A data
array access requires a 32-bit address field specification (when reading or writing) and a 32-bit
data field specification. The way and entry to be accessed are specified in the address field, and
the longword data to be written is specified in the datafield.

In the address field, bits[31:24] have the value H'F1 indicating the IC data array, the way is
specified by bit [13], and the entry by bits[12:5]. The 11X bit in CCR has no effect on this entry
specification. Address field bits [4:2] are used for the longword data specification in the entry. As
only longword accessis used, 0 should be specified for address field bits [1:0].

The datafield is used for the longword data specification.
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The following two kinds of operation can be used on the IC data array:

1. IC dataarray read
Longword data is read into the data field from the data specified by the longword specification
bitsin the address field in the I C entry corresponding to the way and entry set in the address
field.

2. ICdataarray write
The longword data specified in the datafield is written for the data specified by the longword
specification bitsin the address field in the IC entry corresponding to the way and entry set in
the addressfield.

31 2423 141312 54 210
Addressfield|1|1|1|1|0|0|0 1| ........................ | Entry | L ||
|
Way
31 0
Data field | Longword data |

L : Longword specification bits
: Reserved bits (write value should be 0, and read value is undefined )

Figure7.10 Memory-Mapped |C Data Array

7.6.3 OC AddressArray

The OC address array is allocated to addresses H'F400 0000 to H'FAFF FFFF in the P4 area. An
address array access requires a 32-bit address field specification (when reading or writing) and a
32-bit data field specification. The way and entry to be accessed are specified in the address field,
and the write tag, U bit, and V bit are specified in the datafield.

In the address field, bits[31:24] have the value H'F4 indicating the OC address array, theway is
specified by bit [14], and the entry by bits[13:5]. The OIX bit in CCR has no effect on this entry
specification. In RAM mode (ORA = 1in CCR), the OC address arrays are only accessiblein the
memory-mapped cache area, and bit [13] is used to specify the way. For details about address
mapping, see section 7.6.5, Summary of Memory-Mapping of OC. The association bit (A bit) [3]
in the address field specifies whether or not association is performed when writing to the OC
address array. Asonly longword access is used, 0 should be specified for address field bits[1:0].

In the datafield, the tag isindicated by bits[31:10], the U bit by bit [1], and the V bit by bit [0].
Asthe OC address array tag is 19 bitsin length, datafield bits[31:29] are not used in the case of a
write in which association is not performed. Data field bits [31:29] are used for the virtual address
specification only in the case of awrite in which association is performed.
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The following three kinds of operation can be used on the OC address array:

1. OC address array read

Thetag, U bit, and V bit are read into the data field from the OC entry corresponding to the
way and entry set in the addressfield. In aread, associative operation is not performed
regardless of whether the association bit specified in the addressfield is 1 or 0.

2. OC address array write (non-associative)

Thetag, U bit, and V bit specified in the data field are written to the OC entry corresponding to
the way and entry set in the addressfield. The A bit in the address field should be cleared to 0.

When awrite is performed to a cache line for which the U bit and V bit are both 1, after write-
back of that cache line, the tag, U bit, and V bit specified in the data field are written.

3. OC address array write (associative)

When awrite is performed with the A bit in the addressfield set to 1, the tag for each of the
ways stored in the entry specified in the address field is compared with the tag specified in the
datafield. The way number set by bit [14] is not used. If the MMU is enabled at thistime,
comparison is performed after the virtual address specified by data field bits [31:10] has been
tranglated to a physical address using the UTLB. If the addresses match and the V hit for that
way is 1, the U bit and V bit specified in the datafield are written into the OC entry. In other
cases, ho operation is performed. This operation is used to invalidate a specific OC entry. If the
OC entry U bitis 1, and O iswritten to the V bit or to the U bit, write-back is performed. If a
UTLB miss occurs during address trandation, or the comparison shows a mismatch, an
exception is not generated, no operation is performed, and the write is not executed. If adata
TLB muiltiple hit exception occurs during address translation, processing switches to the data
TLB multiple hit exception handling routine.

31 2423 151413 543210

Addressfield|1|1|1|1|0|1|0 0| ...................... | Entry ||A| ........ |
|
Way
31 109 210
Data field | Tag | .................... |u|v|

V @ Validity bit

U : Dirty bit

A : Association bit

. Reserved bits (write value should be 0, and read value is undefined )

Figure7.11 Memory-Mapped OC AddressArray
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7.6.4 OC Data Array

The OC data array is alocated to addresses H'F500 0000 to H'F5FF FFFF in the P4 area. A data
array access requires a 32-bit address field specification (when reading or writing) and a 32-hit
datafield specification. The way and entry to be accessed are specified in the address field, and
the longword data to be written is specified in the datafield.

In the address field, bits[31:24] have the value H'F5 indicating the OC data array, the way is
specified by bit [14], and the entry by bits[13:5]. The OIX bit in CCR has no effect on this entry
specification. In RAM mode (ORA = 1in CCR), the OC data arrays are only accessible in the
memory-mapped cache area, and bit [13] is used to specify the way. For details about address
mapping, see section 7.6.5, Summary of Memory-Mapping of OC. Addressfield bits[4:2] are
used for the longword data specification in the entry. As only longword accessis used, 0 should be
specified for addressfield bits[1:0].

The datafield is used for the longword data specification.
The following two kinds of operation can be used on the OC data array:

1. OC dataarray read
Longword data is read into the data field from the data specified by the longword specification
bitsin the address field in the OC entry corresponding to the way and entry set in the address
field.

2. OC dataarray write
The longword data specified in the data field is written for the data specified by the longword
specification bitsin the address field in the OC entry corresponding to the way and entry set in
the address field. This write does not set the U bit to 1 on the address array side.

31 2423 151413 54 210

Addressfield|1|1|1|1|0|1|0|1 ...................... | Entry | L ||
I

31 Way 0

Data field | Longword data |

L : Longword specification bits
- Reserved bits (write value should be 0, and read value is undefined )

Figure7.12 Memory-Mapped OC Data Array
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7.6.5 Summary of Memory-Mapping of OC

The address ranges to which the OC is memory-mapped in double-size cache mode of thisLSI are
summarized below in the example of data array access.

* Innorma mode (ORA =0in CCR)
H'F500 0000 to H'F500 3FFF (16 kbytes): Way O (entries 0 to 511)
H'F500 4000 to H'F500 7FFF (16 kbytes): Way 1 (entries O to 511)

In the same pattern, shadows of the cache area are created in 32-kbyte blocks until H'F5FF
FFFF.

* InRAM mode (ORA =1in CCR)
H'F500 0000 to H'F500 1FFF (8 kbytes): Way 0 (entries 0 to 255)
H'F500 2000 to H'F500 3FFF (8 kbytes ): Way 1 (entries 0 to 255)

In the same pattern, shadows of the cache area are created in 16-kbyte blocks until H'F5FF
FFFF.

1.7 Store Queues

This LSl supports two 32-byte store queues (SQs) to perform high-speed writesto external
memory. If the SQs are not used, power-down modes, in which SQ functions are stopped, can be
used to reduce power consumption. The queue address control registers (QACRO and QACR1)
cannot be accessed while SQ functions are stopped. See section 14, Power-Down Modes, for the
procedure for stopping SQ functions.

7.7.1 SQ Configuration

There are two 32-byte store queues, SQ0 and SQ1, as shown in figure 7.13. These two store
gueues can be set independently.

sQo | seoiol | seoi | Qo2 | seoral | sol | scois) | seais) | seor |

SQ1 | SQ1[0] | SQ1[1] | SQ1[2] | SQ1[3] | SQ1[4] | SQ1[5] | SQ1[6] | SQ1[7]

4 bytes 4bytes 4bytes 4bytes 4bytes 4bytes 4bytes 4 bytes

Figure 7.13 Store Queue Configuration
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7.7.2 Writing to SQ

A write to the SQs can be performed using a store instruction for addresses H'EO00 0000 to
H'E3FF FFFC in the P4 area. A longword or quadword access size can be used. The meanings of
the address bits are as follows:

[31:26] : 111000 Store queue specification
[25:6] : Don't care Used for external memory transfer/access right
[5] 101 0: SQO specification
1: SQ1 specification
[4:2] : LW specification Specifies longword position in SQ0/SQ1
[1:0] : 00 Fixed at O

7.7.3 Transfer to External Memory

Transfer from the SQs to external memory can be performed with a prefetch instruction (PREF).
Issuing a PREF instruction for addresses H'EQ0O 0000 to H'E3FF FFFC in the P4 area starts a
transfer from the SQs to external memory. The transfer length isfixed at 32 bytes, and the start
addressis always at a 32-byte boundary. While the contents of one SQ are being transferred to
external memory, the other SQ can be written to without a penalty cycle. However, writing to the
SQ involved in the transfer to external memory is kept waiting until the transfer is compl eted.

The external address bits[28:0] of the SQ transfer destination are specified as shown below,
according to whether the MMU is on or off.

« WhenMMU ison (AT =1in MMUCR)

The SQ area (H'E000 0000 to H'E3FF FFFF) isset in VPN of the UTLB, and the transfer
destination external addressin PPN. The ASID, V, SZ, SH, PR, and D hits have the same
meaning as for normal address trandation, but the C and WT bits have no meaning with regard
to this page. Transfer to the PCMCIA interface area by means of the SQs is not allowed. When
aprefetch instruction isissued for the SQ area, address trangdation is performed and external
address bits [28:10] are generated in accordance with the SZ bit specification. For external
address bits [9:5], the address prior to address trandation is generated in the same way as when
the MMU is off. External address bits[4:0] are fixed at 0. Transfer from the SQs to external
memory is performed to this address.
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*  When MMU isoff (AT =0in MMUCR)

The SQ area (H'E000 0000 to H'E3FF FFFF) is specified as the address at which a PREF
instruction isissued. The meanings of address bits[31:0] are asfollows:

[31:26] : 111000 Store queue specification
[25:6] : Address External address bits [25:6]
[5] 101 0: SQO specification
1: SQ1 specification and external address bit [5]
[4:2] : Don't care No meaning in a prefetch
[1:0] ;00 Fixed at O

External address bits [28:26], which cannot be generated from the above address, are generated
from QACRO and QACR1.

QACROQ[4:2] : External address bits[28:26] corresponding to SQO
QACR1[4:2] : External address bits[28:26] corresponding to SQ1

External address bits [4:0] are always fixed at 0 since burst transfer starts at a 32-byte
boundary.

Datatransfer to a PCMCIA interface areain thisL Sl is aways performed using the values of
the SA and TC bitsin PTEA.

7.7.4 Deter mination of SQ Access Exception

Determination of an exception in awrite to an SQ or transfer to external memory (PREF
instruction) is performed as follows according to whether the MMU is on or off. If an exception
occurs during awrite to an SQ, the SQ contents before the write are retained. If an exception
occursin adatatransfer from an SQ to external memory, the transfer to external memory will be
aborted.

* When MMU ison (AT =1in MMUCR)

Operation isin accordance with the address trand ation information recorded in the UTLB, and
the SQMD bit in MMUCR. Write type exception judgment is performed for writes to the SQs,
and read type exception judgment for transfer from the SQs to external memory (using a PREF
instruction). Asaresult, a TLB miss exception, protection violation exception, or initial page
write exception is generated as required. However, if SQ accessis enabled in privileged mode
only by the SQMD bit in MMUCR, an address error will occur even if addresstranglation is
successful in user mode.

*  When MMU isoff (AT =0in MMUCR)
Operation isin accordance with the SQMD bit in MMUCR.
0: Privileged/user mode access possible
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1: Privileged mode access possible

If the SQ areais accessed in user mode when the SQMD bit in MMUCR is set to 1, an address
error will occur.

7.75 Reading from SQ

In privileged mode in this LSI, reading the contents of the SQs may be performed by means of a
load instruction for addresses H'FF00 1000 to H'FFO0 103C in the P4 area. Only longword access
ispossible.

[31:6] : H'FF00 1000 Store queue specification
[5] 101 0: SQO specification
1: SQ1 specification
[4:2] : LW specification Specifies longword position in SQ0/SQ1
[1:0] .00 Fixed at O
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Section 8 Exceptions

8.1 Exception Handling Functions

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

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

811 Exception Handling Flow

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

The basic processing flow isas follows.

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

Theblock bit (BL) in SRisset to 1.

The mode bit (MD) in SRisset to 1.

Theregister bank bit (RB) in SRisset to 1.

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

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

7. The CPU branches to the determined exception handling vector address, and the exception
handling routine begins.

o 0k wbdPE
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8.1.2 Exception Handling Vector Addresses

The reset vector address is fixed at H'/A000 0000. 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'0000 0400, so if H'9C08 0000 is set in VBR, the exception handling vector address
will be H'9CO08 0400. If afurther exception occurs at the exception handling vector address, a
duplicate exception will result, and recovery will be difficult; therefore, fixed physical addresses
(in P1 and P2 areas) should be specified for vector addresses.
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8.2 Exception Typesand Priorities

Table 8.1 shows the types of exceptions, with their relative priorities, vector addresses, and
exception/interrupt codes.

Table8.1 Exception Sourcesand Priorities

Exception Execution Priority Priority Vector Exception
Category Mode Exception Level Order Address Offset Code
Reset Abort type 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)  H100/— H'1EO
exception execution execution**
type Instruction address error 2 1 (VBR) H'100 H'OEO
Instruction TLB miss exception 2 2 (VBR) H'400 H'040
Instruction TLB protection 2 3 (VBR) H'100  H'0A0
violation exception
General illegal instruction 2 4 (VBR) H'100 H'180
exception
Slot illegal instruction exception 2 4 (VBR) H'100 H'1A0
General FPU disable exception 2 4 (VBR) H'100 H'800
Slot FPU disable exception 2 4 (VBR) H'100 H'820
Data address error (read) 2 5 (VBR) H'100 H'OEO
Data address error (write) 2 5 (VBR) H'100 H'100
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) H'100  H120
Initial page write exception 2 (VBR) H'100  H'080
Completion Unconditional trap (TRAPA) 2 4 (VBR) H'100 H'160
type User break after instruction 2 10 (VBR/DBR)  H100/— H'1EO

execution**
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Exception Execution Priority Priority Vector Exception

Category Mode Exception Level Order  Address Offset Code

Interrupt  Completion NMI 3 — (VBR) H'600 H'1CO

type External IRL3to 0 4 *2 (VBR) H600  H'200
interrupts  IRLO 1 7H'220

2 H'240

3 H'260

4 H'280

5 H'2A0

6 H'2C0

7 H'2EO0

8 H'300

9 H'320

A H'340

B H'360

Cc H'380

D H'3A0

E H'3C0

IRL IRLO H'240

IRL1 H'2A0

IRL2 H’300

IRL3 H'360

Peripheral DMAC DMTEO 4 *2 (VBR) H'600 H'640
e ouTEL Heso

(module/ DMTE2 H'680

source) DMTE3 H'6A0

DMTE4 H'780

DMTES H'7A0

DMTE6 H'7CO

DMTE7 H'7EO

DMAE H'6C0O

IRQ*® IRQ4 H'800

IRQ5 H'820

IRQ6 H'840

IRQ7 H'860
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Exception Execution Priority Priority Vector Exception

Category Mode Exception Level Order Address Offset Ccode

Interrupt  Completion Peripheral HCAN2 CANIO 4 *2 (VBR) H'600 H'900
type module - —_—

interrupt CANI1 H'920

(module/ g Ssslo H'940
source) _— S

SSli1 H'960

HAC HACIO H'980

HACI1 H'9A0

Ic 1ICIO H'9CO

11CI1 H'9EO

uUsB uUsSBI H'A00

LCDC VINT H'A20

DMABRG  pmABRGIO H'A80

DMABRGI1 H'AAO

DMABRGI2 H'ACO

SCIF ERIO H'880

RXIO H'8A0

BRIO H'8C0O

TXI0 H'8EO

ERI1 H'BOO

RXI1 H'B20

BRI1 H'B40

TXI1 H'B60

ERI2 H'B80

RXI12 H'BAO

BRI2 H'BCO

TXI2 H'BEO

SIM SIMERI H'C00

SIMRXI H'C20

SIMTXI H'C40

SIMTEI H'C60

HSPI SPII H'C80
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Exception Execution Priority Priority Vector Exception

Category Mode Exception Level Order Address Offset Code
Interrupt  Completion Peripheral MMCIF MMCIO 4 *2 (VBR) H'600 H'D0O0
type module —
interrupt MMCI1 H'D20
(module/ MMCI2 H'D40
source) —_—
MMCI3 H'D60
MFI MFII H'E80
— — H'FOO0
—_ H'F20
—_ H'F40
— H'F60
H-UDI H-UDI H'600
GPIO GPIOI H'620
ADC ADI H'F80
CMT CMTI H'FAO
T™MU TUNIO H'400
TUNI1 H'420
TUNI2 H'440
TICPI2 H'460
WDT ITI H'560
REF RCMI H'580
ROVI H'5A0
Priority . Priority is first assigned by priority level, then by priority order

within each level (the lowest number represents the highest
priority). For details of the interrupt priority level, see section 9,
Interrupt Controller (INTC).

Exception transition destination : Control passes to H'A000 0000 in a reset, and to [VBR + offset]
in other cases.

Exception code : Stored in EXPEVT for a reset or general exception, and in
INTEVT for an interrupt.

IRL . Interrupt request level (pins IRL3 to IRLO).

Module/source . See the sections on the relevant peripheral modules.

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

2. The priority order of external interrupts and peripheral module interrupts can be set by
software.

3. IRQ is external interrupt.
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8.3 Exception Flow

8.3.1 Exception Flow

Figure 8.1 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 sequentialy, one by one. Figure 8.1 shows the relative priority order of the different
kinds of exceptions (reset, general exception, and interrupt). Register settingsin the event of an
exception are shown only for SSR, SPC, SGR, EXPEVT/INTEVT, SR, and PC. However, other
registers may be set automatically by hardware, depending on the exception. For details, see
section 8.5, Operation. Also, see section 8.5.4, 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.

Reset

Yes

requested?

Execute next instruction

General
exception requested?

Interrupt
requested?

Is highest-
priority exception
re-exception

Yes

type?,
No

Cancel instruction execution

result

No

SSR «~ SR

SPC ~ PC

SGR ~ R15

EXPEVT/INTEVT ~ exception code
SR{MD,RB,BL} ~ 111

PC —~ (BRCR.UBDE=1 && User_Break?

DBR: (VBR + Offset))

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

Figure8.1 Instruction Execution and Exception Handling

RENESAS
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8.3.2 Exception Sour ce Acceptance

A priority ranking is provided for all exceptions for use in determining which of two or more
simultaneously generated exceptions should be accepted. Five of the general exceptions—general
illegal instruction exception, slot illegal instruction exception, general FPU disable exception, slot
FPU disable exception, and unconditional trap exception—are detected in the process of
instruction decoding, and do not occur 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 alater
instruction. An example of the order of acceptance for general exceptionsis shown in figure 8.2.

Pipeline flow: VTLB miss (data access)
Instruction n IF | ID | EX | MA | WB
Instruction n + 1 IF | ID | EX | MA |WB
‘ AGeneral illegal instruction exception
VTLB miss (instruction access)
Instruction n + 2 | IF | ID | EX | MA | WB|

|

Instruction n + 3 | IF | 1D ]EX|[MA[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:
TLB miss (instruction n)

Re-execution of instruction n

General illegal instruction exception
(instruction n + 1)

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

Execution of instruction n + 3

Legend:

IF : Instruction fetch

ID : Instruction decode
EX : Instruction execution
MA : Memory access

WB : Write-back

j ;

Program order

j 3

Figure 8.2 Example of General Exception Acceptance Order
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8.3.3 Exception Requests and BL Bit
When the BL hit in SR is 0, exceptions and interrupts are accepted.

When the BL bit in SR is 1 and an 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 asin areset (H'’A000 0000). For the operation in
the event of a user break, see section 31, User Break Controller (UBC). If an ordinary interrupt
occurs, the interrupt request is held pending and is accepted after the BL bit has been cleared to O
by software. If a nonmaskable interrupt (NM1) occurs, it can be held pending or accepted
according to the setting made by software.

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

8.34 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.

Rev. 1.0, 02/03, page 173 of 1294
RENESAS



84 Register Descriptions

There are three registers related to exception handling. These are allocated to memory, and can be
accessed by specifying the P4 address or area 7 address. For details on the addresses of these
registers and the state of registersin each operating mode, see section 32, List of Registers.

Table8.2 Register Configuration (1)

Sync

Register Name Abbrev. R/W P4 Address Area 7 Address Size  Clock
TRAPA exception register TRA R/W H'FF00 0020 H'1F00 0020 32 Ick
Exception event register EXPEVT R/W H'FF00 0024 H'1F00 0024 32 Ick
Interrupt event register INTEVT R/W H’FF00 0028 H'1F00 0028 32 Ick
Table8.2 Register Configuration (2)

Power-on Manual Reset Standby

Reset by by RESET Sleep by

RESET Pin/WDT/ by Sleep Software

Pin/WDT/ Multiple

Instruction/by

/Each

Register Name Abbrev. H-UDI Exception Deep Sleep Hardware Module

TRAPA exception register TRA Undefined  Undefined Retained * Retained
Exception event register EXPEVT  H0000 0000 H'0000 0020 Retained Retained
Interrupt event register INTEVT Undefined  Undefined Retained Retained

Notes: * After exiting hardware standby mode, this LSI enters the power-on reset state caused by

the RESET pin.
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84.1 Exception Event Register (EXPEVT)

EXPEVT consists of a 12-hit exception code. The exception code set in EXPEVT isthat for a
reset or general exception event. The exception code is set automatically by hardware when an
exception occurs. EXPEVT can aso be modified by software.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

o
o
o
o
o

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

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

Bit Bit Name Initial Value R/W Description

31to12 O All O R Reserved
These bits are always read as 0, and the write

value should always be 0.

11to 0 * R/W 12-bit exception code

Note: * H'000 is set in a power-on reset, and H'020 in a manual reset.

8.4.2 Interrupt Event Register (INTEVT)

INTEVT consists of a 14-bit interrupt exception code. The interrupt exception code is set
automatically by hardware when an exception occurs. INTEVT can aso be modified by software.

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

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

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

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

Bit Bit Name Initial Value R/W Description

31to14 O All O R Reserved
These bits are always read as 0, and the write

value should always be 0.

13to 0 ad R/W 14-bit interrupt exception code
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8.4.3 TRAPA Exception Register (TRA)

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.

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

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L [-1-{-1-] imm | - |
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 O All O R Reserved

These bits are always read as 0, and the write
value should always be 0.

9to 2 imm O R/W 8-bit immediate data

1,0 a All O R Reserved
These bits are always read as 0, and the write
value should always be 0.
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8.5 Operation

85.1 Resets

(1) Power-On Reset

Sources:

O RESET pinlow level

0 When the watchdog timer overflows while the WT/IT bit is set to 1 and the RSTS bit is
cleared to 0 in WTCSR. For details, see section 13, Watchdog timer (WDT).

Transition address: H'A000 0000

Transition operations:

Exception code H'000 is set in EXPEVT, initidlization of VBR and SR is performed, and a

branch is made to PC = H'A000 0000.

In theinitialization processing, the VBR register is set to H'0000 0000, and in SR, the MD,

RB, and BL bits are set to 1, the FD bit is cleared to 0, and the interrupt mask level bits

(IMASK3to IMASKO) are set to B'1111.

CPU and on-chip peripheral module initialization is performed. For details, see the register

descriptions in the relevant sections. For some CPU functions, the TRST pin and RESET pin

must be driven low. It is therefore essential to execute a power-on reset and drive the TRST

pin low when powering on.

If the RESET pin isdriven high before the MRESET pin while both these pins are low, a

manual reset may occur after the power-on reset operation. The RESET pin must be driven

high at the same time as, or after, the MRESET pin.

Power _on_reset ()

{

EXPEVT = H 0000 0000;

VBR = H 0000 0000;

SR MD = 1,

SR RB 1;

SR BL = 1,

SR (10-13) = B 1111;

SR FD=0;

Initialize CPU();
Initialize_Mdul e( Power On);
PC = H A000 0000;
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(2) Manual Reset

» Sources:
O MRESET pinlow level and RESET pin high level
O When ageneral exception other than a user break occurs while the BL bitissetto 1in SR

O When the watchdog timer overflows while the RSTS hit isset to 1 in WTCSR. For details,
see section 13, Watchdog Timer (WDT).

» Transition address; H'A000 0000

» Transition operations:
Exception code H'020 is set in EXPEVT, initidlization of VBR and SR is performed, and a
branch is made to PC = H'A000 0000.

In theinitialization processing, the VBR register is set to H'0000 0000, and in SR, the MD,
RB, and BL bitsare set to 1, the FD hit is cleared to 0, and the interrupt mask level bits
(IMASK3to IMASKO) are set to B'1111.

CPU and on-chip peripheral module initialization is performed. For details, see the register
descriptionsin the relevant sections.

Manual _reset ()

{
EXPEVT = H 0000 0020;
VBR = H 0000 0000;
SR MD = 1,
SR RB = 1;
SR BL = 1,
SR (10-13) = B 1111;
SR FD = 0;
Initialize CPU();
Initialize_Mdul e(Manual);
PC = H A0O00 0000;

}
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(3) H-UDI Reset

* Source: SDIR.TI7-TI4 = B'0110 (negation) or B'0111 (assertion)

» Transition address; H'A000 0000

» 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'A000 0000.

In theinitialization processing, the VBR register is set to H'0000 0000, and in SR, the MD,
RB, and BL bitsare set to 1, the FD hit is cleared to 0, and the interrupt mask level bits
(IMASK3to IMASKO) are set to B'1111.

CPU and on-chip peripheral module initialization is performed. For details, see the register
descriptionsin the relevant sections.

H UDI _reset ()

{
EXPEVT = H 0000 0000;
VBR = H 0000 0000;
SR MD = 1;
SR RB = 1,
SR BL = 1;
SR (10-13) = B 1111;
SR FD = 0;
Initialize_CPU();
Initialize_Mdul e( Power On);
PC = H A000 0000;

}
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(4) Instruction TLB Multiple-Hit Exception

» Source: Multiple ITLB address matches
» Transition address: H'A000 0000
» Transition operations:
The virtual address (32 bits) at which this exception occurred is set in TEA, and the

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

Exception code H'140 is set in EXPEVT, initidization of VBR and SR is performed, and a
branch is made to PC = H'A000 0000.

In theinitialization processing, the VBR register is set to H'0000 0000, and in SR, the MD,
RB, and BL bitsare set to 1, the FD hit is cleared to 0, and the interrupt mask level bits
(IMASK3to IMASKO) are set to B'1111.

CPU and on-chip peripheral module initialization is performed in the same way as in amanual
reset. For details, see the register descriptionsin the relevant sections.

TLB_ rul ti_hit()

{
TEA = EXCEPTI ON_ADDRESS;
PTEH. VPN = PAGE_NUMBER;
EXPEVT = H 0000 0140;
VBR = H 0000 0000;
SR MD = 1,
SR RB = 1;
SR BL = 1,
SR (10-13) = B 1111;
SR FD = 0;
Initialize CPU();
Initialize_Mdul e(Manual);
PC = H A0O00 0000;
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(5) DataTLB Multiple-Hit Exception

» Source: Multiple UTLB address matches
» Transition address: H'A000 0000
» Transition operations:
The virtual address (32 bits) at which this exception occurred is set in TEA, and the

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

Exception code H'140 is set in EXPEVT, initidlization of VBR and SR is performed, and a
branch is made to PC = H'A000 0000.

In theinitialization processing, the VBR register is set to H'0000 0000, and in SR, the MD,
RB, and BL bitsare set to 1, the FD hit is cleared to 0, and the interrupt mask level bits
(IMASK3to IMASKO) are set to B'1111.

CPU and on-chip peripheral module initialization is performed in the same way as in amanual
reset. For details, see the register descriptionsin the relevant sections.

TLB_ rul ti_hit()

{
TEA = EXCEPTI ON_ADDRESS;
PTEH. VPN = PAGE_NUMBER;
EXPEVT = H 0000 0140;
VBR = H 0000 0000;
SR MD = 1,
SR RB = 1;
SR BL = 1,
SR (10-13) = B 1111;
SR FD = 0;
Initialize CPU();
Initialize_Mdul e(Manual);
PC = H A0O00 0000;
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8.5.2 General Exceptions
(1) Data TLB Miss Exception

» Source: Address mismatch in UTLB address comparison
» Transition address; VBR + H'0000 0400
» Transition operations:
The virtual address (32 bits) at which this exception occurred is set in TEA, and the

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

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

Exception code H'040 (for aread access) or H'060 (for awrite access) isset in EXPEVT. The
BL, MD, and RB bitsare set to 1 in SR, and a branch is made to PC = VBR + H'0400.

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

Dat a_TLB_m ss_excepti on()
{
TEA = EXCEPTI ON_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

»  Source: Address mismatch in ITLB address comparison
» Transition address; VBR + H'0000 0400
» Transition operations:
The virtual address (32 bits) at which this exception occurred is set in TEA, and the

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

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

Exception code H'040 is set in EXPEVT. The BL, MD, and RB hitsaresetto 1in 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.

| TLB_m ss_exception()
{
TEA = EXCEPTI ON_ADDRESS;
PTEH. VPN = PAGE_NUMBER;
SPC = PC,
SSR = SR,
SGR = R15;
EXPEVT = H 0000 0040;
SR. MD 1;
SR RB 1;
SR. BL 1;
PC = VBR + H 0000 0400;
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(3) Initial Page Write Exception

» Source: TLB ishitin astore access, but dirty bit D =0
» Transition address; VBR + H'0000 0100
» Transition operations:
The virtual address (32 bits) at which this exception occurred is set in TEA, and the

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

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

Exception code H'080 is set in EXPEVT. The BL, MD, and RB hitsaresetto 1in SR, and a
branch is made to PC = VBR + H'0100.

Initial _wite_exception()
{
TEA = EXCEPTI ON_ADDRESS;
PTEH. VPN = PAGE_NUMBER;
SPC = PC;
SSR = SR
SGR = RI15;
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

Source: The access does not accord with the UTLB protection information (PR bits) shown

below.
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

Transition address. VBR + H'0000 0100
Transition operations:

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

the ASID when this exception occurred.

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

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

Dat a_TLB_protection_viol ati on_exception()

{

TEA = EXCEPTI ON_ADDRESS;
PTEH. VPN = PACGE_NUMBER;

SPC = PC,
SSR = SR,
SGR = R15;
EXPEVT = read_access ? H 0000 00AO :
SR.MD = 1;
SR RB = 1;
SR. BL = 1;

PC = VBR + H 0000 0100;

H 0000 00CO;
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(5) Instruction TLB Protection Violation Exception

» Source: The access does not accord with the ITLB protection information (PR bits) shown
below.

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

» Transition address. VBR + H'0000 0100

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

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

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

| TLB_protection_viol ati on_exception()
{
TEA = EXCEPTI ON_ADDRESS;
PTEH. VPN = PAGE_NUMBER;
SPC = PC,
SSR = SR,
SGR = R15;
EXPEVT = H 0000 00AQ;
SR.MD = 1;
SR RB = 1;
SR. BL 1;
PC = VBR + H 0000 0100;
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(6) Data AddressError

Sources:

(]
O
(]

O

Word data access from other than aword boundary (2n +1)
L ongword data access from other than alongword data boundary (4n +1, 4n + 2, or 4n +3)

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

Access to area H'8000 0000—H'FFFF FFFF in user mode

Transition address: VBR + H'0000 0100
Transition operations:
The virtual address (32 bits) at which this exception occurred is set in TEA, and the

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

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

Exception code H'0EO (for aread access) or H'100 (for awrite access) isset in EXPEVT. The
BL, MD, and RB hitsare set to 1 in SR, and a branch is made to PC = VBR + H'0100. For
details, see section 6, Memory Management Unit (MMU).

Dat a_address_error ()

{

TEA = EXCEPTI ON_ADDRESS;
PTEH. VPN = PAGE_NUMBER;

SPC = PC;
SSR = SR
SGR = RI15;
EXPEVT = read_access? H 0000 O0OEO: H 0000 0100;
SR MD = 1;
SR RB = 1;
SR BL = 1;

PC = VBR + H 0000 0100;
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(7) Instruction AddressError

|
{

Sources:

O Instruction fetch from other than aword boundary (2n +1)

O Instruction fetch from area H'8000 0000—H'FFFF FFFF in user mode
Transition address: VBR + H'0000 0100

Transition operations:

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

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

Exception code H'OEOQ isset in EXPEVT. The BL, MD, and RB bitsaresetto 1in SR, and a
branch is made to PC = VBR + H'0100. For details, see section 6, Memory Management Unit
(MMU).

nstruction_address_error ()

TEA = EXCEPTI ON_ADDRESS;
PTEH. VPN = PAGE_NUMBER;

SPC = PC,
SSR = SR
SGR = RI15;
EXPEVT = H 0000 OOEO;
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'0000 0100

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

TRAPA exception()

{
SPC = PC + 2;
SSR = SR
SGR = RI15;
TRA = imm << 2;
EXPEVT = H 0000 0160;
SR.MD = 1;
SR.RB = 1;
SR BL = 1;
PC = VBR + H 0000 0100;
}
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(9) General lllegal Instruction Exception

» Sources:
O Decoding of an undefined instruction not in adelay slot
Delayed branch instructions: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
Undefined instruction: H'FFFD
O Decoding in user mode of a privileged instruction not in adelay slot
Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP, but excluding LDC/STC
instructions that access GBR
» Transition address. VBR + H'0000 0100
e Transition operations:
The PC and SR contents for the instruction at which this exception occurred are saved in SPC
and SSR. The R15 contents at thistime are saved in SGR.

Exception code H'180 isset in EXPEVT. The BL, MD, and RB hitsareset to 1 in SR, and a
branch is made to PC = VBR + H'0100. Operation is hot guaranteed if an undefined code other
than H'FFFD is decoded.

General _illegal _instruction_exception()
{

SPC = PC;

SSR = SR

SGR = RI15;

EXPEVT = H 0000 0180;

SR MD = 1;

SR RB = 1;

SR BL =

)

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

* Sources:
O Decoding of an undefined instruction in adelay slot
Delayed branch instructions: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
Undefined instruction: H'FFFD
O Decoding of aninstruction that modifies PC in adelay sot

Instructions that modify PC: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT, BF,
BT/S, BF/S, TRAPA, LDC Rm,SR, LDC.L @Rm+,SR

0 Decoding in user mode of a privileged instruction in adelay slot

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

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

» Transition address; VBR + H'0000 0100

» Transition operations:
The PC contents for the preceding delayed branch instruction are saved in SPC. The SR and
R15 contents when this exception occurred are saved in SSR and SGR.

Exception code H'1AO isset in EXPEVT. The BL, MD, and RB bitsaresetto 1in SR, and a
branch is made to PC = VBR + H'0100. Operation is 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 01AQ0;

SR.MD = 1;

SR RB = 1;

SR. BL = 1;

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

» Source: Decoding of an FPU instruction* not in adelay slot with SR.FD =1

» Transition address; VBR + H'0000 0100

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

Exception code H'800 is set in EXPEVT. The BL, MD, and RB hitsaresetto 1in 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 H'FFFD), and the LDS, STS, LDS.L, and STS.L
instructions corresponding to FPUL and FPSCR.

Gener al _f pu_di sabl e_exception()
{

SPC = PC;

SSR = SR

SGR = RI15;

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

» Source: Decoding of an FPU instruction in adelay slot with SR.FD =1

» Transition address; VBR + H'0000 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'820 is set in EXPEVT. The BL, MD, and RB hitsaresetto 1in SR, and a
branch is made to PC = VBR + H'0100.

Sl ot _f pu_di sabl e_excepti on()
{

SPC = PC - 2;

SSR = SR

SGR = RI15;

EXPEVT = H 0000 0820;

SR MD 1;

SR. RB 1;

SR BL = 1;

PC = VBR + H 0000 0100;
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(13) User Breakpoint Trap

» Source: Fulfilling of a break condition set in the user break controller
» Transition address: VBR + H'0000 0100, or DBR
» 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'1EOissetin EXPEVT.

TheBL, MD, and RB bitsare set to 1 in SR, and a branch ismadeto PC = VBR + H'0100. It is
also possible to branch to PC = DBR.

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

User _break_exception()
{
SPC = (pre_execution break? PC: PC + 2);
SSR = SR,
SGR = R15;
EXPEVT = H 0000 O1EO;
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'0000 0100

» 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 isset in
EXPEVT. TheBL, MD, and RB hitsareset to 1 in SR, and abranch is madeto PC = VBR +
H'0100.

FPU_exception()
{
SPC = PC,
SSR = SR,
SGR = R15;
EXPEVT = H 0000 0120;
SR. MD 1;
SR RB 1;
SR. BL 1;
PC = VBR + H 0000 0100;
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853 Interrupts
(1) NMI

» Source: NMI pin edge detection

» Transition address; VBR + H'0000 0600

» Transition operations:
The PC and SR contents for the instruction at which this exception is accepted are saved in
SPC and SSR. The R15 contents at thistime are saved in SGR.
Exception code H'1COisset in INTEVT. The BL, MD, and RB bitsare set to 1 in SR, and a
branch is made to PC = VBR + H'0600. When the BL bit in SR is 0, thisinterrupt is not
masked by the interrupt mask bitsin SR, and is accepted at the highest priority level. When the
BL bitin SR is 1, a software setting can specify whether thisinterrupt isto be masked or
accepted. For details, see section 9, Interrupt Controller (INTC).

NM ()
{
SPC = PG,
SSR = SR;
SGR = R15;
I NTEVT = H 0000 01C0;
SR MD = 1;
SR RB = 1;
SR BL = 1;

PC = VBR + H 0000 0600;

Rev. 1.0, 02/03, page 196 of 1294
RENESAS



(2) IRL Interrupts

» Source: Theinterrupt mask level bits IMASK3 to IMASKO) setting in SR is smaller than the
IRL (3-0) level, and the BL bit in SR is 0 (accepted at instruction boundary).

» Transition address. VBR + H'0000 0600

» 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.

The code corresponding to the IRL (3-0) level issetin INTEVT. Seetable 9.7, for the
corresponding codes. The BL, MD, and RB bitsare setto 1 in SR, and a branch is made to
VBR + H'0600. The acceptance level is not set in the interrupt mask level bits IMASK3 to
IMASKDOQ) in SR. When the BL bit in SR is 1, the interrupt is masked. For details, see section
9, Interrupt Controller (INTC).

I RL()
{
SPC = PC,
SSR = SR;
SGR = R15;
I NTEVT = H 0000 0200 ~ H 0000 03CO0;
SR.MD = 1;
SR RB = 1;
SR BL = 1;

PC = VBR + H 0000 0600;
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(3) Peripheral ModuleInterrupts

Source: The interrupt mask level bits IMASK3 to IMASKO) setting in SR is smaller than the
peripheral module (DMAC, IRQ, HCANZ2, SSI, HAC, I°C, USB, LCDC, DMABRG, SCIF,
SIM, HSPI, MMCIF, MFI, H-UDI, ADC, CMT, TMU, WDT, or REF) interrupt level, and the
BL bitin SR is 0 (accepted at instruction boundary).

Transition address. VBR + H'0000 0600

Transition operations:

The PC contentsimmediately after the instruction at which the interrupt is accepted are set in
SPC. The SR and R15 contents at the time of acceptance are set in SSR and SGR.

The code corresponding to the interrupt sourceisset in INTEVT. The BL, MD, and RB bits
aresetto 1in SR, and abranch ismade to VBR + H'0600. The module interrupt levels should
be set as values between B'0000 and B'1111 in the interrupt priority level setting registers
(IPRA-IPRC) in theinterrupt controller. For details, see section 9, Interrupt Controller
(INTC).

Modul e_i nterruption()

{

SPC = PC,
SSR = SR
SGR = RI15;
I NTEVT = H 0000 0400 ~ H 0000 OFAQ;
SR MD = 1;
SR RB = 1,
SR BL = 1;

PC = VBR + H 0000 0600;
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(4) IRQ Interrupts

» Source: Theinterrupt mask bit setting in SR is smaller than the IRL (3-0) level, and the BL bit
in SR is 0 (accepted at instruction boundary).

» Transition address; VBR + H'0000 0600

» 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.
The code corresponding to theinterrupt sourceisset in INTEVT. The BL, MD, and RB bits
aresetto 1in SR, and abranch ismadeto VBR + H'0600. The IRQ interrupt levels should be
set as values between B'0000 and B'1111 in the interrupt priority level setting register 00
(INTPRIQO) in the interrupt controller. For details, see section 9, Interrupt Controller (INTC).

I RQ()
{
SPC = PG,
SSR = SR;
SGR = R15;
I NTEVT = H 0000 0800 ~ H 0000 0860;
SR.MD = 1;
SR RB = 1;
SR BL = 1;

PC = VBR + H 0000 0600;
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854 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. Careis required in these cases, as the exception priority order differs from the
normal order.

» Instructions that make two accesses to memory
With MAC instructions, memory-to-memory arithmetic/logic instructions, and TAS
instructions, two data transfers are performed by a single instruction, and an exception will be
detected for each of these datatransfers. In these cases, therefore, the following order is used
to determine priority.
Data address error in first data transfer
TLB missin first data transfer
TLB protection violation in first data transfer
Initial page write exception in first data transfer
Data address error in second data transfer
TLB missin second data transfer
TLB protection violation in second data transfer
8. Initial page write exception in second data transfer
» Indivisible delayed branch instruction and delay dot instruction
As adelayed branch instruction and its associated delay dot instruction are indivisible, they
aretreated as a single instruction. Consequently, the priority order for exceptions that occur in
these instructions differs from the usual priority order. The priority order shown below isfor
the case where the delay slot instruction has only one data transfer.
1. A check isperformed for the interrupt type and re-execution type exceptions of priority
levels 1 and 2 in the delayed branch instruction.
2. A check is performed for the interrupt type and re-execution type exceptions of priority
levels 1 and 2 in the delay slot instruction.
3. A check isperformed for the completion type exception of priority level 2 in the delayed
branch instruction.
4. A check is performed for the completion type exception of priority level 2 in the delay dot
instruction.
5. A check isperformed for priority level 3 in the delayed branch instruction and priority
level 3inthedelay slot instruction. (Thereis no priority ranking between these two.)
6. A check isperformed for priority level 4 in the delayed branch instruction and priority
level 4 inthe delay dlot instruction. (Thereis no priority ranking between these two.)
If the delay dlot instruction has a second data transfer, two checks are performed in step 2, asin
the above case (Instructions that make two accesses to memory).

N o g~ eDNRE
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If the accepted exception (the highest-priority exception) isadelay 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.

8.6 Usage Notes

1. Return from exception handling

A. Check the BL bit in SR with software. If SPC and SSR have been saved to external
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 an exception or interrupt occurswhen BL bitin SR=1

A. Exception
When an exception other than a user break occurs, amanual reset is executed. The valuein
EXPEVT at thistime is H'0000 0020; the SPC and SSR contents are undefined.

B. Interrupt
If an ordinary interrupt occurs, the interrupt request is held pending and is accepted after
the BL bhit in SR has been cleared to 0 by software. If anonmaskable interrupt (NM1I)
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 exception
The PC value for the instruction at which the exception occurred is set in SPC, and the
instruction is re-executed after returning from the exception handling routine. If an
exception occursin adelay dot instruction, however, the PC value for the delay slot
instruction is saved in SPC regardless of whether or not the preceding delay slot instruction
condition is satisfied.

B. Completion type exception or interrupt
The PC value for the instruction following that at which the exception occurred isset in
SPC. If an exception occursin a branch instruction with delay slot, however, the PC value
for the branch destination is saved in SPC.

4. An exception must not be generated in an RTE instruction delay slot, as the operation cannot
be guaranteed in this case.
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8.7 Restrictions

8.7.1 Restrictionson First Instruction in Exception Handling Routine

» Do not locate a BT, BF, BT/S, BF/S, BRA, or BSR instruction at address VBR + H'100, VBR
+ H'400, or VBR + H'600.

*  When the UBDE bit in BRCR is set to 1 and the user break debug support function is used, do
not locate a BT, BF, BT/S, BF/S, BRA, or BSR instruction at the address indicated by DBR.
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Section 9 Interrupt Controller (INTC)

The interrupt controller (INTC) ascertains the priority of interrupt sources and controls interrupt
requests to the CPU. The INTC registers set the order of priority of each interrupt, allowing the
user to handle interrupt requests according to user-set priority.

9.1 Features
The INTC has the following features.

» Fifteen interrupt priority levels can be set
By setting the eight interrupt priority level setting registers, the priorities of peripheral module
interrupts can be selected from 15 levels for different request sources.

* NMI noise canceler function
The NMI input level bit indicates the NMI pin state. The pin state can be checked by reading
this bit in the interrupt exception handling routine, enabling it to be used as a hoise canceler.

* NMI request masking when the BL bitin SRisset to 1.
It is possible to select whether or not NMI requests are to be masked when the BL bitin SR is
set to 1.
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Figure 9.1 shows a block diagram of the INTC.
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INTC

Note : Peripheral modules: The following 14 modules can output interrupt requests.
The number of channel is enclosed within parentheses.

HCAN2 (2)  : Hitachi Controller Area Network 2

SSI(2) : Serial Sound Interface
HAC (2) : Hitachi Audio Codec Interface
I’C (2) : I°C Bus Interface
uUsB : USB Host
LCDC : LCD Controller
SCIF (3) : Serial Communication Interface with FIFO
SIM : SIM Card Module
HSPI : Hitachi Serial Peripheral Interface
MMCIF : Multimedia Card Interface
MFI : Multifunctional Interface
ADC : A/ID Converter
CMT : Compare Match Timer
TMU (3) : Timer Unit

Legend:

WDT : Watchdog timer

REF : Memory refresh controller section
of the bus state controller
DMAC : Direct memory access controller

H-UDI : Hitachi user debug interface

GPIO : General I/O ports

ICR : Interrupt control register

IPRA-IPRD  : Interrupt priority level setting registers A-D
INTPRIOO-0C : Interrupt priority level setting registers 00-0C
SR : Status register

Figure9.1 Block Diagram of INTC
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9.2

I nput/Output Pins

Table 9.1 shows the INTC pin configuration.

Table9.1 Pin Configuration

Pin Name Abbreviation I/0 Function

Nonmaskable interrupt ~ NMI Input Input of nonmaskable interrupt request

input pin signal

IRL interrupt input pins  IRL3 to IRLO Input Input of IRL interrupt request signals
(maskable by the I3 to 10 bits in SR)

IRQ interrupt input pins  IRQ7 to IRQ4 Input Input of IRQ interrupt request signals

9.3

Register Descriptions

The INTC has the following registers. For details on the addresses of these registers and the state
of registersin each operating mode, see section 32, List of Registers.

Table9.2 Register Configuration (1)
Sync

Register Name Abbrev. R/W P4 Address Area 7 Address Size  Clock
Interrupt control register ICR R/W  HFFDO 0000 H'1FDO 0000 16 Pck
Interrupt priority level setting register A IPRA R/W  HFFDO 0004 H'1FDO 0004 16 Pck
Interrupt priority level setting register B IPRB R/W  HFFDO 0008 H'1FDO 0008 16 Pck
Interrupt priority level setting register C  IPRC R/W  HFFDO 000C H'1FDO 000C 16 Pck
Interrupt priority level setting register D IPRD R/W  HFFDO 0010 H'1FDO 0010 16 Pck
Interrupt priority level setting register 00 INTPRIOO R/W  H'FE08 0000 H'1E08 0000 32 Pck
Interrupt priority level setting register 04 INTPRI0O4 R/W H'FE08 0004 H'1E08 0004 32 Pck
Interrupt priority level setting register 08 INTPRIO8 R/W  H'FE08 0008 H'1E08 0008 32 Pck
Interrupt priority level setting register OC INTPRIOC R/W H’FE08 000C H'1E08 000C 32 Pck
Interrupt source register 00 INTREQOO R H’FEO8 0020 H’1E08 0020 32 Pck
Interrupt source register 04 INTREQO4 R H'FEO8 0024 H'1E08 0024 32 Pck
Interrupt mask register 00 INTMSKOO R/W H'FE08 0040 H'1E08 0040 32 Pck
Interrupt mask register 04 INTMSK04 R/W H'FEO08 0044 H'1E08 0044 32 Pck
Interrupt mask clear register 00 INTMSK W H'FEO8 0060 H'1E08 0060 32 Pck

CLROO
Interrupt mask clear register 04 INTMSK W H'FEO8 0064 H'1E08 0064 32 Pck

CLRO4
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Table9.2 Register Configuration (2)

Manual Standby

Power-on  Reset by

Resetby = RESET Sleep by

RESET Pin/WDT/ by Sleep Software/

Pin/WDT/  Multiple Instruction/by Each
Register Name Abbrev. H-UDI Exception Deep Sleep Hardware Module

H'0000** H'0000** Retained * Retained
Interrupt control register ICR _—

H’8000** H’8000** Retained Retained
Interrupt priority level setting register A IPRA H'0000 H'0000 Retained Retained
Interrupt priority level setting register B IPRB H'0000 H'0000 Retained Retained
Interrupt priority level setting register C  IPRC H'0000 H'0000 Retained Retained
Interrupt priority level setting register D IPRD H'DA74 H'DA74 Retained Retained
Interrupt priority level setting register 00  INTPRIOO H’0000 0000 Retained Retained Retained
Interrupt priority level setting register 04  INTPRIO4 H’0000 0000 Retained Retained Retained
Interrupt priority level setting register 08 INTPRIO8 H’0000 0000 Retained Retained Retained
Interrupt priority level setting register 0C  INTPRIOC H’0000 0000 Retained Retained Retained
Interrupt source register 00 INTREQOO H'0000 0000 Retained Retained Retained
Interrupt source register 04 INTREQO4 H'0000 0000 Retained Retained Retained
Interrupt mask register 00 INTMSKO00 H'F3FF 7FFF Retained Retained Retained
Interrupt mask register 04 INTMSK04 H'00FF FFFF Retained Retained Retained
Interrupt mask clear register 00 INTMSK — — — —

CLROO
Interrupt mask clear register 04 INTMSK — — — —
CLRO4

Notes: * After exiting hardware standby mode, this LSI enters the power-on reset state by the
RESET pin.
1. The NMI pin is a low level.
2. The NMl pin is a high level.
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931 Interrupt Priority Level Setting RegistersA to D (IPRA to IPRD)

IPRA to IPRD are 16-bit readable/writable registers that set priority levels from 15 to O for the
peripheral module interrupts.

* [IPRAtOIPRC

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

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

Bit Bit Name Initial Value R/W Description

15t0 0 IPRn All 0 R/W These bits set the priority level for each interrupt
source in 4-bit units. For details, see table 9.3,
Interrupt Request Sources and IPRA to IPRD.

Note:n=15t0 0

* IPRD
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IPRn
Initial value: 1 1 0 1 1 0 1 0 0 1 1 1 0 1 0 0

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

Bit Bit Name Initial Value R/W Description

15t0 0 IPRn H'DA74 R/W These bits set the priority level for each interrupt
source in 4-bit units. For details, see table 9.3,
Interrupt Request Sources and IPRA to IPRD.

Note:n=15t0 0
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Table9.3 Interrupt Request Sourcesand IPRA to IPRD

Bits
Register 15to 12 11to 8 7t04 3to 0
IPRA TMUO T™MU1 T™U2 Reserved*?
IPRB WDT REF** Reserved*? Reserved**
IPRC GPIO (IRL, IRQ)** DMAC Reserved*? H-UDI
IPRD IRLO IRL1 IRL2 IRL3

Notes: 1. REF is the memory refresh control unit in the bus state controller (BSC). See section 10,
Bus State Controller (BSC), for details.

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

3. These bits set the interrupt priority level of the GPIO in normal mode and that of the
GPIO, IRL, IRQ4, and IRQ5 in software standby mode. To exit software standby mode
by an IRQ4 or IRQ5 interrupt, INTPRIOO must also be set. The same value must be set
in both registers. Note that software standby mode cannot be exited by an IRQ6 or
IRQ7 interrupt.

As shown in table 9.3, four peripheral modules are assigned to each register. Setting avaue from
H'F (1111) to H'0 (0000) in each of the 4-bit groups, 15t0 12, 11t0 8, 7to 4, and 3t0 0,
configuresinterrupt priority level for each group. Setting H'F designates priority level 15 (the
highest level), and setting H'O designates priority level 0 (requests are masked).

9.3.2 Interrupt Priority Level Setting Registers00to OC (INTPRI00 to INTPRIOC)

INTPRIOO to INTPRIOC are 32-bit readable/writable registers that set priority levelsfrom 15to 0
for the peripheral module interrupts.

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

[N N N N N I

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

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

N N N N I B

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

Bit Bit Name Initial Value R/W Description

31t00 AllO R/W These bits set the priority level for each interrupt
source in 4-bit units. For details, see table 9.4,
Interrupt Request Sources and INTPRIOO to
INTPRIOC.
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Table9.4 Interrupt Request Sourcesand INTPRIOO to INTPRIOC**

Bits
Register 31to 28 27to 24 2310 20 19to 16 15to 12 11to 8 7to4 3to0
INTPRIOO  IRQ4*® IRQ5*° IRQ6 IRQ7 Reserved*? Reserved*’ Reserved*’ Reserved*’
INTPRIO4  HCAN2(0) HCAN2(1)  SSI(0) SsI(1) HAC(0) HAC(1) °C(0) C(1)
INTPRIO8  USB LCDC DMABRG  SCIF(0) SCIF(1) SCIF(2) SIM HSPI
INTPRIOC  Reserved*’ Reserved** MMCIF Reserved*?  MFI Reserved*? ADC CMT

Notes: 1. As shown in table 9.4, eight peripheral modules are assigned to each register. Setting a
value from H'F (1111) to H'0 (0000) in each of the 4-bit groups configures interrupt
priority level for each group. Setting H'F designates priority level 15 (the highest level),
and setting H'0 designates priority level 0 (requests are masked).

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

3. To enable an IRQ4 or IRQ5 interrupt in software standby mode, setting must be made
in this register as well as in IPRC. The same value must be set in both registers. Note
that software standby mode cannot be exited by an IRQ6 or IRQ7 interrupt.

9.33 Interrupt Control Register (ICR)

ICR setsthe input signal detection mode for external interrupt input pin NMI and indicates the
input signal level at the NMI pin.

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
INMILI MAI | - | - | - | - INMIBINMIEI IRLMI - | - | - | - | - | - | - |
Initial value:  0/1* 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R RW - - - - RW RW RW - - -
Bit Bit Name Initial Value R/W Description
15 NMIL o/1* R NMI Input Level

Sets the level of the signal input at the NMI pin.
This bit can be read to determine the NMI pin
level. It cannot be modified.

0: NMI pin input level is low
1: NMI pin input level is high
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Bit Bit Name Initial Value R/W Description

14 MAI 0 R/W NMI Interrupt Mask
Specifies whether or not all interrupts are to be
masked while the NMI pin input level is low,
irrespective of the BL bit in SR of the CPU. NMI
interrupts are accepted in normal operation and in
sleep mode. In standby mode, all interrupts are
masked, and standby is not cleared, while the
NMI pin is low.

0: Interrupts enabled even while NMI pin is low
1: Interrupts disabled while NMI pin is low

13t010 — All O — Reserved
These bits are always read as 0.The write value
should always be 0.

9 NMIB 0 R/W NMI Block Mode
Specifies whether an NMI request is to be held
pending or detected immediately while the BL bit
in SR of the CPU is set to 1.
If interrupt requests are enabled while the BL bit
is 1, the previous exception information will be
lost, and so must be saved beforehand. This bit is
cleared automatically by NMI acceptance.

0: NMl interrupt requests held pending while the
BL bitin SR is setto 1

1: NMI interrupt requests detected while the BL
bitin SRis setto 1

8 NMIE 0 R/W NMI Edge Select
Specifies whether the falling or rising edge of the
interrupt request signal to the NMI pin is detected.

0: Interrupt request detected on falling edge of
NMI input

1: Interrupt request detected on rising edge of
NMI input

7 IRLM 0 R/W IRL Pin Mode
Specifies whether pins IRL3 to IRLO are to be
used as level-encoded interrupt requests or as
four independent interrupt requests.

0: IRL pins used as level-encoded interrupt
requests

1: IRL pins used as four independent interrupt
requests (level-sensing IRQ mode)
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Bit Bit Name Initial Value R/W Description

6to0 — All O — Reserved
These bits are always read as 0.The write value
should always be 0.

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

9.34 Interrupt Sour ce Registers 00, 04 (INTREQQO, INTREQO4)

INTREQOO and INTREQO4 are 32-bit read-only registers that indicate the origin of the interrupt
request sent to the INTC. The states of the bits in these registers are not affected by masking of the
corresponding interrupts by the settingsin INTPRIOO0 and INTPRIO4.

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

[N N N N N N

Initial value: 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

o
o
o
o
o
o
o
o
o

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

[N N N N N I

Initial value: 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

o
o
o
o
o
o
o
o
o

Bit Bit Name Initial Value R/W Description

31t00 AllO R Interrupt Requests 31 to 0
Each bit indicates that there is an interrupt
request relevant to that bit. For the
correspondence between the bits and interrupt
sources, see table 9.5.

0: There is no interrupt request that corresponds
to this bit

1: There is an interrupt request that corresponds
to this bit.
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Table 9.5

* INTREQOO, INTMSKOO0, and INTMSKCLRO0O

Interrupt Request Sour ces and Bit Assignmentsin Each Register (1)

Bit Number  Module Interrupt Bit Number Module Interrupt
31 IRQ IRQ4 15 a a

30 IRQ IRQ5 14 DMABRG DMABRGIO
29 IRQ IRQ6 13 DMABRG DMABRGI1
28 IRQ IRQ7 12 DMABRG DMABRGI2
27 O O 11 SCIF(0) ERIO

26 O O 10 SCIF(0) RXIO

25 HCAN2(0) HCANIO 9 SCIF(0) BRIO

24 HCAN2(1) HCANI1 8 SCIF(0) TXI0

23 SSI(0) SSII0 7 SCIF(1) ERI1

22 SSI(1) SsSli1 6 SCIF(1) RXI1

21 HAC(0) HACIO 5 SCIF(1) BRI1

20 HAC(1) HACI1 4 SCIF(1) TXI1

19 I’C(0) lICIO 3 SCIF(2) ERI2

18 I’C(1) lcia 2 SCIF(2) RXI2

17 USB USBI 1 SCIF(2) BRI2

16 LCDC VINT 0 SCIF(2) TXI2
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Table9.5 Interrupt Request Sourcesand Bit Assignmentsin Each Register (2)
* INTREQO4, INTMSKO04, and INTMSKCLR04

Bit Number  Module Interrupt Bit Number Module Interrupt
31 O O 15 MMCIF MMCI3
30 4 g 14

29 O O 13 a a

28 O O 12 a a

27 4 g 11 g g

26 O O 10 a a

25 4 g 9 g g

24 O O 8 a a

23 SIM SIMERI 7 g

22 SIM SIMRXI 6 MFI MFII
21 SIM SIMTXI 5 a

20 SIM SIMTEI 4 g

19 HSPI HSPII 3 a a

18 MMCIF MMCIO 2 g g

17 MMCIF MMCI1 1 ADC ADI

16 MMCIF MMCI2 0 CMT CMTI

9.35 Interrupt Mask Registers00, 04 (INTMSKQO, INTM SK 04)

INTMSKOO and INTM SK 04 are 32-bit registers that set the masking of individual interrupt
requests. Writing 1 to the corresponding bitsin INTM SK00 and INTM SK04 masks interrupt
requests.

To cancel masking of an interrupt, write 1 to the corresponding bit in INTM SKCLR0O0 and
INTMSKCLRO4. Note that writing 0 to the related bit in INTM SK00 and INTM SK 04 does not
cancel masking of the interrupt.
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* INTMSKOO0

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

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

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

Bit Bit Name Initial Value R/W Description

31to 28 All 1 R/W Interrupt Masks 31 to 28
These bits set the masking of the interrupt
request that corresponds to the given bit. For the
correspondence between bits and interrupt
sources, see table 9.5.

0: Corresponding interrupt requests are accepted
1: Corresponding interrupt requests are masked

27, 26 AllO R Reserved

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

2510 16 All1 R/W Interrupt Masks 25 to 16
These bits set the masking of the interrupt
request that corresponds to the given bit. For the
correspondence between bits and interrupt
sources, see table 9.5.

0: Corresponding interrupt requests are accepted
1: Corresponding interrupt requests are masked

15 0 R Reserved

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

14t00 All 1 R/W Interrupt Masks 14 to O
These bits set the masking of the interrupt
request that corresponds to the given bit. For the
correspondence between bits and interrupt
sources, see table 9.5.

0: Corresponding interrupt requests are accepted
1: Corresponding interrupt requests are masked
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* INTMSKO04

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 1 1 1 1 1 1 1 1
RIW: R R R R R RW RW RW RW RW RW RW RW
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W:  R/W R R R R R R R R RW RW RW RW RW RW R/W
Bit Bit Name Initial Value R/W Description
31to24 All O R Reserved
These bits are always read as 0. The write value
should always be 0.
23to 15 All1 R/W Interrupt Masks 23 to 15
These bits set the masking of the interrupt
request that corresponds to the given bit. For the
correspondence between bits and interrupt
sources, see table 9.5.
0: Corresponding interrupt requests are accepted
1: Corresponding interrupt requests are masked
14to07 All 1 R Reserved
These bits are read as 1s at the first time. After
that, these bits are read as 0s. The write value
should always be 0.
6t00 All1 R/W Interrupt Masks 6 to O

These bits set the masking of the interrupt
request that corresponds to the given bit. For the
correspondence between bits and interrupt
sources, see table 9.5.

0: Corresponding interrupt requests are accepted
1: Corresponding interrupt requests are masked
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9.3.6 Interrupt Mask Clear Registers 00, 04 (INTMSKCLROO, INTMSKCLRO04)

INTMSKCLROO and INTMSKCLR04 are 32-hit read-only registers that clear the masking of
individual interrupt requests.

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

Initial value: - - - - - - - - - N _
RIW: W w wW w W w W w w w w w w w w w

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

Initial value: - - - - - - - - - B N N . = .

R/W: W W W W w W w W w W w w w w W w

Bit Bit Name Initial Value R/W Description

31to0 — — w Interrupt Mask Clear 31to 0
Each bit selects whether or not to clear the
masking of the interrupt source that corresponds
to that bit. For the correspondence between the
bits and interrupt sources, see table 9.5.

0: Masking of corresponding interrupt is not
changed
1: Masking of corresponding interrupt is cleared
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9.4 Interrupt Sources

There are four types of interrupt sources: NMI, IRQ, IRL, and peripheral modules. Each interrupt
has a priority level (16 to 0), with level 16 asthe highest and level 1 asthe lowest. When level O is
set, the interrupt is masked and interrupt requests are ignored.

94.1 NMI Interrupt

The NMI interrupt has the highest priority level of 16. It is always accepted unless the BL bit in
SR of the CPU is set to 1. In sleep or standby mode, the interrupt is accepted even if the BL bit is
set to 1.

A setting can also be made to have the NMI interrupt accepted even if the BL bit isset to 1.

Input from the NMI pin is edge-detected. The NMI edge select bit (NMIE) in ICR is used to select
either rising or falling edge as the detection edge. When the NMIE bit in ICR is modified, the
NMI interrupt is not detected for a maximum of six bus clock cycles after the modification.

NMI interrupt exception handling does not affect the interrupt mask level bits IMASK3 to
IMASKO) in SR.

9.4.2 IRQ Interrupts

IRQ interrupts are input by level at pinsIRQ7 to IRQ4. After an IRQ interrupt is accepted, the pin
level must be retained until the interrupt processing starts.

9.4.3 IRL Interrupts
IRL interrupts are input by level at pinsIRL3 to IRLO.

The priority level isthe level indicated by pinsIRL3 to IRLO. An IRL3 to IRLO value of 0 (0000)
indicates the highest-level interrupt request (interrupt priority level 15). A value of 15 (1111)
indicates no interrupt request (interrupt priority level 0). Figure 9.2 shows an example of IRL
interrupt connection, and table 9.6 shows the correspondence between the IRL pins and interrupt
levels.
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This LSI

Interrupt  —————— Priority

| |RL IRL
requests —————— | encoder 3to 0

Figure9.2 Exampleof IRL Interrupt Connection

Table9.6 IRL3toIRLO Pinsand Interrupt Levels

IRL3 IRL2 IRL1 IRLO Interrupt Priority Level Interrupt Request

0 0 0 0 15 Level 15 interrupt request
0 0 0 1 14 Level 14 interrupt request
0 0 1 0 13 Level 13 interrupt request
0 0 1 1 12 Level 12 interrupt request
0 1 0 0 11 Level 11 interrupt request
0 1 0 1 10 Level 10 interrupt request
0 1 1 0 9 Level 9 interrupt request
0 1 1 1 8 Level 8 interrupt request
1 0 0 0 7 Level 7 interrupt request
1 0 0 1 6 Level 6 interrupt request
1 0 1 0 5 Level 5 interrupt request
1 0 1 1 4 Level 4 interrupt request
1 1 0 0 3 Level 3 interrupt request
1 1 0 1 2 Level 2 interrupt request
1 1 1 0 1 Level 1 interrupt request
1 1 1 1 0 No interrupt request

IRL interrupt detection requires a built-in noise-cancellation feature. The IRL interrupt is not
detected unless the levels sampled at every bus clock cycle remain unchanged for three
consecutive cycles, so that no transient level on the IRL pin change is detected.

The priority level of the IRL interrupt must not be lowered until the interrupt is accepted and the
interrupt processing starts. However, the priority level can be changed to a higher one.

The interrupt mask level bits IMASK3 to IMASKO) in the status register (SR) are not affected by
IRL interrupt processing.
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PinsIRLO to IRL3 can be used for four independent interrupt requests by setting the IRLM bit in
ICRto 1.

When independent interrupt requests are used, the interrupt priority levels can be set in interrupt
priority level setting register D (IPRD).

94.4 Peripheral Module Interrupts
Peripheral module interrupts are interrupts generated by peripheral modules.

Not every interrupt source is assigned a different interrupt vector, but sources are reflected in the
interrupt event register (INTEVT), so it is easy to identify sources by using the INTEVT valueas a
branch offset in the exception handling routine.

A priority level from 15 to 0 can be set for each module by means of IPRA to IPRD and
INTPRIOO to INTPRIOC.

Theinterrupt mask level bits (IMASK3 to IMASKO) in SR are not affected by peripheral module
interrupt processing.

Updating of the interrupt source flag and interrupt enable flag of a peripheral module should only
be carried out when the BL bit in SR is set to 1. To prevent erroneous interrupt acceptance from an
interrupt source that should have been updated, first read the on-chip peripheral register containing
the relevant flag, then clear the BL bit to 0. Thiswill secure the necessary timing internally. When
updating a number of flags, there is no problem if only the register containing the last flag updated
isread from.

If flag updating is performed while the BL bit is cleared to 0, the program may jump to the
interrupt handling routine when the INTEV T valueis 0. In this case, interrupt processing is
initiated due to the timing relationship between the flag update and interrupt request recognition
within this LSI. Processing can be continued without any problem by executing an RTE
instruction.
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945 Interrupt Exception Handling and Priority

Table 9.7 lists the codes for the interrupt event register (INTEVT), and the order of interrupt
priority.

Each interrupt sourceis assigned aunique INTEVT code. The start address of the exception
handling routine is common to each interrupt source. Therefore, to identify the interrupt source,
branching is performed at the start of the exception handling routine using the INTEVT value. For
instance, the INTEVT valueis used as a branch offset .

The priority order of the peripheral modulesis specified as desired by setting priority levels from
15t0 0in IPRA to IPRD and INTPRIOO to INTPRIOC. The priority order of the peripheral
modulesis set to 0 by areset.

When the priorities for multiple interrupt sources are set to the same level and such interrupts are
generated simultaneously, they are handled according to the default priority order shown in table
9.7.

Updating of IPRA to IPRD and INTPRIOO to INTPRIOC should only be carried out when the BL
bitin SRisset to 1. To prevent erroneous interrupt acceptance, first read one of the interrupt
priority level setting registers, then clear the BL bit to 0. Thiswill secure the necessary timing
internaly.
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Table9.7

INTEVT Interrupt Priority Relevant IPR

Interrupt Exception Handling Sour ces and Priority Order

Priority within  Default

Interrupt Source Code (Initial Value) (Bit Numbers) IPR Setting Unit Priority
NMI H1CO 16 — — High
IRL3to IRL3toIRLO=0 H'200 15 — — 4
IRLO RI3t0IRLO=1 H220 14 — —

IRL3 to IRLO =2 H240 13 — —

IRL3 to IRLO =3 H'260 12 — —

IRL3 to IRLO =4 H'280 11 — —

IRL3to IRLO=5 H2A0 10 — —

IRL3to IRLO=6 H2CO0 9 — —

IRL3to IRLO=7 H2EO0 8 — —

IRL3to IRLO=8 H'300 7 — —

IRL3to IRLO=9 H'320 6 — —

IRL3 to IRLO = A H'340 5 — —

IRL3 to IRLO =B H'360 4 — —

IRL3to IRLO=C H380 3 — —

IRL3to IRLO=D H'3A0 2 — —

IRL3to IRLO=E H3CO0 1 — —
IRL IRLO H'240 15t0 0 (13) IPRD (15 to 12) —

IRL1 H2A0 15to 0 (10) IPRD (11t0 8) —

IRL2 H300 15t00 (7) IPRD (7to4) —

IRL3 H'360 15t0 0 (4) IPRD 3t00) —
H-UDI H-UDI H'600  15to 0 (0) IPRC 3t00) — I
GPIO  GPIOI H'620 15100 (0) IPRC (15 to 12) — Low

RENESAS
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INTEVT Interrupt Priority Relevant IPR Priority within ~ Default

Interrupt Source Code (Initial Value) (Bit Numbers) IPR Setting Unit Priority
DMAC DMTEO H'640 15to 0 (0) IPRC (11 to 8) High High
DMTE1 H'660 A A
DMTE2 H'680
DMTE3 H'6A0
DMTE4 H'780
DMTES H'7A0
DMTE6 H'7CO
DMTE7 H'7EO v
DMAE H'6CO Low
IRQ IRQ4 H'800  15to 0 (0) INTPRIOO High
(31to 28)
IRQ5 H'820 15to 0 (0) INTPRIOO
(27 to 24)
IRQ6 H'840 1510 0 (0) INTPRIOO
(23 to 20)
IRQ7 H'860 1510 0 (0) INTPRIOO
(19 to 16) Low
HCAN2(0) CANIO H'900  15to 0 (0) INTPRI04
(31to 28)
HCAN2(1) CANI1 H'920 15to 0 (0) INTPRI04
(27 to 24)
SSI(0) SSIIo H940 15to 0 (0) INTPRIO4
(23 to 20)
SSI(1) ssiil H'960  15to 0 (0) INTPRI04
(19 to 16)
HAC(0) HACIO H'980 15to 0 (0) INTPRIO4
(15 to 12)
HAC(1) HACI1 H'9A0 15to 0 (0) INTPRI0O4
(11to 8)
I’C(0) 1clo H'9CO 15to 0 (0) INTPRI04
(7to 4)
I’C(1) ICI1 H'O9EO 15to 0 (0) INTPRIO4 v
(3to 0) Low
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INTEVT Interrupt Priority Relevant IPR Priority within ~ Default

Interrupt Source Code (Initial Value) (Bit Numbers) IPR Setting Unit Priority
USB  USBI HAOO 15100 (0) INTPRIOS High
(31to 28) A
LCDC  VINT HA20 15100 (0) INTPRIOS
(27 t0 24)
DMABRG DMABRGIO  HA80 15100 (0) INTPRIO8 _ High
DMABRGIL  HAAO (2310 20)
DMABRGI2 H'ACO Low
SCIF(0) ERIO H'880 15100 (0) INTPRIO8  High
RXIO H'8AO (1910 16)
BRIO H'8CO I
TXIO H'8EO Low
SCIF(1) ERIL H'BOO 15100 (0) INTPRIO8 _ High
RXI1 H'B20 (1510 12)
BRI1 H'B40 I
TXI1 H'B60 Low
SCIF(2) ERI2 H'B8O 15100 (0) INTPRIO8 _ High
RXI2 H'BAO (11t08)
BRI2 H'BCO I
TI2 HBEO Low
SIM SIMERI H'CO0  15t0 0 (0) INTPRIO8  High
SIMRXI H'C20 (710 4) I
SIMTXI H'C40
SIMTEI H'C60 Low
HSPI  HSPII H'C80 15100 (0) INTPRIOS
(3t0 0)
MMCIF  MMCIO HDOO 15100 (0) INTPRIOC __ High
MMCI1 H'D20 (2310 20)
MMCI2 H'D40 I '
MMCI3 H'D60 Low Low
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INTEVT Interrupt Priority Relevant IPR  Priority within ~ Default
Interrupt Source Code (Initial Value) (Bit Numbers) IPR Setting Unit Priority
MFI MFII H'F80 15to 0 (0) INTPRIOC High
(15t0 12) A
— — H'FOO 1510 0 (0) INTPRIOC High
_ H'F20 (11to 8)
— H'F40
— H'F60 Low
ADC ADI H'F80 1510 0 (0) INTPRIOC
(7to 4)
CMT CMTI H'FAO 15to 0 (0) INTPRIOC
(3t0 0)
TMUO TUNIO H'400 1510 0 (0) IPRA (15t0 12) —
TMU1 TUNI1 H'420 15to 0 (0) IPRA (11t08) —
TMU2 TUNI2 H'440 1510 0 (0) IPRA (7to4) High
TICPI2 H'460 Low
WDT ITI H'560 15to 0 (0) IPRB (15t0 12) —
REF RCMI H'580 1510 0 (0) IPRB (11 to 8) High \
ROVI H'5A0 Low Low
Note:  TUNIO to TUNI2 : Underflow interrupts
TICPI2 . Input capture interrupt
ERI : Receive-error interrupt
RXI : Receive-data-full interrupt
TXI : Transmit-data-empty interrupt
SIMTEI : Transmit-end interrupt
BRI : Break interrupt request
ITI : Interval timer interrupt
RCMI : Compare-match interrupt
ROVI : Refresh count overflow interrupt
H-UDI : Hitachi user debug interface
DMTEO to DMTE7 : DMAC transfer end interrupts
DMAE : DMAC address error interrupt
VINT : Vertical synchronization interrupt
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95 Operation

9.5.1 Interrupt Operation Sequence

The sequence of operations when an interrupt is generated is described below. Figure 9.3 shows a
flowchart of the interrupt operations.

1
2.

The interrupt request sources send interrupt request signals to the interrupt controller.
Theinterrupt controller selects the highest-priority interrupt from the interrupt requests sent,
according to the priority levels set in IPRA to IPRD and INTPRIOO to INTPRIOC. Lower-
priority interrupts are held pending. If two of these interrupts have the same priority level, or if
multiple interrupts occur within a single module, the interrupt with the highest priority
according to table 9.4 is selected.

The priority level of the interrupt selected by the interrupt controller is compared with the
interrupt mask level (IMASK3 to IMASKO) in SR of the CPU. If the request's priority level is
higher than the level in bitsIMASK 3 to IMASKO, the interrupt controller accepts the interrupt
and sends an interrupt request signal to the CPU.

The CPU accepts an interrupt between instructions.

The interrupt source code is set in the interrupt event register (INTEVT).

The contents of the status register (SR) and program counter (PC) are saved to SSR and SPC,
respectively. The R15 contents at thistime are saved in SGR.

The block bit (BL), mode bit (MD), and register bank bit (RB) in SR are set to 1.

The CPU jumps to the start address of the interrupt-related exception handling routine (the sum
of the value set in the vector base register (VBR) and H'0000 0600).

The exception handling routine may branch with the INTEVT value asits offset in order to
identify the interrupt source. This enables it to easily branch to the handling routine for the
particular interrupt source.

Notes: 1. InthisLSl, theinterrupt mask level bits IMASK3 to IMASKO) in the status register

(SR) of the CPU are not changed by acceptance of an interrupt.
2. Clear theinterrupt source flag during the interrupt handling routine.
To ensure that the cleared interrupt source is not inadvertently accepted again, read the

interrupt source flag after it has been cleared, wait for the interval shown in table 9.8,
and then clear the BL hit or execute an RTE instruction.

3. For some interrupt sources, the interrupt masks (INTM SK00 and INTM SK04) must be
cleared using INTMSKCLROO and INTM SKCL R04.
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execution state

Interrupt
generated?

No

(BL bit
in SR=0) or
(sleep or standby
mode)?

No

NMIB in No
ICR=1and

NMI?,

Yes

Level 15
interrupt?

No

Level 14

interrupt?
Yes

MASK3-IMASKO* =
level 14 or lower?.

IMASK3-IMASKO =

Set interrupt source level 13 or lower?

in INTEVT

!

Save SR to SSR and
save PC to SPC
!
Set BL, MD, and
RB bitsin SR to 1
Y
Branch to exception
handling routine
[

IMAS|

interrupt?

Level 1

K3-IMASKO =
level 0?

Note: * IMASK3-IMASKO: Interrupt mask level bits in status register (SR)

Figure9.3 Interrupt Operation Flowchart
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9.5.2 Multiple Interrupts

When handling multiple interrupts, the interrupt handling routine should include the following
procedures:

1. Branchto theinterrupt handling routine of each interrupt source using the INTEVT valueas an
offset to identify the interrupt source.

2. Clear theinterrupt source in the corresponding interrupt handling routine.
3. Save SPC and SSR in the stack.

4. Clear the BL bit in SR, and set the accepted interrupt level in the interrupt mask level bits
(IMASK3to IMASKO) in SR.

Write the actual processing.

Set the BL bitin SRto 1.

Restore SSR and SPC from memory.
Execute the RTE instruction.

© N o’

When these procedures are followed in order, an interrupt of higher priority than the one being
handled can be accepted immediately after step 4. This enables the interrupt response time to be
shortened for urgent processing.

9.5.3 Interrupt Masking with MAI Bit

By setting the MAI bitto 1in ICR, interrupts can be masked while the NMI pin islow,
irrespective of the BL and IMASK bitsin SR.

* Innormal operation and sleep mode
All interrupts are masked while the NMI pin islow. However, an NMI interrupt only is
generated by atransition at the NMI pin.

* Instandby mode

All interrupts are masked while the NMI pinislow, and an NMI interrupt is not generated by a
transition at the NMI pin. Therefore, standby mode cannot be cleared by an NMI interrupt
whilethe MAI bit isset to 1.
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9.6

Interrupt Response Time

The time from interrupt request generation until interrupt exception handling is performed and
fetching of the first instruction of the exception handling routine is started (the interrupt response

time) is shown in table 9.8.

Table9.8 Interrupt Response Time
Number of States
Peripheral
Item NMI IRL IRQ Modules Notes
Time for priority decisionand 1lcyc+4Bcyc 1llcyc+ 7 Bcyc 1lcyc+ 2 Beyc
SR mask bit comparison
Wait time until end of S-1(=0)x S-1(=0)x S-1(=0)x
sequence being executed by  Icyc Icyc Icyc
CPU
Time from interrupt exception 4 x Icyc 4 x Icyc 4 x Icyc
handling (save of SR and PC)
until fetch of first instruction of
exception handling routine is
started
Response Total 5Ilcyc +4Bcyc 5lcyc+ 7 Bcyc 5lcyc + 2 Beyc
time +(S-1)lcyc +(S-1)lcyc +(S-1)lcyc
Minimum 13 Icyc 19 Icyc 9 Icyc When lIcyc:
case Bcyc=2:1
Maximum 36 + S Icyc 60 + S Icyc 20 + S Icyc When lIcyc:
case Bcyc = 8:1
Icyc : One cycle of internal clock supplied to CPU, etc.
Bcyc : One CKIO cycle
S : Number of instruction execution states
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Section 10 Bus State Controller (BSC)

The BSC divides the off-chip memory space and outputs control signals complying with
specifications of various types of memory and businterfaces. It enables the connection of
synchronous DRAM, SRAM, ROM, etc., to thisLSI. It aso supports the PCMCIA interface
protocol, which implements simplified system design and high-speed data transfers by a compact
system.

10.1

Features

The BSC has the following features:

» Divides the off-chip memory space into seven areas for management.

g
ad

Oodood

O

Maximum 64 Mbytes for each of areas 0 to 6

Bus width of each area can be controlled by register settings (except area 0, which uses an
off-chip pin setting)

Wait-cycle insertion by RDY pin

Wait-cycle insertion can be controlled by program

Types of memory are specifiable for connection to each area

Output the control signals of memory to each area

Automatic wait cycle insertion to prevent data bus collisionsin case of consecutive
memory accesses to different areas, or aread access followed by awrite access to the same
area

Write strobe setup time and hold time periods can be inserted in awrite cycle to enable
connection to low-speed memory

*  SRAM interface

0
0
0
0

Wait-cycle insertion can be controlled by program
Wait-cycle insertion by RDY pin

Connectable areas: 0to 6

Settable bus widths: 32, 16, 8

* Synchronous DRAM interface

OO0O0o0ooOoogao

Row address/column address multiplexing according to synchronous DRAM capacity
Burst operation

Auto-refresh and self-refresh

Synchronous DRAM control signal timing can be controlled by register settings
Consecutive accesses to the same row address

Connectable areas. 2, 3

Settable bus width: 32
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e Burst ROM interface
O Wait-cycleinsertion can be controlled by program
O Burst transfer for the number of times specified by the register
O Connectable areas: 0, 5, 6
O Settable bus widths: 32, 16, 8
¢ MPX interface
O Address/data multiplexing
O Peripheral LSI, which requires address/data multiplexing, can be connected
O Connectable areas: 0to 6
O Settable buswidth: 32
«  Byte control SRAM interface
O SRAM interface with byte control
O Connectable areas. 1, 4
O Settable buswidths: 32, 16
¢ PCMCIA interface (valid only in little-endian mode)
O Wait-cycleinsertion can be controlled by program
0O Bussizing function for 1/0 bus width
O Connectable areas: 5, 6
O Settable buswidths: 16, 8
* Refresh counter can be used asinterval timer
O Interrupt request generated by compare-match
O Interrupt request generated by refresh counter overflow
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Figure 10.1 shows a block diagram of the BSC.

1]
> 2
s
Q
<
=
Bus @
interface - o
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| Wait
BRDY ————] control unit
CS6-CS0  «——+— Area
CE2A-CE2B ' control unit
BS E
RD !
RD/WR ! 2]
WE3-WEO H g
RAS - E|
CASS , Memory <)
CKE H control unit =
ICIORD, ICIOWR |
REG 5
I0IS16 — 1 »]
A
B R
>
Qo
s
Q
<
2
Interrupt 5] Refresh
controller & control unit
RTCSR
BSC
WCR: Wait control register RFCR: Refresh count register
BCR: Bus control register RTCNT: Refresh timer counter

MCR: Memory control register RTCOR: Refresh time constant register
PCR: PCMCIA control register ~ RTCSR: Refresh timer control/status register

Figure 10.1 Block Diagram of BSC
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10.2

Table 10.1 shows the BSC pin configuration.

I nput/Output Pins

Table10.1 Pin Configuration

Name Signals 110 Description
Address bus A25 to AO Output Address output
Data bus D31 to DO Input/  Data input/output
Output
Bus cycle start BS Output Signal that indicates the start of a bus cycle
When setting synchronous DRAM interface or MPX
interface: asserted once for a burst transfer
For other burst transfers: asserted each data cycle
Chipselect6to0 CS6 to CSO Output Chip select signals that indicate the area being
accessed
CS5 and CS6 are also used as PCMCIA CE1A and
CE1B
Read/write RD/WR Output Data bus input/output direction designation signal
Also used as the DRAM/PCMCIA interface write
designation signal
Row address RAS Output RAS signal when setting synchronous DRAM
strobe interface
Read/column RD/CASS/ Output Strobe signal that indicates a read cycle
address strobe/  FRAME When setting synchronous DRAM interface: CAS
cycle frame si
gnal
When setting MPX interface: FRAME signal
Data enable O WEO/ Output When setting PCMCIA interface: REG signal
Domo/ When setting SRAM interface: write strobe signal for
REG D7 to DO
When setting synchronous DRAM interface:
selection signal for D7 to DO
Data enable 1 WE1/ Output When setting PCMCIA interface: write strobe signal
DOM1

When setting SRAM interface: write strobe signal for
D15 to D8

When setting synchronous DRAM interface:
selection signal for D15 to D8
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Name Signals 1/0 Description
Data enable 2 WE2/ Output When setting PCMCIA interface: ICIORD signal
DQM2/ When setting SRAM interface: write strobe signal for
ICIORD D23 to D16
When setting synchronous DRAM interface:
selection signal for D23 to D16
Data enable 3 WES/ Output When setting PCMCIA interface: ICIOWR signal
DQMS3/_ When setting SRAM interface: write strobe signal for
ICIOWR D31 to D24
When setting synchronous DRAM interface:
selection signal for D31 to D24
Ready RDY Input  Wait-cycle request signal
Area 0 MPX MD6/101S16 Input At power-on reset: Designates area 0 bus as MPX
interface setting/ interface (1: SRAM, 0: MPX)
16-bit 1/0 When setting PCMCIA interface: 16-bit /0
designation signal. Valid only in little-endian mode.
Clock enable CKE Output Synchronous DRAM clock enable control signal
Bus release BREQ Input  Bus release request signal
request
Bus request BACK Output Bus request acknowledge signal
acknowledge
Area 0 bus MD3/CE2A* Input/ At power-on reset: area 0 bus width specification
width/PCMCIA MD4/CE2B* Output signal
card select When using PCMCIA: CE2A, CE2B
Endian switchover MD5 Input  Endian setting at a power-on reset

Note: * The input/output switching is specified by the AS6PCM bit in bus control register 1 (BCR1).

10.3

Overview of Areas

(1) Space Divisions
The architecture of this LS| provides a 32-bit virtual address space. The virtual address space
isdivided into five areas according to the upper address value. Off-chip memory space
comprises a 29-bit address space, divided into eight areas.

The virtual address space can be allocated to any off-chip address by means of the memory
management unit (MMU). Details are given in section 6, Memory Management Unit (MMU).
This section describes the areas into which the off-chip address space is divided.
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With thisLSI, various types of memory or PC cards can be connected to each of the seven
areas of off-chip address space as shown in table 10.2, and chip select signals (CSO to CS6,
CE2A, CE2B) are output for each of these areas. CS0 is asserted when accessing area 0, and
CS6 when accessing area 6. When synchronous DRAM is connected to area 2 or 3, signals
such asRAS, CASS, RD/WR, and DQM are also asserted. When the PCMCIA interface is
selected for area 5 or 6, CE2A or CE2B is asserted in addition to CS5 or CS6 for the byte to be
accessed.

256
H'0000 0000 T Area 0 (CS0) H'0000 0000
Area 1 (CST) H'0400 0000
PO and PO and Area 2 (CS2) H'0800 0000
uo uo e
areas areas Area 3 (CS3) H'0C00 0000
Area 4 (CS4) H'1000 0000
Area 5 (CS5 H'1400 0000
H'8000 0000 rea 5 (C59)
P1 area P1 area Area 6 (CS6) H'1800 0000
H'1C00 0000
H'A000 0000 Area 7 (reserved area :
P2 area P2 area . ( ) H'1FFF FFFF
H'C000 0000 P3 area P3 area -~
H'E000 0000
H'EZ00 0000 .SEO_@PﬂLJaerii@r_ﬁ‘.a L __ St.oliiliae.rue_‘;.ﬁl@@ -
H'FFFF FFFF
Physical address Virtual address External memory
space space space
(MMU off) (MMU on)

Notes: 1. When the MMU is off (MMUCR.AT = 0), the top 3 bits of the 32-bit address are ignored, and
memory is mapped onto a fixed 29-bit external address.
2. When the MMU is on (MMUCR.AT = 1), the PO, U0, P3, and store queue areas can be
mapped onto any external address using the TLB.

Figure 10.2 Correspondence between Virtual Address Space and Off-chip Memory Space
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Table10.2 Off-chip Memory Space Map

Off-chip Connectable Specifiable
Area Addresses Size Memory Bus Width*™*?  Access Size
0 H'0000 0000 64 Mbytes SRAM 8, 16, 32 8, 16, 32, 64*° bits,
to HO3FF Burst ROM 8, 16, 32 32 bytes
FFFF
MPX 32
1 H'0400 0000 64 Mbytes SRAM 8, 16, 32 8, 16, 32, 64*° hits,
to H'O7FF MPX 32 32 bytes
FFFF
Byte control SRAM 16, 32
2 H'0800 0000 64 Mbytes SRAM 8, 16, 32 8, 16, 32, 64*° bits,
to HOBFF Synchronous DRAM ~ 32*° 32 bytes
FFFF
MPX 32
3 H'0C00 0000 64 Mbytes SRAM 8, 16, 32 8, 16, 32, 64*° hits,
to HOFFF Synchronous DRAM ~ 32*° 32 bytes
FFFF
MPX 32
4 H'1000 0000 64 Mbytes SRAM 8, 16, 32 8, 16, 32, 64*° bits,
to H'13FF MPX 32 32 bytes
FFFF
Byte control RAM 16, 32
5 H'1400 0000 64 Mbytes SRAM 8, 16, 32 8, 16, 32, 64*° hits,
to H'17FF MPX 32 32 bytes
FFFF
Burst ROM 8, 16, 32
PCMCIA 8, 16**
6 H'1800 0000 64 Mbytes SRAM 8, 16, 32 8, 16, 32, 64*° hits,
to H'1BFF MPX 32 32 bytes
FFFF
Burst ROM 8, 16, 32
PCMCIA 8, 16**
7*°  H'1C00 0000 64 Mbytes — — —

to H'1FFF
FFFF

Notes: *1.The memory bus width in area 0 is specified by off-chip pins.

*2. The memory bus width in areas other than area 0 is specified by the register.

*3. With synchronous DRAM interface, the bus width is 32 bits only.

*4. With PCMCIA interface, the bus width is 8 or 16 bits only.
*5. Do not access a reserved area, as operation cannot be guaranteed in this case.
*6. A 64-bit access size applies only to transfer by the DMAC (CHCRN.TS = 000).

In the case of access to off-chip memory by means of FMOV (FPSCR.SZ = 1), two
32-bit access size transfers are performed.

RENESAS
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Area 0: H'0000 0000 | SRAM/burst ROM/MPX

Area 1: H'0400 0000 | SRAM/MPX/byte control SRAM

Area 2: H'0800 0000 | SRAM/synchronous DRAM/
MPX

Area 3: H'0OC00 0000 | SRAM/synchronous DRAM/
MPX

Area 4: H'1000 0000 | SRAM/MPX/byte control SRAM

Area 5: H'1400 0000 | SRAM/burst ROM/PCMCIA/MPX
The PCMCIA interface is
Area 6: H'1800 0000 | SRAM/burst ROM/PCMCIA/MPX for memory and /O card use

Figure 10.3 Off-chip Memory Space Allocation

(2) Memory Bus Width

In thisLSI, the memory bus width can be set independently for each area. For area 0, abus
width of 8, 16, or 32 bits can be selected at a power-on reset by aRESET signal, using off-chip
pins. The correspondence between the off-chip pins (MD4 and MD3) and the bus width at a
power-on reset by aRESET signal is shown below.

Table10.3 Correspondence between Off-chip Pins (MD4 and MD3) and Bus Width

MD4 MD3 Bus Width

0 0 Reserved (Setting prohibited)
1 8 bits

1 0 16 bits
1 32 bits

When SRAM interfaceisused in areas 1 to 6, a bus width of 8, 16, or 32 bits can be selected
by BCR2. When burst ROM interface is used, a bus width of 8, 16, or 32 bits can be selected.
When byte control SRAM interface is used, abus width of 16 or 32 bits can be selected. When
the MPX interface is used, a bus width of 32 bits should be selected. For the synchronous
DRAM interface, a bus width of 32 bits should be selected by the MCR register.

When using the PCMCIA interface, a bus width of 8 or 16 bits should be selected.

The addresses of area 7 (H'1C00 0000 to H'1FFF FFFF) are reserved and must not be used.
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104 PCMCIA Support
This LSl supports PCMCIA interface specifications for off-chip memory space areas 5 and 6.

The IC memory card interface and 1/0 card interface prescribed in JEIDA specifications version
4.2 (PCMCIA2.1) are supported.

The PCMCIA interface is only supported in little endian mode.

Table10.4 PCMCIA Interface Features

Item Features

Access Random access

Data bus 8/16 bits

Memory type Masked ROM, OTPROM, EPROM, EEPROM, flash memory, SRAM

Common memory capacity Max. 64 Mbytes

Attribute memory capacity =~ Max. 64 Mbytes

Others Dynamic bus sizing for I/O bus width, access to PCMCIA interface
from address translation areas
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Table10.5 PCMCIA Support Interfaces

IC Memory Card Interface

1/0O Card Interface

Signal Signal Corresponding
Pin Name /O Function Name /0 Function Pin for this LSI
1 GND Ground GND Ground —
2 D3 /0O Data D3 I/O Data D3
3 D4 /0 Data D4 /O Data D4
4 D5 /0 Data D5 /O Data D5
5 D6 /O Data D6 I/O Data D6
6 D7 /0 Data D7 /O Data D7
7 CEf | Card enable CET1 | Card enable CS5 or CS6
8 A10 | Address A10 | Address A10
9 OE I Output enable OE | Output enable RD
10 A1l | Address All | Address All
11 A9 | Address A9 | Address A9
12 A8 | Address A8 | Address A8
13 A13 | Address A13 | Address A13
14 Al4 | Address Al4 | Address Al4
15 WE/PGM |  Write enable WE/PGM |  Write enable WET
16 RDY/BSY O Ready/busy IREQ O Interruptrequest  Sensed on port
17 VvCC Operating power VCC Operating power —

supply supply
18 VPP1 Programming VPP1 Programming/ —
power supply peripheral power
supply

19 Al6 | Address Al16 | Address Al6
20 A15 | Address A15 | Address A15
21 Al12 | Address Al12 | Address Al12
22 A7 | Address A7 | Address A7
23 A6 | Address A6 | Address A6
24 A5 | Address A5 | Address A5
25 A4 | Address Ad | Address Ad
26 A3 | Address A3 | Address A3
27 A2 | Address A2 | Address A2
28 Al | Address Al | Address Al
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IC Memory Card Interface

1/0 Card Interface

Signal Signal Corresponding
Pin Name I/O  Function Name I/0  Function Pin for this LSI
29 A0 | Address A0 | Address A0
30 DO /O Data DO /O Data DO
31 D1 /0 Data D1 /O Data D1
32 D2 /O Data D2 /O Data D2
33 WP+ O  Write protect I0IS16 O  16-bit I/O port I0IS16
34 GND Ground GND Ground —
35 GND Ground GND Ground —
36 CD1 O Card detection CD1 O Card detection Sensed on port
37 D11 /0 Data D11 /O Data D11
38 D12 /0O Data D12 I/O Data D12
39 D13 /O Data D13 I/O Data D13
40 D14 /0 Data D14 /O Data D14
41 D15 /O Data D15 I/O Data D15
42 CE2 | Card enable CE2 | Card enable CE2A or CE2B
43 RFSH | Refresh request RFSH | Refresh request Output from port
44 RFU Reserved IORD I 1/Oread ICIORD
45 RFU Reserved IOWR I /O write ICIOWR
46 Al7 | Address Al7 | Address Al7
47 Al18 | Address A18 | Address Al18
48 Al9 | Address A19 | Address A19
49 A20 | Address A20 | Address A20
50 A21 | Address A21 | Address A21
51 VCC Power supply VCC Power supply —
52 VPP2 Programming VPP2 Programming/ —

power supply peripheral power
supply

53 A22 | Address A22 | Address A22
54  A23 | Address A23 | Address A23
55 A24 | Address A24 | Address A24
56 A25 | Address A25 | Address A25

RENESAS
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IC Memory Card Interface

1/0 Card Interface

Signal Signal Corresponding

Pin Name I/O  Function Name I/0  Function Pin for this LSI

57 RFU Reserved RFU Reserved —

58 RESET I Reset RESET | Reset Output from port

59 WAIT O  Wait request WAIT O  Wait request RDY*?

60 RFU Reserved INPACK O Input acknowledge —

61 REG | Attribute memory REG | Attribute memory REG
space select space select

62 BVD2 O Battery voltage SPKR O Digital speech Sensed on port
detection signal

63 BVD1 O Battery voltage STSCHG O Card status Sensed on port
detection change

64 D8 /0 Data D8 /O Data D8

65 D9 I/0 Data D9 I/O Data D9

66 D10 /0 Data D10 /O Data D10

67 CD2 O Card detection Ccb2 O Card detection Sensed on port

68 GND Ground GND Ground —

Notes: *1.WP is not supported.
*2. Check the polarity.
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10.5 Register Descriptions

The BSC has the following registers. The synchronous DRAM mode register in synchronous
DRAM can be accessed as aregister for this LSI. The following registers control memory
interfaces, wait-cycles, and refresh cycles, etc.

Table10.6 Register Configuration (1)

Sync
Register Name Abbrev. R/W P4 Address Area 7 Address Size C?/ock
Bus control register 1 BCR1 R/W H'FF80 0000 H'1F80 0000 32 Bck
Bus control register 2 BCR2 R/W H'FF80 0004 H'1F80 0004 16 Bck
Bus control register 3 BCR3 R/W H'FF80 0050 H'1F80 0050 16 Bck
Bus control register 4 BCR4 R/W H'FEOA 00FO0 H'1EOA 00FO 32 Bck
Wait control register 1 WCR1 R/W H'FF80 0008 H'1F80 0008 32 Bck
Wait control register 2 WCR2 R/W H'FF80 000C H'1F80 000C 32 Bck
Wait control register 3 WCR3 R/W H'FF80 0010 H'1F80 0010 32 Bck
Wait control register 4 WCR4 R/W H'FEOA 0028 H'1EOA 0028 32 Bck
Memory control register MCR R/W H'FF80 0014 H'1F80 0014 32 Bck
PCMCIA control register PCR R/W H'FF80 0018 H'1F80 0018 16 Bck

Refresh timer control/status register RTCSR  R/W H'FF80 001C H'1F80 001C 16 Bck

Refresh timer counter RTCNT R/W H'FF80 0020 H'1F80 0020 16 Bck

Refresh timer constant register RTCOR R/W H'FF80 0024 H'1F80 0024 16 Bck

Refresh count register RFCR R/W H'FF80 0028 H'1F80 0028 16 Bck

Synchronous DRAM mode register SDMR2 W H'FF90 xxxx** H'1F90 xxxx 8 Bck
(for area 2)

Synchronous DRAM mode register SDMR3 W H'FF94 xxxx*'  H'1F94 xxxx 8 Bck
(for area 3)
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Table10.6 Register Configuration (2)

Power-on Manual Reset Standby
Reset by by RESET Sleep by
RESET Pin/WDT/ by Sleep Software/
Pin/WDT/ Multiple Instruction/by Each
Register Name Abbrev. H-UDI Exception Deep Sleep Hardware Module
Bus control register 1 BCR1 H'0000 0000 Retained Retained * Retained
Bus control register 2 BCR2 H'3FFC Retained Retained Retained
Bus control register 3 BCR3 H'0001 Retained Retained Retained
Bus control register 4 BCR4 H'0000 0000 Retained Retained Retained
Wait control register 1 WCR1  H'7777 7777 Retained Retained Retained
Wait control register 2 WCR2  H'FFFE EFFF Retained Retained Retained
Wait control register 3 WCR3  H'0777 7777 Retained Retained Retained
Wait control register 4 WCR4  H'0000 0000 Retained Retained Retained
Memory control register MCR H'0000 0000 Retained Retained Retained
PCMCIA control register PCR H'0000 Retained Retained Retained
Refresh timer control/status register RTCSR  H'0000 Retained Retained Retained
Refresh timer counter RTCNT H'0000 Retained Retained Retained
Refresh timer constant register RTCOR H'0000 Retained Retained Retained
Refresh count register RFCR H'0000 Retained Retained Retained

Synchronous DRAM mode register SDMR2  Write only
(for area 2)

Synchronous DRAM mode register SDMR3  Write only
(for area 3)

Notes: * After exiting hardware standby mode, this LSI enters the power-on reset state by the
RESET pin.

*1. For details, refer to the descriptions of SDMR2 and SDMR3.
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10.5.1 BusControl Register 1 (BCR1)

BCRL1 isa 32-hit readable/writable register that specifies the function, bus cycle status, etc., of
each area. Do not access off-chip memory space other than area 0 until register initialization is
complete.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
eno[  [aom| ] ] ] | At | a4 [BREQ MEM | DMA
IAN PX bPUP opuP MBC | MBC | EN MPX | BST
Initial valve: 02 o oL O 0 O O ©0 ©O0 ©O0 O0 0 0 0 0 ©0

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

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HIZ | HIZ | A0 A0 A0 A5 A5 A5 A6 A6 A6 | DRA | DRA | DRA R A56
MEM | CNT [ BST2 | BST1|BSTO | BST2|BST1 | BSTO|BST2| BST1| BSTO{MTP2 [ MTP1| MTPO PCM
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW R RIW

Bit Initial
Bit Name Value R/W Description

31 ENDIAN 0/1 R Endian Flag

The value of the endian setting off-chip pin (MD5) is
sampled at a power-on reset by the RESET pin. This bit
determines the endian mode of all spaces.

0: Indicates that pin MD5 is low at a power-on reset and
big-endian mode is specified for this LSI.

1: Indicates that pin MD5 is high at a power-on reset and
little-endian mode is specified for this LSI.

30 O 0 R Reserved

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

29 AOMPX  0/1 R Area 0 Memory Type

The value of the area 0 memory type setting off-chip pin
(MD6) is sampled at a power-on reset by the RESET pin.
This bit determines the memory type of area 0.

0: Indicates that pin MD6 is high and area 0O is specified
as SRAM interface

1: Indicates that pin MD6 is low, and area 0 is specified
as MPX interface

28,27 O AllO R Reserved

These bits are always read as 0. The write value should
always be 0.
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Bit Initial
Bit Name Value R/W

Description

26 DPUP 0 R/W

Data Pin Pull-Up Resistor Control

Specifies the pull-up resistor status of the data pins (D31
to DO). Itis initialized by a power-on reset. The pins are
not pulled up when access is performed or when the bus
is released, even if the pull-up resistor is on.

0: Cycle is provided for turning on the pull-up resistor for
data pins (D31 to DO) before and after memory
access.*

1: Pull-up resistor is off for data pins (D31 to DO).

Note: *Itis recommended that a pull-up resistor be
externally attached for the data pins if it is
required.

25 O 0 R

Reserved

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

24 OPUP 0 R/W

Control Output Pin Pull-Up Resistor Control

Specifies the pull-up resistor status (A[25:0], BS, CSn,
RD, WEn, RD/WR, RAS, CE2A, CE2B) when the control
output pins are high-impedance. This bit is initialized by a
power-on reset.

0: Pull-up resistor is on for control output pins (A[25:0],

BS, CSn, RD, WEn, RD/WR, RAS, CE2A, CE2B)
1: Pull-up resistor is off for control output pins (A[25:0],

BS, CSn, RD, WEn, RD/WR, RAS, CE2A, CE2B)

23,22 O All O R

Reserved

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

21 A1IMBC O R/W

Area 1 SRAM Byte Control Mode

MPX interface has priority when MPX interface is set.
This bit is initialized by a power-on reset.

0: Area 1 SRAM is set to normal mode
1: Area 1 SRAM is set to byte control mode

20 A4AMBC O R/W

Area 4 SRAM Byte Control Mode

MPX interface has priority when MPX interface is set.
This bit is initialized by a power-on reset.

0: Area 4 SRAM is set to normal mode
1: Area 4 SRAM is set to byte control mode
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Bit

Bit Initial
Name Value

R/W

Description

19

BREQEN 0

R/W

BREQ Enable

Indicates whether off-chip requests can be accepted.
BREQEN is initialized to the off-chip request acceptance
disabled state by a power-on reset.

0: Off-chip requests are not accepted
1: Off-chip requests are accepted

18

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

17

MEMMPX 0

R/W

Area 1 to 6 MPX Bus Setting

Sets the MPX interface when areas 1 to 6 are specified
as SRAM interface (or burst ROM interface). This bit is
initialized by a power-on reset.

0: SRAM interface (or burst ROM interface) is selected
when areas 1 to 6 are specified as SRAM interface (or
burst ROM interface)

1: MPX interface is selected when areas 1 to 6 are
specified as SRAM interface (or burst ROM interface)

16

DMABST O

R/W

DMAC Burst Mode Transfer Priority Setting

Specifies the priority of burst mode transfers by the
DMAC. When OFF, the priority is as follows: bus
released, refresh, DMAC, CPU. When ON, bus release
and refresh operations are not performed until the end of
the DMAC burst mode transfer. This bit is initialized at a
power-on reset.

0: DMAC burst mode transfer priority setting OFF
1: DMAC burst mode transfer priority setting ON

15

HIZMEM O

R/W

High Impedance (High-Z) Control

Specifies the state of address and other signals (A[25:0],
BS, CSn, RD/WR, CE2A, CE2B) in software standby
mode and the bus-released state.

0: The A[25:0], BS, CSn, RD/WR, CE2A, and CE2B
signals made to the high-impedance state in software
standby mode and the bus-released state

1: The A[25:0], BS, CSn, RD/WR, CE2A, and CE2B
signals driven in software standby mode and made to
the high-impedance state in the bus-released state
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Bit

Bit Initial
Name Value

R/W

Description

14

HIZCNT O

R/W

High Impedance (High-Z) Control
Specifies the state of the RAS and CAS signals in
software standby mode and the bus-released state.

0: The RAS, WEn /DQMn, and RD/CASS/FRAME signals
made to the high-impedance in software standby
mode and the bus-released state

1: The RAS, WEn /DQMn, and RD/CASS/FRAME signals

driven in software standby mode and the bus-released
state

13
12
11

AOBST2 O
AOBST1 O
AOBSTO O

R/W
R/W
R/W

Area 0 Burst ROM Control

These bits specify whether burst ROM interface is used
in area 0. When burst ROM interface is used, they also

specify the number of accesses in a burst. When area 0
is used as an MPX interface area, the settings of these

bits are ignored.

000:
001:

010:

011:

100:

101:
110:
111:

Area 0 is accessed as SRAM interface.

Area 0 is accessed as burst ROM interface
(4 consecutive accesses). Can be used with 8-, 16-,
or 32-bit bus width

Area 0 is accessed as burst ROM interface
(8 consecutive accesses). Can be used with 8-, 16-,
or 32-bit bus width

Area 0 is accessed as burst ROM interface

(16 consecutive accesses). Can only be used with
8- or 16-bit bus width. The setting of 32-bit bus width
is prohibited.

Area 0 is accessed as burst ROM interface
(32 consecutive accesses). Can only be used with
8-bit bus width

Setting prohibited
Setting prohibited
Setting prohibited
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Bit Initial

Bit Name Value R/W Description

10 A5BST2 O R/W Area 5 Burst ROM Control

9 ASBST1 O R/W These bits specify whether burst ROM interface is used
8 A5BSTO O R/W in area 5. When burst ROM interface is used, they also

specify the number of accesses in a burst. When area 5
is an MPX interface area, the settings of these bits are
ignored. When area 5 is used as a PCMCIA area, these
bits should be cleared to 0.

000:
001:

010:

011:

100:

101:
110:
111:

Area 5 is accessed as SRAM interface.

Area 5 is accessed as burst ROM interface
(4 consecutive accesses). Can be used with 8-, 16-,
or 32-bit bus width

Area 5 is accessed as burst ROM interface
(8 consecutive accesses). Can be used with 8-, 16-,
or 32-bit bus width

Area 5 is accessed as burst ROM interface

(16 consecutive accesses). Can only be used with
8- or 16-bit bus width. The setting of 32-bit bus width
is prohibited.

Area 5 is accessed as burst ROM interface
(32 consecutive accesses). Can only be used with
8-bit bus width

Setting prohibited
Setting prohibited
Setting prohibited
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Bit Initial

Bit Name Value R/W Description

7 A6BST2 O R/W Area 6 Burst ROM Control

6 ABBST1 0 RIW These bits specify whether burst ROM interface is used
5 A6BSTO O R/W

in area 6. When burst ROM interface is used, they also
specify the number of accesses in a burst. When area 6
is an MPX interface area, the settings of these bits are
ignored. When area 6 is used as a PCMCIA area, these
bits should be cleared to 0.

000:
001:

010:

011:

100:

101:
110:
111:

Area 6 is accessed as SRAM interface.

Area 6 is accessed as burst ROM interface
(4 consecutive accesses). Can be used with 8-, 16-,
or 32-bit bus width

Area 6 is accessed as burst ROM interface
(8 consecutive accesses). Can be used with 8-, 16-,
or 32-bit bus width

Area 6 is accessed as burst ROM interface

(16 consecutive accesses). Can only be used with 8-
or 16-bit bus width. The setting of 32-bit bus width is
prohibited.

Area 6 is accessed as burst ROM interface
(32 consecutive accesses). Can only be used with 8-
bit bus width

Setting prohibited
Setting prohibited
Setting prohibited
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Bit Initial

Bit Name Value R/W Description
4 DRAMTP2 0 R/W Areas 2 and 3 Memory Type
3 DRAMTPL O R/W These bits specify the type of memory connected to
2 DRAMTPO O R/W areas 2 and 3. Memory types such as ROM, SRAM, and
flash ROM can be connected as an SRAM interface.
Synchronous DRAM can also be connected.
000: Areas 2 and 3 are accessed as an SRAM interface
or MPX interface*
001: Setting prohibited
010: Area 2 is accessed as an SRAM interface or MPX
interface* and area 3 as a synchronous DRAM
interface
011: Areas 2 and 3 are accessed as a synchronous
DRAM interface
100: Setting prohibited
101: Setting prohibited
110: Setting prohibited
111: Setting prohibited
Note: * The MEMMPX bit setting selects the SRAM
interface or MPX interface.
1 O 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
0 A56PCM 0 R/W Area 5 and 6 Bus Type

Specifies whether areas 5 and 6 are accessed as
PCMCIA interface. The setting of this bit has priority over
the MEMMPX bit. When this bit is 1, the MD3 pin is
designated for output as the CE2A pin, and the MD4 pin
is designated for output as the CE2B pin.

0: Areas 5 and 6 are accessed as SRAM interface
1: Areas 5 and 6 are accessed as PCMCIA interface

10.5.2 BusControl Register 2 (BCR2)

BCR2 isa 16-hit readable/writable register that specifies the bus width for each area and whether

the GPIO interrupt is used.

Do not access off-chip memory space other than area O until register initialization is complete.
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Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

A0SZ1JAOSZO|A6SZ1|A6SZO|ASSZYASSZ0OAASZIY A4SZ0|A3SZ1|A3SZ0|A2SZ1|A2SZ0|A1SZYALSZ0| R?JEBIL
Initial value:  0/1 0/1 1 1 1 1 1 1 1 1 1 1 1 1 0 0
R/W: R R RW RW RW RW RW RW RW RW RW R/W R/W R/W - R/W
Bit Initial
Bit Name Value R/W Description
15 A0SZ1 0/1 R Area 0 Bus Width
14 A0SZ0 0/1 R The off-chip pins (MD4 and MD3) that specify the bus
width are sampled at a power-on reset by the RESET
signal.
00: Setting prohibited
01: 8 bits
10: 16 bits
11: 32 bits
2n+1 AnSZ1 All 1 R/W Bus Width Setting
2n AnSZ0 All 1 R/W Specifies the bus width of area n.
00: Setting prohibited
01: Bus width is 8 bits
10: Bus width is 16 bits
11: Bus width is 32 bits
1 O 0 d Reserved
This bit is always read as 0. The write value should
always be 0.
0 STBIRLEN 0 R/W GPIO Interrupt Enable

0: GPIO interrupt is not used
1: GPIO interrupt is used

Note: n=1to6

10.5.3 BusControl Register 3 (BCR3)

BCR3 is a 16-hit readable/writable register that specifies the selection of either the MPX interface
or the SRAM interface and specifies the burst length when the synchronous DRAM interfaceis
used.

Do not access off-chip memory space other than area O until register initialization is complete.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MEM| Al A4
MODE| MPX | MPX SDBL
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
R/W: R/W R/W R/W R R R R R R R R R R R R R/W
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Bit

Bit
Name

Initial
Value

R/W

Description

15

MEM
MODE

0

R/W

A1IMPX/A4AMPX Enable

Determines whether to use AIMPX and A4MPX or to
use MEMMPX for selecting the MPX interface or the
SRAM interface.

0: MPX or SRAM interface is selected by MEMMPX
1: MPX or SRAM interface is selected by AIMPX and
AAMPX

14

A1MPX

R/W

MPX-Interface Setting for Area 1
Specifies the type of memory connected to area 1. This
setting is validated by the MEMMODE bit.

0: SRAM/byte control SRAM interface is selected for
area 1l
1. MPX interface is selected for area 1

13

A4AMPX

R/W

MPX-Interface Setting for Area 4
Specifies the type of memory connected to area 4. This
setting is validated by the MEMMODE bit.

0: SRAM/byte control SRAM interface is selected for
area 4
1: MPX interface is selected for area 4

12to 1

All O

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

SDBL

R/W

Burst Length

Sets the burst length when the synchronous DRAM
interface is used. The burst-length setting is only valid
when the bus width is 32 bits.

0: Burst length is 8
1: Burst length is 4
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10.54 BusControl Register 4 (BCR4)

BCR4 is a 32-hit readable/writable register that enables asynchronous input for pins corresponding
to individual bits. When asynchronous input is set (ASYNCn = 1), the sampling timing is one
cycle earlier than when synchronous input is set (ASYNCn = 0). With the synchronous input
setting, ensure that setup and hold times are observed.

The timings shown in this section and section 33, Electrical Characteristics, are all for the case
where synchronousinput is set (ASYNCn = 0).

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

o
o
o
o

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ASYN|ASYN|ASYN |ASYN| ASYN|ASYN [ASYN
C6 C5 C4 C3 C2 C1l COo

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 RW RW RW RW RW RW R/W
Bit Initial
Bit Name Value R/W Description
31to7 O All O R Reserved
These bits are always read as 0. The write value should
always be 0.
6 ASYNC6 O R/W Asynchronous Input 6

0: The DREQ3 pin can be used for synchronous input
with the CKIO signal.

1: The DREQS3 pin can be used for asynchronous input
with the CKIO signal.

5 ASYNC5 0 R/W Asynchronous Input 5

0: The DREQ2 pin can be used for synchronous input
with the CKIO signal.

1: The DREQ2 pin can be used for asynchronous input
with the CKIO signal.

4 ASYNC4 0 R/W Asynchronous Input 4

0: The 101S16 pin can be used for synchronous input
with the CKIO signal.

1: The 101S16 pin can be used for asynchronous input
with the CKIO signal.
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Bit Initial
Bit Name Value R/W Description

3 ASYNC3 0 R/W Asynchronous Input 3

0: The DREQ1 pin can be used for synchronous input
with the CKIO signal.

1: The DREQ?1 pin can be used for asynchronous input
with the CKIO signal.

2 ASYNC2 0 R/W Asynchronous Input 2

0: The DREQO pin can be used for synchronous input
with the CKIO signal.

1: The DREQO pin can be used for asynchronous input
with the CKIO signal.

1 ASYNC1 O R/W Asynchronous Input 1

0: The BREQ pin can be used for synchronous input with
the CKIO signal.

1: The BREQ pin can be used for asynchronous input
with the CKIO signal.

0 ASYNCO O R/W Asynchronous Input O

0: The RDY pin can be used for synchronous input with
the CKIO signal.

1: The RDY pin can be used for asynchronous input with
the CKIO signal.

(BCR4.ABYNCO = 0) ! : !

pu— G S—

(BCRAASYNCO=1)! @ 1 1L n

Figure10.4 Exampleof RDY Sampling Timing
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10.55 Wait Control Register 1 (WCR1)

WCRL is a 32-bit readable/writable register that specifies the number of idle state insertion cycles
for each area. With some types of memory, data bus drive does not go off immediately after the
off-chip read signal goes off. Asaresult, there is a possibility of adata bus collision when
consecutive memory accesses are performed on memory in different areas, or when amemory
write is performed immediately after aread. In thisLSl, idle cycles corresponding to the number
of cycles set in WCRL1 are automatically inserted if thereis a possibility of thiskind of data bus
collision.

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

DMA | DMA | DMA . A6 A6 A6 ) A5 A5 A5 ) A4 A4 A4
W2 | 1wl | IW0 W2 | IwWl | IWO0 W2 | 1wl | IW0 w2 | 1wl | IW0
Initial value: 0 1 1 1 0 1 1 1 0 1 1 1 0 1 1 1

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

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
A3 A3 A3 . A2 A2 A2 . Al Al Al . A0 A0 A0
W2 | Iwl| IW0 W2 | 1wl | IW0 W2 | 1wl | IW0 W2 | 1wl | IW0
Initial value: 0 1 1 1 0 1 1 1 0 1 1 1 0 1 1 1

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

Bit Initial

Bit Name Value R/W  Description

31 O 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

30 DMAIW2 1 R/W  DMAIW-DACK Device Inter-Cycle Idle Setting

29 DMAIW1 1 Rm These bits specify the number of idle cycles between

28 DMAIWO 1 R bus cycles to be inserted when switching from a device
with DACK to another space, or from a read access to a
write access on the same device. The DMAIW bits are
valid only for DMA single address transfer; with DMA
dual address transfer, inter-area idle cycles specified by
the AnlW2 to AnIWO bits are inserted.

4n+3 — AllO R Reserved

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

Bit Name Value R/W  Description

4n+2 Anlw2 All 1 R/W  Area n Inter-Cycle Idle Setting

4n+1  Anlwl All 1 RIW" These bits specify the number of idle cycles between
4n AnlWO All 1 R/W

bus cycles to be inserted when switching from off-chip
memaory space area n to another space, or from a read
access to a write access in the same space. For the type
of idle cycles to be inserted, see table 10.7.

Idle cycles to be inserted

000: 0
001: 1
010: 2
011: 3
100: 6
101: 9
110: 12
111: 15

Note: n=0to6
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Table 10.7

Idle Insertion between Accesses

Following Cycle

Same Different
Same Area Different Area Area Area
Read Write Read Write MPX MPX
Preceding Address Address
Cycle CPU DMA CPU DMA CPU DMA CPU DMA Output Output
Read M M M M M M M (1) M (1)
Write M M M M *? M
DMA read M M M M M M M (1)
(memory -
device)
DMA write D D D D*! D D D D D (1)
(device -
memory)
DMA in the table indicates DMA single-address transfer. DMA dual-address transfer is in

accordance with the CPU.

M, D: Idle

wait always inserted by WCR1

(M(1): One cycle inserted in MPX access even if WCRL1 is cleared to 0)

M: Idle
D: Idle

cycles according to setting of AnlW2 to AnlWO (areas 0 to 6)
cycles according to setting of DMAIW2 to DMAIWO

Notes: When synchronous DRAM is used in RAS down mode, bits DMAIW2 to DAMIWO and bits
A3IW2 to A3IWO should be both 000.

*1.
*2.

Inserted when device is switched

On the MPX interface, a WCRL1 idle wait may be inserted before an access (either read
or write) to the same area after a write access. An example of idle wait insertion in
accesses to the same area is shown below.

(a) Synchronous DRAM set to RAS down mode

(b) Synchronous DRAM accessed by on-chip DMAC

Under above conditions (a) and (b), an idle wait may be inserted in a same-area access
following an MPX interface write access, depending on the synchronous DRAM pipeline
access situation. An idle wait is not inserted when the WCR1 setting is 0. The setting for
the number of idle state cycles inserted after a power-on reset is the default value of 15
(the maximum value), so ensure that the optimum value is set.
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10.5.6 Wait Control Register 2 (WCR2)

WCR2 is a 32-bit readabl e/writable register that specifies the number of wait cycles to be inserted
for each area. It also specifies the data access pitch when performing burst ROM memory access.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|A6W2|A6W1|A6WO| A682| A6B1| ABBO |A5W2|A5W1|A5WO| A5B2 |ASBl |ASBO |A4W2|A4W1|A4WO| - |

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R

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

|A3W2 | A3W1 | A3W0| - |A2W2 | A2W1 |A2WO |A1W2 |A1W1 |A1W0 |AOW2 | AOW1 |AOWO| A0B2 | A0B1 | AO0BO |
Initial value: 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R RW RW RW RW RW RW RW RW RW RW RW RW

Bit Initial
Bit Name Value R/W Description
31 ABW2 1 R/W Area 6 Wait Control
30 ABW1 1 RIW These bits specify the number of wait cycles to be
29 A6WO 1 R/W

inserted for area 6. For the case where an MPX interface
setting is made, see table 10.7.

Inserted wait cycles RDY pin
000: 0 Disabled
001: 1 Enabled
010: 2 Enabled
011: 3 Enabled
100: 6 Enabled
101: 9 Enabled
110: 12 Enabled
111: 15 Enabled
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Bit Initial

Bit Name Value R/W Description
28 A6B2 1 R/W Area 6 Burst Pitch
gg 222(1) 1 E;w These bits specify the number of wait cycles to be
inserted for the second and following data accesses in
burst transfer when area 6 is specified as burst ROM
area.
Inserted wait cycles RDY pin
000: 0 Disabled
001: 1 Enabled
010: 2 Enabled
011: 3 Enabled
100: 4 Enabled
101: 5 Enabled
110: 6 Enabled
111: 7 Enabled
25 A5W2 1 R/W Area 5 Wait Control
;g ﬁgwé 1 E; w These bits specify the number of wait cycles to be

inserted for area 5. For the case where an MPX interface
setting is made, see table 10.7.

Inserted wait cycles RDY pin
000: 0 Disabled
001: 1 Enabled
010: 2 Enabled
011: 3 Enabled
100: 6 Enabled
101: 9 Enabled
110: 12 Enabled
111: 15 Enabled
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Bit Initial

Bit Name Value R/W Description

22 A5B2 1 R/W Area 5 Burst Pitch

gé 222(1) 1 E;w These bits specify the number of wait cycles to be
inserted for the second and following data accesses in
burst transfer when area 5 is specified as burst ROM
area.

Inserted wait cycles RDY pin

000: 0 Disabled
001: 1 Enabled
010: 2 Enabled
011: 3 Enabled
100: 4 Enabled
101: 5 Enabled
110: 6 Enabled
111: 7 Enabled

19 A4W2 1 R/W Area 4 Wait Control

13 ﬁjwé 1 E;w _These bits specify the number of wait cycles to b_e
inserted for area 4. For the case where an MPX interface
setting is made, see table 10.7.

Inserted wait cycles RDY pin

000: 0 Disabled
001: 1 Enabled
010: 2 Enabled
011: 3 Enabled
100: 6 Enabled
101: 9 Enabled
110: 12 Enabled
111: 15 Enabled

16 O 0 R Reserved

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

always be 0.

RENESAS
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Bit Initial

Bit Name Value R/W Description
15 A3W2 1 R/W Area 3 Wait Control
1;‘ ﬁngvé 1 E; w These bits specify the number of wait cycles to be
inserted for area 3. An external wait input is available for
SRAM and MPX interfaces and is not available for
synchronous DRAM interface. For the case where an
MPX interface setting is made, see table 10.7.
e When SRAM interface is in use:
Inserted wait cycles RDY pin
000: 0 Disabled
001: 1 Enabled
010: 2 Enabled
011: 3 Enabled
100: 6 Enabled
101: 9 Enabled
110: 12 Enabled
111: 15 Enabled
«  When synchronous DRAM interface is in use*":
Synchronous DRAM CAS latency cycles
000: Setting prohibited
001:  1**
010: 2
011: 3
100: 4x*
101: 5%
110: Setting prohibited
111: Setting prohibited
12 O 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
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Bit Initial
Bit Name Value R/W Description
11 A2W2 1 R/W Area 2 Wait Control
10 A2ZW1 1 RIW These bits specify the number of wait cycles to be
9 A2WO0 1 R/W

inserted for area 2. An external wait input is available for
SRAM and MPX interfaces and is not available for
synchronous DRAM interface.

*  When SRAM interface is in use:

Inserted wait cycles RDY pin
000: 0 Disabled
001: 1 Enabled
010: 2 Enabled
011: 3 Enabled
100: 6 Enabled
101: 9 Enabled
110: 12 Enabled
111: 15 Enabled

+ When synchronous DRAM interface is in use**":

Synchronous DRAM CAS latency cycles
000: Setting prohibited

001:  1*°
010:  2*?
011:  3*?
100:  4*?
101:  5*?

110: Setting prohibited
111: Setting prohibited
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Bit Initial

Bit Name Value R/W Description
8 A1W2 1 R/W Area 1 Wait Control
g ﬁivwvé 1 E;w These bits specify the number of wait cycles to be
inserted for area 1. For the case where an MPX interface
setting is made, see table 10.8.
Inserted wait cycles RDY pin
000: 0 Disabled
001: 1 Enabled
010: 2 Enabled
011: 3 Enabled
100: 6 Enabled
101: 9 Enabled
110: 12 Enabled
111: 15 Enabled
5 AOW2 1 R/W Area 0 Wait Control
g ﬁgwé 1 E;w These bits specify the number of wait cycles to be
inserted for area 0. For the case where an MPX interface
setting is made, see table 10.8.
Inserted wait cycles RDY pin
000: 0 Disabled
001: 1 Enabled
010: 2 Enabled
011: 3 Enabled
100: 6 Enabled
101: 9 Enabled
110: 12 Enabled
111: 15 Enabled
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Bit Initial

Bit Name Value R/W Description

2 AO0B2 1 R/W Area 0 Burst Pitch

1 AOB1 1 RIW These bits specify the number of wait cycles to be
0 A0BO 1 R/W

inserted for the second and following data accesses in
burst transfer when area 0 is specified as burst ROM

area.
Inserted wait cycles RDY pin
000: 0 Disabled
001: 1 Enabled
010: 2 Enabled
011: 3 Enabled
100: 4 Enabled
101: 5 Enabled
110: 6 Enabled
111: 7 Enabled
Notes: *1.External wait input is always ignored
*2. Inhibited in RAS down mode
Table10.8 MPX Interface Setting
Description

Inserted Wait Cycles

1st Data 2nd Data
AnW2 AnW1 AnWO Read Write and After  RDY Pin
0 0 0 1 0 0 Enabled
0 0 1 1 1 0 Enabled
0 1 0 2 2 0 Enabled
0 1 1 3 3 0 Enabled
1 0 0 1 0 1 Enabled
1 0 1 1 1 1 Enabled
1 1 0 2 2 1 Enabled
1 1 1 3 3 1 Enabled

Note: n=0to6
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10.5.7 Wait Control Register 3 (WCR3)

WCR3 is a 32-bit readable/writable register that specifies the cyclesto be inserted for each area
during the address setup time before the read/write strobe is asserted and during the data-hold time
after the write strobe is negated.

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

ABSO | AGH1 [ AGHO - | A5S0 | A5H1 [ A5HO RAD4H A4S0 | A4H1 | A4HO
Initial value: 0 0 0 0 0 1 1 1 0 1 1 1 0 1 1 1
R/W: R R R R R RIW R/W R/W R RW RW RW R/W RW RW RW

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

A3S0| A3H1| A3HO - A2S0 | A2H1| A2HO R/_I\DlH A1SO| AIH1| ALIHO| - A0SO | AOH1 [ AOHO
Initial value: 0 1 1 1 0 1 1 1 1 1 1 1 0 1 1 1

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

Bit Initial
Bit Name Value R/W Description
31lto O All 0 R Reserved
217,23, These bits are always read as 0. The write value should
$5’ 11, always be 0.
4n+2 AnSO All'1 R/W Area n Write Strobe Setup Time

Specifies the number of cycles to be inserted during the
address setup time before the read/write strobe is
asserted. Valid only for SRAM interface, byte control
SRAM interface, and burst ROM interface:

Cycles to be inserted during the setup time
0: 0
1. 1
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Bit

Bit
Name

Initial
Value

R/W

Description

4n+1
4n

AnH1
AnHO

All 1
All 1

R/W
R/W

Area n Data Hold Time

For writing, specifies the number of cycles to be inserted
during the data hold time after the write strobe is
negated. For reading, specifies the number of cycles to
be inserted during the data hold time after the data
sampling timing. Valid only for SRAM interface, byte
control SRAM interface, and burst ROM interface:

Cycles to be inserted during the data hold time

00:
01:
10:
11:

0
1
2
3

4m+3 AmRDH Al O

R/W

Read-Strobe Negate Timing

For reading, these bits specify the timing for the negation
of read strobe. These bits should be cleared to 0 when
byte control SRAM interface is in use.

See figure 10.11.

Note:

10.5.8

n=0to6;m=1and 4

Wait Control Register 4 (WCR4)

WCR4 is a 32-bit readable/writable register that specifies the negation period for the CS1 signal.
Specifying bits CSH1 and CSHO can insert the negation cycles from 0 to 3. The WCR4 setting is
valid when the setting of the data hold time (A1H[1:0]) in WCR3 matches the setting of WCRA4.
When the settings of WCR3 and WCR4 do not match, correct operation is not guaranteed.

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

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R

Bit: 15 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TP -1 -T-T-T-T-T-T-T- T ] Jesucsu

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R/W  R/W
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Bit Initial

Bit Name Value R/W Description

31to2 O All 0 R Reserved
These bits are always read as 0, and the write value
should always be 0.

1 CSH1 0 R/W CS Hold Cycle Setting

0 CSHO 0 RIW Specifies the number of wait cycles to be inserted during
data hold time.

Wait cycles to be inserted

00: O
01: 1
10: 2
11: 3

1059 Memory Control Register (MCR)

MCR is a32-bit readable/writable register that specifiesRAS and CASS timing, burst control,
address multiplexing, and refresh control for synchronous DRAM (areas 2 and 3).

Write bits 31 to 3 when making the initial settings after a power-on reset and do not modify the
settings from then onward. When writing to bits RFSH and RMODE, write the same values
without changing other bits. When using synchronous DRAM, do not access areas 2 and 3 before

register initialization is complete.

Bit: 31 30 29 28 27 26

25

24 23 22 21 20 19 18 17

16

MR

RASD| gpg | TRC2Z| TRC1) TRCO

TPC2| TPC1|TPCO RCD1

RCDO

Initial value: 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0

R/W: R/W R/W R/W R/W R/W R R R R R R/W R/W R/W R R/W  R/W
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TRWL|TRWL| TRWL| TRAS| TRAS|TRAS AMX RM
2 1 0 2 1 0 SZ1 | Sz0 EXT AMX2|AMX1 | AMXO|RFSH ODE
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: RW RW RW RW RW R/W R RW RW RW RW RW RW RW RW R
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Bit

Bit
Name

Initial
Value

R/W

Description

31

RASD

0

R/W

RAS Down

Sets RAS down mode. Do not set RAS down mode
when specifying areas 2 and 3 as synchronous DRAM
interface.

0: Normal mode
1: RAS down mode

Note: When using synchronous DRAM in RAS down
mode, set the DMAIW2 to DMAIWO bits to 000 and
A3IW?2 to A3IWO bits to 000.

30

MRSET

R/W

Mode Register Set

Set this bit to 1 to make the mode register setting for
synchronous DRAM. See the description of power-on
sequence in section 10.6.4, (10) Synchronous DRAM
Interface.

0: All-bank precharge
1: Mode register setting

29
28
27

TRC2
TRC1
TRCO

[eNe)

R/W
R/W
R/W

RAS Precharge Time after Refresh

(Both auto- and self-refresh are available for synchro-
nous DRAM)

RAS precharge time immediately after refresh
000: O
001: 3
010: 6
011: 9
100: 12
101: 15
110: 18
111: 21

26t022 0O

All O

R

Reserved

These bits are always read as 0. The write value should
always be 0.
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Bit Initial
Bit Name Value R/W Description

21 TPC2 0 R/W RAS Precharge Period
20 TPC1 0 R/W

When synchronous DRAM interface is in use, these bits
19 TPCO 0 R/W

specify the minimum number of cycles until the next
bank active command is issued after precharging.

RAS Precharge Time (SDRAM)

000: 1**
001: 2

010: 3

011: 4**
100: 5%
101: 6+
110: 7+
111: 8+t

18 O 0 R Reserved

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

17 RCD1 0 R/W RAS-CAS Delay
16 RCDO 0 RIW When using the synchronous DRAM interface, specify
ACTIVE to READ or WRITE delay in these bits.

00: Setting prohibited

01: 2 cycles

10: 3 cycles

11: 4 cycles*!
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Bit Initial

Bit Name Value R/W Description

15 TRWL2 O R/W Write Precharge Delay

14 TRWL1 0 RIW Specify the synchronous DRAM write precharge delay in

13 TRWLO 0 RIW these bits. In auto-precharge mode, specify the time
after a write cycle before the next bank active command
is issued. After a write cycle, the next active command is
not issued for a period of TPC + TRWL. In RAS down
mode, specify the time after a write cycle before the next
precharge command is issued. After a write cycle, the
next precharge command is not issued for a period of
TRWL. This setting is valid only when synchronous
DRAM interface is in use. For details on these bit
settings and the period in which no command is issued,
refer to section 33.3.3, Bus Timing.

Write Precharge ACT Delay Time

000: 1
001: 2
010: 3**
011: 4**
100: 5**
101:  Setting prohibited
110:  Setting prohibited
111: Setting prohibited

12 TRAS2 O R/W Refresh Period

11 TRAS1 0 RIW When the synchronous DRAM interface is in use, the

10 TRASO 0 R/W

bank active command is not issued for a period of TRC*?
+ TRAS after an auto-refresh command is issued.

Command Issuance Gap after Synchronous
DRAM Refresh

000: 4+TRC
001: 5+ TRC
010: 6+ TRC
011: 7+ TRC
100: 8+ TRC
101: 9+ TRC

110: 10+ TRC
111: 11+ TRC
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Bit Initial

Bit Name Value R/W Description

9 O 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

8 Sz1 0 R/W Memory Data Size

7 SZ0 0 RIW These bits specify the bus width of synchronous DRAM.
This setting has priority over the BCR2 register setting.

Synchronous DRAM

00: Setting prohibited
01: Setting prohibited
10: Setting prohibited
11: 32 bits

6 AMXEXT O R/W Address Multiplexing

° AMX2 0 RIW These bits specify address multiplexing for synchronous

4 AMX1 0 RIW DRAM. For details, refer to appendix D, Address

3 AMX0 0 RIW Multiplexing for Synchronous DRAM.

Synchronous DRAM structure
example Bank

0000:  (512k x 16 bits x 2) x 2 a[21]*®
1000: (512K x 16 bits x 2) x 2 a[20]**
0001: (1M x 8 bits x2) x4 a[22]*®
1001: (1M x 8 bits x 2) x 4 a[21]*®
0010: (1M x 16 bits x 4) x 2 a[23:22]*°
0011: (2M x 8 bits x 4) x 4 a[24:23]**
0100:  (512k x 32 bits x 4) x 1 a[22:21]*°
0101: (1M x 32 bits x 2) x 1 a[22]**
0110: (4M x4 bits x4) x 8 a[25:24]*°
1110:  (4M x 16 bits x 4) x 2 a[25:24]**
0111  (256k x 32 bits x 2) x 1 a[20]*°
Other settings are prohibited.

2 RFSH 0 R/W Refresh Control

Specifies refresh control. Selects whether refreshing is
performed for synchronous DRAM. When the refresh
function is not used, the refresh request cycle generation
timer can be used as an interval timer.

0: Refresh is not performed
1: Refresh is performed
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Bit Initial
Bit Name Value R/W Description

1 RMODE O R/W Refresh Mode

Specifies whether normal refreshing or self-refreshing is
performed when the RFSH bit is set to 1. When RFSH
bit = 1 and RMODE = 0, auto-refreshing is performed for
synchronous DRAM at the interval specified in refresh-
related registers RTCNT, RTCOR, and RTCSR. If a
refresh request is issued during an off-chip bus cycle,
the refresh cycle is executed when the bus cycle ends.
When RFSH =1 and RMODE =1, if a refresh request is
issued during an off-chip bus cycle, the synchronous
DRAM waits until the bus cycle ends before entering the
self-refresh state. All refresh requests for memory in the
self-refresh state are ignored.

0: Auto refresh (when RFSH = 1)
1: Self refresh (when RFSH = 1)
0 O 0 R Reserved

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

Note: *1.Inhibited in RAS down mode
*2. Bits 29 to 27. RAS precharge period after refresh
*3. a[x]: Off-chip address; not address pin

10.5.10 PCMCIA Control Register (PCR)

PCR is a 16-bit readable/writable register that specifies the OE and WE signal assertion/negation
timing for areas 5 and 6 specified as the PCMCIA interface. The OE and WE signal assertion
width is specified by the wait control bitsin WCR2.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
A5 A5 A6 A6 A5 A5 A5 A6 A6 A6 A5 A5 A5 A6 A6 A6
PCW1|PCWO|PCW1|PCWO| TED2|TED1 | TEDO| TED2 | TED1 | TEDO | TEH2| TEH1 | TEHO| TEH2 | TEH1 | TEHO
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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Bit Initial
Bit Name Value R/W

Description

15 AS5PCW1 0 R/W
14 ASPCWO0 O R/W

PCMCIA Wait A5

In a low-speed PCMCIA wait cycle, these bits specify the
number of wait cycles to be added to the number of wait
cycles specified by WCR2. The setting of these bits is
selected when the PCMCIA interface access TC bit is 0.

Wait cycles to be inserted
00: 0
01: 15
10: 30
11: 50

13 AGPCW1 0 R/W
12 AGPCWO O R/W

PCMCIA Wait A6

In a low-speed PCMCIA wait cycle, these bits specify the
number of wait cycles to be added to the number of wait
cycles specified by WCR2. The setting of these bits is
selected when the PCMCIA interface access TC bit is 1.

Wait cycles to be inserted
00: 0
01: 15
10: 30
11: 50

11 ASTED2 O R/W
10 ASTED1 O R/W
9 ASTEDO O R/W

Address-OE/WE Assertion Delay A5

These bits set the delay time from address output to
OE/WE assertion in the connected PCMCIA interface.
The setting of these bits is selected when the PCMCIA
interface access TC bit is 0.

Wait cycles to be inserted
000: O
001: 1
010: 2
011: 3
100: 6
101: 9
110: 12
111: 15
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Bit Initial
Name Value

R/W

Description

o N

AGTED2 O
A6TED1 O
AGTEDO O

R/W
R/W
R/W

Address-OE/WE Assertion Delay A6

These bits set the delay time from address output to
OE/WE assertion in the connected PCMCIA interface.
The setting of these bits is selected when the PCMCIA
interface access TC bit is 1.

Wait cycles to be inserted
000: 0
001: 1
010: 2
011: 3
100: 6
101: 9
110: 12
111: 15

5

3

ASTEH2 O
ASTEH1 O
ASTEHO O

R/W
R/W
R/W

OE/WE Negation-Address Delay A5

These bits set the address hold delay time after OE/WE
negation in the connected PCMCIA interface. PCMCIA

interface. The setting of these bits is selected when the

PCMCIA interface access TC bit is 0.

Wait cycles to be inserted
000: 0
001: 1
010: 2
011: 3
100: 6
101: 9
110: 12
111: 15
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Bit Initial

Bit Name Value R/W Description

2 ABTEH2 0 R/W OE/WE Negation-Address Delay A6

1 ABTEH1 0 RIW These bits set the address hold delay time after OE/WE
0 A6TEHO O R/W

negation in the connected PCMCIA interface. The
setting of these bits is selected when the PCMCIA
interface access TC bit is 1.

Wait cycles to be Inserted
000: 0
001: 1
010: 2
011: 3
100: 6
101: 9
110: 12
111: 15

10.5.11 Synchronous DRAM Mode Register (SDMR)

SDMR is a 16-bit write-only virtual register that is written to via the synchronous DRAM address
bus, and sets the mode of the area 2 and area 3 synchronous DRAM.

Settings for the SDMR register must be made before accessing synchronous DRAM.

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

Initial value:
R/W: W w w w w w w w w w w w w w w w

Since the address bus, not the data bus, is used to write to the synchronous DRAM mode register,
if thevalueto be set is"X" and the SDMR register addressis"Y", value "X" iswritten to the
synchronous DRAM mode register by performing awrite to address X + Y. When the
synchronous DRAM bus width is set to 32 bits, as A0 of the synchronous DRAM is connected to
A2 of thisLSI, and A1 of the synchronous DRAM is connected to A3 of thisLSl, the value
actually written to the synchronous DRAM isthe value of "X" shifted 2 hitsto the right.

For example, to write H'0230 to SDMR in area 2, arbitrary datais written to address H'FF90 0000
(address"Y") + H'08CO (value "X") (= H'FF90 08C0). As aresult, H'0230 is written to the SDMR
register. The range of value "X" is H'0000 to H'OFFC.
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Similarly, to write H'0230 to the area 3 SDMR register, arbitrary dataiswritten to address H'FF94
0000 (address"Y") + H'08CO (value "X") (= H'FF94 08C0). As aresult, H'0230 is written to the

SDMR register. The range of value "X" is H'0000 to H'OFFC.

The lower 16 bits of the address are set in the synchronous DRAM mode register. The burst length

is4 and 8. Setting to SDMR writes into the following addresses in bytes.

Bus Width Burst Length CAS Latency Area 2 Area 3

32 4 1 H'FF90 0048 H'FF94 0048
2 H'FF90 0088 H'FF94 0088
3 H'FF90 00C8 H'FF94 00C8

32 8 1 H'FF90 004C H'FF94 004C
2 H'FF90 008C H'FF94 008C
3 H'FF90 00CC H'FF94 00CC

For a 32-bit bus:

17 16 15 14 131211 10 9 8 7 6 5 4 3 2

Address ‘o ‘o ‘o ‘o ‘o ‘o ‘o ‘0 ‘0 ‘LMODEZ‘LMODEl‘LMODEO‘WT ‘BLZ ‘BLl ‘BLO ‘ ‘ ‘

' ([T —
110 bits set when bus width is 32 bits
LMODE: RAS-CAS latency

BL: Burst length

WT: Wrap type (0: Sequential)

BL LMODE

000: Setting prohibited 000: Setting prohibited
001: Setting prohibited 001:1

010: 4 010: 2

011:8 011:3

100: Setting prohibited 100: Setting prohibited
101: Setting prohibited 101: Setting prohibited
110: Setting prohibited 110: Setting prohibited
111: Setting prohibited 111: Setting prohibited
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10.5.12 Refresh Timer Control/Status Register (RTCSR)

RTCSR isa 16-bit readable/writable register that specifies the refresh cycle and whether interrupts
are to be generated.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - I - I - I - I - I - I - I - I CMF ICMIEICKSZICKSlICKSOI OVF I OVIEILMTSI
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W: - - - - - - - - RW RW RW RW RW RW RW RW
Bit Initial
Bit Name Value R/W Description
15t08 O All O O Reserved

These bits are always read as 0. For the write values,
see section 10.7.3, Accessing Refresh Control
Registers.

7 CMF 0 R/W Compare-Match Flag

Status flag that indicates a match between RTCNT and
RTCOR values.

0: RTCNT and RTCOR values do not match

[Clearing condition]
When 0 is written to CMF

1: RTCNT and RTCOR values match

[Setting condition]
When RTCNT = RTCOR*

6 CMIE 0 R/W Compare-Match Interrupt Enable

Controls whether or not an interrupt request is enabled
when the CMF bit is set to 1 in RTCSR. Do not set this
bit to 1 when auto-refreshing is used.

0: Interrupt request by CMF disabled
1: Interrupt request by CMF enabled
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Bit
Name

Initial
Value

R/W

Description

w b~ O

CKS2
CKS1
CKSO

0
0
0

R/W
R/W
R/W

Clock Select Bits

These bits select the input clock for RTCNT. The source
clock is the off-chip bus clock (CKIO). The RTCNT count
clock is obtained by dividing CKIO by the specified
factor.

000: Clock input disabled
001: CKIO/4

010: CKIO/16

011: CKIO/64

100: CKIO/256

101: CKIO/1024

110: CKIO/2048

111: CKIO/4096

OVF

R/W

Refresh Count Overflow Flag

Status flag that indicates that the number of refresh
cycles in RFCR has exceeded the number specified by
the LMTS bit in RTCSR.

0: RFCR has not overflowed the count limit indicated by
LMTS

[Clearing condition]
When 0 is written to OVF

1: RFCR has overflowed the count limit specified by
LMTS

[Setting condition]
When RFCR overflows the count limit specified by
LMTS*

1

OVIE

0

R/W

Refresh Count Overflow Interrupt Enable

Controls whether or not an interrupt request is enabled
when the OVF bit is set to 1 in RTCSR.

0: Interrupt requests by OVF disabled
1: Interrupt requests by OVF enabled

0

LMTS

0

R/W

Refresh Count Overflow Limit Select

Specifies the count limit to be compared with the RFCR
value. If the RFCR value exceeds the value specified by
LMTS, the OVF bit is set.

0: Count limit is 1024
1: Count limit is 512

Note:

If 1 is written, the original value is retained.
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10.5.13 Refresh Timer Counter (RTCNT)

RTCNT isan 8-bit readable/writable counter that isincremented by the input clock (selected by
bits CKS2 to CKS0 in RTCSR). When the RTCNT value matches the RTCOR value, the CMF bit
isset in RTCSR and the RTCNT valueis cleared.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: - - - - - - - - RW RW RW RW RW RW RW R/W

10.5.14 Refresh Time Constant Register (RTCOR)

RTCOR is areadable/writable register that specifies the upper limit of RTCNT. The RTCOR and
RTCNT values (lower 8 bits) are constantly compared, and when they match, the CMF bitissetin
RTCSR and the RTCNT valueiscleared to 0. If the RFSH bit in MCR has been set to 1 and auto-
refresh has been selected as the refresh mode, a memory refresh cycle is generated when the CMF
bit is set.

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

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

10.5.15 Refresh Count Register (RFCR)

RFCR is a 10-bit readable/writable counter that counts the number of refresh cycles by being
incremented each time the RTCOR and RTCNT values match. If the RFCR value exceeds the
count limit specified by the LMTS bit in RTCSR, the OVF bit in RTCSR is set and the RFCR
valueiscleared.

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

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: - - - - - - RW RW RW RW RW RW RW RW RW R/W
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10.5.16 Accessing Refresh Control Related Registers

RTCSR, RTCNT, RTCOR, and RFCR require that a specific code be appended to the data when it
iswritten to prevent data from being mistakenly overwritten by program overruns or other write
operations. Perform reads and writes using the following methods:

(1) Writeto RTCSR, RTCNT, RTCOR, or RFCR

When writing to RTCSR, RTCNT, RTCOR, and RFCR, use only word transfer instructions.
They cannot be written to with byte transfer instructions.

When writing to RTCNT, RTCSR, or RTCOR, place B'10100101 in the upper byte and the
write datain the lower byte. When writing to RFCR, place B'101001 in the top six bits and the
write data in the remaining bits, as shown in figure 10.5.

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

RTCSR,RTCNT, [ 1 o [1[ofo [ 1[0 1] Write data |
RTCOR

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RFCR|1|o]1]o]o] 1] Write data |

Figure10.5 Writeto RTCSR, RTCNT, RTCOR, or RFCR

(2) Read from RTCSR, RTCNT, RTCOR, or RFCR

RTCSR, RTCNT, RTCOR, or RFCR should be read in 16-bit units. Each reserved bit is
awaysread as 0.
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10.6  Operation

10.6.1 Endian/Access Size and Data Alignment

This LSl supports both big-endian mode, in which upper byte in a string of byte datais at an
address 0, and little-endian mode, in which lower byte in a string of byte datais at an address 0.
The mode is specified by the MD5 pin at a power-on reset by the RESET pin. When the MD5 pin
islow, big-endian mode is specified, and when the MD5 pin is high, little-endian mode is
specified.

A data buswidth of 8, 16, or 32 bits can be selected for the normal memory interface, 32 bits for
the synchronous DRAM interface, and 8 or 16 bits for the PCMCIA interface. Data alignment is
carried out according to the data bus width and endian mode of each device. Accordingly, when
the data bus width is narrower than the access size, multiple bus cycles are automatically
generated to reach the access size. In this case, accessis performed by automatically incrementing
addresses to the bus width. For example, when along word access is performed at the areawith an
8-bit buswidth in the SRAM interface, each addressisincremented one by one, and then accessis
performed four times. In the 32-byte transfer, atotal of 32-byte datais continuously transferred
according to the set bus width. The first accessis performed on the data for which there was an
access reguest, and the remaining accesses are performed using wraparound on 32-byte boundary
data. During these transfers, the bus is not released and refresh operation is not performed. In this
L SI, data alignment and data length conversion between different interfacesis performed
automatically. Quadword accessis used only in transfer by the DMAC.

The relationships between the endian mode, device data length, and access unit are shown in
tables 10.9 to 10.14.
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Data Configuration

MSB LSB
Byte ‘ Data 7 to O ‘
MSB LSB
Word ‘ Data 15t0 8 ‘ Data 7to 0
MSB LSB
Longword ‘ Data 31 to 24 ‘ Data 23 to 16 Data 15t0 8 Data 7 to O
MSB LSB
Quadword Data Data Data Data Data Data Data Data
63to56 | 55t048 | 47to40 | 39t032 | 31to24 | 23to 16 15t0 8 7t00
Table10.9 32-Bit Off-chip Device/Big-Endian Access and Data Alignment
Operation Data Bus Strobe Signals
Access D31 to D23 to D15 to D8D7 to DO WES, WE2, WET1, WEQ,
Size Address No. D24 D16 DQM3 DQM2 DQM1 DQMO
Byte  4n 1 Data — — — Asserted
7t00
4n+1 1 — Data — — Asserted
7t00
4n+2 1 — — Data — Asserted
7t00
4n+3 1 — — — Data Asserted
7t00
Word  4n 1 Data Data — — Asserted Asserted
15t0 8 7t00
4n+2 1 — — Data Data Asserted Asserted
15to8 7to0
Long- 4n 1 Data Data Data Data Asserted Asserted Asserted Asserted
word 31to24 23tol6 15t08 7to0
Quad- 8n 1 Data Data Data Data Asserted Asserted Asserted Asserted
word 63to56 55t048 47t040 39to 32
8n+4 2 Data Data Data Data Asserted Asserted Asserted Asserted
31to24 23tol6 15t08 7to0
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Table 10.10 16-Bit Off-chip Device/Big-Endian Access and Data Alignment

Operation Data Bus Strobe Signals
Access D31to D23 to D15 to D8D7 to DO WES, WET1, WEQ,
Size Address No. D24 D16 DQM1  DQMO
Byte 2n 1 — — Data — Asserted
7t00
2n+1 1 — — — Data Asserted
7t00
Word 2n 1 — — Data Data Asserted Asserted
15to8 7to0
Long- 4n 1 — — Data Data Asserted Asserted
word 31to24 23to 16
4n+2 2 — — Data Data Asserted Asserted
15to8 7to0
Quad- 8n 1 — — Data Data Asserted Asserted
word 63to56 55t048
8n+2 2 — — Data Data Asserted Asserted
47t0 40 39to 32
8n+4 3 — — Data Data Asserted Asserted
31to24 23to 16
8n+6 4 — — Data Data Asserted Asserted
15to8 7to0
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Table 10.11 8-Bit Off-chip Device/Big-Endian Access and Data Alignment

Operation Data Bus Strobe Signals
Access D31 to D23 to D15to D8D7 to DO WES, WE2, WET1, WEQ,
Size Address No. D24 D16 DQM3 DQM2 DQM1 DQMO
Byte n 1 — — — Data Asserted
7t00
Word  2n 1 — — — Data Asserted
15t0 8
2n+1 2 — — — Data Asserted
7t00
Long- 4n 1 — — — Data Asserted
word 31lto24
4n+1 2 — — — Data Asserted
2310 16
4n+2 3 — — — Data Asserted
15t0 8
4n+3 4 — — — Data Asserted
7t00
Quad- 8n 1 — — — Data Asserted
word 63 to 56
8n+1 2 — — — Data Asserted
55to 48
8n+2 3 — — — Data Asserted
47 to 40
8n+3 4 — — — Data Asserted
39to 32
8n+4 5 — — — Data Asserted
31to 24
8n+5 6 — — — Data Asserted
23to 16
8n+6 7 — — — Data Asserted
15t0 8
8n+7 8 — — — Data Asserted
7t00
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Table 10.12 32-Bit Off-Chip Device/Little-Endian Accessand Data Alignment

Operation Data Bus Strobe Signals
Access D31to D23 to D15 to D8 D7 to DO WES, WE2, WET1, WEQ,
Size Address No. D24 D16 DQM3 DQM2 DQM1 DQMO
Byte 4n 1 — — — Data Asserted
7t00
4n+1 1 — — Data — Asserted
7t00
4n+2 1 — Data — — Asserted
7t00
4n+3 1 Data — — — Asserted
7t00
Word 4n 1 — — Data Data Asserted Asserted
15to 8 7t00
4n+2 1 Data Data — — Asserted Asserted
15t0 8 7t00
Long- 4n 1 Data Data Data Data Asserted Asserted Asserted Asserted
word 31to24 23tol6 15t08 7t00
Quad- 8n 1 Data Data Data Data Asserted Asserted Asserted Asserted
word 31to24 23tol6 15t08 7t00
8n+4 2 Data Data Data Data Asserted Asserted Asserted Asserted
63to56 55t048 47to40 39to 32
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Table 10.13 16-Bit Off-Chip Device/Little-Endian Accessand Data Alignment

Operation Data Bus Strobe Signals
Access D31to D23 to Di15to D7to DO WES, WE2, WET1, WEQ,
Size Address No. D24 D16 D8 DQM3 DQM2 DQM1 DQMO
Byte 2n 1 — — — Data Asserted
7t00
2n+1 1 — — Data — Asserted
7t00
Word 2n 1 — — Data Data Asserted Asserted
15to8 7to0
Long- 4n 1 — — Data Data Asserted Asserted
word 15t08 7to0
4n+2 2 — — Data Data Asserted Asserted
31to24 23to016
Quad- 8n 1 — — Data Data Asserted Asserted
word 15t08 7to0
8n+2 2 — — Data Data Asserted Asserted
31to24 23to16
8n+4 3 — — Data Data Asserted Asserted
47t0 40 39to 32
8n+6 4 — — Data Data Asserted Asserted

63to 56 55to 48
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Table 10.14 8-Bit Off-Chip Device/Little-Endian Access and Data Alignment

Operation Strobe Signals
Access D31 to D23 to D15to D8D7 to DO WES, WE2, WET1, WEQ,
Size Address No. D24 D16 DQM3 DQM2 DQM1 DQMO
Byte n 1 — — Data Asserted
7t00
Word 2n 1 — — Data Asserted
7t00
2n+1 2 — — Data Asserted
15t0 8
Long- 4n 1 — — Data Asserted
word 7t00
4n+1 2 — — Data Asserted
15t0 8
4n+2 3 — — Data Asserted
2310 16
4n+3 4 — — Data Asserted
31to24
Quad- 8n 1 — — Data Asserted
word 7t00
8n+1 2 — — Data Asserted
15t0 8
8n+2 3 — — Data Asserted
23t0 16
8n+3 4 — — Data Asserted
31to 24
8n+4 5 — — Data Asserted
39to 32
8n+5 6 — — Data Asserted
47 to 40
8n+6 7 — — Data Asserted
55 to 48
8n+7 8 — — Data Asserted
63 to 56
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10.6.2 Areas

(1) Area0
For area 0, off-chip address bits A28 to A26 are 000.

The interfaces that can be set for this area are SRAM, MPX, and burst ROM.

A buswidth of 8, 16, or 32 bitsis selectable with pins MD4 and MD3 at a power-on reset
caused by the RESET pin.

When area 0 is accessed, the CSO signal is asserted. In addition, the RD signal, which can be
used as OE, and write control signals WEO to WE3 are asserted.

As regards the number of bus cycles, 0 to 15 wait cycles can be selected with bits AOW2 to
AOWO in WCR2. In addition, any number of wait cycles can be inserted in each bus cycle by
the external wait pin (RDY).

When the burst ROM interface isin use, the number of bus cyclesfor burst transfer is selected
in the range of 2 to 9 according to the number of wait cycles.

The setup time of the address and CS signal with respect to the read/write strobe can be
specified by bit AOSO in WCR3 within arange of 0to 1 cycle. The data-hold time of the
address and CS signal with respect to the read/write strobe can be specified by bits AOH1 and
AOHO within arange of 0 to 3 cycles.

(2) Areal
For area 1, off-chip address bits A28 to A26 are 001.

The interfaces that can be set for this area are SRAM, MPX, and byte control SRAM.

When the SRAM interfaceisin use, abuswidth of 8, 16, or 32 bitsis selectable with bits
A1SZ1 and A1SZ0 in BCR2. When the MPX interface isin use, a bus width of 32 hits should
be selected by bits A1SZ1 and A1SZ0 in BCR2. When the byte control SRAM interfaceisin
use, select abuswidth of 16 or 32 bits.

When area 1 is accessed, the CS1 signal is asserted. In addition, the RD signal, which can be
used as OE, and write control signals WEO to WE3 are asserted.

As regards the number of bus cycles, 0 to 15 wait cyclesis selectable with bits AIW2 to
A1WO0 in WCR2. In addition, any number of wait cycles can be inserted in each bus cycle by
the external wait pin (RDY).
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The setup time of the address and CS signal with respect to the read/write strobe can be
specified by bit A1S0 in WCR3 within arange of 0 to 1 cycle. The data-hold time of the
address and CS signal with respect to the read/write strobe can be specified by bits A1H1 and
A1HO within arange of 0 to 3 cycles.

(3) Area2
For area 2, off-chip address bits A28 to A26 are 010.

The interfaces that can be set for this area are SRAM, MPX, and synchronous DRAM.

When the SRAM interfaceisin use, abuswidth of 8, 16, or 32 bitsis selectable with bits
A2SZ1 and A2SZ0 in BCR2. When the MPX interface isin use, a bus width of 32 bits should
be selected by bits A2S71 and A2SZ0 in BCR2. When the synchronous DRAM interfaceisin
use, select 32 bits by the SZ bitsin MCR.

When area 2 is accessed, the CS2 signal is asserted. When the SRAM interfaceisin use, the
RD signal, which can be used as OE, and write control signals WEO to WE3 are asserted.

Asregards the number of bus cycles, 0to 15 wait cyclesis selectable with bits A2W?2 to
A2WO0 in WCR2. In addition, any number of wait cycles can be inserted in each bus cycle by
the external wait pin (RDY).

The setup time of the address and CS signal with respect to the read/write strobe can be
specified by bit A2S0 in WCR3 within arange of 0 to 1 cycle. The data-hold time of the
address and CS signal with respect to the read/write strobe can be specified by bits A2H1 and
A2HO0 within arange of 0 to 3 cycles.

When the synchronous DRAM interfaceisin use, the RAS, CAS, and RD/WR signals and
byte control signals DQMO to DQM3 are asserted, and address multiplexing is performed.
Timing control for signalsRAS, CAS, and data, and address multiplexing control, can be
specified by MCR.

(4) Area 3
For area 3, off-chip address bits A28 to A26 are 011.

The interfaces that can be set for this area are SRAM, MPX, and synchronous DRAM.

When the SRAM interfaceisin use, abuswidth of 8, 16, or 32 bitsis selectable with bits
A3SZ1 and A3SZ0 in BCR2. When the MPX interface isin use, a bus width of 32 hits should
be selected by bits A3SZ1 and A3SZ0 in BCR2. When the synchronous DRAM interfaceisin
use, select 32 hits by the SZ bitsin MCR.

When area 3 is accessed, the CS3 signal is asserted. When the SRAM interfaceisin use, the
RD signal, which can be used as OE, and write control signals WEO to WE3 are asserted.
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Asregards the number of bus cycles, 0to 15 wait cyclesis selectable with bits ASW2 to
A3WO0 in WCR2. In addition, any number of wait cycles can be inserted in each bus cycle by
the external wait pin (RDY).

The setup time of the address and CS signal with respect to the read/write strobe can be
specified by bit A3S0 in WCR3 within arange of 0to 1 cycle. The data-hold time of the
address and CS signal with respect to the read/write strobe can be specified by bits A3H1 and
A3HO within arange of 0to 3 cycles.

When the synchronous DRAM interfaceisin use, the RAS, CAS, and RD/WR signals and
byte control signals DQMO to DQM3 are asserted, and address multiplexing is performed.
Timing control for signalsRAS, CAS, and data, and address multiplexing control, can be
specified by MCR.

(5) Area4
For area 4, off-chip address bits A28 to A26 are 100.

The interfaces that can be set for this area are SRAM, MPX, and byte control SRAM.

When the SRAM interfaceisin use, abuswidth of 8, 16, or 32 bitsis selectable with bits
A4SZ1 and A4SZ0 in BCR2. When the MPX interface isin use, a bus width of 32 bits should
be selected by bits A4SZ1 and A4SZ0 in BCR2. When the byte control SRAM interfaceisin
use, select abuswidth of 16 or 32 bits.

When area 4 is accessed, the CS4 signal is asserted. In addition, the RD signal, which can be
used as OE, and write control signals WEO to WE3 are asserted.

As regards the number of bus cycles, 0 to 15 wait cyclesis selectable with bits A4W2 to
A4WO0 in WCR2. In addition, any number of wait cycles can be inserted in each bus cycle by
the external wait pin (RDY).

The setup time of the address and CS signal with respect to the read/write strobe can be
specified by bit A4S0 in WCR3 within arange of 0to 1 cycle. The data-hold time of the
address and CS signal with respect to the read/write strobe can be specified by bits A4H1 and
A4HO0 within arange of 0 to 3 cycles.

(6) Areas
For area 5, off-chip address bits A28 to A26 are 101.

The interfaces that can be set for this area are SRAM, MPX, burst ROM, and PCMCIA.
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When the SRAM interfaceisin use, abuswidth of 8, 16, or 32 bitsis selectable with bits
A5SZ1 and A5SZ0 in BCR2. When the burst ROM interface isin use, abus width of 8, 16, or
32 hitsis selectable with bits A5SZ1 and A5SZ0 in BCR2. When the MPX interfaceisin use,
abuswidth of 32 bits should be selected by bits A5SZ1 and A5SZ0 in BCR2. When the
PCMCIA interfaceisin use, select 8 or 16 hits by bits A5SZ1 and A5SZ0 in BCR2.

When area 5 is accessed while the SRAM interfaceisin use, the CS5 signal is asserted. the RD
signal, which can be used as OE, and write control signals WEO to WE3 are asserted. While
the PCMCIA interfaceisin use, the CE1A and CE2A signals, the RD signal, which can be
used as OE, the WE1, WE2, WE3, and WEO signals, which can be used as WE, ICIORD,
ICIOWR, and REG, respectively, are asserted.

Asregards the number of bus cycles, 0to 15 wait cyclesis selectable with bits ASW2 to
A5WO0 in WCR2. In addition, any number of wait cycles can be inserted in each bus cycle by
the external wait pin (RDY).

When the burst ROM interface isin use, the number of bus cyclesfor burst transfer is selected
in the range of 2 to 9 according to the number of wait cycles.

The setup time of the address and CS signal with respect to the read/write strobe can be
specified by bit A5S0 in WCR3 within arange of 0to 1 cycle. The data-hold time of the
address and CS signal with respect to the read/write strobe can be specified by bits ASH1 and
A5HO within arange of 0to 3 cycles.

For aPCMCIA interface, the setup time of the address, CE1A, and CE2A signals with respect
to the read/write strobe can be specified by bits ASTED1 and ASTEDO in PCR within arange
of 0to 15 cycles. The hold time of the address, CE1A, and CE2A signals can be specified by
bits ASTEH1 and ASTEHO in PCR within arange of 0 to 15 cycles. The number of wait cycles
can be specified by bits ASPCW1 and ASPCWO within arange of 0 to 50 cycles. The number
of wait cycles specified by PCR is added to the value specified by WCR2.

(7) Area 6
For area 6, off-chip address bits A28 to A26 are 110.

The interfaces that can be set for this area are SRAM, MPX, burst ROM, and PCMCIA.

When the SRAM interfaceisin use, abuswidth of 8, 16, or 32 bitsis selectable with bits
A6SZ1 and A6SZ0 in BCR2. When the burst ROM interface isin use, a bus width of 8, 16, or
32 hitsis selectable with bits A6SZ1 and A6SZ0 in BCR2. When the MPX interfaceisin use,
a bus width of 32 bits should be selected by bits A6SZ1 and A6SZ0 in BCR2. When the
PCMCIA interfaceisin use, select 8 or 16 bits by bits A6SZ1 and A6SZ0 in BCR2.
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When area 6 is accessed while the SRAM interface isin use, the CS6 signal is asserted. the RD
signal, which can be used as OE, and write control signals WEO to WE3 are asserted. While
the PCMCIA interfaceisin use, the CE1B and CE2B signals, the RD signal, which can be
used as OE, the WEI, WE2, WE3, and WEO signals, which can be used as WE, ICIORD,
ICIOWR, and REG, respectively, are asserted.

As regards the number of bus cycles, 0 to 15 wait cyclesis selectable with bits A6BW2 to
ABWO0 in WCR2. In addition, any number of wait cycles can be inserted in each bus cycle by
the external wait pin (RDY).

When the burst ROM interface isin use, the number of bus cyclesfor burst transfer is selected
in the range of 2 to 9 according to the number of wait cycles.

The setup time of the address and CS signal with respect to the read/write strobe can be
specified by bit A6SO in WCR3 within arange of 0to 1 cycle. The data-hold time of the
address and CS signal with respect to the read/write strobe can be specified by bits A6H1 and
AG6HO within arange of 0to 3 cycles.

The setup time of the address, CE1B, and CE2B signals with respect to the read/write strobe
can be specified by bits AGTED1 and A6TEDO in PCR within arange of 0 to 15 cycles. The
hold time of the address, CE1B, and CE2B signals can be specified by bits AGTEH1 and
AG6TEHO in PCR within arange of 0 to 15 cycles. The number of wait cycles can be specified
by bits AGPCW1 and A6PCWO within arange of 0 to 50 cycles. The number of wait cycles
specified by PCR is added to the value specified by WCR2.

10.6.3 SRAM Interface

(1) Basic Timing
The strobe signals for the SRAM interface of this LS| are output primarily based on the SRAM
connection. Figure 10.6 shows the basic timing of SRAM interface. A no-wait hormal accessis
completed in two cycles. The BS signal is asserted for one cycle to indicate the start of a bus
cycle. The CSn signal is asserted at the rising edge of the clock in the T1 state, and negated at
the rising edge of the clock after the T2 state. Therefore, there is no negation period in the case
of access at minimum pitch.

When reading, specifying an access size is not needed. The output addresses on the address
pins (A25 to A0) are correct, but since the access size is not specified, 32-bit datais aways
output when a 32-hit device isin use, and 16-bit datais output when a 16-hit deviceisin use.
When writing, only the WEn signal corresponding to the byte to be written is asserted. For
details, see section 10.6.1, Endian/Access Size and Data Alignment.
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In 32-byte transfer, atotal of 32 bytes are transferred consecutively according to the set bus
width. Thefirst accessis performed on the data for which there was an access request, and the
remaining accesses are performed in wraparound mode on the data at the 32-byte boundary.
The busis not released during this transfer.

CKIO

A25-A0

D31-D0
(write)

RDY

DACKn
(SA: 10 ~ memory)

DACKn
(SA: 10 - memory)

T

DACKn
(DA)

SA: Single address DMA
DA: Dual address DMA

Note: For DACKn, an example is shown where the acknowledge level (AL) bitin CHCRn
of the DMAC is cleared to 0.

Figure 10.6 Basic Timing of SRAM Interface
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Figures 10.7, 10.8, and 10.9 show examples of connection to 32-, 16-, and 8-bit data width SRAM.

128K x 8-bit
This LSI SRAM
ALS _ — 16
) - —1 A0
csn cs
RD OE
D31 . — o7
D24 i ~ {00
WE3 WE
D23
D16 ' A16
WE2 I
D15 A0
: CS
D8 OE
WE1 1107
D7 :
: 1100
DO WE
WEO
AL6
A
cs
OE
1107
o'y
WE
AL6
A
cs
OE
1107
1100
WE

Figure 10.7 Example of 32-Bit Data Width SRAM Connection
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128k x 8-bit

This LSI SRAM
AL7 A16
Al i " {0
CSn CS
RD OE
D15 1107

D8 1100
E1 WE

D7

DO AL6

WEO

AO
CS
OE
1107
1100
WE

Figure 10.8 Example of 16-Bit Data Width SRAM Connection

128K x 8-bit
This LSI SRAM
AL6 AL6
AO i " Ao
CSn Cs
RD OE
D7 — o7
Do ’ "~ 1 oo
WEO WE

Figure 10.9 Example of 8-Bit Data Width SRAM Connection
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(2) Wait State Control
Wait-state insertion for the SRAM interface can be controlled by WCR2. If the wait-control
bits for each areain WCR2 are not zero, a software wait is inserted in accordance with the
wait-control bits. For details, see section 10.5.6, Wait Control Register 2 (WCR2).

A specified number of Tw cycles are inserted as wait cycles using the SRAM interface wait
timing shown in figure 10.10.

e
o RS i e
LhT T Ty
« A=
RD/WR :X oo o X
[5325?‘) _ -
N
e e

BS N\ L\
RDY \ ~ /

| ' | ' 7 ' | '
DACKn | : T T T 0 :
(SA: 10 — memory) | : , | , o\
DACKn : T T\
(SA: 10 -~ memory) . ! H . H \_:_L
DACKn -
(DA) J 1 i : | : | \_

Note: For DACKn, an example is shown where the acknowledge level (AL) bitin CHCRn
of the DMAC is cleared to 0.

Figure10.10 SRAM Interface Wait Timing (Software Wait Only)
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When software wait insertion is specified by WCR2, the external wait input RDY signal is also
sampled. RDY signal sampling is shown in figure 10.11. A single-wait cycle as a software
wait is specified in figure 10.11. Sampling is performed at the transition from the Tw state to
the T2 state; therefore, the RDY signal has no effect if asserted in the T1 cycle or in the first
Tw cycle. TheRDY signal is sampled on the rising edge of the clock.

. T1 ' Tw ' Twe ' T2 '

T
[\ [\ I
[ T A A A D
csn NS S N N S B
RD/WR X X
"D waamn ViR IRV
(read) N e R R R B R
o —
/"
8 U ' T\

DACKn S
(SA: 10 — memory) . : i

DACKn 1 T
(SA: 10 - memory)

DACKn N | N
(DA) i : '

wov § N\ [

Note: For DACKn, an example is shown where the acknowledge level (AL) bitin CHCRn
of the DMAC is cleared to 0.

Figure10.11 SRAM Interface Wait Timing (Wait Cycle Insertion by RDY Signal)
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(3) Read-Strobe Negate Timing
When the SRAM interface isin use, timing for the negation of the strobe during read
operations can be specified by the AIRDH and A4RDH bits in WCR3. When the byte control
SRAM interfaceisin use, ANRDH should be cleared to 0.

\ \ TS1., T1 . Tw o Tw , Tw , T2 , TH1 , TH2 , ! ! I
I I P Pt he——h—» I I

CKIO \ \

s o T

CSn 1 1 1 1 1 1 . . . . . . . .
ROWR i/ n o\
. . . . . . . . . . . . .
0 0 0 . . . . . bt 0 0 0
L S B NI S
SR I U N O T o T O O
BS N T
1 1 D — ¢ - - ; e ; > i i i
i TS1: Setup wait Tw: Access wait I\ TH1, TH2: Hold wait : i
. AnSin WCR3 AnW in WCR2 . AnHInWCR3 . . .
' ' (0to1) ' (0 to 15) ' (0to 3) ' ' ' '

Note: * Where the AnRDH bit is set to 1.

Figure10.12 SRAM Interface Wait State Timing (Read Strobe Negate Timing Setting;
AnS=1, AnW =011, AnH =10)
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(4) DCK, BS2, and CS1 Timing when Setting Clock Division Register
Figure 10.13 shows the SRAM read timing when the division ratio is set to CKI10/2 by
DIV[1:0] in DCKDR.

Figure 10.13 DCK, BS2, and CS1 Timing when Reading SRAM Interface
(DCKDR =H'0002, AIRDH =1 and A1H[1:0] =10in WCR3,
CSH[1:0] in WCR4 = 10, Three Wait Cycles)
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Figure 10.14 shows the SRAM write timing when DCKDR is set to 1/2.

T1 Tw Tw Tw T2 TH1I TH2

TS1

Figure10.14 DCK, BS2, and CS1 Timing when Writing to SRAM Interface

(DCKDR =H'0002, AIRDH =1 and A1H[1:0] = 10in WCR3,

CSH[1:0] in WCR4 = 10, Three Wait Cycles)
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The negate timing for CS1 and RD should be set as follows:

Number of Inserted Wait
Cycles during Data Holding A1H[1:0] CSHJ[1:0]

r|lr,|o|o
Rrlo|lr|o
r|lr|o|o
Rrlo|lr|o

0
1
2
3

10.6.4  Synchronous DRAM Interface

(1) Synchronous DRAM Connection System

Since synchronous DRAM is selectable with the CS signal, it can be connected to off-chip
memory space areas 2 and 3 and share usage of RAS and other control signals. If bits
DRAMTP2 to DRAMTPO in BCRL1 are 010, area 3 becomes a synchronous DRAM interface.
If set to 011, areas 2 and 3 both become synchronous DRAM interfaces.

This LS| supports burst read and burst write modes with a burst length of 4 as a synchronous
DRAM operating mode. The data bus width is 32 bits, and the SZ bitsin MCR must be set to
11. A 32-byte burst transfer is performed in a cache fill/copy-back cycle. For write operations
in the write-through area and read/write operations in the non-cacheable area, 16-byte datais
also read in a single read because the synchronous DRAM is accessed by burst read/write
operations with a burst length of 4. Transfer of 16-byte datais also performed in asingle write,
but DQMn is not asserted when unnecessary datais transferred.

This LSl aso supports read and burst read and burst write modes with a burst length of 8 asa
synchronous DRAM operating mode. The data bus width is 32 bits, and the SZ bitsin MCR
must be set to 11. A 32-byte burst transfer is performed in a cache fill/copy-back cycle. For
write operations in the write-through area and read/write operations in the non-cacheable area,
32-byte datais aso read in asingle read because the synchronous DRAM is accessed by burst
read/write operations with a burst length of 8. Transfer of 32-byte datais also performed in a
single write, but DQMn is not asserted when unnecessary dataistransferred. For details of
setting a burst length of 8, refer to (11) Changing the Burst Length, in section 10.6.4. For
details of burst length, refer to section 10.5.11, Synchronous DRAM Mode Register (SDMR),
and (10) Power-on Sequence, in section 10.6.4.
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The control signals for connecting synchronous DRAM are RAS, CASS, RD/WR, CS2 or CS3,
DQMO to DQM3, and CKE. All signals other than CS2 and CS3 are common to all areas, and
signals other than CKE are valid and latched only when CS2 or CS3 is asserted. Synchronous
DRAM can therefore be connected in parallel to multiple areas. CKE is negated (to low level)
when the frequency is changed, when the clock is unstable during stopping of the clock or
restarting of the clock supply, or when self-refreshing is performed. Otherwise, CKE is always
asserted (to high level).

RAS, CASS, RD/WR, and specific address signals specify commands for synchronous DRAM.
The commands are NOP, auto-refresh (REF), self-refresh (SELF), precharge all banks (PALL),
precharge specified bank (PRE), row address strobe bank active (ACTV), read (READ), read
with precharge (READA), write (WRIT), write with precharge (WRITA), and mode register
setting (MRS).

Bytes are specified by DQMO to DQM3. A read/write is performed for the byte where the
corresponding DQM signal islow. When the bus width is 32 bits in big-endian mode, DQM 3
specifies an access to address 4n and DQMO specifies an access to address 4n + 3. In little-
endian mode, DQM 3 specifies an access to address 4n + 3 and DQMO specifies an access to
address 4n.

Figure 10.15 shows an example of the connection of 16M x 16-bit synchronous DRAMSs.

512k x 16-bit x 2-bank

This LSI synchronous DRAM
Al1-A2 A9-A0
CKIO CLK
CKE CKE
CS3 Ccs
RAS RAS
RD CAS
RD/WR WE
D31-D16 1/015-1/00
DQM3 DQMU
DQM2 DQML
— A9-A0
CLK
CKE
cs
RAS
CAS
WE
D15-D0 1/015-1/00
DQM1 DQMU
DQMO DQML

Figure 10.15 Connection Example of Synchronous DRAM with 32-Bit Data Width (Area 3)
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(2) Address M ultiplexing

Address multiplexing is performed so that synchronous DRAM can be connected without off-
chip multiplexing circuitry in accordance with the address multiplexing bits AMXEXT and
AMX2to AMXO0 in MCR. Table 10.15 shows the relationship between the address
multiplexing bits and the bits output on the address pins. The address signal's output on address
pins A25to A18, A1, and AO are not guaranteed.

A0, which serves as the L SB of the synchronous DRAM address pin, specifies the longword
address connected to this LSI. Therefore, be sure to first connect pin A0 of the synchronous
DRAM to pin A2 of thisLSI, and then connect pin A1 to pin A3.

Table 10.15 Example of Correspondence between ThisL Sl and Synchronous DRAM
Address Pins (32-Bit Bus Width, AM X2 to AM X0 = 000, AMXEXT =0)

Address Pin of This LSI Synchronous
DRAM Address
RAS Cycle CAS Cycle Pin Function
Al13 A21 A21 All Select bank address BANK
Al2 A20 H/L Al10 Address precharge setting
A1l A19 0 A9 Address
Al10 Al8 0 A8
A9 Al7 A9 A7
A8 Al6 A8 A6
A7 Al5 A7 A5
A6 Al4 A6 A4
A5 Al3 A5 A3
A4 Al2 A4 A2
A3 All A3 Al
A2 Al10 A2 A0
Al Not used Not used Not used
AO Not used Not used Not used
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(3) Burst Read

Thetiming chart for aburst read is shown in figure 10.16. The example below assumes that
two 512k x 16-bit x 2-bank synchronous DRAMSs are connected, and a 32-bit data width is
used. The burst length is4. An ACTV command is output in the Tr cycle and then a READ
command isissued in the Tcl cycle. After 4 cycles, aREADA command isissued and the read
dataisfetched on the rising edge of the off-chip command clock (CK10) from cycle Td1 to
cycle Td8. The Tpc cycleis used to wait for completion of auto-precharge based on the
READA command inside the synchronous DRAM, and no new access commands can be
issued to the same bank during this waiting period. In this LSI, the number of Tpc cyclesis
determined based on the bits TPC2 to TPCO in MCR that are specified, and no commands are
issued for the synchronous DRAM during this period.

The examplein figure 10.16 shows the basic cycle. To connect slower synchronous DRAM,
setting bits WCR2 and M CR can extend the cycle. The bits RCD1 and RCDO in MCR can be
used to specify the number of cycles from the ACTV command output cycle Tr to the READ
command output cycle Tcl, with the values of 0 to 3 corresponding to 2 to 4 cycles,
respectively. For 2 or more cycles, a Trw cycle, which issues an NOP command for the
synchronous DRAM, isinserted between the Tr cycle and the Tc cycle. Bits A2W2 to A2WO0
and A3W2 to A3WO0 in WCR2 can be used to specify the number of cyclesfrom READ
command output cycle Tcl to the first read datalatch cycle Td1 as 1 to 5 cyclesindependently
for areas 2 and 3. This number of cycles corresponds to the number of synchronous DRAM
CAS latency cycles.
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T, Tw, Tel T2 . Te3 Jead) Td2  Td3  Td4  Tds  Tde , Td7 , Td8 Tpc
CKIO FERTE AR U AR U A U 20 U B0 U B U A S R U A S
Bank :x: Row : : ' ' ' ' ' : :
Precharge-sel X Rew 1 X AL | [ X
Address :X' Row [ XCci| : X
CSn '\E
- NLTHER S N
Y AEASEREEREEEIERERERERREL:
cASS ey VA s e VA o oy B B \_’_
DQMn ——\ | ] Vs —
(D,jgg)“’ 0 e (@Mt I |
BS TN~ T T TR
CKE T T T T T T — — —
DACKn S R I IR R :
(SA: 10 ~ memory) -\: . : : : / \-.—

Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level) = O for the DMAC.

Figure 10.16 Basic Timing for Synchronous DRAM Burst Read

In asynchronous DRAM cycle, the BS signal is asserted for one cycle at the beginning of each
data transfer cycle corresponding to a READ or READA command. When the datais accessed
in the fill operation for a cache miss, the 64-bit boundary data including the missing data are
first read by the initial READ command, and then the 16-byte boundary data including the
missing data are read in wraparound mode. READA commands that are subsequently issued
are used to read the 16 bytes of data, which isthe remainder of the 32-byte boundary data.

(4) Single Read
Thetiming chart for asingle read is shown in figure 10.17. In this LS, since synchronous
DRAM is set to burst read/burst write mode, read data continues to be output even after the
reguired data has been received. To prevent data collisions, after the required datais read in
cycle Td1, dummy read cycles Td2 to Td4 are performed, and this LSl waits for the end of the
synchronous DRAM operation.
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0 for the DMAC.
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There are 4 burst transfers during aread. In cache-through and other DMA read cycles, the BS
signal is asserted and datais latched only in cycle Td1 of cycles Td1 to Td4.

Such dummy cycles increase the memory access time and tend to reduce program execution
speed and DMA transfer speed. It isimportant both to avoid access to unnecessary cache-
through areas and to use a data structure that allows data to be placed at a 32-byte boundary for
transfer in 32-byte units when carrying out DMA transfer with synchronous DRAM specified
as the source.

X\ S S 0 N = N S e
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ R EEEEl RS R
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ m‘\l I I R
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ ol . 1 I [
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T o
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o =2 [ I I R A I
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B
o
1S
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% 1S
W 1
9] o
5] 2 [as a co
[} 1) c = v =
e = S 5 c W o) 9] = 43 w Oy
X < < ° ] a << < (o4 ™ 0 %] X <5
&} m o < (&} 4 [ &) a o= m o ol

Figure 10.17 Basic Timing for Synchronous DRAM Single Read

Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level)




(5) Burst Write

The timing chart for a burst write is shown in figure 10.18. In this LSI, a burst write occurs
only in the event of 32-byte transfer. In aburst write operation, the WRIT command is issued
in cycle Tcl following the Tr cycle where the ACTV command is output, and then 4 cycles
later, the WRITA command isissued. In the write cycle, the write datais output at the same
time as the write command. For the write with auto-precharge command, precharging of the
relevant bank is performed in the synchronous DRAM after completion of the write command,
and therefore no command can be issued for the same bank until precharging is completed.
Consequently, in addition to the precharge wait cycle Tpc used in aread access, cycle Trwl is
also added as await cycle until precharging is started following the write command for
delaying issuance of a new command for the synchronous DRAM during this period. Bits
TRWL2to TRWLOin MCR can be used to specify the number of Trwl cycles. Accessis
started from 16-byte boundary data, and 32-byte boundary datais written in wraparound mode.
DACK isasserted two cycles before the data write cycle.

_Tr  Trw Tl  Te2  Te3  Ted  Te5 | Tc6 |, Tc7., Tc8  Trwl  Trwl , Tpc .
CKIO 7 f [ N b 1 A
Bank N Row + T T Ty =
Precharge-sel Cx E ROV‘} X E ' E :H/Ls ! E X E ! E :H“—s . X X::
Address E;X Row X Cl X C5 X' I X:
oS ARSI N A O 00 s i
RO/WR T N N N :
SRS . , : ; ! ; ] \_
CASS VARREREEANERY A AVERVAE \ l
DQMn ' : E : : : E :
D31-D0
(write)
BS 1
oKe R R
DACKn A U I A N U R AR A
(SATIO — memory)i ¢+ 1 or o4 oL n L T T

Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level) = 0 for the DMAC.

Figure 10.18 Basic Timing for Synchronous DRAM Burst Write
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(6) Single Write
The basic timing chart for single write accessis shown in figure 10.19. In asingle write
operation, aWRITA command that performs auto-precharge isissued in cycle Tcl following
the Tr cycle where the ACTV command is output. In the write cycle, the write datais output at
the same time as the write command. For the write with auto-precharge command, precharging
of the relevant bank is performed in the synchronous DRAM after completion of the write
command, and therefore no command can be issued for the synchronous DRAM until
precharging is completed. Consequently, in addition to the precharge wait cycle Tpc used in a
read access, cycle Trwl is also added as await cycle until precharging is started following the
write command for delaying issuance of a new command for the synchronous DRAM during
this period. Bits TRWL2 to TRWLO in MCR can be used to specify the number of Trwl cycles.
DACK isasserted two cycles before the data write cycle.

This LS| supports 4- or 8-burst-length read and write operations of synchronous DRAM.
Dummy cycles are therefore generated even with single write operations.
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, Tc3 , Tc4  Trwl  Trwl

o Trw Tel | Tc2

Tr

CKIO

Row

2
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. :
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Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level) = 0 for the DMAC.

Figure10.19 Basic Timing for Synchronous DRAM Single Write
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(7) RAS Down Mode

The synchronous DRAM bank function is used to support high-speed accesses to the same row
address. When the RASD bit in MCR is 1, the read/write commands perform access using
commands without auto-precharge (READ, WRIT). In this case, precharging is not performed
when the access ends. When accessing the same row address in the same bank, it is possible to
issue the READ or WRIT command immediately without issuing an ACTV command in the
same way asin the DRAM RAS down state. Since the synchronous DRAM isinternaly
divided into two or four banks, one row address in each bank can be activated. If the next
accessisto adifferent row address, a PRE command is first issued to precharge the relevant
bank, and then when precharging is completed, the accessis performed by issuing an ACTV
command followed by a READ or WRIT command. If thisis followed by an accessto a
different row address, the access time will be longer because of the precharging performed
after the access request isissued.

In awrite, when auto-precharge is performed, a command cannot be issued for a period of
Trwl + Tpc cycles after issuance of the WRITA command. When RAS down mode is used,
READ or WRIT commands can be issued successively if the row address is the same. The
number of cycles can thus be reduced by Trwl + Tpc cycles for each write. Bits TPC2 to TPCO
in MCR are used to determine the number of cycles between issuance of the PRE command
and the ACTV command.

Thereisalimit on the time t,, that each bank can be kept in the active state. If execution of a
program cannot guarantee that this time value can be observed so that an accessto a different
row address occurs by a cache miss, auto-refresh must be set and a refresh cycle must be used
that is no more than the maximum value of t.,.. This makes it possible to observe the
restrictions on the maximum active state time for each bank. If auto-refresh is not used,
measures must be taken in the program to ensure that the banks do not remain active for longer
than the prescribed time.

A burst read cycle without auto-precharge is shown in figure 10.20, a burst read cycle for the
same row addressin figure 10.21, and a burst read cycle for different row addressesin figure
10.22. Similarly, a burst write cycle without auto-precharge is shown in figure 10.23, a burst
write cycle for the same row addressin figure 10.24, and a burst write cycle for different row
addressesin figure 10.25.

When synchronous DRAM isread, there is a 2-cycle latency for the DQMn signal that
specifies the bytes. As aresult, when the READ command isissued in figure 10.20, if the Tc
cycleis executed immediately, the DQMn signal is not specified for the cycle Td1 data output.
Therefore, the CAS latency should not be set to 1.
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When RAS down modeis set, and if only accesses to the respective banksin area 3 are

considered, as long as accesses to the same row address continue, the operation starts with the
cyclein figure 10.20 or 10.23, and repeats the cycle in figure 10.21 or 10.24. An accessto a

different area during thistime has no effect. If there is an access to a different row addressin
the bank active state, after thisis detected, the bus cycle in figure 10.22 or 10.25 is executed

instead of that in figure 10.21 or 10.24. In RAS down mode, a PALL command is also issued

before arefresh cycle or before bus rel ease due to bus arbitration.

CKIO

Bank
Precharge-sel
Address

A
DQMn

D31-DO
(read)

CKE

(SA: 10 ~ memory)

DACKn

Note: For DACKn, an ex

Figure10.20 Burst Read Timing
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Figure10.21 Burst Read Timing (RAS Down, Same Row Address)

Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level) = 0 for the DM.




_Trw  Tcl  Tc2 , Tc3 Tc4/Td] Td2  Td3  Td4  Td5  Td6  Td7  Tds
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Figure 10.22 Burst Read Timing (RAS Down, Different Row Addr esses)

Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level) = 0 for the DMAC.
02/03, page 312 of 1294
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L Trw Tel  Tc2  Te3  Ted  Tcb5  Te6 Te7 Te8  Trwl Trwl |

Tr

CKIO

©

@

)

= 0

o

. & 8 _W n £
£ 9 5 1 2 |0 | =2
g £ 5 v 4o <K | ©
o < IO ¢ & © &

(SA: 10 - memory)

DACKn

Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level) = 0 for the DMAC.

Figure 10.23 Burst Write Timing
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1 Normal write

The (Tnop) cycle is inserted only for SA-DMA. The DACKn signal is output as indicated by the solid line.

Note:

In the case of a normal write, the (Tnop) cycle is deleted and the DACKn signal is output as indicated by the dotted line.

For DACKn, an example is shown where CHCRn.AL (acknowledge level) = 0 for the DMAC.

Figure 10.24 Burst Write Timing (Same Row Address)
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Bank

X NS B A D G

Precharge-sel :x H/L' X 'ROW X H/L X. H/L. x T . X:
o AN S
:-\

Adress

CSn

RD/WR

DACKn !
(SA: 10 - memory) &

Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level) = 0 for the DMAC.

Figure10.25 Burst Write Timing (Different Row Addr esses)

(8) Pipelined Access
When the RASD bit in MCR is set to 1, pipelined accessis performed for faster accessto
synchronous DRAM between an access by the CPU and an access by the DMAC or for
consecutive accesses by the DMAC. Since synchronous DRAM isinternally divided into two
or four banks, after aREAD or WRIT command isissued for one bank it is possible to issue a
PRE, ACTV, or other command during the CAS latency cycle, datalatch cycle, or data write
cycle for shortening the access cycle.

When aread accessis followed by another read access to the same row address, after a READ
command has been issued, another READ command is issued before the end of the data latch
cycle so that read data is on the data bus continuously. When an access is made to another row
address and a different bank, the PRE command or ACTV command can be issued during the
CAS latency cycle or datalatch cycle. If there are consecutive access requests for different row
addresses in the same bank, the PRE command cannot be issued until one cycle before the last
datalatch cycle. If awrite access follows aread access, a PRE or ACTV command can be
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issued depending on the bank and row address, but since the write data is output at the same
time asthe WRIT command, the PRE, ACTV, and WRIT commands are issued so that one or
two dummy cycles occur automatically on the data bus. Similarly, when aread access follows
awrite access, or awrite access follows a write access, the PRE, ACTV, or READ command
isissued during the data write cycle for the preceding access. However, a PRE command
cannot be issued for different row addresses in the same bank, and so the PRE command is
issued following the number of Trwl cycles specified by the TRWL bit in MCR after the end
of the last data write cycle.

Figure 10.26 shows a burst read cycle for different banks and row addresses from the
preceding burst read cycle.

Pipelined accessis enabled only for consecutive access to area 3, and is aborted when there is
an access to another area. Pipelined accessis aso aborted in the event of arefresh cycle, or bus
release due to bus arbitration. The cases where pipelined accessis available are shown in table
10.16. In thistable, DMAC dual indicates transfer by DMAC dual address mode, and DMAC
single indicates transfer by DMAC single address mode.

CKIO \ /) ) /)
Bank ; : E : E ' : E : E ! : E : E ! E i
Precharge-sel E:XE HIL :XE N & :H/LE T & :H/LE :i
Address ;:X: cil_AI\ E : E : EXIC5_A: E : E : EXcll_E'*: E : E : EX(I:5—.B: Ei
G
s R S o o o e
s AR R R
b A I U U U U U I o s o s v o
Do’ al =) (5) () a7 )
5 TN N TN

CKE T
s

Figure 10.26 Burst Read Cyclefor Different Bank and Row Address From Preceding Burst

Read Cycle
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Table 10.16 Availability of Pipelined Accessfor Cycles

Next Access

CPU DMAC Dual DMAC Single

Previous Access Read Write Read Write Read Write
CPU Read X X O X ) )

Write X X o X O 0]
DMAC dual Read X X X X X X

Write O O O X O o]
DMAC single Read (0] (0] (0] X (0] (0]

Write O O O X O O

O: Pipelined access available
X: Pipelined access not available

(9) Refreshing
The bus state controller is provided with a function for controlling refreshing of the
synchronous DRAM. Auto-refreshing can be performed by clearing the RMODE bit to 0 and
setting the RFSH bit to 1in MCR. If synchronous DRAM is not accessed for along period of
time, both the RMODE bit and the RFSH bit can be set to 1 to activate self-refresh mode,
which uses low power consumption for data retention.

() Auto-Refreshing

Refreshing is performed at intervals determined by the input clock selected by bits CKS2 to
CKS0in RTCSR and the value set in RTCOR. Bits CKS2 to CKS0 and RTCOR should be
set to satisfy the refresh interval specification for the synchronous DRAM that is used. First
make the settings for RTCOR, RTCNT, and the RMODE and RFSH bitsin MCR, and then
make the CKS2 to CK S0 setting last. When the clock is selected by CKS2 to CK SO,
RTCNT starts counting up from the value at that time. The RTCNT value is constantly
compared with the RTCOR value, and if the two values are the same, arefresh request is
generated and an auto-refresh is performed. At the same time, RTCNT is cleared to zero
and the count-up is restarted. Figure 10.27 shows the auto-refresh operation and figure
10.29 shows the synchronous DRAM auto-refresh timing.

First, an REF command isissued in the TRr2 cycle. A new command is not output for the
duration of (TRr cycles) + (number of cycles specified by bits TRAS2 to TRASO in MCR)
+ (number of cycles specified by bits TRC2 to TRCO in MCR). Bits TRAS2 to TRASO and
TRC2 to TRCO must be set to satisfy the synchronous DRAM refresh cycle time
specification (active—active command delay time).
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Auto-refreshing is performed in normal operation, in sleep mode, and at a manual reset.
Also, if both areas 2 and 3 are set to the synchronous DRAM, auto-refreshing of area 2 is
performed after area 3.

RTCNT value RTCNT cleared to 0 when
Ve RTCNT = RTCOR
RTCOR-1

H'00000000

RTCSR.CKS2-0 =000 / # 000

Refresh

request
4 Refresh request cleared
by start of refresh cycle
External bus

Auto-refresh cycle

Figure 10.27 Auto-Refresh Operation
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s TN
RD/WR _J \ T

::\E E,E 0 0 0 0 0 0 0

rRas /.

CASS __/\_.__/\
O T i s
or1-00 P
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Figure 10.28 Synchronous DRAM Auto-Refresh Timing
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(b) Self-Refreshing
Self-refresh mode is a type of software standby mode where the refresh timing and refresh
addresses are generated within the synchronous DRAM. Self-refreshing is activated by
setting both the RMODE bit and the RFSH bit to 1. The self-refresh state is maintained
while the CKE signal islow. Synchronous DRAM cannot be accessed while in the self-
refresh state. Self-refresh mode is canceled by clearing the RMODE bit to 0. After self-
refresh mode has been cancelled, the issuing of commands is prohibited for the number of
cycles specified by bits TRC2 to TRCO in MCR. Self-refresh timing is shown in figure
10.29. Settings must be made so that self-refresh cancellation and data retention are
performed correctly and auto-refreshing is performed at the correct intervals. When self-
refreshing is activated from a state where auto-refreshing is set or when canceling software
standby mode using a method other than a power-on reset, setting the RFSH bit to 1 and
clearing the RMODE bit to 0 when self-refresh mode is cleared will restart auto-refreshing.
If the transition from canceling self-refresh mode to starting auto-refreshing takes time, this
time should be taken into consideration when setting the initial value of RTCNT. Making
the RTCNT vaue 1 less than the RTCOR value enabl es refreshing to be started
immediately.

After self-refreshing has been set, the self-refresh state continues even if the chip standby
state is entered using this LS| software standby function and is maintained even after
recovery from software standby mode using a method other than power-on reset.

In the case of a power-on reset, the self-refresh state is cancelled since the bus state
controller's registers are initialized.

Self-refreshing is continued in sleep mode, in software standby mode, and at a manual reset.
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Figure 10.29 Synchronous DRAM Self-Refresh Timing

(c) Relationship between Refresh Requests and Bus Cycle Requests

If arefresh request is generated during execution of a bus cycle, execution of therefreshis
deferred until the bus cycle is completed. Refresh operations are deferred during multiple
bus cycles generated due to a smaller data bus width than the access size (such as when
performing longword access to 8-bit bus width memory) and during a 32-byte transfer such
asacachefill or write-back. Refresh operations are also deferred between read and write
cycles during execution of a TAS instruction and between read and write cycles when
DMAC dual addresstransfer is executed. If arefresh request occurs when the bus has been
released by the bus arbitration function, refresh execution is deferred until the busis
acquired. If amatch between RTCNT and RTCOR occurs while arefresh iswaiting to be
executed so that a new refresh request is generated, the previous refresh request is
eliminated. In order for refreshing to be performed correctly, care must be taken to ensure
that no bus cycle or bus mastership occurs that is longer than the refresh interval. When a
refresh request is generated, the BACK signal is negated (driven high). Therefore, correct
refreshing can be performed by monitoring the BACK signal using a bus arbiter or bus
master other than this LSI reguesting the bus, and returning the bus to this LS.
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(10) Power-On Sequence

To use synchronous DRAM, the mode must first be set after power is supplied. To initialize
synchronous DRAM correctly, the bus state controller registers must first be set, and then
writing must be performed to the synchronous DRAM mode register. In the synchronous
DRAM mode register setting, the address signal value at that time is latched by a combination
of theRAS, CAS, and RD/WR signals. If the value to be set is X, the bus state controller
operates so that the value X is written to the synchronous DRAM mode register by performing
awrite to address H'FF90 0000 + X for area 2 synchronous DRAM, and to address H'FF94
0000 + X for area 3 synchronous DRAM. In this operation, the dataisignored, but the mode
write is performed as a byte-size access. To set burst read/burst write, CAS latency 1 to 3,
wrap type = sequential, and burst length 4 or 8, which are supported by this LSI, arbitrary data
iswritten in byte-size access to the following addresses.

Bus Width Burst Length CAS Latency Area 2 Area 3

32 4 1 H'FF90 0048 H'FF94 0048
2 H'FF90 0088 H'FF94 0088
3 H'FF90 00C8 H'FF94 00C8

32 8 1 H'FF90 004C H'FF94 004C
2 H'FF90 008C H'FF94 008C
3 H'FF90 00CC H'FF94 00CC

The MRSET hit in MCR selects whether a precharge all banks command or a mode register
setting command isissued. The timing for the precharge al banks command is shown in figure
10.30(1), and the timing for the mode register setting command is shown in figure 10.30(2).

Before setting the mode register, a 200-psidle time (thisis required for the synchronous
DRAM and varies depending on the memory manufacturer) after power is supplied must be
guaranteed. There is no problem in making the precharge all banks setting immediately if the
reset signal pulse width is greater than thisidle time.

First, a precharge all banks (PALL) command isissued in the TRp1 cycle by writing to address
H'FF90 0000 + X or H'FF94 0000 + X whilethe MRSET bit in MCR is cleared to 0. Next, the
number of dummy auto-refresh cycles specified by the manufacturer (usually 8) or more must
be executed. Thisis achieved automatically while performing various kinds of initialization
after the auto-refresh setting is made, but a more accurate way isto change the RTCOR vaue
only while these dummy cycles are being executed to set a short interval that generates refresh
reguests. With simple read or write access, the address counter in the synchronous DRAM
used for auto-refreshing is not initialized, and so the cycle must always be an auto-refresh
cycle. After auto-refreshing has been executed at |east the prescribed number of times, a mode
register write command isissued in the TMw1 cycle by setting MCR.MRSET to 1 and writing
to address H'FF90 0000 + X or H'FF94 0000 + X.
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The synchronous DRAM mode register should be configured only once after power-on reset
and before synchronous DRAM access, and the setting should not be changed once it is made.

. TRpl ., TRp2 , TRp3_ , TRp4 , TMwl , TMw2 , TMw3 , TMw4 , TMw5

CKIO \ \ / \ ': \ / \
Bank L 4 b L X X

Address

X
Precharge-sel : E : \: R X: : X: R E)(:
X

om DL LLLLE LY
WA
s TN

Figure 10.30(1) Synchronous DRAM Mode Write Timing (PALL)
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TRpl , TRp2, TRp3., TRp4 , TMwl , TMw2 , TMw3 , TMw4 , TMw5 ,
<—|—>r<—|—>r<—|—>r<—|—>;<—|—>;<—|—>;<—|—>;<—|—>;<—|—>l

CKIO

Bank

Precharge-sel

A

Address

A NP P NTL

O
2]
=

RD/WR
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_'_'_E_'_'_'__'_'_'_'_'_'_ '_'_'_'_'_'_'_E_'_'_'_'>_<'_'_'_'_'><'_'_'_'_x )
NN NN e e e T

D31-DO

\I/-////.X..X..X.

CKE —
' (High)

Figure 10.30(2) Synchronous DRAM Mode Write Timing (Mode Register Setting)
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(11) Changing the Burst Length
When synchronous DRAM is connected to this LSl with a 32-bit memory bus width, a burst
length of either 4 or 8 is specifiable with the SDBL bit in BCR3. For more details, see the
description of the BCR3 register.

(a) Burst Read
Figure 10.31 is the timing chart for burst-read operations. In the example shown below,
two synchronous DRAMs of 512k x 16 bits x 2 banks are assumed to be connected and
used with a 32-bit data width and a burst length of 8. After the Tr cycle which outputs an
ACTV command, a READA command isissued in cycle Tcl. During cycles Td1 to Td8,
the read data are fetched at the rising edges of the off-chip command clock (CKIO). Tpcis
the cycle used to wait for completion of auto-precharging, which istriggered by the
READA command, in the synchronous DRAM. During this cycle, no new command that
accesses the same bank can beissued. In this LSI, bits TPC2 to TPCO in MCR are used to
determine the number of Tpc cycles, and no commands are issued for the synchronous
DRAM during these cycles.

Figure 10.31 shows an example of the basic timing of aburst-read. To allow the connection
of alower-speed DRAM, the bitsin WCR2 and MCR can be set to increase the number of
cycles. Bits RCD1 and RCDO in MCR can be used to specify the number of cycles from
the ACTV command output cycle Tr to the READA command output cycle Tcl, where
setting values of 1, 2, or 3 correspond to 2, 3, or 4 cycles, respectively. When two or more
cycles are specified, the Trw cycle for issuing of NOP commands to the synchronous
DRAM isinserted between the Tr and Tc cycles. Bits A2W2 to A2WO0 and A3W2 to
A3WO0 in WCR2 can be used to set the number of cycles from the READA command
output cycle Tcl to cycle Td1 where the first read datais received. The number of cycles
from 1to 5 is specifiable independently for areas 2 and 3. Note that this number of cycles
isequal to the number of CAS latency cycles of the synchronous DRAM.
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Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level) = 0 for the DMAC.

Figure 10.31 Basic Timing of a Burst Read from Synchronous DRAM (Burst Length = 8)

In acycle of access to synchronous DRAM, the BS signal is asserted for one clock cycle at
the beginning of a bus cycle. When the datais accessed in thefill operation for a cache
miss, the 32-bit boundary data including the missing data are first read, and then the 32-
byte boundary data including the missing data are read in wraparound mode.

RENESAS
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(b) Burst Write

Figure 10.32 is the timing chart for a burst-write operation with a burst length of 8. In this
L SI, aburst write takes place when a copy-back of the cache or a 32-byte transfer of data
by the DMAC occurs. In a burst-write operation, a WRITA command that performs auto
precharging isissued during the Tcl cycle after the Tr cycle where the ACTV command is
output. During the write cycle, the write data is output simultaneously with the write
command. For awrite command with an auto precharge, since precharging of the relevant
bank in the synchronous DRAM is performed after completion of the write command, no
new command for the same bank can be issued until precharging has been completed. Asa
result, besides the precharge waiting cycle Tpc in read access, Trwl cycles are added to
provide waiting time until precharging starts after the write command has been issued, and
these Trwl cycles delay the issuing of new commands to the same bank. Bits TRWL2 to
TRWLO in MCR can be used to select the number of Trwl cycles. The 32-byte boundary
dataiswritten in wraparound mode.

cKio EAR S AL UL UL TR AR U IR U A BN AR NN A BN R BN R BN AR UK R NN AR B

Bank

Precharge-sel

CSn

X X
;x T :-.-:-:-:-:-:-:X-
Address D SED @ S S A S A SR D §
r\ R -:-:-:-:-:/
7 X

RD/WR

RAS

CASS

DQMn

D31-D0
(write)

BS

CKE

DACKn

(SATI0 —memory) T oioro bbb T

Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level) = 0 for the DMAC.

Figure 10.32 Basic Timing of a Burst Write to Synchronous DRAM

Rev. 1.0, 02/03, page 326 of 1294
RENESAS




10.6.5 Burst ROM Interface

Setting bits AOBST2 to AOBSTO, ASBST2 to ASBSTO, and A6BST2 to A6BSTOin BCR1to a
non-zero value allows burst ROM to be connected to areas 0, 5, and 6. The burst ROM interface
provides high-speed access to ROM that has a burst access function. The timing for burst access to
burst ROM is shown in figure 10.33. No wait cycleis set. Basically, accessis performed in the
same way as for SRAM interface, but when the first cycle ends, only the address is changed, and
then the next access is executed. When ROM having an 8-bit data width is connected, bits
AOBST2to AOBSTO, A5BST2 to ASBSTO, or A6BST2 to A6BSTO can be used to set the number
of consecutive accessesto 4, 8, 16, or 32. When ROM having a 16-bit data width is connected, 4,
8, or 16 accesses can be set in the same way. When ROM having a 32-bit data width is connected,
4 or 8 accesses can be set.

The RDY pin sampling is always performed when one or more wait cycles are set. Thetiming in
this caseis shown in figure 10.34.

The second and subsequent access cycles al'so comprise two cycles when aburst ROM setting is
made and the wait is specified at 0.

The write operation for aburst ROM interface is performed as a SRAM interface.

In 32-byte transfer, atotal of 32 bytes are transferred consecutively according to the bus width that
was set. The first accessis performed on the data where there was an access request, and the
remaining accesses are performed on the 32-byte boundary data. The busis not released during
this operation.

Figure 10.35 shows the timing when the burst ROM is set and a setup/hold is specified by WCR3.
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., TL , TB2 , TB1 , TB2 , TB1 , TB2 , TB1 , T2

Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level) = 0 for the DMAC.

Figure 10.33 Burst ROM Basic Access Timing
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Note: For DACKn, an example is shown where CHCRn.AL (acknowledge Ievel) =0 for the DMAC.

Figure10.34 Burst ROM Wait Access Timing
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Note: For DACKn an example is shown where CHCRn AL (acknowledge level) =0 for the DMAC

Figure10.35 Burst ROM Wait Access Timing

10.6.6 PCMCIA Interface

Inthis LSI, setting the AS6PCM bit in BCR1 to 1 allows the bus interface for off-chip memory
space areas 5 and 6 to become an IC memory card interface or 1/0 card interface as stipulated in
JEIDA specification version 4.2 (PCMCIA2.1).

Figure 10.36 shows an example of PCM CIA card connection to this LSI. To enable hot swapping
of the PCMCIA cards (i.e. insertion or removal while system power is being supplied), atri-state
buffer must be connected between this LS| businterface and the PCMCIA cards.

Since operation in big endian mode is not explicitly stipulated in the JEIDA/PCMCIA standard,
this LS| supports only little-endian mode setting and the little-endian mode PCMCIA interface.

When the MMU ison, PCMCIA interface memory space can be set in MMU page units, and there
isachoice of 8-bit shared memory, 16-bit shared memory, 8-bit attribute memory, 16-bit attribute
memory, 8-bit I/O space, 16-bit I/O space, or dynamic bus sizing. See section 6, Memory
Management Unit (MMU), for details of the setting method. When the MMU is off, the memory
space is always used for access in the setting of bits SA2 to SAO in PTEA.
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SA2 SA1 SAO0 Description

0 0 0 Reserved (Setting prohibited)
1 Dynamic I/O bus sizing
1 0 8-bit I/O space
1 16-bit I/0 space
1 0 0 8-bit shared memory
1 16-bit shared memory
1 0 8-bit attribute memory
1 16-bit attribute memory

When the MMU ison, wait cyclesin a bus access can be set in MMU page units. For details of the
setting method, see section 6, Memory Management Unit (MMU). When the MMU is off
(MMUCR.AT = 0), accessis always performed according to the TC bit in PTEA. When the TC bit
iscleared to 0, bits ASW2 to ASWO0 in WCR2 and bits ASPCW1 to ASPCWO0, ASTED2 to
AS5TEDO, and ASTEH2 to ASTEHO in PCR are selected. When TC isset to 1, bits ABW2 to
AB6WO0 in WCR2 and bits AGPCW1 to A6PCWO0, A6TED2 to A6TEDO, and A6TEH2 to A6TEHO
in PCR are selected.

Accessto a PCMCIA interface area by the DMAC is always performed using the DMAC's
CHCRN.SSAN, CHCRn.DSAN, CHCRN.STC, and CHCRn.DTC values.

Bits AnNPCW1 and AnPCWO in PCR can be used to set the number of wait cyclesas 0, 15, 30, or
50 to be inserted in alow-speed bus cycle. Thisvalue is added to the number of inserted wait
cycles specified by WCR2. Bits AnTED2 to AnNTEDO in PCR (with a setting range from 0 to 15)
can be used to retain the RD and WE1 signal addresses and the CS, CE2A, CE2B, and REG setup
times. Bits AnTEH2 to AnTEHO in PCR (with a setting range from 0 to 15) can also be used to
retain the RD and WEI1 signal addresses and the CS, CE2A, CE2B, and REG data hold times.

Bits A5IW2 to A5IWO0 and A6IW2 to A6IWO0 in WCRL1 are used to set the number of wait cycles
between cycles. The selected number of wait cycles between cycles depends only on the area
accessed (area 5 or 6). When area 5 is accessed, bits A5IW2 to A5IWO are selected, and when area
6 is accessed, bits AGIW2 to A6IWO are selected.

In 32-byte transfer, atotal of 32 bytes are transferred consecutively according to the bus width that
was set. Thefirst accessis performed on the data where there was an access request, and the
remaining accesses are performed on the 32-byte boundary data in wraparound mode. The busis
not released during this operation.
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Table 10.17 Relationship between Addressand CE When Using PCMCI A Interface

Bus Access
Width Read/ Size Odd/
(Bits) Write (Bits)*' Even 10IS16 Access CE2 CE1 A0 D15to D8 D7 to DO
8 Read 8 Even * — 1 0 0 Invalid Read data
Odd * — 1 0 1 Invalid Read data
16 Even * First 1 0 0 Invalid Lower read data
Even * Second 1 0 1 Invalid Upper read data
Odd * — - = = = —
Write 8 Even * — 1 0 0 Invalid Write data
Odd * — 1 0 1 Invalid Write data
16 Even * First 1 0 0 Invalid Lower write data
Even * Second 1 0 1 Invalid Upper write data
Odd = — - = = = —
16 Read 8 Even * — 1 0 0 Invalid Read data
Odd * — 0 1 1 Read data Invalid
16 Even * — 0 0 0 Upper read data Lower read data
Odd * — - = = = —
Write 8 Even * — 1 0 0 Invalid Write data
Odd * — 0 1 1 Write data Invalid
16 Even * — 0 0 0 Upper write data Lower write data
Odd = — - = = = —
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Bus Access
Width Read/ Size Odd/

(Bits) Write (Bits)*' Even 10IS16 Access CE2 CE1 A0 Di5to D8 D7 to DO
Dynamic Read 8 Even 0 — 1 0 0 Invalid Read data
:;?ng*z odd 0 — 0 1 1 Readdaa Invalid
16 Even 0 — 0 0 0 Upper read data Lower read data
Odd 0 — - = = = —
Write 8 Even 0 — 1 0 0 Invalid Write data
Odd 0 — 0 1 1 Write data Invalid
16 Even O — 0 0 0 Upper write data Lower write data
Odd 0 — - = = = —
Read 8 Even 1 — 1 0 0 Invalid Read data
Odd 1 First 0 1 1 Ignored Invalid
Odd 1 Second 1 0 1 Invalid Read data
16 Even 1 First 0 0 0 Invalid Lower read data
Even 1 Second 1 0 1 Invalid Upper read data
Odd 1 — - = = = —
Write 8 Even 1 — 1 0 0 Invalid Write data
Odd 1 First 0 1 1 Invalid Write data
Odd 1 Second 1 0 1 Invalid Write data
16 Even 1 First 0 0 0 Upper write data Lower write data
Even 1 Second 1 0 1 Invalid Upper write data
Odd 1 — - - = = —

Notes: * Don't Care

*1. In 32-bit/64-bit/32-byte transfer, the addresses are automatically divided into increments
equal to the bus width, and the above accesses are repeated until the transfer data size
is reached.

*2. PCMCIA 1/O card interface only
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Figure 10.36 Example of PCMCIA Interface
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(2) Memory Card Interface Basic Timing

Figure 10.37 shows the basic timing for the PCMCIA memory card interface, and figure 10.38
shows the wait timing for the PCM CIA memory card interface.

5 Tpcml L Tpcm?2 N
mOIX T T @
RD/WR X X:
(o /0 N/

U (read) : , . '
(write) E : ; E
e G
= TN/
i/ A T

Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level) = 0 for the DMAC.

Figure 10.37 Basic Timing for PCMCIA Memory Card Interface
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Note: For DACKn, an example is shown where CHCRn.AL (ac

Figure 10.38 Wait Timing for PCMCIA Memory Card Interface
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Common memory
(64 Mbytes)

Access Virtual
by CS5 wait address space
controller External 1/0O
1 kbyte addresses
page
: 101
Virtual Access
address space by CS6 wait 01
Common controller
10 2
memory 1
Card 1 Common
on CS5 memory 2
- i 102
Attribute memory Attribute memory 1 kbyte
10 space 1 (64 Mbytes) page Different virtual pages
1/0 space 2 mapped to the same
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Example of 1/O spaces with different cycle times
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1/0 space
~_ (64 Mbytes)
Card 2 SI-
on CS6 )

The page size can be 1 kbyte, 4 kbytes, 64 kbytes, or 1 Mbyte.

Example of PCMCIA interface mapping

Figure10.39 PCMCIA Space Allocation

(2) 110 Card Interface Timing
Figures 10.40 and 10.41 show the timing for the PCMCIA 1/O card interface.

When accessing a PCMCIA card asan /O card interface, it is possible to perform dynamic
sizing of the 1/0 bus width using the IOIS16 pin. With a 16-bit bus width selected, if the
10IS16 signal is high during aword-size 1/0 bus cycle, the I/O port is recognized as 8 bitsin
width. In this case, a data access for only 8 bitsis performed in the I/O bus cycle being
executed, and thisis automatically followed by a data access for the remaining 8 bits. Dynamic
bus sizing is also performed for byte-size access to address 2n + 1.

Figure 10.42 shows the basic timing for dynamic bus sizing.
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Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level) = 0 for the DMAC.

Figure10.40 Basic Timing for PCMCIA 1/O Card Interface
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Figure10.41 Wait Timing for PCMCIA 1/O Card Interface
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0 for the DMAC.

Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level)

Figure 10.42 Dynamic Bus Sizing Timing for PCMCIA |/O Card Interface
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10.6.7 MPX Interface

If the MD6 pin iscleared to O at a power-on reset by the RESET pin, the MPX interface is selected
for area0. The MPX interface is selected for areas 1 to 6 by the MPX bit in BCR1 and bits
MEMMODE, A4AMPX, and AIMPX in BCR3. The MPX interface provides an address/data
multiplex type bus protocol and allows easy connection with off-chip memory controller chips
using asingle 32-bit address/data multiplex bus. A bus cycle consists of an address phase and a
data phase, with address information output to D25 to DO and the access size output to D31 to D29
in the address phase. The BS signal is asserted for one cycle to indicate the address phase. The
CSn signal is asserted at therising edgein Tm1 and is negated after the end of the last data
transfer in the data phase. Therefore, a negation cycle does not occur in the case of minimum pitch
access. The FRAME signal is asserted at the rising edge in Tm1 and negated at the start of the last
datatransfer cycle in the data phase. Therefore, an off-chip device for the MPX interface must
internally store the address information and access size output in the address phase and perform
data input/output for the data phase. For details of access sizes and data alignment, see section
10.6.1, Endian/Access Size and Data Alignment.

Values output to address pins A25 to A20 are not guaranteed.

In 32-byte transfer, atotal of 32 bytes are transferred consecutively according the bus width that
was set. The first accessis performed on the data where there was an access request, and the
remaining accesses are performed on 32-byte boundary data. If the access size exceeds the set bus
width in thisway, the address is output once, and then the burst access is performed with multiple
continuous data cycles. The busis not released during this operation.

D31 D30 D29 Access Size
0 0 0 Byte
1 Word
1 0 Longword
1 Quadword
1 X X 32-byte burst

X: Don't care

This LSI MPX device
CKIO CLK
CSn cs
BS BS
RD FRAME
RD/WR WE
D31-DO 1/031-1/00
RDY RDY

Figure 10.43 Example of 32-Bit Data Width MPX Connection
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The MPX interface timing is shown below.

When the MPX interface is used for areas 1 to 6, abus size of 32 bits should be specified by
BCR2.

In wait control, waits can be specified by WCR2 and waits can be inserted by the RDY pin.

In aread, onewait cycleisautomatically inserted after address output, even if WCR2 is cleared to
0.

\ Tml . Tmdlw ,  Tmdl _, |
-— - .

D31-DO X A —+—— 0o +—

RD/WR

s NSO
GO ) w—

Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level)
=0 for the DMAC.

Figure10.44 MPX Interface Timing 1 (Single Read Cycle, AnW = 0, No External Wait)
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: Tml :delw : delw: del: . '
CKIO } S L -
o AL/ N
pa-00 T WL A {00 H—
. A
S A

U
A A\ G~ AN
s N\ /T T T
DACKn _J - - - \
(DA) T : : | : i : i : i X

Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level) = 0 for the DMAC.

Figure10.45 MPX Interface Timing 2 (Single Read, AnW = 0, One External Wait Inserted)
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oo N N
D31-DO iX.A;XIDoIX
S N O
S N O I
RDY I I\f;\/l I I

AR
e T

Note: For DACKn, an example is shown where CHCRn.AL
(acknowledge level) = 0 for the DMAC.

Figure10.46 MPX Interface Timing 3 (Single Write Cycle, AnW = 0, No External Wait)
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Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level) = 0 for the DMAC.

Figure 10.47 MPX Interface Timing 4 (Single Write, AnW =1,
One External Wait | nserted)
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. Tml , Tmdiw , Tmdl_, Tmd2 , Tmd3 _, Tmd4 , Tmd5 _, Tmd6 , Tmd7 , Tmd8 _, .

DACKI i T T T T T T T T T T T T T T T T T T T T |
A AN A A R D A A v

Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level) = 0 for the DMAC.

Figure10.48 MPX Interface Timing 5 (Burst Read Cycle, AnW =0, No External Wait,
32-Bit Bus Width, 32-Byte Data Transfer)

L~ Tml , Tmdlw, Tmdl , Tmd2w , Tmd2 , Tmd3 , . Tmd7 , Tmd8w , Tmd8 , \

CKIO

R S o e R 20 (O e S e O
T e e e e v
R R R R
Y Y aA S
= N e
B T

Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level) = 0 for the DMAC.

Figure10.49 MPX Interface Timing 6 (Burst Read Cycle, AnW =0, External Wait Contral,
32-Bit BusWidth, 32-Byte Data Transfer)
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. Tml , Tmdl , Tmd2 , Tmd3 , Tmd4 , Tmd5 , Tmd6 , Tmd7 , Tmd8 _, .

CKIO / \ \
o
D31-D0 ;:X;A;X;Dl X;Dz;X;D3;X;D4;X;D5;X;D6;X;D7;X;D8;Xi
NI Ry =
RD/WR "\/_|
N L ASASALASALALA LT

A ' ' R
BS EE:E/:E.E.E.EE'.'-E:E\ -
A R R R R B B B B B R v

Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level) = 0 for the DMAC.

Figure10.50 MPX Interface Timing 7 (Burst Write Cycle, AnW = 0, No External Wait,
32-Bit BusWidth, 32-Byte Data Transfer)

. Tml , Tmdiw, Tmdl_, Tmd2w, Tmd2 , Tmd3 _, . Tmd7 _, Tmd8w , Tmd8 _, \

CKIO

e DL LD g
D31-DO E:XEAEX; 501; EX; ED2; EX;DSEX EX:D7IX: ID8: IXE E
=T NG N N N S O O WO O O O Y s
RD/WR '\&ﬂ/
- msmm
s N e
G VAR R D D D R D ) wat

Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level) = 0 for the DMAC.

Figure10.51 MPX Interface Timing 8 (Burst Write Cycle, AnW = 1, External Wait Control,
32-Bit Bus Width, 32-Byte Data Transfer)
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Tml , Tmdlw _,  Tmdl Tmd2
<—v—><—v—><—v—><—v—> 1

CKIO

D31-DO

BS

DACKn
(OA)

Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level) = 0 for the DMAC.

Figure10.52 MPX Interface Timing 9 (Burst Read Cycle, AnW = 0, No External Wait,
32-Bit BusWidth, 64-Bit Data Transfer)
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Tmdlw _,
.

Tml

Tmdlw Tmdl
N e .

CKIO
D31-D0
CSn

CHCRnN.AL (acknowledge level) = 0 for the DMAC.

Note: For DACKn, an example is shown wl

0, One External Wait

Figure 10.53 MPX Interface Timing 10 (Burst Read Cycle, AnW

Inserted, 32-Bit Bus Width, 64-Bit Data Transfer)
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Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level) = 0 for the DMAC.

Figure 10.54 MPX Interface Timing 11 (Burst Write Cycle, AnW = 0, No External Wait,
32-Bit Bus Width, 64-Bit Data Transfer)
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, Tml , . Tmdlw , Tmdlw ,  Tmdl , Tmd2 _,
PP,

B T\ T

DACKn T T 0 5 E
(DA) _|_/ i | i ; i ;

Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level) = 0 for the DMAC.

Figure 10.55 MPX Interface Timing 12 (Burst Write Cycle, AnW =1, One External Wait
Inserted, 32-Bit BusWidth, 64-Bit Data Transfer)

10.6.8 Byte Control SRAM Interface

The byte control SRAM interface isa memory interface that outputs a byte select strobe (WEn) in
both read and write bus cycles. This interface has 16-bit data pins and can be connected to SRAM
having upper byte select strobe and lower byte select strobe functions such as UB and LB.

Areas 1 and 4 can be specified as a byte control SRAM interface. However, when these areas are
set to MPX mode, MPX mode has priority.

The write timing for the byte control SRAM interface isidentical to that of the normal SRAM
interface.

In read operations, on the other hand, the WEn pin timing is different. In aread access, only the
WE signal for the byte being read is asserted. Assertion is synchronized with the falling edge of
the CK10O clock in the same way as the WE signal, while negation is synchronized with the rising
edge of the CKIO clock in the same way asthe RD signal.
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32-byte transfer is performed consecutively for atotal of 32 bytes according to the bus width that
was set. The first accessis performed on the data where there was an access request. The
remaining accesses are performed on the 32-byte boundary data in wraparound mode. The busis
not released during this operation.

Figure 10.56 shows an example of a byte control SRAM connection, and figures 10.57 to 10.59
show examples of byte control SRAM read cycles.

64k x 16-bit
This LSI SRAM
A18-A3 Al15-A0
CSn CS
RD OE
RD/WR WE
D31-D16 1/015-1/00
WE3 UB
WE2 B
—A15-A0
cs
OE
WE
D15-D0 1/015-1/00
WET uB
WEOQ B

Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level) = 0 for the DMAC.

Figure 10.56 Example of 32-Bit Data Width Byte Control SRAM
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A25-A0

RD/WR

D31-D0
(read)

DACKn
(SA: 10 ~ memory) _\

DACKn "
(DA) J :

Note: For DACKn, an example is shown where CHCRn.AL
(acknowledge level) = 0 for the DMAC.

Figure 10.57 Byte Control SRAM Basic Read Cycle (No Wait)
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A25-A0

RD/WR

D31-D0 E | E
(read) . .

BS \ | /o 5
RDY \ pany E/

T T Ay i
(DS'?\ACTOn ~ memory) _\ E / E I

DACKn ' ' |
o 7]

Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level)
=0 for the DMAC.

Figure 10.58 Byte Control SRAM Basic Read Cycle (One Internal Wait Cycle)

Rev. 1.0, 02/03, page 354 of 1294
RENESAS




Tl

Tw Twe

Y
3
Y

T2

Y

CKIO _]

A25-A0

RD/WR

g 9 P 2 7

D31-D0
(read)

M|

:

DACKn i
(SA: 10 ~ memory) _\ |

aVy

__-\\\__.__.__ ____._.__.__._.__.___.-...-.-.._.--.-.--..-._._.__.__
)

A\

DACKn
(DA)

Note: For DACKn, an example is shown where CHCRn.AL (acknowledge level) = 0 for the DMAC.

Figure 10.59 Byte Control SRAM Basic Read Cycle
(Onelnternal Wait + One External Wait)
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10.6.9 Waits between Access Cycles

A problem associated with higher operating frequencies for off-chip memory busesisthat the data
buffer turn-off after completion of aread from alow-speed device may be too slow, causing a
collision with the datain the next access, and resulting in lower reliability or malfunctions. To
prevent this problem, this module provides a data collision prevention function. It stores the
preceding access area and the type of read/write and inserts await cycle before the access cycle if
thereis apossibility of abus collision when the next access is started. The process for wait cycle
insertion consists of inserting idle cycles between access cycles as shown in section 10.5.5, Wait
Control Register (WCR1). When this LS| performs consecutive write cycles, the data transfer
direction isfixed (from this LSl to other memory), and there is no problem. Also, for read
accesses to the same area, generaly, datais output from the same data buffer, and no wait cycleis
inserted. If bits AnIW2 to AnlWO (n = 0 to 6) in WCRL1 are used to set idle cycles between
accesses, the number of inserted idle cyclesis only the specified number of idle cycles minusthe
number of idle cycles specified by the bits.

When bus arbitration is performed, the bus is released after wait cycles are inserted between cycles.

In single address mode DMA transfer from an 1/0O device to memory, the I/O device speed
determines the data on the bus. When alow-speed 1/0 device is used, await time equivalent to the
output buffer turn-off time must be inserted between cycles. When a high-speed memory is used,
the memory may be unable to run at full speed since insertion of waits between cycles may be
required to adjust to the speed of alow-speed device for enabling DMA transfer.

Waits between cycles can be specified with bits DMAIW2 to DMAIWO in wait control register 1
(WCR1) for single address mode DMA transfer from an 1/O device to memory. The number of
walits that can be inserted should be in the range from 0 to 15. A number of waits specified by the
DMAIW2 to DMAIWO bits are inserted in single address DMA transfersto all areas.

In dual address mode DMA transfer, the normal wait between cycles specified by bits AnlW2 to
AnIWO (n=0to 6) isinserted.
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T1 | T2 o Twait T1 | T2 . Twait T1 | T2

o X - x

D31-D0
Read from Area m spacé Read from Area n spacé " Write to Area n space ‘

Wait cycle insertion between Wait cycle insertion between
access cycles specified for Area m access cycles specified for Area n

Figure10.60 Wait Cycles between Access Cycles

10.6.10 BusArbitration

This LSl provides a bus arbitration function that allows an off-chip device to control the busin
response to a bus request.

In normal operation, this LS| controls the bus, and it releases the bus to transfer the right to access
the bus when an off-chip device issues a bus request. In the description below, an off-chip device
that issues bus requestsis referred to asadave.

This LSl hastwo internal bus masters. the CPU and DMAC. When synchronous DRAM is
connected and refresh control is performed, the refresh request serves as the third bus master. Bus
requests from off-chip devices are also added when thisL Sl isin master mode. If requests occur
simultaneously, the priority from highest to lowest is based on the following order: bus request
from an off-chip device, the refresh request, the DMAC, and the CPU.

To prevent malfunctions of connected devices when the right to access the busis transferred from
master to slave, al bus control signals are negated before the bus is released. When the right of
access to the busis received, bus control signals switch from the negated level to start driving the
bus. Since signals are driven at the same level by the master and slave transferring the right to
access the bus, output buffer collisions can be avoided.
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The right of access to the busistransferred at the end of bus cycles.

When the bus release request signal (BREQ) is asserted, this LS| releases the bus as soon as the
current bus cycle being executed ends and outputs the bus request acknowledge signal (BACK).
However, the bus is not released during multiple bus cycles generated due to a smaller data bus
width than the access size (such as when performing longword access to 8-bit bus width memory)
or during a 32-byte transfer such as a cache fill or write-back. The busis also not released between
read and write cycles during execution of a TAS instruction, or between read and write cycles
when DMAC dua address transfer is executed. When BREQ is negated, BACK is negated and use
of the busis resumed.

When arefresh request is generated, this LS| performs a refresh operation as soon as the current
bus cycle being executed ends. However, refresh operations are deferred during multiple bus
cycles generated due to a smaller data bus width than the access size (such as when performing
longword access to 8-hit bus width memory) and during a 32-byte transfer such as a cachefill or
write-back. The refresh operation is also deferred between read and write cycles during execution
of aTAS instruction, and between read and write cycles when DMAC dual address transfer is
executed. Refresh operations are also deferred in the bus rel ease state.

Since the CPU in this LSl is connected to cache memory by a dedicated peripheral bus, the CPU
can till read from cache memory when the busis being used by another bus master inside or
outside this L SI. When writing from the CPU, an off-chip write cycle is generated when write-
through has been set for the cache in this LS|, or when an accessis made to a cache-off area. This
resultsin adelay until the busis returned.

When this LS| wants to take back the bus in response to an internal memory refresh request, it
negates BACK. A device that asserts the off-chip bus release request receives the BACK negation,
and then negates BREQ to release the bus. In thisway, the busis returned to thisLSI, and then
processing is performed.
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Figure 10.61 Arbitration Sequence

10.6.11 BusRelease and Acquire Sequences
This LSI controls the bus unless it receives a bus request.

As soon as an assertion (low level) of the bus request signal (BREQ) is received from an off-chip
device and the current bus cycle being executed ends, this LS releases the bus and asserts (low
level) the bus request acknowledge signal (BACK). If a bus request has not been issued dueto a
refresh request, this LS receives the BREQ negation (high level) indicating that the save has
released the bus, and then negates (drives high) the BACK signal and resumes use of the bus.

If abus request isissued due to arefresh request in the bus rel ease state, this L Sl negates the bus
request acknowledge signal (BACK) and then receives the BREQ negation indicating that the
slave has released the bus, and resumes use of the bus.

When the bus is released, al bus control output signals and input/output signals pertaining to the
bus interface go to the high-impedance state except for CKE in the synchronous DRAM interface,
BACK (bus request acknowledge) in bus arbitration, and DACKO and DACK1 for DMA transfer
control.

For synchronous DRAM, a precharge command isissued for the active bank, and the busis
released after precharging is completed.

The following is the specific bus rel ease sequence.

First, the bus request acknowledge signal is asserted at the rising edge of the clock. The address
bus and data bus go to the high-impedance state in synchronization with the assertion of BACK.
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go to the high-impedance state. These bus control signals are negated no later than one cycle
before going to high-impedance. The bus request signal is sampled at the rising edge of the clock.

The following is the specific bus reacquiring sequence from the slave.

As soon as BREQ negation is detected at the rising edge of the clock, BACK is negated and the
bus control signal driving is started from next rising edge of the clock. Driving of the address bus
and data bus also starts at the same rising edge of the clock. The bus control signals are asserted
and the bus cycle is actually started, at the earliest, at the next rising edge of the clock where the
driving of the bus control signals was started.

In order to reacquire the bus and start execution of arefresh operation or bus access, the BREQ
signal must be negated for at least two cycles.

If arefresh request is generated when BACK has been asserted and the bus has been released, the
BACK signal is negated even while the BREQ signal is asserted to request a slave to release the
bus. When this LSl is used in master mode with slaves designed independently by the user,
consecutive bus accesses may be attempted to reduce the overhead due to arbitration. When
connecting a slave where the total duration of consecutive accesses exceeds the refresh cycle, it
should be designed so that the bus is released as soon as possible after negation of the BACK
signal is detected.

10.7 Usage Notes

10.7.1 Refresh

Auto refresh operations are not carried out when this LS| enters software standby, hardware
standby, or deep-sleep mode. If the memory system requires refresh operations, set the memory in
the self-refresh state prior to making the transition to software standby, hardware standby, or deep-
sleep mode.

10.7.2 BusArbitration

The busis not released when this LS| enters software standby or deep-sleep mode. In systems
performing bus arbitration, clear the bus release request enable bit (BCR1.BREQEN) to O for the
processor in master mode before making the transition to software standby or deep-sleep mode.
Correct operation is not guaranteed when atransition is made to software standby mode or deep-
sleep mode with BCR1.BREQEN = 1.
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Section 11 Direct Memory Access Controller (DMAC)

This LSl includes an on-chip eight-channel direct memory access controller (DMAC). The DMAC
can be used in place of the CPU to perform high-speed data transfers among external devices
equipped with DACK (DMA transfer end notification), external memories, memory-mapped
external devices, and on-chip peripheral modules. Using the DMAC reduces the burden on the
CPU and increases the operating efficiency of thisLSlI.

11.1 Features

The DMAC has the following features.

Number of channels: Eight channels

Address space: Physical address space

Selection of datalength: 8-bit, 16-bit, 32-bit, 64-bit, or 32-byte transfer data length
Maximum number of transfers: 16 M (16,777,216) transfers

Selection of DMA mode: External request 2-channel mode or DMABRG mode
Selection of address mode: Single address mode** or dual address mode

Selection of transfer requests: External request*?, requests from on-chip peripheral modules*®,
or auto-reguest

Selection of bus mode: Cycle steal mode or burst mode
Selection of priority order: Fixed priority mode or round robin mode

Channel functions: Different transfer modes (address mode, bus mode, and transfer requests)
can be set for each channel.

Interrupt request: Interrupt request can be sent to the CPU on completion of data transfer.

Notes: *1.In DMABRG mode, only synchronous DRAM can be specified.

*2. External request 2-channel mode: DREQO (corresponds to channel 0) and DREQ1
(corresponds to channel 1)
DMABRG mode: DREQO to DREQ3 (can be set for all channels)

*3.External request 2-channel mode: Transfer requests cannot be accepted from the LCDC,
HAC, SSI, and USB.
DMABRG mode: Transfer requests can be accepted from all on-chip peripheral
modules with the DMA transfer request function. (Note that transfer requests from the
LCDC, HAC, SSlI, and USB can only be accepted in channel 0.)
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Figure 11.1 shows a block diagram of the DMAC.

f |
' DMAC module '
! 1
' '
— ' Count control <_| A~
' '
' '
H i DMAC .
1 Register control register K ) H
' | k1 '
w ' unit '
> | '
h' Q 1 1
on-chip | = ' Activation control '
peripheral K__/ g . '
module*?2 s , f H
5 ! gl
T & . 2|
' — '
* Transfer request 2 |
' P o '
DREQn*3 . priority control £ ;
i o|
| <
| = H
DACKn*3 ' Transfer request DMABRG o '
DRAKn*3 \ acceptance control !
H i
' '
' '
T '
' '
' '
' '
' . '
! Bus interface i
| :
' '
' '
' '
' '
L oo R U K 1
32-byte data .
bytﬁ External address/on-chip
utrer peripheral module address
Bus state
controller External bus >
Legend:
1. This unit has the following 55 registers. 2. The following 14 on-chip peripheral modules can
DMAOR : DMA operation register output DMA transfer requests.
SAROt07 :DMA SO“'_CE gddress reglster§ 0to7 SCIFOto2 :Serial communication interface 0 to 2
DAROto 7 : DMA destination address registers 0 to 7 HSPI : Serial peripheral interface
DMATCR O to 7 : DMA transfer count registers 0 to 7 SIM - Smartcard interface
CHCROto7 : DMA channel control registers 0 to 7 MMCIF - Multimedia card interface
DMARSRA : DMA request resource selection register A ADC - A/D converter
DMARSRB : DMA request resource selection register B
DMAPCR : DMA pin control register X
. . . . The following modules can output DMA transfer
The following registers are valid only in DMABRG mode. requests to the DMABRG.
DMABRGCR : DMA BRG control register LcDC + LCD controller
DMAATXSAR O and 1 : DMA audio source address registers 0 and 1 HACOand 1 : Hitachi audio codec interface 0 and 1
DMAARXDAR O and 1 : DMA audio destination address registers 0 and 1 SSI0and1 : Serial sound interface 0 and 1
DMAATXTCR Oand 1 : DMA audio transmit transfer count registers 0 and 1 USB + USB host
DMAARXTCR O and 1 : DMA audio receive transfer count registers 0 and 1 3n=0to03
DMAACRO and 1 : DMA audio control registers 0 and 1 :

DMAATXTCNT O and 1 : DMA audio transmit transfer counters 0 and 1
DMAARXTCNT 0 and 1 : DMA audio receive transfer counters 0 and 1

DMAUSAR : DMA USB source address registers 0 to 7
DMAUDAR : DMA USB destination address register
DMAURWSZ : DMA USB R/W size register

DMAUCR : DMA USB control register

DMARCR : DMA request control register

Figure11.1 DMAC Block Diagram
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Figure 11.2 shows a block diagram of the DMABRG.

For datatransfer in DMABRG mode between synchronous DRAM and the LCDC, HAC, SSI, or
USB, the DMABRG performs a high-speed data transfer viathe DMABRG internal FIFO (32-bit
16-stage) using DMAC channel 0. The DMABRG transfers a maximum of 32-byte datain asingle
transfer.

DMAC
N
On-chip peripheral
module DMABRG
16-stage 32-bit FIFO
HSAS(I:(((())))/ Hﬁﬁég)ésﬁgo) < »| Transfer request
— 16-stage 32-bit FIFO priority control
HAC(L)/ HAC(L)/SSI(1) 16-stage 32-hit FIFO | DMABRGCR
SSI(1) bridge bus -
—_ 16-stage 32-bit FIFO | DMAATXSARO | | DMAATXSAR1 |
[ 16-stage 32-bit FIFO | | DMAARXDARO | | DMAARXDAR1 | o
usB usB 2
bridge bus_, 16-stage 32-bit FIFO | DMAATXTCRO | | DMAATXTCR1 | s
5
LcDC i | DMAARXTCRO | | DMAARXTCR1 | K
LCDC bridge bus 16-stage 32-bit FIFO
| DMAACRO | | DMAACR1 |
| DMAATXTCNTO | | DMAATXTCNT1 |
| DMAARXTCNTO | | DMAARXTCNT1 |
| DMAUSAR | | DMAURWSZ |
| DMAUDAR | | DMAUCR |
Bus state
controller

~~
External bus

Synchronous DRAM

Figure11.2 DMABRG Block Diagram
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11.2

I nput/Output Pins

Table 11.1 shows the DMAC pin configuration.

Table11.1 Pin Configuration

Pin Name Abbreviation 1/0 Function

DMA transfer DREQO DREQO Input DMA transfer request input from external

request device

DREQ acceptance DRAKO DRAKO Output  Notifies acceptance of DMA transfer

confirmation request and start of execution to
external device which has output
DREQO**

DMA transferend = DACKO DACKO Output  Strobe output to external device which

notification has output DREQO, regarding DMA
transfer request

DMA transfer DREQ1 DREQf Input DMA transfer request input from external

request device

DREQ acceptance DRAK1 DRAK1 Output  Notifies acceptance of DMA transfer

confirmation request and start of execution to
external device which has output
DREQ1*!

DMA transferend = DACK1 DACK1 Output  Strobe output to external device which

notification has output DREQ1, regarding DMA
transfer request

DMA transfer DREQ2 DREQ2 Input DMA transfer request input from external

request device

DREQ acceptance DRAK2/ DRAK2 Output  Notifies acceptance of DMA transfer

confirmation request to external device which has
output DREQ2*?

DMA transferend DACK2 DACK2 Output  Strobe output to external device which

notification has output DREQ2, regarding DMA
transfer request*?

DMA transfer DREQ3 DREQS Input DMA transfer request input from external

request device
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Pin Name Abbreviation 1/0

Function

Notifies acceptance of DMA transfer
request to external device which has
output DREQ3*®

DREQ acceptance DRAK3/ DRAK3 Output
confirmation
DMA transferend = DACK3 DACKS3 Output
notification

Strobe output to external device which
has output DREQS, regarding DMA
transfer request*®

Notes: *1.Pin DRAKO or DRAK1 indicates the start of execution only in external request 2-

channel mode.
*2.Pins DRAK2 and DACK?2 are multiplexed.
*3. Pins DRAK3 and DACK3 are multiplexed.

11.3 Register Descriptions

The DMAC hasthe following registers. For details of register addresses and register states during
each process, see section 32, List of Registers. For details regarding the DMA pin control register
(DMAPCR), see section 24.2.34, DMA Pin Control Register (DMAPCR), in section 24, Pin
Function Controller (PFC). In later descriptions, channel numbers are not explicitly mentioned.

Table11.2 Register Configuration (1)

Sync

Ch. Register Name Abbrev. R/W P4 Address Area 7 Address Size Clock
0 DMA source address register 0 SARO R/W  H'FFAO0 0000 H'1FAO0 0000 32 Bck
DMA destination address register 0 DARO R/W  H'FFAO0 0004 H'1FAO0 0004 32 Bck
DMA transfer count register 0 DMATCRO R/W H'FFAO 0008 H'1FAO0 0008 32 Bck
DMA channel control register O CHCRO R/W  H'FFA0 000C H'1FAO0 000C 32 Bck
1 DMA source address register 1 SAR1 R/W  HFFAO0 0010 H'1FAO0 0010 32 Bck
DMA destination address register 1 DAR1 R/W  HFFAO0 0014 H'1FAO0 0014 32 Bck
DMA transfer count register 1 DMATCR1 R/W HFFAO0 0018 H'1FAO0 0018 32 Bck
DMA channel control register 1 CHCR1 R/W  HFFAO0 001C H'1FAO0 001C 32 Bck
2 DMA source address register 2 SAR2 R/W  H'FFAO0 0020 H'1FAO0 0020 32 Bck
DMA destination address register 2 DAR2 R/W  HFFAO0 0024 H'1FAO0 0024 32 Bck
DMA transfer count register 2 DMATCR2 R/W H'FFAO0 0028 H'1FAO0 0028 32 Bck
DMA channel control register 2 CHCR2 R/W  H'FFA0 002C H'1FAO0 002C 32 Bck

RENESAS

Rev. 1.0, 02/03, page 365 of 1294



Sync

Ch. Register Name Abbrev. R/W P4 Address Area 7 Address Size Clock
3 DMA source address register 3 SAR3 R/W  H'FFAO0 0030 H'1FAO0 0030 32 Bck
DMA destination address register 3 DAR3 R/W  H'FFAO 0034 H'1FAO0 0034 32 Bck
DMA transfer count register 3 DMATCR3 R/W H'FFAO0 0038 H'1FAO0 0038 32 Bck
DMA channel control register 3 CHCR3 R/W  H'FFA0 003C H'1FAO0 003C 32 Bck
4 DMA source address register 4 SAR4 R/W  H'FFAO0 0050 H'1FAO0 0050 32 Bck
DMA destination address register 4 DAR4 R/W  H'FFAO0 0054 H'1FAO 0054 32 Bck
DMA transfer count register 4 DMATCR4 R/W H'FFAO 0058 H'1FAO0 0058 32 Bck
DMA channel control register 4 CHCR4 R/W  HFFAO0 005C H'1FAO0 005C 32 Bck
5 DMA source address register 5 SAR5 R/W  H'FFAO0 0060 H'1FAO0 0060 32 Bck
DMA destination address register 5 DAR5 R/W  H'FFAO0 0064 H'1FAO 0064 32 Bck
DMA transfer count register 5 DMATCR5 R/W H'FFAO 0068 H'1FAO0 0068 32 Bck
DMA channel control register 5 CHCR5 R/W  H'FFAO0 006C H'1FAO0 006C 32 Bck
6 DMA source address register 6 SAR6 R/W  H'FFAO0 0070 H'1FA0 0070 32 Bck
DMA destination address register 6 DAR6 R/W  H'FFAO 0074 H'1FAO0 0074 32 Bck
DMA transfer count register 6 DMATCR6 R/W H'FFAO0 0078 H'1FAO0 0078 32 Bck
DMA channel control register 6 CHCR6 R/W  H'FFA0 007C H'1FAO0 007C 32 Bck
7 DMA source address register 7 SAR7 R/W  H'FFAO0 0080 H'1FAO0 0080 32 Bck
DMA destination address register 7 DAR7 R/W  H'FFAO0 0084 H'1FAO 0084 32 Bck
DMA transfer count register 7 DMATCR7 R/W HFFAO0 0088 H'1FAO0 0088 32 Bck
DMA channel control register 7 CHCR7 R/W  HFFAO0 008C H'1FAO0 008C 32 Bck
Common DMA operation register DMAOR R/W  H'FFAO0 0040 H'1FAO0 0040 32 Bck
DMA request resource selection DMARSRA R/W H'FE09 0000 H'1E09 0000 32 Pck
register A
DMA request resource selection DMARSRB R/W H'FE09 0004 H'1E09 0004 32 Pck
register B
DMA request control register DMARCR R/W H'FE09 0008 H'1E09 0008 32 Pck
DMABRG DMA BRG control register DMABRG R/W H'FE3C 0000 H'1E3C 0000 32 Pck
CR
DMA audio source address DMAATX R/W HFE3C 0040 H'1E3C 0040 32 Pck
register 0 SARO
DMA audio destination address DMAARX R/W HFE3C 0044 H'1E3C 0044 32 Pck
register 0 DARO
DMA audio transmit transfer count DMAATX R/W H'FE3C 0048 H'1E3C 0048 32 Pck
register 0 TCRO
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Sync

Ch. Register Name Abbrev. R/W P4 Address Area 7 Address Size Clock

DMABRG DMA audio receive transfer count DMAARX R/W H'FE3C 004C H'1E3C 004C 32 Pck
register 0 TCRO
DMA audio control register 0 DMAACRO R/W H'FE3C 0050 H'1E3C 0050 32 Pck
DMA audio transmit transfer DMAATX R H'FE3C 0054 H'1E3C 0054 32 Pck
counter 0 TCNTO
DMA audio receive transfer DMAARX R H'FE3C 0058 H'1E3C 0058 32 Pck
counter 0 TCNTO
DMA audio source address DMAATX R/W HFE3C 0060 H'1E3C 0060 32 Pck
register 1 SAR1
DMA audio destination address DMAARX R/W HFE3C 0064 H'1E3C 0064 32 Pck
register 1 DAR1
DMA audio transmit transfer count DMAATX R/W H'FE3C 0068 H'1E3C 0068 32 Pck
register 1 TCR1
DMA audio receive transfer count DMAARX R/W H'FE3C 006C H'1E3C 006C 32 Pck
register 1 TCR1
DMA audio control register 1 DMAACR1 R/W HFE3C 0070 H'1E3C 0070 32 Pck
DMA audio transmit transfer DMAATX R H'FE3C 0074 H'1E3C 0074 32 Pck
counter 1 TCNT1
DMA audio receive transfer DMAARX R H'FE3C 0078 H'1E3C 0078 32 Pck
counter 1 TCNT1
DAM USB source address register DMAUSAR R/W H'FE3C 0080 H'1E3C 0080 32 Pck
DMA USB destination register DMAUDAR R/W H'FE3C 0084 H'1E3C 0084 32 Pck
DMA USB R/W size register DMAURWSZ R/W  H'FE3C 0088 H'1E3C 0088 32 Pck
DMA USB control register DMAUCR R/W HFE3C 008C H'1E3C 008C 32 Pck

Rev. 1.0, 02/03, page 367 of 1294
RENESAS



Table11.2 Register Configuration (2)

Power-on Manual Reset Standby
Reset by by RESET  Sleep by
RESET Pin/WDT/ by Sleep Software/
Pin/WDT/ Multiple Instruction/ by Each
Ch. Register Name Abbrev. H-UDI Exception Deep Sleep Hardware Module
0 DMA source address register 0 SARO Undefined Undefined Retained * Retained
DMA destination address register 0 DARO Undefined Undefined Retained Retained
DMA transfer count register 0 DMATCRO Undefined Undefined Retained Retained
DMA channel control register O CHCRO H’0000 0000 H’0000 0000 Retained Retained
1 DMA source address register 1 SAR1 Undefined Undefined Retained Retained
DMA destination address register 1 DAR1 Undefined Undefined Retained Retained
DMA transfer count register 1 DMATCR1 Undefined Undefined Retained Retained
DMA channel control register 1 CHCR1 H’0000 0000 H’0000 0000 Retained Retained
2 DMA source address register 2 SAR2 Undefined Undefined Retained Retained
DMA destination address register 2 DAR2 Undefined Undefined Retained Retained
DMA transfer count register 2 DMATCR2 Undefined Undefined Retained Retained
DMA channel control register 2 CHCR2 H’0000 0000 H’0000 0000 Retained Retained
3 DMA source address register 3 SAR3 Undefined Undefined Retained Retained
DMA destination address register 3 DAR3 Undefined Undefined Retained Retained
DMA transfer count register 3 DMATCR3 Undefined Undefined Retained Retained
DMA channel control register 3 CHCR3 H’0000 0000 H’0000 0000 Retained Retained
4 DMA source address register 4 SAR4 Undefined Undefined Retained Retained
DMA destination address register 4 DAR4 Undefined Undefined Retained Retained
DMA transfer count register 4 DMATCR4 Undefined Undefined Retained Retained
DMA channel control register 4 CHCR4 H’0000 0000 H’0000 0000 Retained Retained
5 DMA source address register 5 SARS5 Undefined Undefined Retained Retained
DMA destination address register 5 DAR5 Undefined Undefined Retained Retained
DMA transfer count register 5 DMATCR5 Undefined Undefined Retained Retained
DMA channel control register 5 CHCR5 H’0000 0000 H’0000 0000  Retained Retained
6 DMA source address register 6 SAR6 Undefined Undefined Retained Retained
DMA destination address register 6 DAR6 Undefined Undefined Retained Retained
DMA transfer count register 6 DMATCR6 Undefined Undefined Retained Retained
DMA channel control register 6 CHCR6 H’0000 0000 H’0000 0000 Retained Retained
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Standby
Power-on Manual Reset

Reset by by RESET Sleep by
RESET Pin/WDT/ by Sleep Software/
Pin/WDT/ Multiple Instruction/ by Each
Ch. Register Name Abbrev. H-UDI Exception Deep Sleep Hardware Module
7 DMA source address register 7 SAR7 Undefined Undefined Retained * Retained
DMA destination address register 7 DAR7 Undefined Undefined Retained Retained
DMA transfer count register 7 DMATCR?7 Undefined Undefined Retained Retained
DMA channel control register 7 CHCR7 H’0000 0000 H’0000 0000 Retained Retained
Common DMA operation register DMAOR H’0000 0000 H’0000 0000 Retained Retained
DMA request resource selection DMARSRA H’0000 0000 H’0000 0000 Retained Retained
register A
DMA request resource selection DMARSRB H’0000 0000 H’'0000 0000 Retained Retained
register B
DMA request control register DMARCR  H'0000 0000 H'0000 0000 Retained Retained
DMABRG DMA BRG control register DMABRG H’0000 0000 H’'0000 0000 Retained Retained
CR
DMA audio source address DMAATX  Undefined Undefined Retained Retained
register 0 SARO
DMA audio destination address DMAARX  Undefined Undefined Retained Retained
register 0 DARO
DMA audio transmit transfer count DMAATX  Undefined Undefined Retained Retained
register 0 TCRO
DMA audio receive transfer count  DMAARX  Undefined Undefined Retained Retained
register 0 TCRO
DMA audio control register 0 DMAACRO H’0000 0000 H’0000 0000 Retained Retained
DMA audio transmit transfer DMAATX  Undefined Undefined Retained Retained
counter 0 TCNTO
DMA audio receive transfer DMAARX  Undefined Undefined Retained Retained
counter 0 TCNTO
DMA audio source address DMAATX  Undefined Undefined Retained Retained
register 1 SAR1
DMA audio destination address DMAARX  Undefined Undefined Retained Retained
register 1 DAR1
DMA audio transmit transfer count DMAATX  Undefined Undefined Retained Retained
register 1 TCR1
DMA audio receive transfer count  DMAARX  Undefined Undefined Retained Retained
register 1 TCR1
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Standby
Power-on Manual Reset

Reset by by RESET Sleep by
RESET Pin/WDT/ by Sleep Software/
Pin/WDT/ Multiple Instruction/ by Each
Ch. Register Name Abbrev. H-UDI Exception Deep Sleep Hardware Module
DMABRG DMA audio control register 1 DMAACR1 H’0000 0000 H’0000 0000 Retained * Retained
DMA audio transmit transfer DMAATX  Undefined Undefined Retained Retained
counter 1 TCNT1
DMA audio receive transfer DMAARX  Undefined Undefined Retained Retained
counter 1 TCNT1
DAM USB source address register DMAUSAR H’0000 0000 H’0000 0000 Retained Retained
DMA USB destination register DMAUDAR H’0000 0000 H’0000 0000 Retained Retained
DMA USB R/W size register DMAURWSZ H'0000 0000 H’0000 0000 Retained Retained
DMA USB control register DMAUCR H0000 0000 H’0000 0000 Retained Retained

Note: * After exiting hardware standby mode, this LSI enters the power-on reset state by the
RESET pin.
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11.3.1 DMA Source Address Register (SAR)

SAR isa 32-bit readable/writable register that specifies the source address of a DMA transfer.
During aDMA transfer, they indicate the next source address. In single address mode, the SAR
value isignored when an external device with DACK has been specified as the transfer source.

A 16-bit, 32-bit, 64-bit, or 32-byte boundary address should be specified when performing a 16-bit,
32-bit, 64-hit, or 32-byte datatransfer, respectively. If adifferent addressis specified, an address
error will be detected and the DMAC will halt.

|nitia|va|‘j:|3-1|3-ol2-9|2.8|2.7|2.6|2.5|2_4|2_3|2_2|2_1|2.0|1_9|1_8|1_7|1_6|

RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

P S

RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Notes: 1. Make the setting of bit 0, bits 1 and O, bits 2 to O, or bits 4 to 0 to match the boundary
when specifying a 16-bit, 32-bit, 64-bit, or 32-byte boundary address, respectively. If
an address is specified regardless of the boundary, an address error will be detected and
the DMAC stops operation on all channels (AE (address error flag) bitin DMAOR is
1). The DMAC will also detect an address error and stop operation if an area 7 address
is specified for a data transfer via the external bus or if an address for an on-chip
peripheral module that does not exist is specified.

2. Anexterna addressis 29 hitslong. Bits 31 to 29 in both SAR and DAR are not used in
DMA transfers. Therefore, clearing bits 31 to 29 to 0 in both SAR and DAR is
recommended.

11.3.2 DMA Destination Address Register (DAR)

DAR is a32-bit readable/writabl e register that specifies the destination address of aDMA transfer.
During aDMA transfer, they indicate the next destination address. In single address mode, the
DAR valueisignored when a device with DACK has been specified as the transfer destination.

A 16-bit, 32-bit, 64-bit, or 32-byte boundary address should be specified when performing a 16-bit,
32-hit, 64-bit, or 32-byte data transfer, respectively. If adifferent addressis specified, an address
error will be detected and the DMAC will halt.
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Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: - - - - - - - - - - - - N N ~ N

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
Initial value: - -

RIW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Notes: 1. Make the setting of bit O, bits 1 and 0, bits 2 to O, or hits 4 to 0 to match the boundary
when specifying a 16-bit, 32-bit, 64-bit, or 32-byte boundary address, respectively. If
an address is specified regardless of the boundary, an address error will be detected and
the DMAC stops operation on al channels (AE (address error flag) bitin DMAOR is
1). The DMAC will also detect an address error and stop operation if an area 7 address
is specified for a data transfer viathe external bus or if an address for an on-chip
peripheral module that does not exist is specified.

2. Anexterna addressis 29 bitslong. Bits 31 to 29 in both SAR and DAR are not used in
DMA transfers. Therefore, clearing bits 31 to 29 to 0 in both SAR and DAR is
recommended.

11.3.3 DMA Transfer Count Register (DMATCR)

DMATCR is a 32-bit readable/writable register that specifies the transfer count for the
corresponding channel. Specifying H'0000 0001 gives atransfer count of 1, while H'0000 0000
gives the maximum setting (16,777,216). During DMAC operation, the remaining number of
transfersis shown.

The upper eight bits of DMATCR are reserved. They are always read as 0 and the write value
should always be 0.

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 - - - B R R B N
RW: R R R R R R R R RW R/W RW R/W RW R/W RW R/W

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

Initial value: - - - - - - - - - - R B R B N N

RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W
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11.3.4 DMA Channel Control Register (CHCR)

CHCR is a 32-bit readable/writable register that specifies the operating mode and transfer method
for each channel. Bits 31 to 28 and 27 to 24 are only valid when the source and destination
addresses are in the CS5 or CS6 space and the relevant space has been specified asa PCMCIA
interface space. In other cases, these bits should be cleared to 0.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
|SSA2|SSA1|SSAO| STCIDSAZIDSAIIDSAOIDTCI - I - I - I - I DS I RL I AMI AL I

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW R R R R RW RW RW RW
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| DMlI DMOI SM1 | SMo0 | RS3 | RS2 | RSlI RSOI ™ | TS2 | TS1 | TSO ICHSEﬂ IE | TE | DE |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

Bit Bit Name Initial Value R/W Description

31 SSA2 0 R/W Source Address Space Attribute Specification
30 SSAL 0 RIW These bits specify the space attribute for the
29 SSA0 0 R/IW

source address when accessing a PCMCIA
interface area. These bits are only valid in the
case of page mapping to PCMCIA connected to
areas 5 and 6.

000: Reserved in PCMCIA access
001: Dynamic bus sizing 1/O space
010: 8-hit I/O space

011: 16-bit I/O space

100: 8-bit common memory space
101: 16-bit common memory space
110: 8-bit attribute memory space
111: 16-bit attribute memory space
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Bit Bit Name Initial Value

R/W

Description

28 STC 0

R/W

Source Address Wait Control Select

Specifies the CS5 or CS6 space wait cycle control
for the source address when accessing a PCMCIA
interface area.

0: CS5 space wait cycle selection
Settings of bits ASW2 to ASWO0 in WCR2 and
bits ASPCW1 and ASPCWO0, ASTED?2 to
A5TEDO, and ASTEH2 to ASTEHO in PCR are
selected

1: CS6 space wait cycle selection
Settings of bits A6W2 to A6WO0 in WCR2 and
bits A6PCW1 and A6PCWO0, A6TED?2 to
AGTEDO, and A6GTEH2 to A6TEHO in PCR are
selected

27 DSA2 0
26 DSAl
25 DSAO0 0

o

R/W
R/W
R/W

Destination Address Space Attribute Specification

These bits specify the space attribute for the
destination address when accessing a PCMCIA
interface area. These bits are only valid in the
case of page mapping to PCMCIA connected to
areas 5 and 6.

000: Reserved in PCMCIA access
001: Dynamic bus sizing I/O space
010: 8-bit I/0 space

011: 16-bit I/O space

100: 8-bit common memory space
101: 16-bit common memory space
110: 8-bit attribute memory space
111: 16-bit attribute memory space
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Bit Bit Name

Initial Value R/W

Description

24 DTC

0

R/W

Destination Address Wait Control Select

Specifies the CS5 or CS6 space wait cycle control
for the destination address when accessing a
PCMCIA interface area.

0: CS5 space wait cycle selection
Settings of bits ASW2 to ASWO0 in WCR2 and bits
A5PCW1 and ASPCWO0, A5TED2 to ASTEDO, and
AS5TEH2 to ASTEHO in PCR are selected

1: CS6 space wait cycle selection
Settings of bits A6W2 to A6WO0 in WCR2 and bits
A6PCW1 and A6PCWO0, A6TED2 to A6TEDO, and
A6TEH2 to A6TEHO in PCR are selected

23t020 O

All O

Reserved

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

19 DS

R/W

DREQ Select

Specifies either low level detection or falling edge
detection as the sampling method for the DREQ pin.
In external request 2-channel mode, this bit is valid
only in CHCRO and CHCR1.

In DMABRG mode, this bit is valid in CHCRO to
CHCRY7 and each of bits DS3 to DSO in DMARCR
should be specified to the same as this bit.

0: Low level detection
1: Falling edge detection

Level detection burst mode when TM =1 and DS =0
Edge detection burst mode when TM=1and DS =1

18 RL

R/W

Request Check Level

Selects whether the DRAK signal that notifies an
external device of the acceptance of DREQ is an
active-high or active-low output.

In external request 2-channel mode, this bit is valid
only in CHCRO and CHCR1.

In DMABRG mode, this bit is invalid and the DRAK
polarity is specified by bits RL3 to RLO in DMARCR.

0: DRAK is an active-high output

1: DRAK is an active-low output
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Bit

Bit Name

Initial Value

R/W

Description

17

AM

0

R/W

Acknowledge Mode

In dual address mode, selects whether DACK is
output in the data read cycle or write cycle.

In single address mode, DACK is always output
regardless of the setting of this bit.

In external request 2-channel mode, this bit is
valid only in CHCRO and CHCR1.

In DMABRG mode, this bit is valid in CHCRO to
CHCRY.

0: DACK is output in read cycles
1: DACK is output in write cycles

16

AL

R/W

Acknowledge Level

Specifies the DACK signal as active-high or
active-low.

In external request 2-channel mode, this bit is
valid only in CHCRO and CHCR1.

In DMABRG mode, this bit is invalid and the
DACK polarity is specified by bits AL3 to ALO in
DMARCR.

0: Active-high output
1: Active-low output

15
14

DM1
DMO

R/W
R/W

Destination Address Mode 1 and 0

These bits specify incrementing/decrementing of
the DMA transfer destination address. The
specification of these bits is ignored when data is
transferred from external memory to an external
device in single address mode.

00: Destination address fixed

01: Destination address incremented (+1 in 8-bit
transfer, +2 in 16-bit transfer, +4 in 32-bit
transfer, +8 in 64-bit transfer, +32 in 32-byte
burst transfer)

10: Destination address decremented (-1 in 8-bit
transfer, =2 in 16-bit transfer, —4 in 32-bit
transfer, —8 in 64-bit transfer, =32 in 32-byte
burst transfer)

11: Setting prohibited
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Bit Bit Name Initial Value R/W Description

13 SM1 0 R/W Source Address Mode 1 and 0

12 SMo 0 RIW These bits specify incrementing/decrementing of
the DMA transfer source address. The
specification of these bits is ignored when data is
transferred from an external device to external
memory in single address mode.

00: Source address fixed

01: Source address incremented (+1 in 8-bit
transfer, +2 in 16-bit transfer, +4 in 32-bit
transfer, +8 in 64-bit transfer, +32 in 32-byte
burst transfer)

10: Source address decremented (-1 in 8-bit
transfer, =2 in 16-bit transfer, —4 in 32-bit
transfer, —8 in 64-bit transfer, =32 in 32-byte
burst transfer)

11: Setting prohibited

11 RS3 0 R/W Resource Select 3to 0

10 RS2 0 RIW These bits specify the transfer request source.

9 RS1 0 RIW' " setting bits DMS1 and DMSO in DMAOR specifies

8 RSO 0 RIW the transfer request source in external request 2-
channel mode or DMABRG mode.

See tables 11.3 and 11.4 for settings of bits RS3

to RSO.

7 ™ 0 R/W Transmit Mode

Specifies the bus mode for transfer.

0: Cycle steal mode

1: Burst mode

6 TS2 0 R/W Transmit Size 2to 0
o TS1 0 RIW These bits specify the transfer data size (access
4 TS0 0 R/W

size).

000: Quadword size (64-bit) specification
001: Byte size (8-bit) specification

010: Word size (16-bit) specification
011: Longword size (32-bit) specification
100: 32-byte block transfer specification
Other than above: Setting prohibited
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Bit

Bit Name

Initial Value

R/W

Description

CHSET

0

R/W

Channel Setting

When setting CHCR, 1 should always be written to
this bit. However, this bit is always read as 0.

Note: In DMABRG mode, writing 1 to this bit
clears the internal state of the acceptance
unit for external and DMABRG requests in
the corresponding channel. This bit is
invalid in external request 2-channel mode.

R/W

Interrupt Enable

When this bit is set to 1, an interrupt request
(DMTE) is generated after completing a number of
data transfers specified in DMATCR (when TE =
1). When a DMABRG request DMA transfer is
executed in DMABRG mode, the DMTEO signal
cannot be generated.

0: Interrupt request is not generated after
completing a number of transfers specified in
DMATCR

1: Interrupt request is generated after completing a
number of transfers specified in DMATCR

TE

R/W

Transfer End

This bit is set to 1 after the number of transfers
specified in DMATCR. If the |E bit is set to 1 at this
time, an interrupt request (DMTE) is generated.

If data transfer ends before this bit is set to 1 due
to an NMl interrupt, address error, or clearing of
the DE bit or the DME bit in DMAOR, etc., this bit
is not set to 1. When this bit is 1, the transfer
enabled state is not entered even if the DE bit is
setto 1.

0: Number of transfers specified in DMATCR not
completed

[Clearing condition]

When 0 is written to TE after reading TE = 1

1: Number of transfers specified in DMATCR
completed
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Bit

Bit Name

Initial Value

R/W

Description

DE

0

R/W

DMAC Enable

Enables operation of the corresponding channel.
When auto-request is specified by bits RS3 to
RSO, setting this bit to 1 starts the transfer. When
an external request or on-chip peripheral module
request is generated, a transfer request after
setting this bit to 1 starts the transfer. During a
transfer, clearing this bit to 0 stops the transfer.
The transfer enable state is not entered by setting
this bit to 1 if the TE bit is set to 1, the DME bit in
DMAOR is cleared to 0, or the NMIF or AE bit in
DMAOR is setto 1.

0: Operation of corresponding channel is disabled
1: Operation of corresponding channel is enabled
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Table11.3 External Request 2-Channel M ode (DM §[1:0] in DMAOR = 00)

Bit 11: Bit 10: Bit9: Bit8:
RS3 RS2 RS1 RSO Description
0 0 0 0 External request**

Dual address mode
External address space - external address space

Setting prohibited

1 0 External request**

Single address mode
External address space — external device

1 External request**

Single address mode
External device - external address space

1 0 0 Auto-request (external address space — external address
space)
1 Auto-request (external address space - on-chip peripheral
module)
1 0 Auto-request (on-chip peripheral module - external address
space)
1 On-chip peripheral module request***®

External address space — on-chip peripheral module
Setting prohibited
Setting prohibited
Setting prohibited

Setting prohibited

[EnY
O|r|O|r| O

TMU channel 2 (input capture interrupt)
External address space - external address space

1 TMU channel 2 (input capture interrupt)
External address space — on-chip peripheral module

1 0 TMU channel 2 (input capture interrupt)
On-chip peripheral module - external address space

1 On-chip peripheral module request***®
On-chip peripheral module - external address space

Notes: *1. External request specifications are valid only for channels 0 and 1. DREQO and DREQ1
correspond to channel 0 and channel 1, respectively.

*2. DMARSRA and DMARSRB values should be specified in addition to setting this bit.
*3. On-chip peripheral modules except for LCDC, HAC, SSI, USB, and TMU
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Table11.4 DMABRG Mode (DMS[1:0] in DMAOR = 11)

Bit 11: Bit10: Bit9: Bit8:
RS3 RS2 RS1 RSO Description
0 0 0 0 External request*™*?
Dual address mode
External address space - external address space

Setting prohibited

1 0 External request****, DMABRG request***
Single address mode**, External address space - external
device
1 External request**?, DMABRG request***°
Single address mode**, External device - external address
space
1 0 0 Auto-request (external address space — external address
space)
1 Auto-request (external address space - on-chip peripheral
module)
1 0 Auto-request (on-chip peripheral module - external address
space)
1 On-chip peripheral module request***°

External address space — on-chip peripheral module
Setting prohibited
Setting prohibited

Setting prohibited

Setting prohibited

[EnY
O|r|O|kr|O

TMU channel 2 (input capture interrupt)
External address space - external address space

1 TMU channel 2 (input capture interrupt)
External address space — on-chip peripheral module

1 0 TMU channel 2 (input capture interrupt)
On-chip peripheral module - external address space

1 On-chip peripheral module request***°
On-chip peripheral module - external address space

Notes: *1. External requests can be accepted in all channels. DREQO to DREQS can be used.
Note that the DREQ pin number and channel number do not match.

*2. DMARSRA and DMARSRB values should be specified in addition to setting this bit.

*3. DMABRG requests can only be accepted in channel 0. A DMABRG request is a
transfer request from the LCDC, HAC(0)/(1), SSI(0)/(1), and USB. This bit is
automatically set when a DMABRG request is issued.

*4. Only single address mode for synchronous DRAM can be set.

*5. On-chip peripheral modules except for LCDC, HAC, SSI, USB, and TMU.
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11.35 DMA Operation Register (DMAOR)

DMAOR is a 32-hit readable/writable register that specifies the DMA mode and channel priorities,
and enables or disables DMA transfer.

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

SO M N NS NS N TN S N S S B B B N

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IDMSlIDMSOI - I - I - I - IPRlIPROI - I - I - I - I - IAEINMIFIDMEI
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R/W R/W R R R R RW R/W R R R R R R/W R/W R/W
Bit Bit Name Initial Value R/W Description
3l1to 16 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
15 DMS1 0 R/W DMA Mode Select 1 and 0
14 DMS0 0 RIW These bits select the transfer mode. Set these bits
when DMAOR.DME = 0.
00: External-request 2-channel mode
11: DMABRG mode*
Other than above: Setting prohibited
Note: * Make this setting when CHCRO has its
initial value of H'0000 0000.
13t0 10 — All O R Reserved
These bits are always read as 0.The write value
should always be 0.
9 PR1 0 R/W Priority Mode 1 and 0
8 PRO 0 R/W

These bits determine the order of priority for

channel execution when transfer requests are

made for multiple channels simultaneously.

00: CHO > CH1 > CH2 > CH3 > CH4 > CH5 >
CH6 > CH7

01: CHO > CH2 > CH3 > CH4 > CH5 > CH6 >
CH7 > CH1

10: CH2 > CHO > CH1 > CH3 > CH4 > CH5 >
CH6 > CH7

11: Round robin mode
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Bit

Bit Name

Initial Value

R/W

Description

7t03

All O

R

Reserved

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

AE

R/W

Address Error Flag

Indicates that an address error has occurred during
DMA transfer.

Setting this bit during data transfer will suspend
transfers on all channels and generate an interrupt
request (DMAE). The CPU cannot write 1 to this
bit. Write AE=0 after reading AE=1 to clear this bit.

0: No address error, DMA transfer enabled
[Clearing condition]
When 0 is written to the AE bit after reading AE = 1

1: Address error, DMA transfer disabled
[Setting condition]
When an address error is caused by the DMAC

1

NMIF

R/W

NMI Flag

Indicates that NMI has been input. It is possible to
set this bit regardless of whether or not the DMAC
is operating. Setting this bit during data transfer will
suspend transfers on all channels. The CPU
cannot write 1 to this bit. Write NMIF=0 after
reading NMIF=1 to clear this bit.

0: No NMI input, DMA transfer enabled

[Clearing condition]
When 0 is written to NMIF after reading NMIF = 1

1: NMI input, DMA transfer disabled
[Setting condition]
When an NMI interrupt is generated

DME

R/W

DMAC Master Enable

Enables activation of the entire DMAC. Setting the
DME bit and the DE bit in CHCR for the
corresponding channel to 1 will enable that
channel for translfer. Clearing this bit during data
transfer will suspend transfers on all channels.
Even if the DME bit has been set to 1, transfer is
not enabled when TE is 1 or DE is 0 in CHCR, or
when the NMIF or AE bit in DMAOR is 1.

0: Operation disabled on all channels
1: Operation enabled on all channels
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11.3.6 DMA Request Resource Selection Registers (DMARSRA, DMARSRB)

DMARSRA and DMARSRB are 32-hit readabl e/writable registers that specify the transfer request
source for each channel, together with the RS bitsin each CHCRn. When the channel is not used,
or DMA transfer initiated by an auto-request or aTMU input capture interrupt is used, the
DMARSR corresponding to that channel should be set to H'00.

To resume a DMA transfer that has stopped due to an address error (AE =1in DMAOR) or an
NMI interrupt (NMIF = 1in DMAOR), re-specify thisregister value, regardless of whether or not
atransfer request source to any channel has been changed, before specifying AE = 0in DMAOR
or NMIF=0in DMAOR.

+ DMARSRA

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CHO | CHO | CHO | CHO | CHO | CHO | CHO | CHO | CH1 | CH1 | CH1 | CH1 | CH1 | CH1 | CH1 | CH1
WEN| RS6 | RS5 | RS4 | RS3 | RS2 | RS1 | RSO | WEN| RS6 | RS5 | RS4 | RS3 | RS2 | RS1 | RSO
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CH2 | CH2 | CH2 | CH2 | CH2 | CH2 [ CH2 | CH2 | CH3 | CH3 | CH3 | CH3 | CH3 | CH3 | CH3 | CH3
WEN | RS6 | RS5 | RS4 | RS3 | RS2 | RS1 | RSO | WEN | RS6 | RS5 | RS4 | RS3 | RS2 | RS1 | RSO
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

+ DMARSRB

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CH4 | CH4 | CH4 [ CH4 | CH4 | CHA | CHA | CH4 | CH5 | CH5 | CH5 | CH5 | CH5 | CH5 | CH5 | CH5
WEN| RS6 | RS5 [ Rs4 | RS3 | RS2 | Rs1 | RSO | WEN| RS6 | RS5 | Rs4 | RS3 | RS2 | RS1 | RSO
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CH6 | CH6 | CH6 | CH6 | CH6 | CH6 | CH6 | CH6 | CH7 | CH7 | CH7 | CH7 | CH7 | CH7 | CH7 | CH7
WEN | RS6 | RS5 | RS4 | RS3 | RS2 | RS1 | RSO | WEN | RS6 | RS5 | RS4 | RS3 | RS2 | RS1 | RSO
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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DMARSRA

Bit Bit Name Initial Value R/W Description
31 CHOWEN 0 RIW Bits CHNRS6 to CHNRSO0 specify transfer request
30 CHORS6 0 R/IW sources to each channel. DMARSRA bits are allocated
29 CHORS5 0 RIW to channels 0 to 3.
When writing to the CHnRS6 to CHnRSO bits for each
28 CHORS4 0 RIW channel, simultaneously write 1 to the CHNWEN bit.
27 CHORS3 0 RIW Clearing the CHNWEN bit to 0 will not change the values
26 CHORS2 0 R/W in the CHNRS6 to CHNRSO bits of each channel and
25 CHORS1 0 RIW retain the previous values. The CHNnWEN bit is write-
enabled, but it does not retain the written value and is
24 CHORSO 0 RIW always read as 0.
23 CHIWEN 0 RIW CHNRS[6:0]
22 CHIRS6 0 RIW H'00: Unused or auto-request, TMU input capture
21 CH1RS5 0 R/W interrupt
20 CH1RS4 0 R/IW H'10: DREQO**
19 CH1RS3 0 RWw  H1lDREQI
18 CH1RS2 0 Riw  H12:DREQ2"
H'13: DREQ3**
17 CH1RS1 0 R/W .
H'14: DMABRG (LCDC reception,
16 CHIRSO 0 RIW USB transmission/reception,
15 CH2WEN 0 R/W HAC transmission/reception,
14 CH2RS6 0 RIW SSI transmission/reception)* ***
13 CH2RS5 0 RIW H'20: SCIF(0) Transmit-data-empty
H'21: SCIF(0) Receive-data-full
12 CH2RS4 0 R/W .
H'22: SCIF(1) Transmit-data-empty
- CH2RS3 0 RIW H'23: SCIF(1) Receive-data-full
10 CH2RS2 0 RIW H'24: SCIF(2) Transmit-data-empty
9 CH2RS1 0 RIW H'25: SCIF(2) Receive-data-full
8 CH2RS0 0 R/W H'26: HSPI Transmit data
7 CH3WEN 0 RIW H'27: HSPI Receive data
6 CH3RS6 0 RIW H'28: SIM Transmit data empty
H'29: SIM Receive-data-full
5 CH3RS5 0 R/W
H'2B: MMC FIFO ready
4 CH3RS4 0 RIW H'2C: ADC AD conversion end data transfer
3 CH3RS3 0 RIW H'2D: Setting prohibited
2 CH3RS2 0 R/IW H'2E: Setting prohibited
1 CH3RS1 0 RIW H'7F: -+
0 CH3RS0 0 RIW Other than above: Setting prohibited
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Notes:

*1.

*2.

This setting is valid only in DMABRG mode.
In external request 2-channel mode,
DREQO or DREQL can be accepted (only
for channel 0 or 1) regardless of this setting.

The DMABRG settings are valid only in
channel 0. In DMABRG mode, when
selecting channel O transfer request source
in DMABRG, don’t change the channel 0
transfer request source after the DMABRG
DMA transfer starts. Normal operation is not
guaranteed if the transfer request source is
changed.

*3. Use this setting when the DMA transfer is

complete with the request in DMAC retained
(DMARCR.REXn = 1). See (3) Notes on
Ending Transfer in section 11.4.6, Ending
DMA Transfer.

Note: n=0to 3
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DMARSRB

Bit Bit Name Initial Value R/W Description
31 CHAWEN 0 R/(W)  CHNnRS6 to CHNnRSO specify transfer request sources to
30 CH4RS6 0 R/W each channel. DMARSRB bits are allocated to channels
29 CH4RS5 0 RIW 0 to 3. When writing to the CHnRS6 to CHnRSO bits for
each channel, simultaneously write 1 to the CHnNWEN
28 CHAaRS4 0 RIW bit. Clearing the CHNnWEN bit to 0 will not change the
27 CH4RS3 0 RIW values in the CHNRS6 to CHnRSO bits of each channel
26 CH4RS2 0 R/W and retain the previous values. The CHnWEN bit is
25 CH4RS1 0 RIW Yvrite-enabled, but it does not retain the written value and
is always read as 0.
24 CH4RS0 0 R/IW
23 CH5WEN 0 RiGw)  CHNRSIE0] ,
H'00: Unused or auto-request, TMU input capture
22 CH5RS6 0 R/W interrupt
21 CH5RS5 0 R/W H'10: DREQO**
20 CH5RS4 0 R/W H'11: DREQ1**
19 CH5RS3 0 R/W H'12: DREQ2**
18 CHBRS2 0 R(W) H13DREQS™
17 CHSRS1 0 RI(W) H'20: SCIF(0) Trans.mlt-data-empty
T CHERSO 0 YT H'21: SCIF(0) Receive-data-full
H'22: SCIF(1) Transmit-data-empty
15 CHEWEN 0 RIW) o3 SCIF(1) Receive-data-full
14 CH6RS6 0 RIW H'24: SCIF(2) Transmit-data-empty
13 CH6RS5 0 R/W H'25: SCIF(2) Receive-data-full
12 CH6RS4 0 R/IW H'26: HSPI Transmit data
11 CH6RS3 0 RIW H'27: HSPI Recei\{e data
10 CHBRS2 o RIW H'28: SIM Transmit data empty
5 CHORSL 0 W H'29: SIM Receive-data-full
H'2B: MMC FIFO ready
8 CH6RS0 0 RIW H'2C: ADC AD conversion end data transfer
7 CH7WEN 0 R/(W)  H2D: Setting prohibited
6 CH7RS6 0 R/W H'2E: Setting prohibited
5 CH7RS5 0 RW  H7F -
4 CH7RS4 0 RIW Other than above: Setting prohibited
3 CH7RS3 0 RIW Note:*1 This setting is valid only in DMABRG mode. It
> CH7RS2 0 RI(W) is invalid in external request 2-channel mode
(channels 2 to 7 cannot accept external
1 CH7RS1 0 R/(W) requests).
0 CH7RS0 0 RIW *2 Use this setting when the DMA transfer is

complete with the request in DMAC retained
(DMARCR.REXn = 1). See (3) Notes on
Ending Transfer in section 11.4.6, Ending DMA
Transfer.

Note: n=4to7
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11.3.7 DMA Pin Control Register (DMAPCR)

Refer to section 24.2.34, DMA Pin Control Register (DMAPCR), in section 24, Pin Function
Controller (PFC) for details regarding DMAPCR.

11.3.8 DMA Request Control Register (DMARCR)

DMARCR is a 32-hit readable/writable register that switches between DRAK2 and DACK?2 and
between DRAK3 and DACK3 in DMABRG mode, selects the interrupt level for DRAK and
DACK, detects DREQO to DREQ?3, and specifies the acceptance priority of requests from DREQO
to DREQ3 and DMABRG. The numbers 0, 1, 2, and 3 in the bit names of DS, RL and AL
correspond to DREQO, DREQ1, DREQ2, and DREQ3 (channel numbers are not indicated). This
DMARCR setting isinvalid in external request 2-channel mode.

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

IREX7|REX6| REX5| REX4|REX3| REX2|REX1|REXO| R/A3| R/AZI - | - | - | - IRPRlIRPROI
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R RW RW R R R R RW RW
Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - | DS3|RL3|AL3| - IDSZIRLZIALZ | - IDSlIRLlI/—\Ll | - IDSOIRLOIALOI
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

Bit Bit Name Initial Value R/W Description

31 REX7 0 R Channel 7 Request Reception***’
0: Channel 7 does not accept a transfer request
1: Channel 7 accepts a transfer request

30 REX6 0 R Channel 6 Request Reception***’
0: Channel 6 does not accept a transfer request
1: Channel 6 accepts a transfer request

29 REX5 0 R Channel 5 Request Reception***’
0: Channel 5 does not accept a transfer request
1: Channel 5 accepts a transfer request

28 REX4 0 R Channel 4 Request Reception***’
0: Channel 4 does not accept a transfer request
1: Channel 4 accepts a transfer request

27 REX3 0 R Channel 3 Request Reception***’
0: Channel 3 does not accept a transfer request
1: Channel 3 accepts a transfer request
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Bit Bit Name Initial Value R/W Description

26 REX2 0 R Channel 2 Request Reception***’
0: Channel 2 does not accept a transfer request
1: Channel 2 accepts a transfer request

25 REX1 0 R Channel 1 request Reception* >’
0: Channel 1 does not accept a transfer request
1: Channel 1 accepts a transfer request

24 REXO0 0 R Channel 0 Request Reception****’
0: Channel 0 does not accept a transfer request
1: Channel 0 accepts a transfer request

23 R/A3 0 R/W DRAK3/DACK3 Select
0: Outputs DRAKS
1: Outputs DACK3

22 R/IA2 0 R/W DRAK2/DACK2 Select
0: Outputs DRAK2
1: Outputs DACK2

21to 18 — All O R Reserved

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

17 RPR1 0 R/W Request Priority 1 and 0

16 RPRO 0 RIW Select the request priority order.

00: DMABRG** > DREQO > DREQ1 > DREQ2 >
DREQ3

01: DMABRG** > DREQO > DREQ1 > DREQ2 >
DREQ3

10: DREQO > DMABRG*" > DREQ1 > DREQ2 >
DREQ3

11: Round-robin (Initial setting: DMABRG** >
DREQO > DREQL1 > DREQ2 > DREQ3)

Note: Setting RPR[1:0] = 01 will make all
channels disabled to receive a transfer
request from on-chip peripheral modules
except for LCDC, HAC, SSI, USB, and
TMU or an external request (DREQ), after
having accepted a DMABRG request
(REXO = 1). When the DMABRG request
is cleared (REXO0 = 0), transfer requests
are acceptable.

Rev. 1.0, 02/03, page 389 of 1294
RENESAS



Bit

Bit Name

Initial Value

R/W Description

15

0

R Reserved

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

14

DS3

R/W DREQS Select
0: Low-level detection
1: Falling-edge detection

13

RL3

R/W Request Check Level 3
0: DRAKS high-active
1: DRAKS low-active

12

AL3

R/W Acknowledge Level 3
0: DACKS3 high-active
1: DACKS low-active

11

R Reserved

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

10

DS2

R/W DREQ2 Select
0: Low-level detection
1: Falling-edge detection

RL2

R/W Request Check Level 2
0: DRAK2 high-active
1: DRAK2 low-active

AL2

R/W Acknowledge Level 2
0: DACK2 high-active
1: DACK2 low-active

R Reserved

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

DS1

R/W DREQ1 Select
0: Low-level detection
1: Falling-edge detection

RL1

R/W Request Check Level 1
0: DRAK1 high-active
1: DRAK1 low-active
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Bit Bit Name Initial Value R/W Description

4 AL1 0 R/W Acknowledge Level 1
0: DACK1 high-active
1: DACK1 low-active

3 — 0 R Reserved

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

2 DSO 0 R/W DREQO Select
0: Low-level detection
1: Falling-edge detection

1 RLO 0 R/W Request Check Level 0
0: DRAKO high-active
1: DRAKO low-active

0 ALO 0 R/W Acknowledge Level 0
0: DACKO high-active
1: DACKO low-active

Notes: *1.Internal priority of the DMABRG: LCDC > A-B-C-D***° > USB

*2. A = HAC(0)/SSI(0) transmission, B = HAC(0)/SSI(0) reception, C = HAC(1)/SSI(1)
transmission, and D = HAC(1)/SSI(1) reception

*3. A-B-C-D is the round-robin method.

*4. This bit is not set to 1 when TMU channel 2 (input capture interrupt) or auto-request has
been accepted.

*5, This bit is not set to 1 when DREQT is accepted in external request 2-channel mode.

*6. This bit is not set to 1 when DREQO is accepted in external request 2-channel mode.

*7. An address error (DMAOR.AE=1) or an NMI interrupt (DMAOR.NMIF=1) may result in
REXn=1 although the corresponding channel accepts a DMA transfer request. For

details of an address error or NMI interrupt, refer to (2) Ending Transfer Simultaneously
on All Channels, in section 11.4.6 Ending DMA Transfer.

11.3.9 DMA BRG Control Register (DMABRGCR)

DMABRGCR is a 32-bit readable/writable register that has enable bits which generate HAC, SSI,
and USB interrupts, and flags which indicate interrupts that have been generated.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
AIR | AIR | ALT | ALT | AOR | AOR | AOT | AOT | AIR | AIR | AL1T | A1T | AOR | AOR | AOT | AOT
XHE | XEE | XHE | XEE | XHE | XEE | XHE | XEE | XHF | XEF | XHF | XEF | XHF | XEF | XHF | XEF
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RMW 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

UAE | UTE - - - - - - UAF | UTF

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/IW  R/W R R R R R R R/W R/W
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Bit

Bit Name

Initial Value

R/W

Description

31

A1RXHE

0

R/W

HAC(1)/SSI(1) Receive Side Half Data Transfer
End Interrupt Enable

0: Disabled
1: Enabled

30

A1RXEE

R/W

HAC(1)/SSI(1) Receive Side All Data Transfer End
Interrupt Enable

0: Disabled
1: Enabled

29

A1TXHE

R/W

HAC(1)/SSI(1) Transmit Side Half Data Transfer
End Interrupt Enable

0: Disabled
1: Enabled

28

A1TXEE

R/W

HAC(1)/SSI(1) Transmit Side All Data Transfer
End Interrupt Enable

0: Disabled
1: Enabled

27

AORXHE

R/W

HAC(0)/SSI(0) Receive Side Half Data Transfer
End Interrupt Enable

0: Disabled
1: Enabled

26

AORXEE

R/W

HAC(0)/SSI(0) Receive Side All Data Transfer End
Interrupt Enable

0: Disabled
1: Enabled

25

AOTXHE

R/W

HAC(0)/SSI(0) Transmit Side Half Data Transfer
End Interrupt Enable

0: Disabled
1: Enabled

24

AOTXEE

R/W

HAC(0)/SSI(0) Transmit Side All Data Transfer
End Interrupt Enable

0: Disabled
1: Enabled
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Bit

Bit Name

Initial Value

R/W

Description

23

A1RXHF

0

R/W

HAC(1)/SSI(1) Receive Side Half Data Transfer
End Interrupt Flag

0: An interrupt has not occurred.

[Clearing condition]

When 0 is written to ALRXHF after reading
AIRXHF =1

1: An interrupt has occurred.

22

A1RXEF

R/W

HAC(1)/SSI(1) Receive Side All Data Transfer End
Interrupt Flag

0: An interrupt has not occurred.

[Clearing condition]

When 0 is written to ALRXEF after reading
AlIRXEF =1

1: An interrupt has occurred.

21

ALTXHF

R/W

HAC(1)/SSI(1) Transmit Side Half Data Transfer
End Interrupt Flag

0: An interrupt has not occurred.

[Clearing condition]

When 0 is written to A1TXHF after reading
ALTXHF =1

1: An interrupt has occurred.

20

A1TXEF

R/W

HAC(1)/SSI(1) Transmit Side All Data Transfer
End Interrupt Flag

0: An interrupt has not occurred.

[Clearing condition]

When 0 is written to A1TXEF after reading
ALTXEF =1

1: An interrupt has occurred.

19

AORXHF

R/W

HAC(0)/SSI(0) Receive Side Half Data Transfer
End Interrupt Flag

0: An interrupt has not occurred.

[Clearing condition]

When 0 is written to AORXHF after reading
AORXHF =1

1: An interrupt has occurred.
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Bit Bit Name

Initial Value

R/W

Description

18 AORXEF

0

R/W

HAC(0)/SSI(0) Receive Side All Data Transfer End
Interrupt Flag

0: An interrupt has not occurred.

[Clearing condition]

When 0 is written to AORXEF after reading
AORXEF =1

1: An interrupt has occurred.

17 AOTXHF

R/W

HAC(0)/SSI(0) Transmit Side Half Data Transfer
End Interrupt Flag

0: An interrupt has not occurred.

[Clearing condition]

When 0 is written to AOTXHF after reading
AOTXHF =1

1: An interrupt has occurred.

16 AOTXEF

R/W

HAC(0)/SSI(0) Transmit Side All Data Transfer
End Interrupt Flag

0: An interrupt has not occurred.

[Clearing condition]

When 0 is written to AOTXEF after reading
AOTXEF =1

1: An interrupt has occurred.

15t010 O

All O

Reserved

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

9 UAE

R/W

USB Address Error Interrupt Enable
0: Disabled
1: Enabled

8 UTE

R/W

USB Transfer End Interrupt Enable
0: Disabled
1: Enabled

7to2 O

All O

Reserved

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

1 UAF

R/W

USB Address Error Interrupt Flag

0: An interrupt has not occurred.
[Clearing condition]
When 0 is written to UAF after reading UAF = 1

1: An interrupt has occurred.
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Bit Bit Name Initial Value R/W Description

0 UTF 0 R/W USB Transfer End Interrupt Flag

0: An interrupt has not occurred.
[Clearing condition]
When 0 is written to UTF after reading UTF =1

1: An interrupt has occurred.

11.3.10 DMA Audio Source Address Register (DMAATXSAR)

DMAATXSAR is a32-hit readable/writable register that specifies the source start address of a
DMA transfer from synchronous DRAM to the HAC or SSI codec. DMAATXSARO corresponds
to HAC(0) or SSI(0) and DMAATXSARL corresponds to HAC(1) or SSI(1). During aDMA
transfer, the register value is not modified.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: - - - - - - - - - - - N N ~ N

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

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

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

11.3.11 DMA Audio Destination Address Register (DMAARXDAR)

DMAARXDAR is a 32-bit readable/writable register that specifies the destination start address of
aDMA transfer from the HAC or SSI codec to synchronous DRAM. DMAARXDARO
corresponds to HAC(0) or SSI(0) and DMAARXDAR1 corresponds to HAC(1) or SSI(1). During
aDMA transfer, the register value is not modified.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: - - - - - - - - - - - N . . .

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

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

RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW R R
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11.3.12 DMA Audio Transmit Transfer Count Register (DMAATXTCR)

DMAATXTCR is a 32-hit readable/writable register that specifies the number of bytes of source
audio datatransferred in aDMA transfer to the HAC or SSI codec. DMAATXTCRO corresponds
to HAC(0) or SSI(0) and DMAATXTCRL1 corresponds to HAC(1) or SSI(1). DuringaDMA
transfer the register value is not modified. This register should be set from H’ 0000 0004 to

H’ 03FF FFFC (bits 31 to 26, 1, and 0 are fixed at 0). Do not set H’ 0000 0000. Normal operation is
not guaranteed when H’ 0000 0000 is set.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: - - - - - - - - - - - N N ~ N

R/W: R R R R R R 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
Initial value: - -

RIW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW R R

11.3.13 DMA Audio Receive Transfer Count Register (DMAARXTCR)

DMAARXTCR is a 32-hit readable/writable register that specifies the number of bytes of received
audio datatransferred in aDMA transfer from the HAC or SSI codec. DMAARXTCRO
corresponds to HAC(0) or SSI(0) and DMAARXTCRL corresponds to HAC(1) or SSI(1). During
aDMA transfer the register value is not modified. Thisregister should be set from H’ 0000 0004 to
H’ 03FF FFFC (bits 31 to 26, 1, and 0 are fixed at 0). Do not set H’ 0000 0000. Normal operation
is not guaranteed when H’ 0000 0000 is set.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Initial value: - - - - - - - - - - - N N ~ N

R/W: R R R R R R 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
Initial value: - -

RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW R R
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11.3.14 DMA Audio Control Register (DMAACR)

DMAACR isa 32-hit readable/writable register that specifiesthe DMA operating mode of the
HAC or SSI codec. DMAACRO corresponds to HAC(0) or SSI(0) and DMAACRL corresponds to
HAC(1) or SSI(2).

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
-] - - -] -1 - [rewframo] - | - | - | - [ - |rar|ros|roe |

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

o

o

o
py)
py)
py)
py]
py)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
-] - -] -] -] - [rawfram] - | - | - | - [ - |7ar]os|oe|
0 0 0 0 0 0 0 0 0 0 0

Initial value: 0

o
o
o
o

R/W: R R R R R R R/W  R/W R R R R R RW R/W R/W
Bit Bit Name Initial Value R/W Description
31to26 O All O R Reserved

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

25 RAM1 0 R/W Receive Data Alignment Setting

24 RAMO 0 RIW These bits specify the data alignment method for

writing receive data to an external memory. For
details of the data alignment method for the
receive slot data and external bus, see table 11.5

1).

00: Alignment control is not performed

01: Longword data is transferred as four byte-data
10: Longword data is transferred as two word-data
11: Setting prohibited

23t019 O All O R Reserved

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

18 RAR 0 R/W DMA Auto Reload Setting

Specifies the use or unuse of auto address reload
to continue a DMA transfer when the number of
bytes in the receive DMA transfer reaches the
number of transfer bytes specified by
DMAARXTCRN.

0: Address of receive DMA not auto reloaded
1: Address of receive DMA auto reloaded
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Bit Bit Name

Initial Value

R/W

Description

17 RDS

0

R/W

HAC/SSI Receive DMA Termination

Setting this bit to 1 forcibly terminates the receive
DMA transfer.

e When writing

0: Write operation is ignored

1: Receive DMA transfer is forcibly terminated
* When reading

0: Transfer is completed

1: Transfer is being performed

16 RDE

R/W

HAC/SSI Receive DMA Transfer Activation
Control

Controls the receive DMA transfer activation. Write
operation is ignored during transfer. To reactivate
a receive DMA transfer, read this bit as 0 and then
write 1 to it.

e When writing

0: Write operation is ignored

1: Receive DMA transfer is activated
e When reading

0: Transfer is completed

1: Transfer is being performed

15t010 O

AllO

Reserved

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

9 TAM1
8 TAMO

R/W
R/W

Transmit Data Alignment Setting

These bits specify the data alignment method for
reading transmit data from an external memory.
For details of the data alignment method for the
transmit slot data and external bus, see Table 11.5

2.

00: Alignment control is not performed

01: A longword is transferred as four bytes
10: A longword is transferred as two words
11: Setting prohibited

7t03 O

AllO

Reserved

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

Bit Name

Initial Value

R/W

Description

TAR

0

R/W

HAC/SSI Transmit DMA Auto Reload Setting

Specifies the use or unuse of auto address reload
to continue a DMA transfer when the number of
bytes in the transmit DMA transfer reaches the
number of transfer bytes specified by
DMAARXTCRnN.

0: Address of transmit DMA not auto reloaded
1: Address of transmit DMA auto reloaded

TDS

R/W

HAC/SSI Transmit DMA Termination

Setting this bit to 1 forcibly terminates a transmit
DMA transfer.

e When writing

0: Write operation is ignored

1: Transmit DMA transfer is forcibly terminated
e When reading

0: Transfer is completed

1: Transfer is being performed

TDE

R/W

HAC/SSI Transmit DMA Transfer Activation
Control

Controls the transmit DMA transfer activation.
Write operation is ignored during transfer. To
reactivate a transmit DMA transfer, read this bit as
0 and then write 1 to it.

When writing
0: Write operation is ignored
1: Transmit DMA transfer is activated

When reading

o

: Transfer is completed

[EEN

: Transfer is being performed
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Table11.5(1) DataAlignment for Receive Slot Data and External Bus

Data Bus Slot Data
31to 23to 15to 7to 31to 23to 15to 7to
RAM1 RAMO Size 24 16 8 0 24 16 8 0
0 0 No Alignment D3 D2 D1 DO D3 D2 D1 DO

(One longword)

0 1 Longword (four bytes) DO D1 D2 D3 D3 D2 D1 DO

0 Longword (twowords)y D1 DO D3 D2 D3 D2 D1 DO

Table11.5(2) DataAlignment for Transmit Slot Data and Exter nal Bus

Data Bus Slot Data
31to 23to 15to 7to 31to 23to 15to 7to
TAM1 TAMO Size 24 16 8 0 24 16 8 0
0 0 No Alignment D3 D2 D1 DO D3 D2 D1 DO

(One longword)

0 1 Longword (four bytes) D3 D2 D1 DO DO D1 D2 D3

0 Longword (twowords)y D3 D2 D1 DO D1 DO D3 D2

11.3.15 DMA Audio Transmit Transfer Counter (DMAATXTCNT)

DMAATXTCNT isa32-hit read-only register that indicates the number of bytes remaining to be
transferred in the transfer bytes specified by DMAATXTCR. Thisregister is write-prohibited.
DMAATXTCNTO corresponds to HAC(0) or SSI(0) and DMAATXTCNT1 corresponds to
HAC(1) or SSI(1). Writing 1 to the TDE bit in DMAACR setsthe DMAATXTCR vauein this
register. On forced termination, the number of transfer bytes remaining at that timeisindicated.

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

[ AN N N N

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

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

[ AN N N N N

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

11.3.16 DMA Audio Receive Transfer Counter (DMAARXTCNT)

DMAARXTCNT is a 32-hit read-only register that indicates the number of remaining bytes of
transfer bytes specified by DMAARXTCR. Thisregister is write-prohibited. DMAARXTCNTO
corresponds to HAC(0) or SSI(0) and DMAARXTCNTL1 corresponds to HAC(1) or SSI(1).
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Writing 1 to the RDE bitin DMAACR setsthe DMAARXTCR valuein this register. On forced
termination, the number of transfer bytes remaining at that time isindicated.

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

[ A A

Initial value:
R/W: R R R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value: - - - - - - - - - - - - - - - -
R/W: R R R R R R R R R R R R R R R R

11.3.17 DMA USB Source Address Register (DMAUSAR)

DMAUSAR isa 32-bit readable/writable register that specifies the source address of a DMA
transfer. The settingsin this register are valid only for the DMA transfer between the USB internal
shared memory (hereafter referred to as shared memory) and synchronous DRAM. During USB
DMA transfer, the register value can be read but cannot be modified. The address should be
specified as a 32-bit boundary.

Specify this register value as a synchronous DRAM address for a DMA transfer from synchronous
DRAM to the shared memory, and as a shared memory address for a transfer from the shared
memory to synchronous DRAM. In the case of atransfer from the shared memory to synchronous
DRAM, the address should be within the transfer source, that is the shared memory area (H’ FE34
1000 to H’ FE34 2FFC). When an address outside of this areais specified, the DMAC detects a
USB address error and terminates the USB DMA transfer.

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

[N N N N N O

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

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

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

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

11.3.18 DMA USB Destination Address Register (DMAUDAR)

DMAUDAR is a 32-bit readable/writabl e register that specifies the destination address of aDMA
transfer. The settingsin this register are valid only for the DMA transfer between the shared
memory and synchronous DRAM. During USB DMA transfer, the register value can be read but
cannot be modified. The address should be specified as a 32-bit boundary.
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Specify this register value as a shared memory address for aDMA transfer from synchronous
DRAM to the shared memory, and as a synchronous DRAM address for a transfer from the shared
memory to synchronous DRAM. In the case of atransfer from synchronous DRAM to the shared
memory, the address should be within the transfer destination, that is the shared memory area
(H’FE34 1000 to H' FE34 2FFC). When an address outside of this areais specified, the DMAC
detects a USB address error and terminates the USB DMA transfer.

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

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

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

Initial value: o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW R R

11.3.19 DMA USB R/W Size Register (DMAURWSZ)

DMAURWSZ is a 32-hit readable/writable register that specifies the transfer direction and data
size. During USB DMA transfer, the register value can be read but cannot be modified.

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

L-t-t-r-r-r-f-1-7-J-7T-7T-7-]-]-[rw]
Initialvalue: 0 0 o0 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 RW

Bit: 15 14 13 12 11
| - | - | - |SZlZ|Sle| 3210| Sz9 | Sz8 | Sz7 | SZ6 |szs | Sz4 | Sz3 | Szzl sz1 | Sz0 |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R RW RW RW RW RW RW RW RW RW RW RW RW R/W

Bit Bit Name Initial Value R/W Description

31to17 0O AllO R Reserved

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

16 RW 0 R/W Transfer Direction

0: Specifies a DMA transfer from synchronous
DRAM to the shared memory

1: Specifies a DMA transfer from the shared
memory to synchronous DRAM

15t013 0O All O R Reserved

These bits are always read as 0. The write value
should always be 0.
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Bit Bit Name Initial Value

R/W

Description

12t0o0 SZ12to SZ0 Al O

R/W

Transfer Data Size

Specifies the number of bytes to be transferred in
a USB DMA transfer. Up to 8191 bytes can be
specified. Setting these bits as as H'0000
(SZ[12:0]=H'0000) will not perform transfer, but
setting the START bit in DMAUCR to 1 sets the
UTF bit in DMABRGCR to 1.

11.3.20 DMA USB Control Register (DMAUCR)

DMAUCR is a 32-hit readabl e/writable register that specifies the start of USB DMA transfer
between the shared memory and synchronous DRAM, and the data alignment mode. The setting of
the data alignment mode is also valid for accesses to the USB from the CPU. For details of the
data alignment mode, see section 11.6.13, USB Endian Conversion Function.

Bit: 31 30 29 28 27

25

24 23 22 21 20 19 18 17 16

L-l-r-T-7-7-] | -1 -T-[-[-[- fvrrwrr
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/IW: R R R R R R R R R R R R R R R/W  R/W
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L-l-r-T-7-7-] | -1 -T-[-[-[- [ |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R/W R
Bit Bit Name Initial Value R/W Description
31to 18 O All O R Reserved
These bits are always read as 0. The write value
should always be 0.
17 CVRT1 0 R/W Alignment Mode
16 CVRTO 0 RIW 00: Alignment is not performed
01: Byte boundary mode
10: Longword/word boundary mode
11: Setting prohibited
15t02 O All O R Reserved

These bits are always read as 0. The write value
should always be 0.
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Bit Bit Name Initial Value R/W Description

1 START 0 R/W DMA Transfer Start

Setting this bit to 1 starts a USB DMA transfer.
When the USB DMA transfer is completed, this bit
is automatically cleared to O.

When writing

0: Invalid

1: Starts a USB DMA transfer

e When reading

0: USB DMA transfer is stopped

1: USB DMA transfer is being performed

0 O 0 R Reserved

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

114 Operation

When aDMA transfer request isissued, the DMAC starts the transfer according to the
predetermined channel priority order. It ends the transfer when the transfer end conditions are
satisfied. Transfers can be requested in three modes: auto-request, external request, and on-chip
peripheral module request. There are two modes for DMA transfer: single address mode and dual
address mode. Either burst mode or cycle steal mode can be selected as the bus mode.

1141 DMA Transfer Procedure

After the desired transfer conditions have been set in SAR, DAR, DMATCR, CHCR, DMAOR,
DMARCR, DMARSRA, and DMARSRB, the DMAC transfers data according to the following
procedure:

1. The DMAC checksto seeif transfer isenabled (DE=1, DME =1, TE=0, NMIF =0, AE=0).

2. When atransfer request isissued and transfer has been enabled, the DMAC transfers one
transfer unit of data (determined by bits TS2 to TS0). In auto-request mode, the transfer begins
automatically when the DE and DME bits are set to 1. The DMATCR value is decremented by
1 for each transfer. The actual transfer flow depends on the address mode and bus mode.

3. When the specified number of transfers have been completed (when the DMATCR value
reaches 0), the transfer ends normally. If the |E bit in CHCR is set to 1 at thistime, the DMAC
sends a DM TE interrupt request to the CPU.

4. 1f aDMAC address error or NMI interrupt occurs, the DMAC suspends the transfer. It also
suspends the transfer when the DE bit in CHCR or the DME bitin DMAOR iscleared to 0. In
the event of an address error, the DMAC issues aforced DMAE interrupt request to the CPU.

For details of DMA transfer end and suspension, see section 11.4.6, Ending DMA Transfer.
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Figure 11.3 shows a flowchart of the DMA transfer procedure.

Initial settings
(SAR, DAR, DMATCR,
CHCR, DMAOR, DMARCR,
DMARSRA, DMARSRB)

DE, DME = 1?

lllegal address check *4
(reflected in AE bit)

< e >

Yes |«

Y

Transfer
request issued?
*

No

*3 Bus mode,
Yes |« transfer request mode,
\ DREQ detection
Transfer (1 transfer unit) metho
DMATCR -1 -~ DMATCR
Update SAR, DAR
No NMIF or No
DMATCR = 0? »< AE=1orDE=0or
DME = 0?

Yes

DMTE interrupt request
(when IE = 1)

Transfer suspended

v
(End of transfer) ( Normalend )

Notes: 1. In auto-request mode, transfer begins when the NMIF, AE, and TE bits are all 0 and the DE
and DME bits are set to 1.
2. DREQ level detection (external request) in burst mode, or cycle steal mode.
3. DREQ edge detection (external request) in burst mode, or auto-request mode in burst mode.
4. Anillegal address is detected by comparing bits TS2-TS0 in CHCRn with SARn and DARN.

Figure11.3 DMAC Transfer Flowchart
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11.42 DMA Transfer Requests

DMA transfer requests are basically generated at either the data transfer source or destination, but
they can also be issued by external devices or on-chip peripheral modules that are neither the
source nor the destination.

Transfers can be requested in three modes: auto-request, external request, and on-chip peripheral
module request. The transfer request mode is selected by bits RS3 to RS0 in CHCRO to CHCRY
and settings of DMARSRA and DMARSRB.

(1) Auto-Request Mode

The DMAC can automatically generate atransfer request signal internally in Auto-Request
Mode when receiving no transfer request signal from an external source, asin a memory-to-
memory transfer or atransfer between memory and an on-chip peripheral module unable to
request atransfer. Setting the DE bit in CHCR of the channel to be used and the DME bit in
DMAOR to 1 starts the transfer. However, the TE bit in CHCR of the channel to be used and
the NMIF and AE bitsin DMAOR must all be 0.

(2) External Request Mode

In this mode, the DMAC performs atransfer in response to a transfer request signal (DREQ)
from an external device. Select one of the modes shown in table 11.6 according to the
application system. If DMA transfer isenabled (DE=1, DME =1, TE=0, NMIF=0, AE=0),
transfer starts when DREQ isinput. The DS bitsin CHCRO to CHCR7 and bits DS3to DS0 in
DMARCR are used to select either falling edge detection or low level detection of the DREQ
signal (level detection with DS = 0, edge detection with DS = 1).

The source of the transfer request does not have to be the data transfer source or destination.

Table11.6 Selecting External Request Mode with RS Bits

RS3 RS2 RS1 RSO Address Mode Transfer Source Transfer Destination

0

0 0 0 Dual address External memory, External memory,
mode memory-mapped memory-mapped
external device, external device,
or on-chip peripheral or on-chip peripheral
module module
1 0 Single address  External memory External device
mode or memory-mapped  with DACK
external device
1 Single address  External device with  External memory
mode DACK or memory-mapped

external device

Rev. 1.0, 02/03, page 406 of 1294

RENESAS



External request acceptance conditions

1.

3.

4,

When at least either of DMAOR.DME and CHCR.DE is 0, and DMAOR.NMIF,
DMAOR.AE, and CHCR.TE are dl 0, the DMAC will hold an input external request
(DREQ: edge detection) until DMA transfer is either executed or canceled. Since DMA
transfer is not enabled in this case (DME = 0 or DE = 0), DMA transfer is not initiated.
DMA transfer is started after it isenabled (DME =1, DE=1, NMIF=0, AE=0, TE=0).
If an external request (DREQ) isinput while DMA transfer isenabled (DME = 1, DE = 1,
NMIF =0, AE =0, TE =0), DMA transfer is started.

An external request (DREQ) will beignoredif itisinput with TE=1, NMIF =1, or AE =
1 during a power-on reset or manual reset, in deep sleep mode or standby mode, or while
the DMAC isin the module standby state. Write 1 to CHCRn or CHSET or re-specify the
channel resourcein DMARSRA or DMARSRB before enabling DMAC transfer in order
to resume DMA transfer in DMABRG mode.

A previoudly input external request will be canceled by the occurrence of an NMI

interrupt (NMIF = 1) or address error (AE = 1), or by a power-on reset or manual reset.
InthisLSl, it is possible to cancel apreviously input externa request (DREQ). In external
request 2-channel mode, drive the DREQ pin high after clearing the DS bit in CHCRn to O.
In DMABRG mode, set the CHSET bit in CHCRn to 1.

Usage Notes

The DMAC detects an external request (DREQ) at alow level or falling edge. Ensure to hold
the external request (DREQ) signal high when there is no DMA transfer request from an
external device after a power-on reset or manual reset.

When DMA transfer is resumed, check whether aDMA transfer request is being held.

(3) On-Chip Peripheral Module Request Mode

In this mode, the DMAC performs atransfer in response to atransfer request signal (interrupt
request signal) from an on-chip peripheral module.

To output atransfer request from an on-chip peripheral module, set the DMA transfer request
enable bit for that module.
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11.43 Channd Priorities

Receiveing simultaneous transfer requests on two or more channels, the DMAC selects a channel
according to a predetermined priority system, either in afixed mode or round robin mode. The
mode is selected with priority bits PR1 and PRO in DMAOR.

(1) Fixed Mode
In this mode, the relative channel priorities remain fixed. The following priority orders are
available in fixed mode:

e CHO>CH1>CH2>CH3>CH4>CH5>CH6>CH7
e CHO>CH2>CH3>CH4>CH5>CH6>CH7>CH1
e CH2>CHO>CH1>CH3>CH4>CH5>CH6>CH7
Select one of these priority orders by setting the PR1 and PRO bitsin DMAOR.

(2) Round Robin Mode

I'n round robin mode, each time the transfer of one transfer unit (byte, word, longword,
quadword, or 32 bytes) ends on a given channel, that channel is assigned the lowest priority
level. Thisisillustrated in figure 11.4. The order of priority in round robin mode immediately
after areset is CHO > CH1 > CH2 > CH3 > CH4 > CH5 > CH6 > CH7. If no transfer request
is accepted for any channel during DMA transfer, the priority order becomes CHO > CH1 >
CH2 > CH3 > CH4 > CH5 > CH6 > CH7.
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Figure11.4 Round Robin Mode
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Figure 11.5 shows the changesin priority levels when transfer requests are issued simultaneously
for channels 0 and 3, and channel 1 generates atransfer request during atransfer on channel 0. The
operation of the DMAC in this caseis asfollows.

1. Transfer requests are issued simultaneously for channels 0 and 3.

2. Since channel 0 has a higher priority level than channel 3, the channel 0 transfer is executed
first (channel 3ison transfer standby).

3. A transfer request isissued for channel 1 during the channel O transfer (channels 1 and 3 are on
transfer standby).

4. At theend of the channel O transfer, channel 0 shiftsto the lowest priority level.

5. At thispoint, channel 1 has ahigher priority level than channel 3, so the channel 1 transfer is
started (channel 3 is on transfer standby).

6. At the end of the channel 1 transfer, channel 1 shiftsto the lowest priority level.
7. Thechannel 3 transfer is started.

8. At the end of the channel 3 transfer, the channel 3 and channel 2 priority levels are lowered,
giving channel 3 the lowest priority.
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Transfer request Channel DMAC operation Channel priority order

1. Issued for channels 0 waiting
and 3
T~ 2. Start of channel 0 «———0>1>2>3>4>5>6>7
3. Issued for channel 1 3 transfer
Change of
priority order
13 4. End of channel0 ————» 1>2>3>4>5>6>7>0
’ transfer
—t 5. Start of channel 1
transfer
Change of
priority order
3 6. End of channell —————» 2>3>4>5>6>7>0>1
transfer
T 7. Start of channel 3
transfer
None
Change of
priority order
E— 8. End of channel 3 ————— » 4>5>6>7>0>1>2>3

transfer

Figure11.5 Exampleof Changesin Priority Order in Round Robin Mode

11.44 Typesof DMA Transfer

The DMAC supports the types of transfer shown in table 11.7. It can operate in single address
mode, in which either the transfer source or the transfer destination is accessed using the
acknowledge signal, or in dual address mode, in which both the transfer source and transfer
destination addresses are output. The actual transfer operation timing depends on the bus mode,
which can be either burst mode or cycle steal mode.
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Table11.7 Supported DMA Transfers

Transfer Destination

External Device External Memory-Mapped On-Chip
Transfer Source with DACK Memory External Device  Peripheral Module
External device Not available Single address  Single address Not available
with DACK mode mode
External memory Single address Dual address Dual address mode Dual address mode
mode mode

Memory-mapped Single address
external device mode

Dual address
mode

Dual address mode Dual address mode

On-chip peripheral  Not available
module

Dual address
mode

Dual address mode Not available

(1) Address Modes

» Single Address Mode

In single address mode, both the transfer source and the transfer destination are external; oneis
accessed by the DACK signal and the other by an address. In this mode, the DMAC performs a
DMA transfer in one bus cycle by simultaneously outputting the external device strobe signal
(DACK) to either the transfer source or transfer destination external device to accessit, while
outputting an address to the other side of the transfer. Figure 11.6 shows an example of a
transfer between external memory and an external device with DACK in which the external
device outputs data to the data bus and that data is written to external memory in the same bus

cycle.

External
address

This LSI

bus m

External
data bus

DMAC

= . > External

DACK

memory

— ] External device

— with DACK

|

DREQ

---»: Data flow

Figure11.6 DataFlow in Single Address Mode
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Two types of transfer are available in single address mode: (1) transfer between an external
device with DACK and a memory-mapped external device, and (2) transfer between an
external device with DACK and external memory. Only the external request signal (DREQ) is
used in both of these cases.

Figure 11.7 shows the transfer timing for single address mode.

The access timing depends on the type of external memory. For details, see the descriptions of
the memory interfaces in section 10, Bus State Controller (BSC).

CKIO ' | ' | ' | I |
A28-A0 :p::p: <+——— Address output to external memory
I I I space
CSn \ 1 /
D31-DO —;—CXI)— <«—— Data output from external device
1 1 with DACK

DACK /0 \ <«——— DACK signal to external
| I | device with DACK
WE E \ '/ E <+— WE signal to external memory space

(a) From external device with DACK to external memory space

i device with DACK

. . : space
RD ' T\ v/ <«—— RD signal to external memory space
DACK ! i i <+—— DACK signal to external

(b) From external memory space to external device with DACK

Figure1l.7 DMA Transfer Timingin Single Address M ode

» Dual Address Mode
Dual address mode is used to access both the transfer source and the transfer destination by
address. The transfer source and destination can be either on-chip peripheral module or
external address.

Even if the operand cacheis used in RAM mode, the RAM cannot be set as the transfer source
or transfer destination.
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Since in dual address mode, data corresponding to the size specified by the TS bitin CHCRn is
read from the transfer source in the data read cycle and is written to the transfer destination in
the datawrite cycle, it istransferred in two bus cycles. In this process, the transfer datais
temporarily stored in the data buffer in the bus state controller (BSC).

In atransfer between external memories such as that shown in figure 11.8, datais read from
external memory into the BSC' s data buffer in the read cycle, then written to the other external
memory in the write cycle. Figure 11.9 shows the timing for this operation. The DACK output
timing is the same as that of CSn in aread or write cycle specified by the AM bit in CHCRn.

» Transfer source
] module

)
)

E Data buff 1 Transfer destination
 BSC ata burler - module

~~—"  ~

Address bus
Data|bus

....................

Taking the SAR value as the address, data is read from the transfer source module
and stored temporarily in the data buffer in the bus state controller (BSC).

1st bus cycle

Memory

Transfer source
module

E | I ' Transfer destination
: BSC | Data buffer X > - module

~~—"  ~

Address bus
Data bus

Taking the DAR value as the address, the data stored in the BSC’s data buffer is
written to the transfer destination module.

2nd bus cycle

Figure11.8 Operation in Dual Address Mode
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' ' ' '
- Transfer source Transfer destination
AZ6-A0 R P

WE | | | |
DACK \/ :\

E Data read cycle E E Data write cycIeE

' (1stcycle) ! ' (2nd cycle) !

——————», -

Transfer from external memory space to external memory space

Figure11.9 Exampleof Transfer Timingin Dual Address Mode
(2) Bus Modes

There are two bus maodes: cycle steal mode and burst mode. The bus mode is selected for each
channel with the TM bit in CHCRO to CHCR?.

* Cycle Stea Mode

In cycle steal mode, the DMAC releases the bus to the CPU at the end of each transfer-unit (8-
bit, 16-bit, 32-bit, 64-bit, or 32-byte) transfer. When the next transfer request isissued, the
DMAC reacquires the bus from the CPU and carries out another transfer-unit transfer. At the
end of thistransfer, the busis again given to the CPU. Thisis repeated until the transfer end
condition is satisfied.

In cycle steal mode, areas for transfer has no limitation by the settings of transfer request
source, transfer source, and transfer destination.

Figure 11.10 shows an example of DMA transfer timing in cycle steal mode. The following
transfer conditions are used in this example:

e Dua address mode
* DREQ level detection
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orEa /

Bus returned to CPU

Bus cycle X CPU X CPU X CPU XDMACXDMACX CPU XDMACX DMACX CPU X CPU X
Read Write Read Write

Figure11.10 Example of DMA Transfer in Cycle Steal Mode

* Burst Mode
In burst mode, once the DMAC has acquired the bus it holds the bus and transfers data
continuoudly until the transfer end condition is satisfied. With DREQ low level detection in
external request mode, however, when DREQ is driven high the bus passes to another bus
master after the end of the DMAC transfer request that has already been accepted, even if the
transfer end condition has not been satisfied.

Figure 11.11 shows an example of DMA transfer timing in burst mode. The following transfer
conditions are used in this example:

» Single address mode
* DREQ level detection (DS=0and TM =1 in CHCRn, external request 2-channel
mode)
Note: Specify DREQ edge detection when performing burst transfer in DMABRG mode.
Operations in burst mode with DREQ level detection in DMABRG mode are the
same as those in cycle steal mode.

e /

Bus cycle X cpu X cpu X cpu X omac X bmac X bmac X pmac X omac Y bmac X cpu X

Figure11l.11 Example of DMA Transfer in Burst Mode
(3) Relationship between DM A Transfer Type, Request Mode, and Bus Mode

Table 11.8 shows the relationship between the type of DMA transfer, the request mode, and
the bus mode.
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Table11.8 Relationship between DM A Transfer Type, Request Mode, and Bus Mode

Address Request  Bus Transfer Size
Mode Type of Transfer Mode Mode (Bits)
Single External device with DACK and External B/C 8/16/32/64/32B

external memory

External device with DACK and External B/C 8/16/32/64/32B
memory-mapped external device

Dual External memory and external memory Internal**, B/C 8/16/32/64/32B
external*®

External memory and Internal*!, BIC 8/16/32/64/32B
memory-mapped external device external*®
Memory-mapped external device and Internal**, B/C 8/16/32/64/32B
memory-mapped external device external*®
External memory and Internal**>  B/C*®  8/16/32/64**
on-chip peripheral module
Memory-mapped external device and Internal*®>  B/C*®  8/16/32/64**
on-chip peripheral module

Legend

32B: 32-byte burst transfer

B: Burst

C: Cycle steal

External: External request

Internal:  Auto-request and on-chip peripheral module request

Notes: *1.External request, auto-request, or on-chip peripheral module request possible.

*2. Auto-request or on-chip peripheral module request possible.

*3. Only cycle steal mode when the transfer request source is an on-chip peripheral
module other than the DMABRG.

*4. Access size permitted for the on-chip peripheral module register that is the transfer
source or transfer destination.

*5. See tables 11.9 (1) and 11.9 (2) for the transfer sources and transfer destinations in
DMA transfer by means of an external request.

External Request 2-Channel M ode

Table 11.9 (1) shows the memory interfaces that can be specified for the transfer source and
transfer destination in DMA transfer initiated by an external request in external request 2-
channel mode supported by thisLSI.
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Table11.9 (1)

External Reguest Transfer Sourcesand Destinationsin External Request 2-
Channel Mode

Transfer Direction (Settable Memory Interface) Address giﬁz’ée

Transfer Source Transfer Destination Mode Channels
1 Synchronous DRAM External device with DACK Single 0,1
2 External device with DACK Synchronous DRAM Single 0,1
3 SRAM-type External device with DACK Single 0,1
4 External device with DACK SRAM-type Single 0,1
5 Synchronous DRAM SRAM-type, MPX, PCMCIA O Dual 0,1
6 SRAM-type, MPX, PCMCIA O Synchronous DRAM Dual 0,1
7 SRAM-type, PCMCIA, MPX SRAM-type, MPX, PCMCIA O Dual 0,1
8 SRAM-type, MPX, PCMCIA O SRAM-type, PCMCIA, MPX Dual 0,1
Legend:

O: DACK output setting in dual address mode transfer

Notes: 1.
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SRAM-type in the table indicates an SRAM, byte control SRAM, or burst ROM.

2. Memory interfaces in which transfer is possible in single address mode are SRAM, byte
control SRAM, burst ROM, and synchronous DRAM.
3. When performing dual address mode transfer, make the DACK output setting for the
SRAM, byte control SRAM, burst ROM, PCMCIA, or MPX interface.

DMABRG Mode

Table 11.9 (2) shows the memory interfaces that can be specified for the transfer source and
transfer destination in DMA transfer initiated by an external request in DMABRG mode

supported by thisLSI.
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Table11.9 (2)

External Reguest Transfer Sourcesand Destinationsin DMABRG Mode

Transfer Direction (Settable Memory Interface) Address giﬁz’ée

Transfer Source Transfer Destination Mode Channels
1 Synchronous DRAM External device with DACK Single All
2 External device with DACK Synchronous DRAM Single All
3 Synchronous DRAM SRAM-type, MPX, PCMCIA Dual All
4 SRAM-type, MPX, PCMCIA Synchronous DRAM Dual All
5 SRAM-type, PCMCIA, MPX SRAM-type, MPX, PCMCIA Dual All
6 SRAM-type, MPX, PCMCIA O SRAM-type, PCMCIA, MPX Dual All
Legend:

O: DACK output setting in dual address mode transfer
Notes: 1. SRAM-type in the table indicates an SRAM, byte control SRAM, or burst ROM.

2. Memory interface in which transfer is possible in single address mode is synchronous
DRAM.

3. When performing dual address mode transfer, make the DACK output setting for the
SRAM, byte control SRAM, burst ROM, PCMCIA, or MPX interface.

(4) BusMode and Channel Priority Order

When, for example, channel 1 istransferring datain burst mode, and atransfer request is
issued to channel 0, which has a higher priority, the channel O transfer is started immediately.

If fixed mode has been set for the priority levels (CHO > CH1), transfer on channel 1is
continued after transfer on channel 0 is completely finished, whether cycle steal mode or burst
mode is set for channel 0.

If round robin mode has been set for the priority levels, transfer on channel 1 is restarted after
one transfer unit of datais transferred on channel 0, whether cycle steal mode or burst mode is
set for channel 0. Channel execution alternates in the order: channel 1 — channel 0 - channel
1 - channel 0.

An example of round robin mode operation is shown in figure 11.12.

Since channel 1isin burst mode (in the case of edge sensing) regardless of whether fixed
mode or round robin mode is set for the priority order, the busis not released to the CPU until
channel 1 transfer ends.
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X CPU DMAC CHlX DMAC CHl) DMAC CHO X DMAC CH1 X DMAC CHo) DMAC CHlX DMAC CH1 CPU
CHO | CH1 CHO
< > > >
CPU DMAC channel 1 DMAC channel 0 and DMAC channel 1 CPU
burst mode channel 1 round robin burst mode
mode

Priority order:  Round robin mode
Channel 0: Cycle steal mode
Channel 1: Burst mode (edge-sensing)

Figure11.12 BusHandling with Two DMAC Channels Operating

1145 Number of Bus Cycles and DREQ Pin Sampling Timing
(1) Number of Bus Cycles

The number of bus cycles when the DMAC isthe bus master is controlled by the bus state
controller (BSC) just asit iswhen the CPU is the bus master. See section 10, Bus State
Controller (BSC), for details.

(2) DREQ Pin Sampling Timing

In external request mode, the DMAC samples the DREQ pin at the rising edge of a CKIO
clock signal. When detecting a DREQ input, the DMAC generates a bus cycle and performs
DMA transfer after four CKIO cycles at the earliest.

In the case of DREQ falling edge sampling, the DMAC detects a DREQ input after two CKIO
cycles (in the case of low-level sampling, one CKIO cycle).

The second and subsequent DREQ sampling operations are performed one cycle after the start
of the first DMAC transfer bus cycle (in the case of external request 2-channel mode and
single address mode).

DRAK is output for one cycle only, once each time DREQ is detected, regardless of the
transfer mode or DREQ detection method. In the case of burst mode edge detection, DREQ is
sampled in the first cycle only, and so DRAK is output in the first cycle only.

(3) Operation

* Cycle Steal Mode
In cycle steal mode, The DREQ sampling timing differs for dual address mode and single
address mode, and for level detection and edge detection of DREQ.
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For example, in figure 11.13 (external request 2-channel mode, cycle steal mode, dual address
mode, level detection), DMAC transfer begins, at the earliest, four CK10O cycles after the first
sampling operation. The second sampling operation is performed one cycle after the start of
thefirst DMAC transfer write cycle. If DREQ is not detected at this time, sampling is executed
in every subsequent cycle.

In figure 11.15 (external request 2-channel mode, cycle steal mode, dual address mode, edge
detection), DMAC transfer begins, at the earliest, five CKIO cycles after the first sampling
operation. The second sampling operation begins from the cycle in which the firss DMAC
transfer read cycle ends. If DREQ is not detected at thistime, sampling is executed in every
subsequent cycle.

For details of the timing for various types of memory access, see section 10, Bus State
Controller (BSC).

Figure 11.21 shows external request 2-channel mode, cycle steal mode, single address mode,
and level detection. In this case, too, transfer is started, at the earliest, four CKI10 cycles after
the first DREQ sampling operation. The second sampling operation is performed one cycle
after the start of the first DMAC transfer bus cycle.

Figure 11.23 shows external request 2-channel mode, cycle steal mode, single address mode,
and edge detection. In this case, transfer is started, at the earliest, five CKIO cycles after the
first DREQ sampling operation. The second sampling begins one cycle after the first assertion
of DRAK.

In single address mode, the DACK signal is output every DMAC transfer cycle.

Burst Mode, Dual Address Mode, L evel Detection

DREQ sampling timing in burst mode using dual address mode and level detection is virtualy
the same as for cycle steal mode.

For example, in figure 11.17, DMAC transfer begins, at the earliest, four CK10 cycles after the
first sampling operation. The second sampling operation is performed one cycle after the start
of the first DMAC transfer write cycle.

In the case of dual address mode transfer initiated by an external request, the DACK signal can
be output in either the read cycle or the write cycle of the DMAC transfer according to the
specification of the AM bit in CHCR.

Burst Mode, Single Address Mode, L evel Detection

DREQ sampling timing in burst mode using single address mode and level detection is shown
in figure 11.20.
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In the example shown in figure 11.25, DMAC transfer begins, at the earliest, four CKIO cycles
after the first sampling operation, and the second sampling operation begins one cycle after the
start of the first DMAC transfer bus cycle.

In single address mode, the DACK signal is output every DMAC transfer cycle.

In figure 11.29, with a 32-byte data size, 32-bit bus width, and SDRAM: row hit write, DMAC
transfer begins, at the earliest, six CK10 cycles after the first sampling operation. The second
sampling operation begins one cycle after DACK is asserted for the first DMAC transfer.

* Burst Mode, Dual Address M ode, Edge Detection

In burst mode using dual address mode and edge detection, DREQ sampling is performed in
thefirst cycle only.

For example, in the case shown in figure 11.19, DMAC transfer begins, at the earliest, five
CKIO cycles after the first sampling operation. DMAC transfer then continues until the end of
the number of datatransfers set in DMATCR. DREQ is not sampled during thistime, and
therefore DRAK isoutput in the first cycle only. In the case of dual address mode transfer
initiated by an external request, the DACK signal can be output in either the read cycle or the
write cycle of the DMAC transfer according to the specification of the AM bit in CHCR.

* Burst Mode, Single Address Mode, Edge Detection

In burst mode using single address mode and edge detection, DREQ sampling is performed
only in thefirst cycle.

For example, in the case shown in figure 11.27, DMAC transfer begins, at the earliest, five
cycles after the first sampling operation. DMAC transfer then continues until the end of the
number of datatransfers set in DMATCR. DREQ is not sampled during thistime, and
therefore DRAK isoutput in the first cycle only.

In single address mode, the DACK signal is output every DMAC transfer cycle.
(4) Suspension of DMA Transfer with DREQ Level Detection

With DREQ level detection in burst mode or cycle steal mode, and in dual address mode or
single address mode, the external device for which DMA transfer is being executed can
determine at the rising edge of CK10O that DRAK has been asserted, and suspend DMA
transfer by negating DREQ. In this case, the next DRAK signal is not output.
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Figure11.13 Dual Address Mode/Cycle Steal Mode in External Request 2-Channel Mode

External Bus - External Bus’DREQ (Level Detection), DACK (Read Cycle)
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Figure11.15 Dual Address Mode/Cycle Steal Mode in External Request 2-Channel Mode
External Bus - External BusDREQ (Edge Detection), DACK (Read Cycle)
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Figure11.16 Dual Address Mode/Cycle Steal Modein DMABRG Mode

External Bus - External BuSDREQ (Edge Detection), DACK (Read Cycle)
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Figure11.17 Dual Address Mode/Burst Mode in External Request 2-Channel Mode
External Bus —» External Device/DREQ (L evel Detection), DACK (Read Cycle)
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Figure11.18 Dual Address Mode/Burst Modesin DMABRG Mode
External Bus - External Bus/ DREQ (L evel Detection), DACK (Read Cycle)
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Figure11.19 Dual Address Mode/Burst Modein External Request 2-Channel Mode
External Bus » External BUuSDREQ (Edge Detection), DACK (Read Cycle)
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Figure11.20 Dual Address Mode/Burst Modesin DMABRG Mode
External Bus » External BUSDREQ (Edge Detection), DACK (Read Cycle)
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Figure11.21 Single Address Mode/Cycle Steal Modein External Request 2-Channel Mode
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Figure11.22 Single Address Mode/Cycle Steal Mode in External Request 2-Channel Mode

External Bus - External Device/ DREQ (L evel Detection)
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Figure11.23 Single Address Mode/Cycle Steal Mode in External Request 2-Channel M ode

External Bus - External Device/ DREQ (Edge Detection)
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Figure11.24 Single Address Mode/Cycle Steal Modein DMABRG Mode

External Bus - External Device/ DREQ (Edge Detection)
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Figure11.25 Single Address Mode/Burst Mode in External Request 2-Channel Mode
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Figure11.26 Single Address Mode/Burst Modein DMABRG Mode
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Figure11.27 Single Address Mode/Burst Modein External Request 2-Channel Mode
External Bus - External Device/ DREQ (Edge Detection)




Awoud jauueyd jo uoreuiuuslep pue Buldures ©34a :O)

[o:s2lv

X X

_ _

i i

1 1

i i

i i

i i

i i

j j
SSIPPE 92IN0S  SSBIPPE 221N

i i i

i i

i i

| |

S S$2IPPE!2IIN0S  S$BIPPE 2IN0S

X
¥

oo

R A S 7/ \ Sy / R\ S J b L1 oMova
e Yovna (Fowna )  {TouRa HAEER Tt spkosng
O S R L T ovivaa
. . . . . . . . . . \" pusuasuEn Ig AL H H H H H H
e N T o
e N R Ll (uonoelep
e N {5 ' abpo)
- _— N = S e ivte
A S ) R = SR = B [ R lo:rela
A X S R
e o e

Figure11.28 Single Address Mode/Burst Modein DMABRG Mode

External Bus - External Device/ DREQ (Edge Detection)
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External Device - External Bus/ DREQ (L evel Detection)/32 Byte Block Transfer

Figure11.29 Single Address Mode/Burst Modein External Request 2-Channel Mode
(BusWidth: 32 bits, SDRAM: row hit write)




Aploud [auueyd jo uopeuwlalep pue Buldwes DIHA

. . . . . m . T (o " . m m m . . m o Lo . . "
A = (g owow
| | | d . ——p | | | | | | | v —— | | | | | |
, , , 81342 sng Jo LEIs , , , , , , , 81942 sn Jo L¥ls , ,
| | | | 510J00)S9J0AD Z PalIassy: | | | | | | | 810J00 S9J9AD Z paliassy 1 1 1 1 1
N T D W S S S SO SRS A S SN S S Y AU SN S SN 7R R VS R B S
A=l S | W SRS SN N S D SN | W | ! 9ok sng
| | +— Z-OVNa——> | | | | | | | +—T-OMN ——> |
1 1 N 1 1 I m 0 1 1 1 1 m ( 1 1 1 1
i 1 ' ) ' ' ' ;J I u.v ' ' 1 L g“ ' 1 1 0Xvyda
1 1 1 ﬂ_ﬂ 1 1 1 _““ 1 ﬂ_“ 1 1 1 1 " N“ " " " "HH " " ﬂ“ " " " \" —.owmo
A
| | | | | | | | | | | eolreydedoe | | | | | | | | | eoueldedoe |
Rie v v ! (uonoarep
1 1 R“ 1 1 1 _®>®l_v

'
/e

0034d

1 lorTela

)

7/
d

«-SSIPDE UONRUNSOG |

mw oo ' loselv

;. OO

Figure11.30 Single AddressMode/Burst Modein DMABRG Mode

External Device - External Bus' DREQ (L evel Detection)/32 Byte Block Transfer

(BusWidth: 32 bits, SDRAM: row hit write)

Rev. 1.0, 02/03, page 440 of 1294

RENESAS



11.46 Ending DMA Transfer

The conditions for ending DMA transfer are different for ending on individual channels and for
ending on all channels simultaneously. Following are the procedures for ending transfer, except
for ending transfer when the DMATCR value reaches 0.

1. Cycle steal mode (external request, on-chip peripheral module request, auto-request)

When transfer end conditions are met, the DMAC waits until al ongoing DMA transfers
requested before transfer end conditions are complete, and then stops the operation. In cycle
steal mode, the operation is the same for both edge and level transfer request detection.

2. Burst mode, edge detection (external request, DMABRG request, on-chip peripheral module
request, auto-request)
It generates the same delay between the time transfer end conditions are met and the time the
DMAC stops the operation asin cycle steal mode. In burst mode with edge detection, only the
first transfer request activates the DMAC, but the timing of stop request (DE = 0in CHCR,
DME = 0in DMAOR) sampling is the same as the transfer request sampling timing shown in
Burst Mode, Single Address Mode, Edge Detection and Suspension of DMA Transfer with
DREQ Level Detection under Operation in section 11.4.5 (3). Therefore, atransfer request is
regarded as having been issued until a stop request is detected, and the corresponding
processing is executed before the DMAC stops.

3. Burst mode, level detection (external request)

It generates the same delay between the time transfer end conditions are met and the time the
DMAC stops the operation asin cycle steal mode. Asin the case of burst mode with edge
detection, the timing of stop request (DE = 0in CHCR, DME = 0in DMAOR) sampling is the
same as the transfer request sampling timing shown in Burst Mode, Single Address Mode,
Edge Detection and Suspension of DMA Transfer in Case of DREQ Level Detection under
Operation in section 11.4.5 (3). Therefore, atransfer request is regarded as having been issued
until astop request is detected, and the corresponding processing is executed before the
DMAC stops.

4. Bustiming for transfer suspension
The DMAC suspends the operation after processing for one bus cycle unit is complete. In dual
address mode transfer, the DMAC executes write cycle processing even if atransfer end
condition is satisfied during the read cycle. It suspends the operation after completing the
transfers mentioned abovein 1, 2, and 3.
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(1) Conditionsfor Ending Transfer on Individual Channels
Transfer ends on the corresponding channel when either of the following conditions is satisfied:

e The DMATCR value reaches 0.
* TheDE bhitin CHCR iscleared to O.

1. End of transfer when DMATCR =0
When the DMATCR value reaches 0, the DMAC terminates DMA transfer on the
corresponding channel and setsthe TE bit in CHCR. If the |E bit is set at thistime, an interrupt
(DMTE) request is sent to the CPU (an interrupt (DMTE) request can not be sent to the CPU
for aDMA transfer end when DMATCR = 0in aDMABRG request).
Transfer ending with DMATCR = 0 does not follow the procedures described in 1, 2, 3, and 4
in section 11.4.6.

2. End of transfer when DE =0in CHCR

When the DE bit in CHCR is cleared to 0, DMA transfer is suspended on the corresponding
channel. (During a DMA transfer in a DMABRG request, do not clear the DE bit to 0 by
accessing from the CPU.) The TE bit is not set in this case. Transfer ending in this case follows
the procedures described in 1, 2, 3, and 4 in section 11.4.6.

(2) Conditionsfor Ending Transfer Simultaneously on All Channels

Transfer ends on all channels simultaneously when either of the following conditionsis
satisfied:

e TheAE or NMIF bitin DMAOR isset to 1.
e TheDME bitin DMAOR iscleared to 0.

1. End of transfer with DMAOR.AE=1

If the AE bitin DMAOR is set to 1 dueto an address error, DMA transfer is suspended on all
channels in accordance with the proceduresin 1, 2, 3, and 4 in section 11.4.6, and the busis
passed to the CPU. Therefore, when the AE bitisset to 1, SAR, DAR, and DMATCR values
indicate the addresses for the DMA transfer to be performed next and the remaining number of
transfers. The TE bit isnot set to 1 in this case. To resume DMA transfer, first correct the
channel settings that caused the address error. Next re-specify DMARSRA/DMARSRB even if
there is no change in resource. After that read AE = 1 and then write AE = 0. Acceptance of
externa requestsis suspended while the AE bit is set to 1, so a DMA transfer request must be
reissued when resuming transfer. Acceptance of on-chip peripheral module requestsis also
suspended, so when resuming transfer, the DMA transfer request enable bit for the relevant on-
chip peripheral module must be cleared to 0 before the new setting is made. DMABRG must
be reset for DMABRG requests. See section 11.6.2, DMABRG Reset for the procedure.
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2. End of transfer with DMAOR.NMIF =1
If the NMIF bitin DMAOR is set to 1 dueto an NMI interrupt, DMA transfer is suspended on
al channelsin accordance with the proceduresin 1, 2, 3, and 4 in section 11.4.6, and the busis
passed to the CPU. Therefore, when NMIF is set to 1, the SAR, DAR, and DMATCR values
indicate the addresses for the DMA transfer to be performed next and the remaining number of
transfers. The TE bit isnot set to 1 in this case. To resume DMA transfer after NMI interrupt
handling is completed, first re-specify DMARSRA/DMARSRB even when thereis no
resource change. After that read NMIF = 1 and then write NMIF = 0. Acceptance of external
requests is suspended while the NMIF bit is set to 1, so aDMA transfer request must be
reissued when resuming transfer. Acceptance of on-chip peripheral module requestsis also
suspended, so when resuming transfer, the DMA transfer request enable bit for the relevant on-
chip peripheral module must be cleared to 0 before the new setting is made. DMABRG must
be reset for DMABRG requests. See section 11.6.2, DMABRG Reset for the procedure.

3. End of transfer with DMAOR.DME =0
If the DME bitin DMAOR iscleared to 0, DMA transfer is suspended on all channelsin
accordance with the proceduresin 1, 2, 3, and 4 in section 11.4.6, and the bus is passed to the
CPU. The TE bit isnot set to 1 in this case. When the DME bit is cleared to O, the SAR, DAR,
and DMATCR values indicate the addresses for the DMA transfer to be performed next and
the remaining number of transfers. When resuming transfer, set DME to 1. Operation will then
be resumed from the next transfer.

(3) Noteson Transfer End

When DMA transfer ends, requests may be retained in DMAC. Following are examples of
cancellation of requests retained in DMAC.

» Externa requests
See (2) External Request Mode, in section 11.4.2, DMA Transfer Requests.
»  On-chip peripheral module requests

Retained requests may be processed if DMA transfer occurs. If DMARCR.REXn = 1 when
DMA transfer ends then external requests will be retained in DMAC. Examples of processing
are shown below.

1. After DMA transfer ends, set the corresponding resourcesin DMARSRA or DMARSRB to
H’00. (Write H’ 80.)

2. Read Bit REXn corresponding to the channel in DMARCR.
REXn = 0: The DMAC has not accepted (retained) a transfer request. Go to 9.
REXn = 1: The DMAC has accepted (retained) atransfer request. Go to 3.

3. Set the channel resources corresponding to DMARSRA, DMARSRB to H' 7F. (Write H' FF.)

4. Specify external address space in the corresponding channel SARn (the lower 6 bits are 32-bit
boundary), and P4 address H’ FE09 0020 in DARN.

5. Specify H 0000 0001 in DMATCRnN of the corresponding channel.
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6. Specify CHCRn.DM [1:0] and SM [1:0] = 00 in the corresponding channel, and CHCRn.RS
[3:0] =0111.

7. Setting CHCRN.TE = 0 for the corresponding channel carries out DMA transfer for requests
that were retained in DMAC.

8. Confirm that the corresponding channel DMARCR.REXn = 0.

Note:  When DMA transfer ends while DMAOR.AE = 1 or DMAOR.NMIF = 1, requests may be cleared
even if DMARCR.REXn = 1. In that case, see“1. End of transfer with DMAOR.AE = 1" and “2.
End of transfer with DMAOR.NMIF = 1" in (2) Conditionsfor Ending Transfer Simultaneously
on All Channels of this section.

11.47 Interrupt-Request Codes

When the number of transfers specified in DMATCR has been finished and the |E bit in CHCR is
set to 1, atransfer-end interrupt request can be sent to the CPU from each channel. Table 11.10
lists the interrupt-request codes that are associated with these DMAC interrupts.

Table11.10 DMAC Interrupt-Request Codes

Interrupt Source Description INTEVT Code Priority

DMTEO CHO transfer-end interrupt* H'640 Hig

DMTE1 CHL1 transfer-end interrupt H'660 i

DMTE2 CH2 transfer-end interrupt H'680

DMTE3 CH3 transfer-end interrupt H'6A0

DMTE4 CHA4 transfer-end interrupt H'780

DMTES CHS5 transfer-end interrupt H'7A0

DMTE6 CHB6 transfer-end interrupt H'7CO

DMTE7 CHZ7 transfer-end interrupt H'7EO

DMAE Address error interrupt H'6CO

DMABRGIO USB address error interrupt H’A80

DMABRGI1 All data transfer end interrupt H'AAO

DMABRGI2 Half data transfer end interrupt H'ACO Low

Note: * A CHO transfer-end interrupt cannot be generated when the DMABRG in DMABRG mode
is used.

Rev. 1.0, 02/03, page 444 of 1294
RENESAS



115 Examplesof Use

1151 Examplesof Transfer between External Memory and an External Device with
DACK

(1) External Request 2-Channel Mode

Examples of transfer of datain external memory to an external device with DACK using
DMAC channel 1 in external request 2-channel mode are considered here.

Table 11.11 (1) shows the transfer conditions and the corresponding register settings.

Table11.11 (1) Conditionsfor Transfer between External Memory and External Device
with DACK, and Corresponding Register Settings

Transfer Condition Register Setting

Transfer source: external memory SAR1 H'0CO00 0000
Transfer destination: external device with DACK DAR1 (Accessed by DACK)
Number of transfers: 32 DMATCR1 H'0000 0020
Transfer source address: decremented CHCR1 H'0000 22A5*

Transfer destination address: (setting invalid)

Transfer request source: external pin (DREQ1)
edge detection

Bus mode: burst

Transfer unit: word

No interrupt request at end of transfer
External request 2-channel mode DMAOR H'0000 0201
Channel priority order: 2>0>1>3>4>5>6>7

Note: * When DREQ1 is specified as a DMA transfer request source in external request 2-channel
mode, only channel 1 accepts the DMA transfer request (DREQO is accepted only by
channel 0).

(2 DMABRG Mode

Examples of data transfer from external memory to an external device with DACK using
DMAC channel 1in DMABRG mode are considered here.

Table 11.11 (2) shows the transfer conditions and the corresponding register settings.
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Table11.11 (2) Conditionsfor Transfer between External Memory and External Device
with DACK, and Corresponding Register Settings

Transfer Condition Register Setting

Transfer source: external memory SAR1 H'0CO00 0000
Transfer destination: external device with DACK DAR1 (Accessed by DACK)
Number of transfers: 32 DMATCR1 H'0000 0020
Transfer source address: decremented CHCR1 H'0000 22A5**

Transfer destination address: (setting invalid)

Transfer request source: external pin (DREQT) DMARCR
edge detection
Bus mode: burst DMARSRA

Transfer unit: word

Request reception priority: round robin

No interrupt request at end of transfer

(H'0000 22AD*? when writing)

H'0003 0040

H'0011 0000
(H'0091 0000*® when writing)

DMABRG mode DMAOR
Channel priority order: 2>0>1>3>4>5>6>7

H'0000 C201

Notes: 1. When DREQO to DREQS are specified as DMA transfer request sources in DMABRG
mode, any channels can accept the requests (a limitation on the use of channels in

DMABRG mode is only for a DMABRG request).

2. Always write 1 to the CHSET bit when modifying the CHCRn value in DMABRG mode.
3. Always write 1 to the CHNWEN bit of the corresponding channel when modifying the

DMARSRA or DMARSRB value.
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11.6 DMABRG Operation

The DMABRG has independent FIFOs (32-bit 16-stage) for the LCDC, HAC, SSI, and USB with
which it performs DMA transfers between the LCDC, HAC, SSI, and USB and synchronous
DRAM. The DMABRG transfers a maximum of 32-byte datain asingle DMA transfer.

11.6.1 DMABRG Request

DMA transfer by the DMABRG is performed using DMAC channel 0. The independent FIFOs
(32-hit 16-stage) for the LCDC, HAC, SSI, and USB generate DMABRG requests. The LCDC,
HAC, SSI, and USB that are connected to the DMABRG can operate at the same time.

CHCRO*, SARO, and DARO are automatically set according to the LCDC or DMABRG register
settings. CHCRO, SARO, and DARO do not have to be set (rewritten) by the CPU.

Note: * |f CHCRO.DE = 1 isset by the CPU, an address error may occur (DMAOR.AE = 1) and
the DMAC will stop operation. When using DMABRG requests, make sure the CPU
does not set CHCRO.DE = 1.

1162 DMABRG Reset
The DMAC of this LS| suspends a DMA transfer when the following conditions are met.

(1) NMI interrupt occurred
(2) DMA address error occurred

When the DMAC suspends a DMA transfer by the above conditions while using the DMABRG
(LCDC, HAC, SSl, or USB), reset the DMABRG (CHCR.CHSET = 1), re-specify the DMAC
registers*, and then reactivate the DMAC.

Setting the BRGRST bit in DMAPCR to 1 resetsthe DMABRG. The reset is canceled by clearing
the BRGRST hit to 0. Resetting the DMABRG forcibly terminates DMA transfer for the HAC,
SSI, USB, or LCDC. Inthis case, atransfer end interrupt is not generated.

Resetting the DMABRG initializes the following registers to the state of a power-on reset.

+ DMABRGCR
» DMAACR

+ DMAUSAR

+ DMAUDAR
+ DMAURWSZ
* DMAUCR
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Resetting the DMABRG makes the following register values undefined.

- DMAATXSAR(0/1)
- DMAARXDAR(0/1)
« DMAATXTCR(0/1)
« DMAARXTCR(0/1)
« DMAATXTCNT(0/1)
« DMAARXTCNT(0/1)

Do not access the registers of the HAC, SSI, USB, LCDC, and DMAC (except for DMAPCR)
while the BRGRST hit is 1. Operation is not guaranteed when these registers are accessed in this
state. Alwayswrite O to the DON bit in LDCNTR in the LCDC before writing 1 to the BRGRST
bit in DMAPCR. To cancel the DMABRG reset, write 1 to the DON and DON2 bitsin LCCNTR
in the LCDC and then write O to the BRGRST bit in DMAPCR.

Note: * Make sureto write 1 to the CHSET hit in CHCRO before re-specifying the DMAC
registersin the case of DMAC reactivation (DMA transfer will be resumed).

11.6.3 DMA Transfer Operating Mode for HAC and SS

This LSl hastwo audio codec interfaces. The HAC and SSI are assigned to the audio codec
interfaces. This assignment is selected by the IPSELR11 and IPSELR10 hitsin IPSELR of the
PFC. For details see section 24.2.35, Peripheral Module Select Register (IPSELR).

Figure 11.31 shows a configuration of the DMA for the HAC and SSI. This LSl transfers data by
the DMA transfer request from the audio codec via DMAC channel 0. A transfer between
synchronous DRAM and the audio codec is performed by using a 32-byte 2-stage FIFO for each
interface.

Audio data for transfer is stored in the transmit/receive buffer of the synchronous DRAM. The
transmit/receive buffer is defined by specifying the start addressto DMAARXDAR or
DMAATXSAR and the number of transfer bytesto DMAARXTCR or DMAATXTCR.

When half of the datais transferred (AOTXH, AORXH, A1TXH, or A1IRXH interrupt is used) or
al dataistransferred (AOTXE, AORXE, A1TXE, or AIRXE interrupt is used), an interrupt can be
generated. Double buffer control for audio data can be used by switching halved transmit/receive
buffers.

DMAARXDAR, DMAATXSAR, DMAARXTCR, and DMAATXTCR have the auto-reload
function. When the same buffer is repeatedly used in the auto-reload function, it is not necessary
to re-specify the registers.
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This LSI

HAC(0)
transmit and receive

DMAC

DMABRG

AC97 codec 0

or
1S codec 0

SSI(0)
transmit or receive

Transmit FIFO (0)

Peripheral bus
AN

AC97 codec 1

HAC(1)
transmit and receive

Receive FIFO (0)

(L)

or
1S codec 1

SSI(1)
transmit or receive

Transmit FIFO (1)

Receive FIFO (1)

Transfer request
priority control

Specified by IPSELR in PFC

Bus state
controller

External bus

U

External synchronous

Transfer start address

DRAM

Memory space

Half of the transfer size —f-------

Transfer end address

/\/
Transmit/receive 2-stage buffer control for audio data is
buffer enabled by using two types of interrupts:
--=d one is generated when half of data has
been transferred and another one is
generated when all data has been transferred.
/\/

Figure 11.31 Configuration of DMA for HAC/SSI
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11.6.4 DMA Audio Receive Operation

To receive audio datain DMA transfer, specify DMABRG mode in bits DMS1 and DMS0 in
DMAOR and atransfer request source and request acceptance priority order in DMARSRA and
DMARCR. Then, specify the start address of areceive buffer storing receive audio datain
DMAARXDAR and the number of transfer bytesin DMAARXTCR. Writing 1 to the RDE bit in
DMAACR starts receiving the data.

11.6.5 DMA Audio Transmit Operation

To transmit audio datain DMA transfer, specify DMABRG modein bits DMS1 and DMS0 in
DMAOR and atransfer request source and request acceptance priority order in DMARSRA and
DMARCR. Specify the start address of a transmit buffer storing transmit audio datain
DMAATXSAR and the number of transfer bytesin DMAATXTCR. Writing 1 to the TDE bit in
DMAACR starts transmitting the data.
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( HAC DMA transmit setting )

Select HAC module
by setting PFC.IPSELR

Reset HAC and set operating mode

Codec ready? I

No

Enable interrupt (if necessary)

Enable HAC DMA and transfer started
HACACR.*DMA*EN =1

Set DMAC CHO resource and priority
DMAOR (DMABRG mode)
DMARCR (acceptance priority)
DMARSRA (resource select)

Set DMA transmit address
DMAATXSAR (transmit address)
DMAATXTCR (Number of bytes transferred)

Activate DMAC
DMAACR.TDE =1

Has transfer
been completed?
DMAACR.TDE =02

Continue transfer?

Change DMA resource (if necessary)
Disable interrupt (if necessary)

Disable HAC DMA and transfer completed
HACACR.*DMA*EN =0
HACACR.ST=0

( Transfer end )

( HAC DMA receive setting )

Select HAC module
by setting PFC.IPSELR

Reset HAC and set operating mode

Codec ready?

Enable interrupt (if necessary)

Enable HAC DMA and transfer started
HACACR.*DMA*EN =1

Set DMAC CHO resource and priority
DMAOR (DMABRG mode)
DMARCR (acceptance priority)
DMARSRA (resource select)

Set DMA receive address
DMAARXDAR (receive address)
DMAARXTCR (Number of bytes transferred)

Activate DMAC
DMAACR.RDE =1

Has transfer
been completed?
DMAACR.RDE =02

Continue transfer?

Change DMA resource (if necessary)
Disable interrupt (if necessary)

Disable HAC DMA and transfer completed
HACACR.*DMA*EN =0
HACACR.ST =0

( Transfer end )

Figure11.32 Example of HAC DMA Transfer Operation Flow
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( SSI DMA transmit setting )

Select SSI module
by setting PFC.IPSELR

Set SSI operating mode (transmit)

Enable interrupt (if necessary)

Enable SSI DMA and transfer started
SSICR.DMEN =1
SSICREN=1

Set DMAC CHO resource and priority
DMAOR (DMABRG mode)
DMARCR (acceptance priority)
DMARSRA (resource select)

Set DMA transmit address
DMAATXSAR (transmit address)
DMAATXTCR (Number of bytes transferred)

Activate DMAC
DMAACR.TDE =1

Has transfer
been completed?
DMAACR.TDE = 0?

Continue transfer?

Change DMA resource (if necessary)
Disable interrupt (if necessary)

Disable SSI DMA and transfer completed
SSICR.DMEN =0
SSICR.EN =0

( Transfer end )

( SSI DMA receive setting )

Select SSI module
by setting PFC.IPSELR

Set SSI operating mode (receive)

Enable interrupt (if necessary)

Enable SSI DMA and transfer started
SSICR.DMEN =1
SSICREN=1

Set DMAC CHO resource and priority
DMAOR (DMABRG mode)
DMARCR (acceptance priority)
DMARSRA (resource select)

Set DMA receive address
DMAARXDAR (receive address)
DMAARXTCR (Number of bytes transferred)

Activate DMAC
DMAACR.RDE =1

Has transfer
been completed?
DMAACR.RDE = 0?

Continue transfer?

Change DMA resource (if necessary)
Disable interrupt (if necessary)

Disable SSI DMA and transfer completed
SSICR.DMEN =0
SSICR.EN =0

( Transfer end )

Figure11.33 Example of SSI DMA Transfer Operation Flow
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11.6.6 Auto Reload Function

The DMAC stops a DMA transfer for the HAC or SSI when the transfer of data bytes specified by
DMAATXTCR or DMAARXTCR is complete. When the transfer is compl ete, the settings
specified before the transfer are read out from DMAARXDAR or DMAATXSAR. When
restarting atransfer with the same start address and the same transfer bytes, write 1 to the DMA
activation bit (RDE or TDE bit) in DMAACR to reactivate the DMAC. It is not necessary to re-
specify the DMAARXDAR or DMAATXSAR value.

When the auto reload setting bit (RAR or TAR bit) in DMAACR is 1, the DMAC isautomatically
reactivated and performs transfers between the transmit/receive buffer and audio codec repeatedly.

To terminate a DMA transfer with the auto reload enabled, write 1 to the DMA forced termination
bit (RDS or TDS bit) in DMAACR.

11.6.7 Forced Termination of DM A Audio Transfer

To forcibly terminate a DMA transfer while the transfer of data bytes specified by DMAATXTCR
or DMAARXTCR isincomplete, write 1 to the DMA termination bit (RDS or TDS bit) in
DMAACR. In aforced termination, atransfer end interrupt is also generated.

In aforced termination, the number of transfer bytes remaining on termination isindicated in
DMAATXTCNT or DMAARXTCNT. The DMA audio transfer counter loadsthe DMAATXTCR
or DMAARXTCR value on activation of the DMAC (when the RDE or TDE bitin DMAACR is
set to 1) and is decremented every time a DMA transfer is performed. When resuming the DMA
transfer after aforced termination, check the DMA transfer counter value for transfer progress, re-
specify the start address and number of transfer bytes, and then reactivate the DMAC.

Since DMA audio dataistransferred using FIFO, all received data may not be stored in the receive
buffer at forced termination. When the DMA forced termination bit (RDS bit) in DMAACR is
read as O, the datais completely stored. Re-specifying the registers with the RDS or TDS bit set to
1 does not activate the DMA. Clear the DMA enable hit of the SSI or HAC to 0 before forcibly
terminating atransfer.

Figure 11.34 shows the forced termination procedure for the DMA audio transfer.
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Forced termination and
resume procedure

C | )

Disable interrupt for corresponding transfer
(if necessary)

[1] Stop HAC or SSI DMA transfer

[2] Set termination bit in DMAACR
DMAACR.TDS = 1 (transmitting)
DMAACR.RDS =1 (receiving)

TDS == 07 (transmitting)
RDS == 07? (receiving

Is transfer Yes

=

N

To forcibly terminate DMA transfer in HAC or SSI before the specified bytes are
transferred, disable DMA in HAC or SSI that are being used.

When HAC is in use: HACACR.*DMA*_EN =0

When SSl is in use: SSICREEN=0

With transfer terminate interrupt enabled, it is generated when the terminated
DMA stops completely.

When the DMA stop causes overrun or underrun in HAC or SSI,

the related interrupt should be generated.

To avoid interrupt generation, disable the related interrupts beforehand.

Setting the forced termination bit in DMAACR stops DMA in HAC or SSI.
However, it is only after the completion of the bus cycle being performed that
DMA stops completely.

Activating DMA before it completely stops will not take effect.

To know whether DMA has completely stopped, read the forced termination bit
in DMAACR. When the read value is 1, DMA has not stopped. Make sure that
the forced termination bit in DMAACR is 0 before activating DMA again.

In the receive operation, all received data may not be stored in synchronous
DRAM at the DMA forced termination since received data is temporarily stored
in FIFO first. Therefore, the forced termination bit in DMAACR will be cleared
to 0 when all received data is completely stored in synchronous DRAM.

resuming?

No

Transfer end

Read DMAARXTCNT when receiving or
DMAATXTCNT when trasmitting
to calculate number of transfers remained

Set transfer address and number of bytes
DMAARXDAR/DMAARXTCR (receiving)
DMAATXSAR/DMAATXTCR (transmitting)

Reactivating the related DMA
DMAACR.RDE = 1 (receiving)
DMAACR.TDE = 1 (transmitting)

Set HAC or SSI DMA again

-When HAC is in use:
HACACR.*DMA*_EN =1

-When SSl is in use:
SSICR.DMEN =1

Enable interrupt for corresponding transfer

|

Transfer resume

(if necessary)

Figure11.34 Forced Termination and Resume Proceduresfor DMA Audio Transfer
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GAC/SSI DMA transfer setting (interrupt used»
|

Select HAC/SSI module by setting
PFC.IPSELR

IReset HAC/SSI and set operating mode I

Codec ready?
(Only for HAC)

Enable DMA interrupts
DMABRGCR[31:24] (DMAC side interrupt enable)
INTPRI08[23:20] (interrupt level setting)
INTMSKCLRO0[14:12] (INTC side interrupt enable)

Enable HAC/SSI DMA and transfer started
HACACR.*DMA*_EN = 1 (HAC)
HACACR.AT = 1 (HAC)
SSICR.DMEN =1 (SSI)
SSICR.EN =1 (SSI)

Set DMAC CHO resource and priority
DMAOR (DMABRG mode)
DMARCR (acceptance priority)
DMARSRA (resource select)

Set DMA transfer address
DMAARXDAR (receive address: receiving)
DMAARXTCR (Number of bytes transferred: receiving)
DMAATXSAR (transmit address: transmitting)
DMAATXTCR (Number of bytes transferred: transmitting)

Activate DMAC
DMAACR.RDE = 1 (receiving)
DMAACR.TDE = 1 (transmitting)

Check and clear interrupt event
DMABRGCR([23:16]

Change DMA resource
Disable interrupts
|
Disable HAC/SSI DMA and transfer completed
HACACR.*DMA*EN = 0 (HAC)
HACACR.AT = 0 (HAC)
SSICR.DMEN = 0 (SSI)
SSICR.EN =0 (SSI)

( Transfer end )

Figure11.35 HAC/SSI DMA Transfer Operation Flow Using an Interrupt
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11.6.8 DoubleBuffer Control for Audio Data
There are two types of transfer end interrupts.

* AOTXH, AORXH, A1TXH, or A1RXH (half datatransfer end interrupt)

An interrupt is generated when a half of the transfer size specified by DMAARXTCR or
DMAATXTCR is completed.* ***

* AOTXE, AORXE, A1TXE, or AIRXE (al datatransfer end interrupt)

An interrupt is generated when the whole transfer size specified by DMAARXTCR or
DMAATXTCR is completed.

Using half data transfer end and all data transfer end interrupts makes transfers for consecutive
audio data efficient since half of the transmit/receive buffer can be accessed by the CPU during a
transfer of the other half **

In addition, by enabling the auto reload function (TAR/RAR bit in DMAACR), it is not necessary
to re-specify the registers for the second transfer or later.

Notes: *1.When the transfer size specifiedin DMAARXTCR or DMAATXTCR is4 bytes, a half
data transfer end interrupt is not generated.

*2.When the transfer size specifiedin DMAARXTCR or DMAATXTCR is 8n + 4 bytes
(nisaninteger = 1 or greater) (transfer count is an odd number), a half data transfer
end interrupt is generated when n + 1 transfers are compl eted.

*3.The DMABRG for the HAC or SSI has FIFOs that stores a maximum of 64-byte data
that is pre-fetched on transmit. If a half of the transfer size of audio datais less than 64
bytes, the remaining data in the transmit/receive buffer may aready be stored in the
FIFO when a half data transfer end interrupt is generated. When using the double
buffer control by a half datatransfer end interrupt, configure the transmit/receive buffer
in synchronous DRAM having the size of 128 bytes or more.

11.6.9 HAC/SSI Endian Conversion Function

Dataistransferred between the HAC or SSI and a transmit/receive buffer in 32-bit (longword)
units. When data less than 32 bitsis transferred, the byte order of audio datain the
transmit/receive buffer in synchronous DRAM may differ from the DMA transfer order,
depending on the MD5 pin level which specifies the endian type.

(1) 8-Bit Data Transfer for SS|

When SSI handles the transfer of 8-bit (byte) audio data, data transfer starts from the least-
significant byte as shown in figure 11.36: first the left channel dataisinput to or output from
bits 7 to 0, secondly the right channel dataisinput to or output from bits 15 to 8, and then the
next left channel dataisinput to or output from bits 23 to 16. Selecting big endian mode (MD5
= 0) reguires the conversion for alignment such that the least-significant byte is stored in the
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highest address in the transmit/receive buffer in synchronous DRAM
(DMAACR.TAM[1:0//DMAACR.RAM[1:0] = 01).

Slot data 31-24 | 23-16 15-8 7-0 Slot data 31-24 | 23-16 15-8 7-0
Transfer data R1 L1 RO LO Transfer data R1 L1 RO LO
External bus 31-24 | 23-16 15-8 7-0 External bus 31-24 | 23-16 15-8 7-0
Address on memory side +0 +1 +2 +3 Address on memory side +3 +2 +1 +0
TAM[1:0/RAM[1:0] = 01 LO RO L1 R1 TAM[1:0[/RAM[1:0] = 01 R1 L1 RO LO
TAM[1:0}/RAM[1:0] = 00 TAM[1:0[/RAM[1:0] = 00

Big endian (conversion needed)

Little endian (conversion not needed)

Figure11.36 8-Bit Data Transfer for SS|

(2) 16-Bit Data Transfer for HAC/SS|

When HAC or SSI handles the transfer of 16-bit (word) audio data, data transfer starts from
the least-significant word as shown in figure 11.37: first the left channel datais input to or

output from bits 15 to 0 and then the right channel datais input to or output from bits 31 to 16.

Selecting big endian mode (MD5 = 0) requires the conversion for alignment such that the
least-significant word is stored in the highest address in atransmit/receive buffer in
synchronous DRAM (DMAACR.TAM[1:0]/DMAACR.RAM[1:0] = 10).

Slot data 31-24 | 23-16 | 158 | 7-0 Slot data 3124 | 2316 | 158 | 7-0
Transfer data R L Transfer data R L
External bus 3124 | 2316 | 158 | 7-0 External bus 3124 | 2316 | 158 | 70
Address on memory side +0 +2 Address on memory side +2 +0
TAM[1:0/RAM[1:0] = 01 L R TTAM[1:0/RAMI[1:0] = 01 R L
TAM[1:0/RAM[1:0] = 00 TAM[1:0/RAM[1:0] = 00

Big endian (conversion needed) Little endian (conversion not needed)

Figure 11.37 16-Bit Data Transfer for HAC/SS|

11.6.10 Switching Data for Left and Right Channels

When HAC handles the transfer of 16-bit (word) audio data, it performs the alignment such that
the left channel dataisthe most-significant word and the right channel datais the least-significant
word.

When SSI handles the transfer of 16-bit audio data, however, it performs the alignment such that
the left channel datais the least-significant word and the right channel datais the most-significant
word. Therefore, the difference must be taken into consideration when performing transfers
between HAC and SSI. For DMA transfer of audio data, specify
DMAACR.TAM[1:0]/DMAACR.RAM[1:0] = 10 for one channel to adjust the alignment.
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11.6.11 LCDC DMA Transfer

Figure 11.38 showsaDMA transfer flow for the LCDC.

( Transfer start )

| [1] Set DMAOR, DMATCRO, and DMARSRA so that
DMABRG can be used.

Set DMAC registers 1] [2] Set LCDC registers. For details of LCDC register
settings, see section 30, LCDC Controller (LCDC).
| [3] DMA transfer is started by a DMA transfer request
. output from the LCDC. Data in synchronous DRAM
SetLCDC registers (2] is stored in FIFO of DMABRG.
I: [4] The data stored in FIFO is transmitted to the LCDC.
5] DMA transfer is repeated until the DMA transfer
DMA transfer request from the LCDC is stopped.
Data stored in FIFO [3]
Data transferred to LCDC [4]

5]

Has transfer completed?

Yes

( Transfer end )

Figure11.38 Exampleof LCDC Data Transfer Flow

11.6.12 USB DMA Transfer

The USB contains a 8-kbyte shared memory. It is possible to perform aDMA transfer between the
USB internal shared memory and synchronous DRAM by using the DMABRG.

Figure 11.39 shows a DMA transfer flow between the shared memory and synchronous DRAM.
On thistransfer, specifying the transfer size and number of transfersis not needed. The DMABRG
converts the number of transfer bytes specified by the SZ bitsin DMAURWSZ into the
appropriate transfer data size and the number of transfersto perform a DMA transfer. When the
number of bytes actually transferred reaches the number of transfer bytes specified by the SZ bits
in DMAURWSZ, the UTF bit in DMABRGCR is set to 1 and the DMA transfer is successfully
completed.

When the transfer is continued beyond the shared memory area (H’ FE34 1000 to H' FE34 2FFF), a
USB address error is generated. When a USB address error is detected, the UAF bit in
DMABRGCR is set to 1 and operation ends abnormally.
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C - )
l

Set DMAOR, DMARCR,
and DMARSRA

'

DMABRGCR.UTE =1
DMABRGCR.UAE =1

Set DMAUSAR to transfer
source address

!

Set DMAUDAR to transfer
destination address

v

Set DMAURWS?Z to transfer direction
and transfer data size

'

Specify DMAUCR.CVRT as data
alignment method

v

Start transfer
DMAUCR.START =1

DMABRGCR.UTF = 1? or
RMABRGCR.UAF = 12

Address error
UAF=1

Transfer end successfully
UTF=1

Review transfer settings
DMAUSAR,
DMAUSAR,

DMAURWSZ

1

Clear flag Clear flag
DMABRGCR.UTF =0 DMABRGCR.UAF =0

Data not retransferred?

No more transfer data?

Figure11.39 DMA Transfer Flow
Shared Memory « Synchronous DRAM
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11.6.13 USB Endian Conversion Function

The DMABRG supports the endian conversion function for data transfers between the peripheral
bus and USB bridge bus, and the external bus and USB bridge bus shown in figure 11.40. The data
alignment method of the USB is specified by the CVRT bitsin DMAUCR. The data alignment
method between the peripheral bus and USB bridge bus differs from that between the external bus
and USB bridge bus. Table 11.12 shows the data alignment method between the periphera bus
and USB bridge bus and table 11.13 shows that between the external bus and USB bridge bus.

USB bridge bus Peripheral bus
32 hits 32 bits
usB DMABRG
32 bits 32 bhits
i Bus state
32 hits
External bus t controller

Synchronous
DRAM

Figure 11.40 BusArrangement for Data Alignment

Rev. 1.0, 02/03, page 460 of 1294
RENESAS




Table 11.12 Data Alignment between Peripheral Busand USB Bridge Bus

Transfer Mode Access Size Address Peripheral Bus USB Bridge Bus
Byte boundary mode Byte 4n+0 31 0 | 31 0
Lol [ [ JyL 1T [ Teof
an+1 31 0 | 31 0
L leef [ JyL 1 Jeaf |
an +2 31 0 | 31 0
L [ Jel J|[ lef [ |
an+3 31 0 | 31 0
L | [ fesf|f[es] [ [ |
Word 4n+0 31 0 | 31 0
leofes | [ J|[ | [efeo]
an+2 31 0 | 31 0
L | Jelesf|[es]e2] [ |

Longword 4an +0 31 0 31 0

|BO|Bl|BZ|BS |B3|BZ|Bl|BO|

Word/longword Byte 4n+0 31 0 31 0

boundary leo| | [ J|L L [ Tleo]
mode

4n+1 31 0 31 0

L fe] [ T Jeof |

4n + 2 31 0 31 0

L [ lee[ J|[ e[ [ |

4n+3 31 0 31 0

L[ [ fes||[ee] [ | |

Word 4an +0 31 0 31 0

leofe| [ || [ [eo]ei]

4n + 2 31 0 31 0

L [ leef[es||[e2[ea] | |

Longword 4n+0 31 0 31 0
Too [o1 (52 [ 5] | [o0 o1 [ o2 ] o5]
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Table 11.13 Data Alignment between External Busand USB Bridge Bus

Transfer Mode Access Size Address Peripheral Bus USB Bridge Bus
Byte boundary mode Byte 4an+0 31 0 31 0
Lol [ [ J{L T [ Tleo]
4n+1 31 0 31 0
L lee| [ J|L T Jeaf |
an + 2 31 0 31 0
L | leef [|[ leef [ |
4n+3 31 0 31 0
L | [ fesfff[es] | [ |
Longword 4n+0 31 0 31 0
(50 [ o1 |52 63| | [83] 82] o1 w0
Word/longword Byte 4an +0 31 0 31 0
bound
e Lol [ [ J|L T Jeof |
4n+1 31 0 31 0
L lee| [ J{L T [ [e]
4n + 2 31 0 31 0
L | feef [fl[e]l | [ |
4n+3 31 0 31 0
L | [ fesf|[ Jes|] [ |
Longword 4n+0 31 0 31 0
(60 [ o1 |2 83| | [62] 3] 60 o1

11.6.14 DMABRG Interrupts

The DMABRG issuesthree interrupts: a USB address error interrupt, an all data transfer end
interrupt, and a half data transfer end interrupt. The DMABRG generates a USB address error
interrupt request for aDMA transfer request from the USB, an all data transfer end interrupt
request for aDMA transfer request from the HAC, SSI, or USB, and a half data transfer end
interrupt request for a transfer request from the HAC or SSI. A DMABRG interrupt request is not
generated for aDMA transfer request from the LCDC. When areset is cancelled, the interrupt
priority isin the following order: a USB address error interrupt, an all data transfer end interrupt,
and a half data transfer end interrupt.
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(1) USB AddressError Interrupt Request (DMABRGI0)

When a USB address error occurs with the UAE bit in DMABRGCR set to 1, the DMABRG
sets the UAF bitin DMABRGCR to 1 and outputs an interrupt request to the INTC.

(2) All Data Transfer End Interrupt Request (DMABRGI 1)

When all datatransfer is completed on the receive side for channel 1 of the HAC or SSI with
the AIRXEE bit in DMABRGCR set to 1, the DMABRG sets the AIRXEF hit in
DMABRGCR to 1 and outputs an interrupt request to the INTC.

When all datatransfer is completed on the transmit side for channel 1 of the HAC or SSI with
the AITXEE bit in DMABRGCR set to 1, the DMABRG setsthe AITXEF bit in
DMABRGCR to 1 and outputs an interrupt request to the INTC.

When all datatransfer is completed on the receive side for channel 0 of the HAC or SSI with
the AORXEE bit in DMABRGCR set to 1, the AORXEF bitin DMABRGCR is set to 1 and an
interrupt request is output to the INTC.

When al datatransfer is completed on the transmit side for channel 0 of the HAC or SSI with
the AOTXEE bit in DMABRGCR set to 1, the DMABRG sets the AOTXEF bit in
DMABRGCR to 1 and outputs an interrupt request to the INTC.

When USB datatransfer is completed with the UTE bit in DMABRGCR set to 1, the
DMABRG setsthe UTF bit in DMABRGCR to 1 and outputs an interrupt request to the INTC.

(3) Half Data Transfer End Interrupt Reguest (DMABRGI2)

When datatransfer of half of the bytes specified in DMAARXTCR is completed on the receive
side for channel 1 of the HAC or SSI with the AIRXHE bitin DMABRGCR set to 1, the
DMABRG setsthe AIRXHF bitin DMABRGCR to 1 and outputs an interrupt request to the
INTC.

When datatransfer of half of the bytes specified in DMAARXTCR is completed on the
transmit side for channel 1 of the HAC or SSI with the AITXHE bitin DMABRGCR set to 1,
the AITXHF bit in DMABRGCR is set to 1 and an interrupt request is output to the INTC.

When datatransfer of half of the bytes specified in DMAARXTCR is completed on the receive
side for channel 0 of the HAC or SSI with the AORXHE bitin DMABRGCR set to 1, the
DMABRG sets the AORXHF bitin DMABRGCR to 1 and outputs an interrupt request to the
INTC.

When datatransfer of half of the bytes specified in DMAARXTCR is completed on the
transmit side for channel 0 of the HAC or SSI with the AOTXHE bitin DMABRGCR set to 1,
the DMABRG setsthe AOTXHF bit in DMABRGCR to 1 and outputs an interrupt request to
the INTC.

The DMABRG outputs three types of interrupt requests to the INTC: an al data transfer end
interrupt, a half data transfer end interrupt and an address error interrupt. To know which
interrupt the DMABRG hasissued, read interrupt flag bitsin DMABRGCR. An interrupt flag
bit that is set to 1 indicates the corresponding interrupt has been output.
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11.7 Usage Notes

1.

When modifying SAR, DAR, DMATCR, and CHCR, first clear the DE bit for the relevant
channel.

Inputting an NMI interrupt with the DMAC not operating setsthe NMIF bit in DMAOR.
When DMA transfer is not correctly performed, take the following actions:

Read the NMIF, AE, and DME bitsin DMAOR, the DE and TE bitsin CHCR, and DMATCR
on thisLSl. If the NMIF bit was set before the transfer, the DMATCR indicates the transfer
count that has been specified. If the NMIF bit was set during the transfer, when the DE bitis 1
and the TE bitis0 in CHCR, the DMATCR indicates the number of transfers remaining.

Also, the next addresses to be accessed can be found by reading SAR and DAR.

If the AE bit has been set, an address error has occurred. Check the settingsin CHCR, SAR,
and DAR.

Check that DMA transfer is not in progress before making atransition to module standby state,
standby mode, or deep sleep mode.

Either check CHCR.TE = 1, or set DMAOR.DME = 0 to terminate DMA transfer. Setting
DMAOR.DME = 0 stops the transfer on the completion of the DMA bus cycle currently being
performed. Note, therefore, that transfer may not end immediately, depending on the transfer
datasize. DMA operation is not guaranteed if module standby state, standby mode, or deep
sleep mode is entered without confirming that DMA transfer has ended.

Do not specify aDMAC, cache, BSC, or UBC control register asthe DMAC transfer source or
destination.

When activating the DMAC, make the SAR, DAR, and DMATCR settings for the relevant
channel before setting the DE bit to 1 in CHCR, or make the register settings with the DE bit in
CHCR cleared to O, then set the DE bit to 1. It does not matter whether setting of the DME bit
in DMAOR to 1iscarried out first or last. To operate the relevant channel, the DME and DE
bits must both be set to 1. The DMAC may not operate normally if the SAR, DAR, and
DMATCR settings are not made (with the exception of the unused register in single address
mode).

After the DMATCR count reaches 0 and DMA transfer ends successfully, always write 0 to
DMATCR even when executing the maximum number of transfers on the same channel.
When using falling edge detection for external requests, hold the external request pin high to
make DMAC settings.

When using the DMAC in single address mode, specify an external address as the address.

Specifying an on-chip peripheral module address causes an address error and stops transfers on
all channels.
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Section 12 Clock Pulse Generator (CPG)

This LSl incorporates a clock pulse generator (CPG) that generates a CPU clock (Ick), peripheral
clock (Pck), bus clock (Bck), and module clock (Fck).

The CPG generates the clocks supplied inside the processor and performs power-down mode
control.

121  Features

The CPG has the following features.

Six clock modes

Any of six clock operating modes can be selected, with different division ratio combinations of
the CPU clock, bus clock, and peripheral clock after a power-on reset.

Five clocks

The CPG can generate individually the CPU clock (Ick) used by the CPU, FPU, caches, and
TLB, the peripheral clock (Pck) used by the peripheral modules, the bus clock (Bck) used by
the external businterface, the module clock (Fck), and the DCK clock (DCK).

Frequency change function

The PLL circuits and afrequency divider in the CPG enable the CPU clock, bus clock,
peripheral clock, module clock, and DCK clock frequencies to be changed independently.
Frequency changes are performed by software in accordance with the settingsin FRQCR,
MCKCR, and DCKDR.

PLL on/off control

Power consumption can be reduced by stopping the PLL circuits during low-frequency
operation.

Power-down mode control

It is possible to stop the clock in sleep mode, deep sleep mode, hardware standby mode, and
software standby mode, and to stop specific modules with the module standby function.
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Figure 12.1 shows a block diagram of the CPG.

Oscillation circuits

Frequency
divider 1

x1

v Crystal PLL circuit 1
a2 M
EXTAL . x12 xwia [D—— CPUdock

(Ick) cycle Icyc
MDS8 21—1 x1/8
Peripheral clock
(Pck) cycle Pcyc
Module clock
L (Fck)
Frequency
_D_M, Bus clock
PLL circuit 2 (Bck) cycle Beyc
x1
ckio [X} I
PLL circuit 3 1
pox [
]
Frequency
divider 2
1 CPG control unit
MD2
MD1 E Clock frequency Standby control
control circuit circuit
MDO [X]
STBCR

MCKCR

( Bus interface )
Peripheral bus
Legend:

FRQCR : Frequency control register
DCKDR : Clock division register
MCKCR : Module clock control register
STBCR : Standby control register
STBCR2 : Standby control register 2

Figure12.1 Block Diagram of CPG
Each of the CPG blocks functions as described below.

(1) PLL Circuit1
PLL circuit 1 has afunction for multiplying the clock frequency from the EXTAL pin or
crystal oscillator by 6 or 12. Starting and stopping of this circuit is controlled by the setting
of the frequency control register.

(2) PLL Circuit 2
PLL circuit 2 coordinates the phases of the bus clock and the clock signal output from the
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(4)

()

(6)

()

(8)

(9)

(10)

(11)

(12)

CKIO pin. Starting and stopping of this circuit is controlled by the setting of the frequency
control register.

PLL Circuit 3

PLL circuit 3 coordinates the phases of the bus clock and the clock signal output from the
DCK pin. Starting and stopping of this circuit is controlled by the setting of the clock
division register.

Crystal Oscillator
Oscillation circuits for when acrystal resonator is connected to the XTAL and EXTAL pins.
Usage of the crystal oscillator is enabled by the MD8 pin setting.

Frequency Divider 1
Fregquency divider 1 generates the CPU clock (Ick), bus clock (Bck), and peripheral clock
(Pck). Thedivision ratio is set in the frequency control register.

Frequency Divider 2
Frequency divider 2 generates the clock output from the DCK pin. Thedivision ratio isset in
the clock division register.

Frequency Divider 3
Frequency divider 3 generates the module clock (Fck). The division ratio is set in the module
clock control register.

Clock Freguency Control Circuit
The clock frequency control circuit controls the clock frequency by means of the MD pins,
frequency control register, clock division register, and module clock control register.

Standby Control Circuit
The standby control circuit controls the state of the on-chip oscillation circuits and other
modules when the clock is switched or in sleep and standby modes.

Frequency Control Register (FRQCR)
FRQCR contains control bits for the clock output from the CKI1O pin, on/off of PLL circuits
1 and 2, and frequency division ratios of the CPU clock, bus clock, and peripheral clock.

Clock Division Register (DCKDR)
DCKDR contains control bitsfor the clock output from the DCK pin, on/off of PLL circuit 3,
division ratio of the DCK output clock, and enable/disable of the DCK output clock.

Module Clock Control Register (MCKCR)
MCKCR contains control bits for the division ratio of the module clock.
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(13) Standby Control Register (STBCR)
STBCR contains power-saving mode control bits. For further information on STBCR, see
section 14, Power-Down Modes.

(14) standby Control Register 2 (STBCR2)
STBCR2 contains power-saving mode control bits. For further information on STBCR2, see
section 14, Power-Down Modes.

12.2  Input/Output Pins
Table 12.1 shows the CPG pin configuration and function.

Table12.1 Pin Configuration and Function of an Oscillation Circuit

Pin Name Abbreviation I/0 Function

Mode control pins MDO Input These bits set clock operating mode.
MD1
MD2

Crystal 1/0O pins XTAL Output  Connects crystal resonator.

(clock input pins) EXTAL Input Connects crystal resonator, or used as

external clock input pin.

MD8 Input Selects use/non-use of crystal resonator.
When MD8 = 0, external clock is input from
the EXTAL pin.

When MD8 = 1, crystal resonator is connected
directly to the EXTAL and XTAL pins.

Clock output pins CKIO Output  Used as external clock output pins.
DCK Output Level can also be fixed.

CKIO enable pin CKE Output 0 when CKIO output clock is unstable*.

Note: * Setto 1 by a power-on reset.
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12.3  Clock Operating Modes

Table 12.2 shows the relationship between the combinations of mode control pin (MD2 to MDO)
settings and clock operating modes.

Table 12.3 shows the FRQCR settings and internal clock frequencies.

Table12.2 Clock Operating M odes

Frequency

Clock Pin Combination (vs. Input Clock)

Operating CPU Bus Peripheral FRQCR
Mode MD2 MD1 MDO PLL1 PLL2 Clock Clock Clock Initial Value
0 0 0 0 On (x12) On 12 3 3 H'OE1A
1 0 0 1 On (x12) On 12 3/2 3/2 H'0E2C
2 0 1 0 On (x6) On 6 2 1 H'0E13
3 0 1 1 On (x12) On 12 4 2 H'OE13
4 1 0 0 On (x6) On 6 3 3/2 H'OEOA
5 1 0 1 On (x12) On 12 6 3 H'OEOA
6 1 1 0 Off (x6)  Off 1 1/2 1/2 H'0808

Notes: 1. The multiplication factor of PLL 1 is solely determined by the clock operating mode.
2. For the ranges of input clock frequency, see the descriptions of the EXTAL clock input
frequency (f.,) and CKIO clock output (f,,) in section 33.3.1, Clock and Control Signal
Timing.
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Table12.3 FRQCR Settingsand CPU Clock Frequencies

Frequency Division Ratio

FRQCR

(Lower 9 Bits) CPU Clock Bus Clock Peripheral Clock
H'000 1 1 1/2
H'002 1/4
H'004 1/8
H'008 1/2 1/2
H'00A 1/4
H'00C 1/8
H'011 1/3 1/3
H'013 1/6
H'01A 1/4 1/4
H'01C 1/8
H'023 1/6 1/6
H'02C 1/8 1/8
H'048 1/2 1/2 1/2
H'04A 1/4
H'04C 1/8
H'05A 1/4 1/4
H'05C 1/8
H'063 1/6 1/6
H'06C 1/8 1/8
H'091 1/3 1/3 1/3
H'093 1/6
H'0A3 1/6 1/6
H'ODA 1/4 1/4 1/4
H'0DC 1/8
H'OEC 1/8

H'123 1/6 1/6 1/6
H'16C 1/8 1/8 1/8

Note: Do not set the lower nine bits of FRQCR to values other than those shown in this table.
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124  Register Descriptions

The CPG has the following registers. For details on the addresses of these registers and the state of
registersin each operating mode, see section 32, List of Registers.

Table12.4 Register Configuration (1)

Sync
Register Name Abbrev. R/W P4 Address Area 7 Address Size  Clock
Frequency control register FRQCR R/W  HFFCO0 0000 H'1FCO0 0000 16 Pck
Clock division register DCKDR R/W  H'FEOA 0020 H'1EOA 0020 32 Pck
Module clock control register MCKCR R/W  HFEOA 0024 H'1EOA 0024 32 Pck
Table12.4 Register Configuration (2)
Power-on
Reset Manual Standb
ese Reset by andby
RESET Sleep by
by by Pin/WDT/ by Sleep Software/
RESET WDT/ Multiple  Instruction/by Each
Register Name Abbrev.  Pin H-UDI Exception Deep Sleep Hardware Module
Frequency control register FRQCR **  Retained Retained  Retained * Retained
Clock division register DCKDR  H'0000 0001 Retained Retained Retained
Module clock control register MCKCR  H'0000 0000 Retained Retained Retained

Notes: * After exiting hardware standby mode, this LSI enters the power-on reset state caused
by the RESET pin.

*1. The initial values of bits 11 to 9 are 1, and those of bits 8 to 0 are undefined.
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12.4.1 Frequency Control Register (FRQCR)

FRQCR is a 16-bit readable/writable register that specifies use/non-use of clock output from the
CKIO pin, on/off control of PLL circuits 1 and 2, and the frequency division ratios of the CPU
clock, bus clock, and peripheral clock. FRQCR can only be accessed in words.

FRQCR isinitialized only by a power-on reset viathe RESET pin. Theinitial value of each bitis
determined by the clock operating mode.

Bit: 15 14 13 12 11

10

9

8 7 6 5 4 3 2 1 0

CKO
EN

PLL1
EN

PLL2
EN

IFC2 | IFC1 | IFCO | BFC2| BFC1| BFCO| PFC2| PFC1| PFCO

o
o

Initial value: 0 0 1

1

1

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

Bit Bit Name Initial Value

R/W

Description

15t012 — All 0

R

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

11 CKOEN 1

R/W

Clock Output Enable

Specifies whether a clock is output from the CKIO
pin or the CKIO pin is placed in the high-
impedance state. When the CKIO pin goes to the
high-impedance state, operation continues at the
operating frequency before this state was
entered. When the CKIO pin becomes high-
impedance, it is pulled up. Note that the CKIO pin
is not pulled up in hardware standby mode.

0: CKIO pin goes to high-impedance state
1: Clock is output from CKIO pin

10 PLL1EN 1

R/W

PLL Circuit 1 Enable

Specifies whether PLL circuit 1 is on or off.
0: PLL circuit 1 is not used

1: PLL circuit 1 is used

9 PLL2EN 1

R/W

PLL Circuit 2 Enable
Specifies whether PLL circuit 2 is on or off.

0: PLL circuit 2 is not used
1: PLL circuit 2 is used
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Bit Name

Initial Value

R/W

Description

o N

IFC2
IFC1
IFCO

R/W
R/W
R/W

CPU Clock Frequency Division Ratio Setting
These bits specify the CPU clock frequency
division ratio with respect to the input clock or
PLL circuit 1 output frequency.

000: x 1

001: x 1/2

010: x 1/3

011: x1/4

100: x 1/6

101: x 1/8

Other than above: Setting prohibited

w b~ O

BFC2
BFC1
BFCO

R/W
R/W
R/W

Bus Clock Frequency Division Ratio Setting
These bits specify the bus clock frequency
division ratio with respect to the input clock or
PLL circuit 1 output frequency.

000: x 1

001: x1/2

010: x 1/3

011: x1/4

100: x 1/6

101: x1/8

Other than above: Setting prohibited

O N

PFC2
PFC1
PFCO

R/W
R/W
R/W

Peripheral Clock Frequency Division Ratio
Setting

These bits specify the peripheral clock frequency

division ratio with respect to the input clock or
PLL circuit 1 output frequency.

000: x 1/2
001: x 1/3
010: x 1/4
011:x1/6
100: x 1/8
Other than above: Setting prohibited
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1242

Clock Division Register (DCKDR)

DCKDR is a 32-hit readabl e/writable register that specifies use/non-use of clock output from the
DCK pin and the DCK clock frequency division ratio.

By setting the DIV 1 and DIVO bits, the CKIO clock isdivided by 1, 2, or 3 and supplied to the

DCK pin. Thisdivision ratio setting also allows the DCK clock to be extended to become one to
three CK 10 cycles even while BS2 is being asserted. For details on adjustment of the CS negate
time, see the description of WCR4.

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
R/W: R R R R R R R R R R R R R R R R
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DCK - - - PLL3| DCK
EN EN | ouT DIV1 | DIVO
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
R/W: R R R R R R R R R R R R R/W R/W RW R/W
Bit Bit Name Initial Value R/W Description
31to8 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
7 DCKEN 0 R Indicates whether the DCK output clock is stable
(usable).
0: Unstable (unusable)
1: Stable (usable)
6tod — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
3 PLL3EN 0 R/W PLL Circuit 3 Enable
Specifies whether PLL circuit 3 is on or off.
Writing 1 to this bit turns the on-chip PLL circuit 3
on.
0: PLL circuit 3 is not used. In this case, the DCK
output is fixed at 1.
1: PLL circuit 3 is used.
2 DCKOUT 0 R/W DCK Output Control

Controls the DCK pin state. Writing 1 to this bit
sets the DCK pin at the output state.

0: DCK pin goes to high-impedance state
1: Clock is output from DCK pin
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Bit Bit Name Initial Value R/W Description

1 DIV1 0 R/W Frequency Division Ratio Setting
0 DIVO 1 R/W  These bits specify the DCK clock frequency
division ratio with respect to the CKIO clock.

00: Setting prohibited
01: CKIO x1/1
10: CKIO x 1/2
11: CKIO x 1/3

1243 ModuleClock Control Register (MCKCR)

MCKCR is a 32-bit readable/writable register that specifies the frequency division ratio of the
module clock (Fck).

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

o
o
o
o
o
o
o
o
o
o
o
o

Initial value: 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FLM | FLM | FLM | FLM
CK3 | CK2 | CK1 | CKO
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R RW R/W RW R/W

o
o
o
o
o
o
o
o

Bit Bit Name Initial Value R/W Description

31to4 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.

3 FLMCK3 0 R/W Module Clock Frequency Division Ratio Setting
2 FLMCK2 0 R/W  These bits specify the Fck clock frequency

1 FLMCK1 0 R/W division ratio with respect to the peripheral clock.
0 FLMCKO 0

RIW" 0000: Peripheral clock x 1/1
0001: Setting prohibited
0010: Setting prohibited
0011: Setting prohibited
Other than above: Setting prohibited
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125  Frequency Changing Method

There are two methods of changing the clock frequency: by switching off and on PLL circuit 1,
and by changing the frequency division ratio of each clock. In both cases, control is performed by
software by means of FRQCR, MCKCR, and DCKDR. These methods are described below.

125.1  Switching between PLL Circuit 1 On/Off (When PLL Circuit 2 is Off)

When PLL circuit 1 isturned on, the oscillation stabilization time for PLL circuit 1 isrequired.
The oscillation stabilization time is counted by the on-chip WDT.

1. Setavauein WDT to provide the specified oscillation stabilization time, and stop the WDT.
The following settings are necessary:

TME bitin WTCSR = 0: WDT stopped
CKS2 to CKS0 bitsin WTCSR: WDT count clock frequency division ratio
WTCNT: Initia counter value

2. Setthe PLL1EN bhit to 1.

3. This LSl operation stops temporarily, and the WDT starts counting up. The internal clock stops
and an unstable clock is output to the CKIO pin.

4. After the WDT count overflows, aclock begins to be supplied within the chip, and thisL Sl
resumes operation. The WDT stops after overflowing.

125.2  Switching between PLL Circuit 1 On/Off (When PLL Circuit 2isOn)

When PLL circuit 2 is on, the oscillation stabilization time for PLL circuit 1 and PLL circuit 2 is
required.

1. MakeWDT settingsasin step 1in section 12.5.1.
2. Setthe PLL1EN bit to 1.

3. ThisLSI operation stops temporarily, PLL circuit 1 starts oscillation, and the WDT starts
counting up. The internal clock stops and an unstable clock is output to the CKIO pin.

4. After the WDT count overflows, PLL circuit 2 starts oscillation. The WDT resumes its up-
count from the value set in step 1 above. Even during thistime, the internal clock is stopped
and an unstable clock is output to the CKIO pin.

5. After the WDT count overflows, a clock begins to be supplied within the chip, and thisLS|
resumes operation. The WDT stops after overflowing.
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1253 Changing Bus Clock Frequency Division Ratio (When PLL Circuit 2isOn)

If PLL circuit 2 is on when the bus clock frequency division ratio is changed, the oscillation
stabilization time for PLL circuit 2 isrequired.

1. MakeWDT settingsasin step 1 in section 12.5.1.
2. Set the BFC2 to BFCO bitsto the desired value.

3. ThisLSl stopstemporarily, and the WDT starts counting up. Theinternal clock stops and an
unstable clock is output to the CKIO pin.

4. After the WDT count overflows, aclock begins to be supplied within the chip, and thisL Sl
resumes operation. The WDT stops after overflowing.

1254 Changing Bus Clock Frequency Division Ratio (When PLL Circuit 2 is Off)

If PLL circuit 2 is off when the bus clock frequency division ratio is changed, WDT counting is
not performed.

1. Setthe BFC2 to BFCO bhits to the desired value.
2. The specified clock is switched to immediately.

1255 Changing Frequency Division Ratio of CPU Clock or Peripheral Clock

When the frequency division ratio of the CPU clock or peripheral clock is changed, WDT
counting is not performed.

1. SetthelFC2to IFCO or PFC2 to PFCO hitsto the desired value.
2. The specified clock is switched to immediately.

1256  Switching between PLL Circuit 3 On/Off

When PLL circuit 3 isturned on, the oscillation stabilization time for PLL circuit 3 is required.
The oscillation stabilization time is counted by an on-chip fixed timer. After counting has finished
(oscillation stabilized), the DCKEN bit in DCKDR is set to 1. At thistiming the DCK oscillation
stabilization end can be notified to external devices by using the GPIO to output the value in the
DCKEN hit.

Before turning on/off PLL circuit 1 or 2, changing the bus clock frequency division ratio, or
entering standby mode, make sure to stop PLL circuit 3 (clear the DCKEN bit to 0). After
changing these settings, start PLL circuit 3.
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Turning On PLL Circuit 3

1. Setthe PLL3EN bitin DCKDR to 1.

2. The on-chip fixed timer starts counting up. At thistime, an unstable clock is output to the
DCK pin. The DCKEN hit is cleared to O to indicate that the DCK cannot be used.

3. After the on-chip fixed timer finishes counting, the DCKEN bit is set to 1 to indicate that
DCK oscillation has become stable. For the time until the on-chip fixed timer finishes
counting (oscillation stabilization time), refer to section 33, Electrical Characteristics.

e Turning Off PLL Circuit 3

1. Clear the PLL3EN bitin DCKDR to 0.

1257 Changing DCK Output Clock Division Ratio

Before changing the DCK clock frequency division ratio, be sure to stop oscillation of PLL circuit
3.

1. Clear the PLL3EN bit in DCKDR to 0. Then set the clock frequency division ratio with the
DIVO and DIV1 bitsin DCKDR.

2. Setthe PLL3EN bhit to 1.

3. Theon-chip fixed timer starts counting up. At thistime, an unstable clock is output to the DCK
pin. The DCKEN bit is cleared to 0 to indicate that the DCK cannot be used.

4. After the on-chip fixed timer finishes counting, the DCKEN bit is set to 1 to indicate that DCK
oscillation has become stable.

1258 Controlling DCK Output Clock

The DCK pin can be switched between clock output and the high-impedance state by means of the
DCKOUT bit in DCKDR. When the DCK pin goes to the high-impedance state, it is pulled up.
Make the DCKOUT hit setting after stopping PLL circuit 3.

1. Clear the PLL3EN bit in DCKDR to 0. Then set the DCK pin state with the DCKOUT bhit.
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1259 Controlling CK10 Output Clock

The CKIO pin can be switched between clock output and the high-impedance state by means of
the CKOEN hit in FRQCR. When the CKI10O pin goes to the high-impedance state, it is pulled up.

12.6  Usage Notes

(1) Using a crystal resonator
Place the crystal resonator and capacitors CL1 and CL2 close to the EXTAL and XTAL pins.
To prevent induction from interfering with correct oscillation, ensure that no other signal lines
cross the signal lines for these pins.

CL1 CL2
L—|F4Elk4lj
_—— __ Recommended values
Avoid crossing signal lines 1ER CL1=CL2=0-33pF
———t - R=0Q

EXTAL XTAL

This LSI

Note: The values for CL1, CL2, and the damping resistance should be determined after
consultation with the crystal resonator manufacturer.

Figure12.2 Pointsfor Attention when Using Crystal Resonator

(2) Inputting external clock from EXTAL pin
Make no connection to the XTAL pin.

(3) Using a PLL oscillation circuit
Separate VDD-CPG and V SS-CPG from the other VDD and V SS lines at the board power
supply source, and insert resistors RCB and RB and bypass capacitors CPB and CB, close to
the pins.

Rev. 1.0, 02/03, page 479 of 1294
RENESAS




This LSI

VDD-PLL1

VSS-PLL1

VDD-PLL2

VSS-PLL2

VDD-PLL3

VSS-PLL3

VDD-CPG

VSS-CPG

W\/ RCB1
_L CPB1 Recommended values:
T RCB1=RCB2=RCB3=RB=10Q
CPB1 =CPB2 = CPB3 =10 uF
(Tantalum capacitor)
RCE2 CB=0.1pF .
_l_ /\/\/\/ (Tantalum capacitor)
T CPB2
W\/ RCB3 _—()1
% CPB3 _|_ 15V
WWE
CB 33V

-

7717.

Figure12.3 Pointsfor Attention when Using PLL Oscillation Cir cuit

Rev. 1.0, 02/03, page 480 of 1294
RENESAS




Section 13 Watchdog Timer (WDT)

The WDT isasingle-channel timer used to count the clock stabilization time when exiting standby
mode or atemporary standby state in which the clock frequency is changed. It can be used asa
normal watchdog timer or an interval timer.

131 Features
The WDT has the following features.

» Can be used to secure clock stabilization time

Used when exiting standby mode or atemporary standby state in which the clock frequency is
changed.

» Can be switched between watchdog timer mode and interval timer mode
* Internal reset generation in watchdog timer mode
Aninternal reset is executed on counter overflow.
* Interrupt generation in interval timer mode
Aninterval timer interrupt is generated on counter overflow.
» Selection of eight counter input clocks

Any of eight clocks can be selected, scaled from the x1 clock of frequency divider 1 shown in
figure 12.1 in Section 12, Clock Pulse Generator (CPG).

* Power-on reset or manual reset can be selected.

Figure 13.1 shows a block diagram of the WDT.

WDT

Standby Standby Stagdby
clearing control mode

Frequency
divider 1 x1

Internal reset | Reset D clock
request congro Clock selection Illllll
lrg:l:reus‘:t ~ Izger:trruoy?t Overflow

|WT(¢:SR|—>|WT£3NT|

( Bus interface )

|
Legend: < >

WTCSR : Watchdog timer control/status register
WTCNT : Watchdog timer counter

Figure 13.1 Block Diagram of WDT

Rev. 1.0, 02/03, page 481 of 1294
RENESAS




13.2 Register Descriptions

The WDT has the following registers. These registers control clock selection and timer mode
switching. For details on the addresses of these registers and the state of registersin each operating
mode, see section 32, List of Registers.

Table13.1 Register Configuration (1)

Sync
Register Name Abbrev. R/W P4 Address Area 7 Address  Size Clock
Watchdog timer counter WTCNT R/W H'FFCO 0008 H'1FCO0 0008 8/16**  Pck

Watchdog timer control/status ~ WTCSR R/W H'FFCO 000C H'1FCO0 000C 8/16**  Pck
register

Table13.1 Register Configuration (2)

Power-on Reset Manual Standby
—_ Resethy
RESET Sleep by

by Pin/WDT/ by Sleep Software/

RESET by WDT/ Multiple Instruction/ by Each
Register Name Abbrev. Pin H-UDI Exception Deep Sleep Hardware Module
Watchdog timer counter WTCNT HOO Retained Retained Retained * Retained
Watchdog timer control/status ~ WTCSR H'00 Retained Retained Retained Retained

register

Notes: * After exiting hardware standby mode, this LSI enters the power-on reset state caused
by the RESET pin.

*1. Read: Byte access
Write: Word access

Rev. 1.0, 02/03, page 482 of 1294
RENESAS



13.2.1 Watchdog Timer Counter (WTCNT)

WTCNT isan 8-hit readable/writable counter that counts up on the selected clock. When WTCNT
overflows, areset is generated in watchdog timer mode, or an interrupt is generated in interval
timer mode. WTCNT isinitialized to H'00 only by a power-on reset viathe RESET pin.

To writeto WTCNT, use aword-size access with the upper byte set to H'5A. To read from
WTCNT, use abyte-size access.

Bit: 7 6 5 4 3 2 1 0

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

13.22 Watchdog Timer Control/Status Register (WTCSR)

WTCSR is an 8-bit readable/writable register containing bits for selecting the clock used for
counting and timer mode, and overflow flags.

To writeto WTCSR, use aword-size access with the upper byte set to H'A5. To read from
WTCSR, use a byte-size access.

Bit: 7 6 5 4 3 2 1 0
| TME |WT/W| RSTS |WOVF| IOVF| CKSZl CKSll CKSO0 |
Initial value: 0 0 0 0 0 0 0 0

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

Bit Bit Name Initial Value R/W Description

7 TME 0 R/W  Timer Enable
Specifies starting and stopping of timer operation.
Clear this bit to 0 when using the WDT in standby
mode or to change a clock frequency.

0: Up-count stopped, WTCNT value retained
1: Up-count started

6 WTAT 0 R/W Timer Mode Select
Specifies whether the WDT is used as a watchdog
timer or interval timer. Up counting may not be
performed correctly if this bit is modified while the
WDT is running.

0: Interval timer mode
1: Watchdog timer mode
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Bit Bit Name

Initial Value

R/W

Description

5 RSTS

0

R/W

Reset Select

Specifies the kind of reset to be performed when
WTCNT overflows in watchdog timer mode. This
setting is ignored in interval timer mode.

0: Power-on reset
1: Manual reset

4 WOVF

R/W

Watchdog Timer Overflow Flag

Indicates that WTCNT has overflowed in watchdog
timer mode. This flag is not set in interval timer
mode.

0: No overflow
1: WTCNT has overflowed in watchdog timer mode

3 IOVF

R/W

Interval Timer Overflow Flag

Indicates that WTCNT has overflowed in interval
timer mode. This flag is not set in watchdog timer
mode.

0: No overflow
1: WTCNT has overflowed in interval timer mode

2 CKS2
CKsS1
0 CKSO0

[EnY

[eNeNe]

R/W
R/W
R/W

Clock Select2to 0

These bits select the clock used for the WTCNT
count from eight clocks obtained by dividing the
input clock of Frequency divider 1x1 clock. When
PLL1 is switched on or off, the clock after the
switching is used. The overflow cycles shown below
are for use of a 33-MHz input clock and PLL circuit
1 on (x6).

Clock Division Ratio Overflow Cycle

000: 1/32 41 ps
001: 1/64 82 us
010: 1/128 164 ps
011: 1/256 328 ps
100: 1/512 656 s
101: 1/1024 1.31ms
110: 1/2048 2.62ms
111: 1/4096 5.25 ms

Up counting may not be performed correctly if bits
CKS2 to CKSO0 are modified while the WDT is
running. Always stop the WDT before modifying
these bits.
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13.2.3 Noteson Register Access

WTCNT and WTCSR differ from other registersin being more difficult to write to. The procedure
for writing to these registersis given below.

(1) Writingto WTCNT and WTCSR
These registers must be written to with aword transfer instruction. They cannot be written to
with a byte or longword transfer instruction.

Asshown in figure 13.2, when writing to WTCNT, perform the transfer with the upper byte set
to H'5A and the lower byte containing the write data. When writing to WTCSR, perform the
transfer with the upper byte set to H'A5 and the lower byte containing the write data. This
transfer procedure writes the lower byte datato WTCNT or WTCSR.

WTCNT write

15 8 7 0
Address: H'FFCO0 0008 H'5A Write data
(H'1FCO 0008)

WTCSR write

15 8 7 0
Address: H'FFC0 000C H'A5 Write data
(H'1FCO0 000C)

Figure13.2 Writingto WTCNT and WTCSR
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13.3 Operation

13.3.1 Standby Clearing Procedure

The WDT is used when clearing standby mode by means of an NMI or other interrupt. The
procedure is shown below. (Asthe WDT does hot operate when standby mode is cleared with a
reset, the RESET pin should be held low until the clock stabilizes.)

1.

Be sure to clear the TME bit in WTCSR to 0 before making a transition to software standby
mode. If the TME bit is set to 1, an inadvertent reset or interval timer interrupt may be caused
when the count overflows.

Select the count clock to be used with bits CKS2 to CKS0 in WTCSR, and set the initial value
in WTCNT. Make these settings so that the time until the count overflowsis at least aslong as
the clock oscillation stabilization time. Make atransition to software standby mode, and stop
the clock, by executing a SLEEP instruction.

The WDT starts counting on detection of an NMI signal transition edge or an interrupt.

When the WDT count overflows, the CPG starts clock supply and the processor resumes
operation. The WOVF flag in WTCSR is not set at thistime.

The counter stops at a value of H'00 to H'01. The value at which the counter stops depends on
the clock ratio.

13.3.2  Frequency Changing Procedure

The WDT is used when changing the clock frequency by means of the PLL. It is not used when
the frequency is changed ssimply by switching between frequency dividers.

1.

Be sure to clear the TME bit in WTCSR to 0 before making a frequency change. If the TME
bit is set to 1, an inadvertent reset or interval timer interrupt may be caused when the count
overflows.

Select the count clock to be used with bits CKS2 to CKS0 in WTCSR, and set the initial value
in WTCNT. Make these settings so that the time until the count overflowsis at least aslong as
the clock oscillation stabilization time.

When FRQCR is modified, the clock stops. The WDT starts counting. For details of FRQCR,
see section 12.4.1, Frequency Control Register (FRQCR).

When the WDT count overflows, the CPG resumes clock supply and the processor resumes
operation. The WOVF flag in WTCSR is not set at thistime.

The counter stops at a value of H'00 to H'01. The value at which the counter stops depends on
the clock ratio.

When re-setting WTCNT immediately after modifying FRQCR, first read the counter and
confirm that its value is as described in step 5 above.
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13.3.3 Using Watchdog Timer Mode

1.

Set the WT/IT bit in WTCSR to 1, select the type of reset with the RSTS bit, and the count
clock with bits CKS2 to CKS0, and set the initial valuein WTCNT.

When the TME bit in WTCSR is set to 1, the count startsin watchdog timer mode.

During operation in watchdog timer mode, write H'00 to the counter periodically so that it does
not overflow.

When the counter overflows, the WDT setsthe WOVF flagin WTCSR to 1, and generates a
reset of the type specified by the RSTS bit. The counter then continues counting.

13.3.4 UsingInterval Timer Mode

When the WDT is operating in interval timer mode, an interval timer interrupt is generated each
time the counter overflows. This enables interrupts to be generated at fixed intervals.

1.

Clear the WT/IT bitin WTCSR to 0, select the count clock with bits CKS2 to CK S0, and set
theinitial valuein WTCNT.

When the TME bit in WTCSR is set to 1, the count startsin interval timer mode.

When the counter overflows, the WDT setsthe IOVF flag in WTCSR to 1, and sends an
interval timer interrupt request to INTC. The counter continues counting.

Rev. 1.0, 02/03, page 487 of 1294
RENESAS



Rev. 1.0, 02/03, page 488 of 1294
RENESAS



Section 14 Power-Down Modes

In power-down modes, some of the on-chip peripheral modules and the CPU functions are halted,
enabling power consumption to be reduced.

The following power-down modes and functions are provided.

Sleep mode

Deep deep mode
Software standby mode
Hardware standby mode
Module standby function

Table 14.1 shows the conditions for entering these modes from the program execution state, the
status of the CPU and peripheral modules in each mode, and the method of exiting each mode.
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Table14.1 Statusin Power-Down Modes

Power- Status
Down Entering On-Chip  Peripheral External Exiting
Mode Conditions CPG CPU Memory Modules Pins Memory Method
Sleep SLEEP Operating Halted Retained Operating Retained Refresh- < Interrupt
mode instruction (registers ing « Reset

executed while retained)

STBY bitis 0in

STBCR
Deep SLEEP Operating Halted Retained Operating Retained Self- * Interrupt
sleep instruction (registers (DMA refreshing « Reset
mode executed while retained) halted)

STBY bitis 0in

STBCR, and

DSLP bitis 1 in

STBCR2
Software SLEEP Halted Halted Retained Halted Retained Self- * Interrupt
standby instruction (registers refreshing « Reset
mode executed while retained)

STBY bitis 1in

STBCR
Hardware Setting CA pin Halted Halted Undefined Halted High- Undefined * Power-on
standby to low level impe- reset
mode dance

state

Module * Setting MSTP Operating Operating Retained Specified Retained Refresh- * Clearing
standby ~ bitto 1in modules ing MSTP
function ~ STBCR halted and

« Setting CSTP CSTP

bitto 1 in bits to 0
CLKSTPOO * Reset
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14.1  Input/Output Pins

Table 14.2 shows the pins used for power-down mode control.

Table14.2 Pin Configuration

Pin Name Abbreviation I/O Function
Processing status 1 STATUS1 Output Indicate the processor's operating status.
Processing status 0 STATUSO STATUS1 STATUSO  Operating Status
High High Reset
High Low Sleep mode
Low High Standby mode
Low Low Normal operation
Hardware standby CA Input A transition to hardware standby mode is
request made by inputting a low-level to the pin.

14.2 Register Descriptions

The following registers are used for power-down mode control. For details on the addresses of
these registers and the state of registersin each operating mode, see section 32, List of Registers.

Table14.3 Register Configuration (1)

Sync
Register Name Abbrev. R/W P4 Address Area 7 Address  Size C)IIOCK
Standby control register STBCR R/W  H'FFCO0 0004 H'1FCO0 0004 8 Pck
Standby control register 2 STBCR2 R/W  H'FFCO0 0010 H'1FCO0 0010 8 Pck
Clock stop register 00 CLKSTPOO R/W  H’FEOA 0000 H’1EOA 0000 32 Pck
Clock stop clear register 00 CLKSTPCLR0OO0 W H'FEOA 0010 H'1EOA 0010 32 Pck
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Table14.3 Register Configuration (2)

Manual Standby
Reset by
Power-on RESET Sleep by
Reset by Pin/WDT/ by Sleep Software/
RESET Pin/ Multiple Instruction/ by Each
Register Name Abbrev. WDT/H-UDI Exception Deep Sleep Hardware Module
Standby control register STBCR H'00 Retained  Retained * Retained
Standby control register 2 STBCR2 H'00 Retained Retained Retained
Clock stop register 00 CLKSTPOO H’0000 0000 Retained Retained Retained
Clock stop clear register 00 CLKSTPCLR00 [ a Retained Retained

Notes: * After exiting hardware standby mode, this LSI enters the power-on reset state caused
by the RESET pin.

14.21 Standby Control Register (STBCR)

STBCR is an 8-hit readable/writable register that specifies the power-down mode status.

Bit: 7 6 5 4 3 2 1 0
[stv] - [ - [wsted - Jused - | - |
Initial value: 0 0 0 0 0 0 0 0

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

Bit Bit Name Initial Value R/W Description

7 STBY 0 R/W  Standby
Specifies a transition to software standby mode.

0: Transition to sleep mode on execution of
SLEEP instruction

1: Transition to software standby mode on
execution of SLEEP instruction

6,5 ad AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
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Bit Bit Name Initial Value R/W

Description

4 MSTP4 0 R/W

Module Stop 4

Specifies stopping of the clock supply to the
DMAC among the peripheral modules. When DMA
transfer is used, stop the transfer before setting
this bit to 1. When DMA transfer is performed after
clearing this bit to 0, DMAC settings must be
made again.

0: DMAC operates
1: DMAC clock supply is stopped

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

2 MSTP2 0 R/W

Module Stop 2
Specifies stopping of the clock supply to the TMU
among the peripheral modules.

0: TMU operates
1: TMU clock supply is stopped

All O R

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

1422

Standby Control Register 2 (STBCR2)

STBCR2 is an 8-bit readabl e/writable register that specifies the sleep mode and deep sleep mode

transition conditions.

Bit: 7 6 4 3 2 1 0
| DSLP| STHZ| | - | - | |MSTP6|MSTP5|
Initial value: 0 0 0 0 0 0 0
RIW: RW R/W R R R RW RW
Bit Bit Name Initial value R/W Description
7 DSLP 0 R/W Deep Sleep

Specifies a transition to deep sleep mode

0: Transition to sleep mode or standby mode on
execution of SLEEP instruction, according to
setting of the STBY bit in STBCR

1: Transition to deep sleep mode on execution of
SLEEP instruction when the STBY bit in
STBCRIis 0.
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Bit Bit Name Initial value

R/W

Description

6 STHZ 0

R/W

STATUS Pin High-Impedance Control

Selects whether the STATUSO and STATUSL pins
are set to high-impedance in hardware standby
mode.

0: Sets STATUSO and STATUSL pins to high-
impedance in hardware standby mode

1: Drives STATUSO pin low and STATUSL1 pin
high in hardware standby mode

5to2 — All O

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

1 MSTP6 0

R/W

Module Stop 6

Specifies that the clock supply to the store queue
(SQ) in the cache controller (CCN) is stopped.
Setting the MSTP6 bit to 1 stops the clock supply
to the SQ, and the SQ functions are therefore
unavailable.

0: SQ operating
1: Specifies stopping of the clock supply to the SQ
among the peripheral module.

0 MSTP5 0

R/W

Module Stop 5
Specifies stopping of the clock supply to the UBC
among the peripheral module.

0: UBC operating
1: UBC clock supply is stopped
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14.2.3

Clock Stop Register 00 (CLK STPQ0)

CLKSTPOO is a 32-hit readable/writable register that controls the operating clock for peripheral
modules. The clock supply is stopped by writing 1 to the corresponding bit in CLK STPOO.

The clock supply is restarted by writing 1 to the corresponding bit in CLKSTPCLRO0O0. Writing O
to CLKSTPOO will not change the bit value.

Table 14.4 shows which module each bit is assigned to.

Bit:

Initial value:
R/IW:

Bit:

Initial value:
R/W:

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CSTP|CSTP|CSTP|CSTP|CSTP |CSTP |CSTP |CSTP | CSTP|CSTP CSTP|CSTP CSTP|CSTP
31 30 29 28 27 26 25 24 23 22 20 19 17 16
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CSTP|CSTP | CSTP|CSTP| CSTP|CSTP | CSTP| CSTP CSTP
15 14 13 12 11 10 9 8 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table14.4 Bit Assignment of CLKSTP0O and CLKSTPCLRO00

Bit Bit Bit Bit

No. Bit Name Module No. Bit Name Module No. Bit Name Module No. Bit Name Module
31 CSTP31 SSI(1) 23 CSTP23 MFI 15 CSTP15 HAC(0) 7 | g

30 CSTP30 SSI(0) 22 CSTP22 HSPI 14 CSTP14 ADC 6 O ad

29 CSTP29 SCIF(2) 21 O O 13 CSTP13 HCAN2(1) 5 | |

28 CSTP28 SCIF(1) 20 CSTP20 LCDC 12 CSTP12 HCAN2(0) 4 O O

27 CSTP27 SCIF(0) 19 CSTP19 USB 11 CSTP11 DMABRG 3 g g

26  CSTP26 I’C(1) 18 O O 10 CSTP10 GPIO 2 | |

25 CSTP25 I’C(0) 17 CSTP17 CMT 9 CSTP9 MMCIF 1 g g

24 CSTP24 SIM 16 CSTP16 HAC(1) 8 CSTPS8 DMAC 0 CSTPO INTC

RENESAS
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14.2.4  Clock Stop Clear Register 00 (CLKSTPCLRO00)

CLKSTPCLROO is a 32-bit write-only register that is used to clear corresponding bitsin
CLKSTPOO0. Write 1 to the corresponding bits in CLKSTPCLROO to restart supplying the clock.
Table 14.4 shows which module each bit is assigned to.

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

[N N N N I I

Initial value: 0 0 0 0 0 0
RW: W w w w w w w w w w w w w w w w

o
o
o
o
o
o
o
o
o
o

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

Initial value: | I I I I I I I I I I I I I I I

RIW: W w W w w w w w W w w W w w w w

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

143 Operation

1431 Sleep Mode

(1) Transition to Sleep Mode

If aSLEEP instruction is executed when the STBY bit in STBCR is cleared to 0, the chip
switches from the program execution state to deep mode. After execution of the SLEEP
instruction, the CPU halts but its register contents are retained. The peripheral modules
continue to operate, and the clock continues to be output from the CK10 pin.

In sleep mode, a high-level signal isoutput at the STATUSL pin, and alow-level signal at the
STATUSO pin.

(2) Exit from Sleep Mode

Sleep mode is exited by means of an interrupt (NMI, IRL, IRQ, GPIO, or peripheral module)
or areset.

In sleep mode, interrupts are accepted even if the BL bit in SR is 1. If necessary, SPC and SSR
should be saved to the stack before executing the SLEEP instruction.

(a) Exit by interrupt
When an NMI, IRL, IRQ, GPIO, or peripheral module interrupt is generated, sleep modeis
exited and the interrupt exception handling is executed. The code corresponding to the
interrupt sourceisset in INTEVT.

(b) Exit by reset
Sleep mode is exited by means of a power-on or manual reset.
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14.3.2 Deep Sleep Mode

(1) Transition to Deep Sleep Mode
If a SLEEP instruction is executed when the STBY bit in STBCR is cleared to 0 and the DSLP
bit in STBCR2 is set to 1, the chip switches from the program execution state to deep sleep
mode. After execution of the SLEEP instruction, the CPU halts but its register contents are
retained. Except for the DMAC, peripheral modules continue to operate. The clock continues
to be output to the CKIO pin, but al bus access (including auto refresh) stops. When using
memory that requires refreshing, select self-refreshing mode prior to making the transition to
deep sleep mode. Terminate DMA transfers prior to making the transition to deep sleep mode.
If you make atransition to deep sleep mode while DMA transfers are in progress, the results of
those transfers cannot be guaranteed.

In deep sleep mode, a high-level signal is output at the STATUSL pin, and alow-level signal at
the STATUSO pin.

(2) Exit from Deep Sleep Mode
Aswith sleep mode, deep sleep mode is exited by means of an interrupt (NMI, IRL, IRQ,
GPIO, or peripheral module) or areset.

14.3.3 Software Standby Mode

(1) Transition to Software Standby M ode

If a SLEEP instruction is executed when the STBY bit in STBCRis set to 1, the chip switches
from the program execution state to software standby mode. In software standby mode, the
clock and peripheral modules halt as well asthe CPU. Clock output from the CKI1O pinisaso
stopped.

The CPU and cache register contents are retained. Some peripheral module registers are
initialized.

The procedure for atransition to software standby mode is shown below.

(a) Clear the TME bit in WTCSR of the WDT to 0, and stop the WDT.
Set theinitia value for up counting in WTCNT of the WDT, and set the clock to be used
for up counting in bits CKS2 to CKS0 in WTCSR.

(b) Set the STBY bit in STBCR to 1, then execute a SLEEP instruction.

(c) When software standby mode is entered and the LSI's internal clock stops, alow-level
signal isoutput at the STATUSL pin, and a high-level signal at the STATUSO pin.

(2) Exit from Softwar e Standby Mode

Software standby mode is exited by means of an interrupt (NMI, IRL, IRQ*, or GPIO) or a
reset viathe RESET and MRESET pins.
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Note: * Software standby mode can be cleared by an IRQ4 or IRQ5 interrupt, but not by an IRQ6
or IRQ7 interrupt.

(a) Exit by interrupt
A hot start can be performed by means of the on-chip WDT. When an NMI, IRL, IRQ, or
GPIO interrupt is detected, the WDT starts counting. After the count overflows, clocks are
supplied to the entire L SI, software standby mode is exited, and the STATUS1 and
STATUSO pins both go low. Interrupt exception handling is then executed, and the code
corresponding to the interrupt sourceis set in INTEVT. In standby mode, interrupts are
accepted even if the BL bit inthe SR register is 1, and so, if necessary, SPC and SSR
should be saved to the stack before executing the SLEEP instruction.
The phase of the CKIO pin clock output may be unstable immediately after an interrupt is
detected, until software standby mode is exited.

(b) Exit by reset
Software standby mode is exited by means of areset (power-on or manual) viathe RESET
pin. The RESET pin should be held low until clock oscillation stabilizes. The internal clock
continues to be output at the CKI0O pin.

(3) Clock Pause Function

In software standby mode, it is possible to stop or change the frequency of the clock input
from the EXTAL pin. Thisfunction is used as follows.

(a) Enter software standby mode following the transition procedure described above.

(b) When software standby mode is entered and the LSI's internal clock stops, alow-level
signal isoutput at the STATUSL pin, and a high-level signal at the STATUSO pin.

(c) Theinput clock is stopped, or its frequency changed, after the STATUSL pin goes low and
the STATUSO pin high.

(d) When the frequency is changed, input an NMI interrupt after the change. When the clock is
stopped, input an NMI interrupt after applying the clock.

(e) After thetime set in the WDT, clock supply beginsinside the LSI, the STATUS1 and
STATUSO pins both go low, and operation is resumed from interrupt exception handling.

14.34 Module Standby Function

(1) Transition to Module Standby Function
Setting 1 to the MSTP6 to MSTP4 and MSTP2 bitsin STBCR and STBCR2, and the CSTP31
to CSTPO bitsin CLKSTPOO enables the clock supply to the corresponding peripheral modules
to be halted. Use of this function allows power consumption in sleep mode to be further
reduced.

In the module standby state, the peripheral module external pins retain their states prior to
halting of the modules, and most registers retain their states prior to halting of the modules.
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(2) Exit from Module Standby Function

In the case of STBCR and STBCR2, the module standby function is exited by writing O to the
MSTP6 to MSTP4 and MSTP2 hits. In the case of CLKSTPOO, the module standby function is
exited by writing 1 to the corresponding bit in CLKSTPCLRQO.

The module standby function is also exited by means of a power-on reset viathe RESET pin or
a power-on reset caused by watchdog timer overflow.

14.35 Hardware Standby Mode

(1) Transition to Hardwar e Standby M ode

Setting the CA pin level low effects atransition to hardware standby mode. Note that the CA
pin must be continuously held low while in hardware standby mode. In this mode, all modules
stop, as in software standby mode selected using the SLEEP instruction.

Hardware standby mode differs from software standby mode in the following points:

(a) Interrupts and manual resets are not available.

(b) All output pins other than the STATUS pins are in the high-impedance state and the pull-up
resistanceis off.

Operation when alow-level isinput to the CA pin in software standby mode depends on the
CPG status, as follows:

(@) In software standby mode
The clock remains stopped and a transition is made to the hardware standby state.

(b) When WDT is operating at the time software standby mode is exited by interrupt
After software standby mode is momentarily exited and the CPU restarts operation, a
transition is made to hardware standby mode.

(2) Exit from Hardware Standby Mode
Hardware standby mode is exited by means of a power-on reset viathe RESET pin.

14.3.6 STATUSPin Change Timing

Thetiming of STATUS1 and STATUSO pin changes is shown below.
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(1) In Reset
(@) Power-on reset

coo LML LTI L L LY

—_— | .

' PLL stabilization H H

i time T :

RESET I I 1
STATUS Normal*1 E >'< | Reset*2 X Normal*1

: 0-30 Beyc*3

0-5 Bcyc*3

Notes: 1. Normal :LL (STATUSL1 is low and STATUSO is low)
2. Reset :HH (STATUSL1 is high and STATUSO is high)
3. Beyc : Bus clock cycle

Figure14.1 STATUS Output in Power-On Reset

(b) Manual reset

eco LT LML LM M L M L L

RESET (High)

MRESET*®

STATUS Normal*?

Reset*3 >< Normal *2

B —

______><_____.__________.____

! 0-30 Beyc *4 :
>0 Beyc*1*4

Notes: 1. Ina manual reset, STATUS = HH (reset) is set and an internal reset started after waiting
until the end of the currently executing bus cycle
2. Normal .| (STATUSL is low and STATUSO is low)
- Reset :HH (STATUSL is high and STATUSO is high)
4. Beye : Bus clock cycle

w

Figure14.2 STATUSOutput in Manual Reset
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(2) In Exit from Software Standby Mode
() Software standby - Interrupt

Oscillation stops Interrupt request WDT overflow

cco LTI | I\'HTI'I'PZ[D‘I_I\‘I_I‘I_I‘I

WDT count :

|
1
X Normal*

STATUS Normal** X Standby *2

Notes: 1. Normal :LL (STATUSL is low and STATUSO is low)
2. Standby :LH (STATUSL1 is low and STATUSO is high)

Figure14.3 STATUS Output in Sequence of Software Standby — Interrupt

(b) Software standby — Power-on reset

Oscillation stops Reset

o

oo 1T [T

:
:

RESET*!

E Undefined
STATUS Normal*2 X Standby*3 ><& Reset*4

X Normal*2

-

"0-30 Beyc*S

0-10 Bcyc*S

Notes: 1. When standby mode is exited by means of a power-on reset, a WDT count is not
performed. Hold RESET low for the PLL oscillation stabilization time.

. Normal :LL (STATUSL1 is low and STATUSO is low)

. Standby : LH (STATUSL is low and STATUSO is high)

. Reset :HH (STATUSL1 is high and STATUSO is high)

. Bcyc  :Bus clock cycle

apswN

Figure14.4 STATUS Output in Sequence of Software Standby — Power-On Reset
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(c) Software standby — Manual reset

Oscillation stops Reset

|

RESET  (High)

MRESET*1 | |
STATUS Normal*2 X Standby*3 XUndefined : E Reset*4 X Normal*2
0-30 Beyc*S " 0-20 Beyc*s

Notes: 1. When standby mode is exited by means of a manual reset, a WDT count is not
performed. Hold MRESET low for the PLL oscillation stabilization time.

2. Normal :LL (STATUSLI is low and STATUSO is low)

3. Standby : LH (STATUS1 is low and STATUSO is high)
4. Reset :HH (STATUS1 is high and STATUSO is high)
5. Bcyc  :Bus clock cycle

Figure14.5 STATUS Output in Sequence of Software Standby - Manual Reset

(3) InExit from Sleep Mode
(@ Sleep - Interrupt

Interrupt request

|

h
h
|
h
!
|

X Normal*1
\

STATUS Normal*1 X Sleep*2

Notes: 1. Normal : LL (STATUSL1 is low and STATUSO is low)
2. Sleep :HL (STATUSL1 is high and STATUSO is low)

Figure14.6 STATUS Output in Sequence of Sleep — Interrupt
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(b) Sleep -

Power-on reset

Reset

RESET*!

STATUS

Normal*2

Undefined

Reset*4

—_— —

0-10 Beycts

P
=]
3
L
*
N

© 0-30 Beyc*s '

Notes: 1. When sleep mode is exited by means of a power-on reset, hold RESET low for the
oscillation stabilization time.

2. Normal :LL (STATUSL1 is low and STATUSO is low)
3. Sleep :HL (STATUSL1 is high and STATUSO is low)
4. Reset :HH (STATUSLI is high and STATUSO is high)
5. Bcyc  :Bus clock cycle

Figure14.7 STATUS Output in Sequence of Sleep —» Power-On Reset

(c) Sleep -

Manual reset

Reset

RESET (High)

______><________._______ I

______><________________ R

MRESET*!
STATUS Normal*2 Sleep*3 Reset*4 X Normal*2
0-30 Bcyc*S 0-30 Bcyc*s
Notes: 1. Hold MRESET low until STATUS = reset.

1
2
3.
4
5

. Normal : LL (STATUS1 is low and STATUSO is low)

Sleep :HL (STATUSL1 is high and STATUSO is low)

. Reset :HH (STATUSL1 is high and STATUSO is high)
. Bcyc  :Bus clock cycle

Figure14.8 STATUS Output in Sequence of Sleep - Manual Reset
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(4) InExit from Deep Sleep Mode
(@) Deepdeep - Interrupt

Interrupt request

|

h
h
|
h
1
|
>< Normal*1
\
h
|

STATUS Normal*1 X Sleep*2

Notes: 1. Normal : LL (STATUSL1 is low and STATUSO is low)
2. Sleep :HL (STATUS1 is high and STATUSO is low)

Figure14.9 STATUS Output in Sequence of Deep Sleep — Interrupt

(b) Deepdeep - Power-on reset

Reset

|

RESET*! [

X Normal*2

'
'
'

-— >
'

— Undefined
STATUS Normal*2 >< Sleep*3 ><-,5< Reset*4

0-10 BCyC*S - 0-30 BCyC*5

Notes: 1. When deep sleep mode is exited by means of a power-on reset, hold RESET low for the
oscillation stabilization time.

. Normal : LL (STATUSL is low and STATUSO is low)

. Sleep :HL (STATUSL1 is high and STATUSO is low)

. Reset :HH (STATUSL1 is high and STATUSO is high)

. Beye : Bus clock cycle

a b~ wN

Figure14.10 STATUS Output in Sequence of Deep Sleep — Power-On Reset
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(c) Deepdeep - Manual reset

Reset

|

RESET (High)

><.-.-.------.-.-. R

______><________._______ I

MRESET*1
STATUS Normal*2 Sleep*3 A Reset*4 A Normal*2
0-30 Beyc*5 I 0-30 Bcyc*S I
Notes: 1. Hold MRESET low until STATUS = reset.

1

2. Normal : LL (STATUSL1 is low and STATUSO is low)
3. Sleep :HL (STATUS1 is high and STATUSO is low)
4. Reset :HH (STATUS1 is high and STATUSO is high)
5. Bcyc  :Bus clock cycle

Figure14.11 STATUSOutput in Sequence of Deep Sleep - Manual Reset
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14.3.7 Hardware Standby Mode Timing

Figure 14.12 shows the timing of the signals of the respective pinsin hardware standby mode.
The CA pin level must be kept low whilein hardware standby mode.
After setting the RESET pin level low, the clock starts when the CA pin level is switched to high.

cwo [T
—

RESET j

STATUS Normal*1*2 X\ Standby*3 >.<Undefined Reset*4
0-10 Bcyc*5 0-10 Bcyc*S
Waiting for end of bus cycle
Notes: 1. Same in sleep and reset.

1
2. Normal .|| (STATUSL1 is low and STATUSO is low)
3. Standby .| H (STATUS1 is low and STATUSO is high)
4. Reset : HH (STATUSL1 is high and STATUSO is high)
5. Beye : Bus clock cycle

Figure14.12 Hardware Standby Mode Timing
(When CA = Low in Normal Operation)
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Interrupt request ~ WDT overflow

CKIO ”” ””l”lbﬁ
]

RESET (High)

X Normal*2

/ 0-10 Beyc*3

WDT count

STATUS  Standby*? Standby*?!

Notes: 1. Standby :LH (STATUSL is low and STATUSO is high)
2. Normal  :LL (STATUSL is low and STATUSO is low)
3. Beyc : Bus clock cycle

Figure 14.13 Hardware Standby Mode Timing
(When CA =Low in WDT Operation)

REseT | (¢

' max.50 ps !

Note: * Vppg, Vop-cre

Figure14.14 Timing when Power is Off
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Section 15 Timer Unit (TMU)

This LSl includes an on-chip 32-bit timer unit (TMU) which has three channels (channels 0 to 2).

151 Features

The TMU has the following features.

Auto-reload type 32-bit down-counter provided for each channel
Input capture function provided in channel 2

Selection of rising edge or falling edge as external clock input edge when external clock is
selected or input capture function is used for each channel

32-bit timer constant register for auto-reload use, readable/writable at any time, and 32-bit
down-counter provided for each channel

Selection of six counter input clocks for each channel

External clock (TCLK), five peripheral clocks (Pck/4, Pck/16, Pck/64, Pck/256, and Pck/1024)
(Pck isthe peripheral clock)

Two interrupt sources
One underflow source (each channel) and one input capture source (channel 2)
DMAC data transfer request capability

In channel 2, adatatransfer request is sent to the DMAC when an input capture interrupt is
generated.
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Figure 15.1 shows a block diagram of the TMU.

RESET, TUNEO, Pck/4, Pck/16,
STBY,etc. TUNE1 Pck/64* TUNI2 ICPI2 TCLK
R N
T™MU TCLK
operation Prescaler 1 controller
controller
To each To channels
channel 0to2
TSTR
L=
Channels0and 1 | Channel 2
I | N
Interrupt Interrupt
Counter controller Counter controller
| Tcr | | TcOR |+ TCNT || || TCR2 | [TCOR2} TCNT2 |+ TCPR2|
4 4 | AN | 4 4 y
v Y Y Y Y Y Y
I Bus interface I
o )
-« Peripheral bus m—

Note: * Internal signals with 1/4, 1/16, or 1/64 of the Pck frequency and supplied to the on-chip peripheral modules.

Legend:

TSTR : Timer start register

TCOR : Timer constant register

TCNT : Timer counter

TCR  : Timer control register

TCPR2 : Input capture register 2 (only in channel 2)

Figure 15.1 Block Diagram of TMU

15.2  Input/Output Pins
Table 15.1 shows the TMU pin configuration.

Table15.1 Pin Configuration

Pin Name Abbreviation 110

Function

Clock input TCLK Input

External clock input pin/input capture
control input pin

Rev. 1.0, 02/03, page 510 of 1294

RENESAS




15.3 Register Descriptions

The TMU has the following registers. For details on the addresses of these registers and the state
of registersin each operating mode, see section 32, List of Registers.

Table15.2 Register Configuration (1)

n

Ch. Register Name Abbrev. R/W P4 Address Area 7 Address Size ?o;k
Common Timer start register TSTR R/W  H'FFD8 0004 H'1FD8 0004 8 Pck
0 Timer constant register 0 TCORO R/W H'FFD8 0008 H'1FD8 0008 32 Pck
Timer counter 0 TCNTO R/W  HFFD8 000C H'1FD8 000C 32 Pck
Timer control register 0 TCRO R/W  HFFD8 0010 H'1FD8 0010 16 Pck
1 Timer constant register 1 TCOR1 R/W H'FFD8 0014 H'1FD8 0014 32 Pck
Timer counter 1 TCNT1 R/W  HFFD8 0018 H'1FD8 0018 32 Pck
Timer control register 1 TCR1 R/W H'FFD8 001C H'1FD8 001C 16 Pck
2 Timer constant register 2 TCOR2 R/W  H'FFD8 0020 H'1FD8 0020 32 Pck
Timer counter 2 TCNT2 R/W H'FFD8 0024 H'1FD8 0024 32 Pck
Timer control register 2 TCR2 R/W H'FFD8 0028 H'1FD8 0028 16 Pck
Input capture register 2 TCPR2 R H'FFD8 002C H'1FD8 002C 32 Pck
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Table15.2 Register Configuration (2)

Manual Reset Sleep Standby
Power-on by RESET by Sleep by
Reset by Pin/WDT/ Instruction Software/
RESET Pin/  Multiple /Deep by Each
Ch. Register Name Abbrev. WDT/H-UDI  Exception Sleep HardwareModule
Common Timer start register TSTR  HO00 H'00 Retained * Retained
0 Timer constant register O TCORO H'FFFF FFFF H'FFFF FFFF Retained Retained
Timer counter O TCNTO H'FFFF FFFF H'FFFF FFFF Retained Retained
Timer control register 0 TCRO  H'0000 H’0000 Retained Retained
1 Timer constant register 1 TCOR1 H'FFFF FFFF H'FFFF FFFF Retained Retained
Timer counter 1 TCNT1 HFFFF FFFF H'FFFF FFFF Retained Retained
Timer control register 1 TCR1  H0000 H’0000 Retained Retained
2 Timer constant register 2 TCOR2 H'FFFF FFFF H'FFFF FFFF Retained Retained
Timer counter 2 TCNT2 HFFFF FFFF H'FFFF FFFF Retained Retained
Timer control register 2 TCR2  H0000 H’0000 Retained Retained
Input capture register 2 TCPR2 Retained Retained Retained Retained

Note: * After exiting hardware standby mode, this LS| enters the power-on reset state caused
by the RESET pin.
15.3.1 Timer Start Register (TSTR)

TSTRisan 8-bit readable/writable register that specifies whether TCNT in each channdl is
operated or stopped.

Bit: 7 6 5 4 3 2 1 0
[ -] - - [ -] - |stre[stra|stro]
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R RW RW RMW
Bit Bit Name Initial Value R/W Description
7t03 — AllO R Reserved

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

2 STR2 0 R/W Counter Start 2
Specifies whether TCNT2 is operated or stopped.

0: TCNT2 count operation is stopped
1: TCNT2 performs count operation
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Bit Bit Name Initial Value R/W Description

1 STR1 0 R/W Counter Start 1
Specifies whether TCNT1 is operated or stopped.

0: TCNT1 count operation is stopped
1: TCNT1 performs count operation

0 STRO 0 R/W Counter Start 0
Specifies whether TCNTO is operated or stopped.

0: TCNTO count operation is stopped
1: TCNTO performs count operation

15.3.2 Timer Constant Register (TCORnN) (n=0t02)

The TCOR registers are 32-bit readable/writable registers. When a TCNT counter underflows
while counting down, the TCOR valueis set in that TCNT, which continues counting down from
the set value.

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

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

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

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

15.3.3 Timer Counter (TCNTn) (n=0to2)

The TCNT registers are 32-bit readable/writable registers. Each TCNT counts down on the input
clock selected by the TPSC2 to TPSCO hitsin TCR.

When a TCNT counter underflows while counting down, the UNF flag is set in TCR of the
corresponding channel. At the same time, the TCOR value is set in TCNT, and the count-down
operation continues from the set value.

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

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

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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15.3.4 Timer Control Registers(TCRn) (n=0t02)

The TCR registers are 16-bit readable/writable registers. Each TCR selects the count clock,
specifies the edge when an external clock is selected, and controls interrupt generation when the
flag indicating TCNT underflow isset to 1. TCR2 isalso used for input capture control and
control of interrupt generation in the event of input capture.

e TCROand TCR1
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
I - I - I - I - I - I - I - I UNF I - I - I UNIE ICKEGlICKEGOI TPSCZITPSClITPSCOI
Initial value: 0 0 0 0 0 0 0 0 0 0 0

o
o
o
o
o

R/W: R R R R R R R R/W R R RW RW R/W RW RW R/W
+ TCR2
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - I - I - I - I - I - I ICPF I UNF I ICPE1 I ICPEO I UNIE ICKEGlICKEGOI TPSCZITPSClITPSCO |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

Py
Py
Py

Bit Bit Name Initial Value R/W  Description

15t0 10 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.

9 ICPF** 0 R/W  Input Capture Interrupt Flag
Status flag, provided in channel 2 only, which
indicates the occurrence of input capture.

0: Input capture has not occurred

[Clearing condition]
When 0 is written to ICPF

1: Input capture has occurred

[Setting condition]
When input capture occurs*’

8 UNF 0 R/W  Underflow Flag
Status flag that indicates the occurrence of TCNT
underflow.

0: TCNT has not underflowed
[Clearing condition]

When 0 is written to UNF

1: TCNT has underflowed
[Setting condition]

When TCNT underflows*?
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Bit

Bit Name

Initial Value R/W

Description

7
6

ICPE1*!
ICPEO**

0
0

R/W
R/W

Input Capture Control

These bits, provided in channel 2 only, specify
whether the input capture function is used, and
control enabling or disabling of interrupt generation
when the function is used.

When the input capture function is used, a data
transfer request is sent to the DMAC in the event of
input capture.

The CKEG bits specify whether the rising edge or
falling edge of the TCLK pin is used to set the
TCNT2 value in TCPR2.

The TCNT2 value is set in TCPR2 only when the
ICPF bit in TCR2 is 0. When the ICPF bit is 1,
TCPR2 is not set in the event of input capture.
When input capture occurs, a DMAC transfer
request is generated regardless of the value of the
ICPF bit. However, a new DMAC transfer request is
not generated until processing of the previous
request is finished.

00: Input capture function is not used.

01: Setting prohibited

10: Input capture function is used, but interrupt due
to input capture (TICPI2) is not enabled.
Data transfer request is sent to the DMAC in
the event of input capture.

11: Input capture function is used, and interrupt
due to input capture (TICPI2) is enabled.
Data transfer request is sent to the DMAC in
the event of input capture.

UNIE

R/W

Underflow Interrupt Control

Controls enabling or disabling of interrupt
generation when the UNF status flag is set to 1,
indicating TCNT underflow.

0: Interrupt due to underflow (TUNI) is disabled
1: Interrupt due to underflow (TUNI) is enabled

CKEG1
CKEGO

R/W
R/W

Clock Edge 1 and O

These bits select the external clock input edge
when an external clock is selected or the input
capture function is used.

00: Count/input capture register set on rising edge

01: Count/input capture register set on falling edge

1X: Count/input capture register set on both rising
and falling edges
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Bit Bit Name Initial Value R/W  Description

2 TPSC2 0 R/W  Timer Prescaler 2to 0
1 TPSC1 0 R/W  These bits select the TCNT count clock.
0 TPSCO 0 RIW 000: Counts on Pck/4

001: Counts on Pck/16

010: Counts on Pck/64

011: Counts on Pck/256

100: Counts on Pck/1024

101: Setting prohibited

110: Setting prohibited

111: Counts on external clock (TCLK)

Notes: X: Don't care
*1. Reserved bit in channel 0 or 1 (initial value is 0, and can only be read).
*2. Writing 1 does not change the value; the previous value is retained.

1535 Input Capture Register 2 (TCPR2)

TCPR2 isa 32-hit read-only register for use with the input capture function, provided only in
channel 2. The input capture function is controlled by means of the ICPE and CKEG bitsin TCR2.
When input capture occurs, the TCNT2 valueis copied into TCPR2. The valueis setin TCPR2
only when the ICPF bit in TCR2is 0.

P N A

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

o LT T T T TTTTTTTT T T

R/W: R R R R R R R R R R R R R R R R
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154  Operation

Each channel has a 32-bit timer counter (TCNT) and a 32-hit timer constant register (TCOR).
Each TCNT performs count-down operation. The channels have an auto-reload function that
alows cyclic count operations, and can also perform external event counting. Channel 2 also has
an input capture function.

154.1 Counter Operation

When one of bits STRO to STR2 in TSTRis set to 1, the TCNT for the corresponding channel
starts counting. When TCNT underflows, the UNF flag in TCR is set. If the UNIE bit in TCRis
set to 1 at thistime, an interrupt request is sent to the CPU. At the same time, the value is copied
from TCOR into TCNT, and the count-down continues (auto-reload function).

(1) Example of Count Operation Setting Procedure
Figure 15.2 shows an example of the count operation setting procedure.

Select operation

Select count clock | (1)

!

Underflow interrupt (
generation setting

(1) Select the count clock with the TPSC2 to TPSCO
2) bits in TCR. When the external clock (TCLK) is
. selected, specify the external clock edge with the
........... When input capture  ckgG1 and CKEGO bits in TCR.
y function is used (2) Specify whether an interrupt is to be generated
Input capture interrupt @) on TCNT underflow with the UNIE bit in TCR.
generation setting (8) When the input capture function is used, set the
i ICPE bits in TCR, including specification of
whether the interrupt function is to be used.
Timer constant @) (4) Seta va_lge_ in TCOR'
register setting (5) Set the initial value INTCNT.
l (6) Set the STR bit to 1 in TSTR to start the count.

Set initial timer
counter value

Note: When an interrupt is generated, clear the source flag in the interrupt handler. If the interrupt
enabled state is set without clearing the flag, another interrupt will be generated.

©)

Figure 15.2 Example of Count Operation Setting Procedure
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(2) Auto-Reload Count Operation
Figure 15.3 shows the TCNT auto-reload operation.

TCNT value

TCOR value setin TCNT
on underflow

H'0000 0000

STRO-STR2

UNF

Figure15.3 TCNT Auto-Reload Operation

(3) TCNT Count Timing
e Operating on internal clock

Any of five count clocks (Pck/4, Pck/16, Pck/64, Pck/256, or Pck/1024) scaled from the
peripheral clock can be selected as the count clock by means of the TPSC2 to TPSCO bitsin
TCR.

Figure 15.4 shows the timing in this case.

——— 4,?51

(
)

( (

TCNT N+1 . N )
) )

NN

Figure15.4 Count Timing when Operating on Internal Clock
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e Operating on external clock

The external clock pin (TCLK) input can be selected as the timer clock by means of the
TPSC2 to TPSCO bitsin TCR. The detected edge (rising, falling, or both edges) can be
selected with the CKEG1 and CKEGO bitsin TCR.

Figure 15.5 shows the timing for both-edge detection.

e LT LI L L

(
External clock

putp \ \ ;d

(
TCNT N+1 X N X N-1;
)) )

Figure 15.5 Count Timing when Operating on External Clock

15.4.2  Input Capture Function
Channel 2 has an input capture function.
The procedure for using the input capture function is as follows:

1. Usebits TPSC2to TPSCO in TCR to set an internal clock as the timer operating clock.

2. UsehitsICPE1 and ICPEO in TCR to specify whether to use the input capture function and
when using this function whether to generate interrupts.

3. Usehits CKEG1 and CKEGO in TCR to specify whether the rising or falling edge of the
TCLK pinisto be used to set the TCNT valuein TCPR2.

When input capture occurs, the TCNT2 valueis set in TCPR2 only when the ICPF bit in TCR2 is
0. A new DMAC transfer regquest is not generated until processing of the previous request is
finished.

Figure 15.6 shows the operation timing when the input capture function is used (with TCLK rising
edge detection).
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Figure15.6 Operation Timing when Using Input Capture Function

Interrupts

There are four TMU interrupt sources. underflow interrupts and the input capture interrupt when
the input capture function is used. Underflow interrupts are generated on each of the channels, and
input capture interrupts on channel 2 only.

An underflow interrupt request is generated (for each channel) when both the UNF bit and the
interrupt enable bit (UNIE) for that channel are set to 1.

When the input capture function is used and an input capture request is generated, an interrupt is
requested if the ICPF bit in TCR2 is 1 and the input capture control bits (ICPE1 and | CPEO) in
TCR2 are both set to 11.

The TMU interrupt sources are summarized in table 15.3.

Table15.3 TMU Interrupt Sources

Channel Interrupt Source Description Priority
0 TUNIO Underflow interrupt O High
1 TUNI1 Underflow interrupt 1
2 TUNI2 Underflow interrupt 2
TICPI2 Input capture interrupt 2 Low
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156 Usage Notes

15.6.1 Register Writes

When writing to a TMU register, timer count operation must be stopped by clearing the start bit
(STR2 to STRO) for the relevant channel in TSTR.

Note that TSTR can be written to, and the UNF and | CPF bitsin TCR can be cleared while the
count isin progress. When the flags (UNF and | CPF) are cleared while the count isin progress,
make sure not to change the values of bits other than those being cleared.

15.6.2 Reading from TCNT

Reading from TCNT is performed synchronously with the timer count operation. Note that when
the timer count operation is performed simultaneously with reading from aregister, the
synchronous processing causes the TCNT value before the count-down operation to be read as the
TCNT value.

15.6.3 External Clock Frequency

Ensure that the external clock (TCLK) frequency for each channel does not exceed Pck/4.
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Section 16 Timer/Counter (CMT)

The unit has 2 major modes of operation. It can be configured as a four-channel timer/counter unit
that contains a 32 bit free running timer as a common time-stamp for four 32-bit capture/compare

registers.

Alternatively it can be configured as four 16-bit timer/counters with count enables. In thismode
there are four independent 16-bit incrementing/decrementing blocks. Each channel can then be set
up to output a signal when the compare time is reached or to store the timer value when an input
edgeisreceived. Thislatter case also supports up/down counting on some channels.

16.1 Features

e 32-bit free-running timer

« Four channels of output compare or input capture
e 4-channel 16-bit timer/counter
« Interrupt on capture, compare, and overflow
« Programmable pin/edge polarity
e Programmable timer clock

¢ Independent clocks for 16-bit timers

* Rotary switches supported

Figure 16.1 shows a block diagram of the CMT.

CPU

IRQ

Peripheral bus

hf

~———| Timer/

Counter

\/

CMT_CTRO

CMT_CTR1

CMT_CTR2

CMT_CTR3

Figure16.1 Block Diagram of CMT
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16.2  Input/Output Pins

Table 16.1 showsthe CMT pin configuration.

Table16.1 Pin Configuration

Pin Name

Number of Pins

I/0

Function

CMT_CTROto CMT_CTR3 4

Input/Output

Multi-function timer/counter
input/output

16.3

Register Descriptions

The CMT has the following registers. For details on the addresses of these registers and the state

of registersin each operating mode, see section 33, List of Registers.

Table16.2 Register Configuration (1)

Sync

Ch. Register Name Abbrev. R/W P4 Address Area 7 Address Size C?/ock
Common Configuration register CMTCFG R/W HFE1C 0000 H'1E1C 0000 32 Pck
Free-running timer CMTFRT R H'FE1C 0004 H'1E1C 0004 32 Pck
Control register CMTCTL R/W HFE1C 0008 H'1E1C 0008 32 Pck
IRQ status register CMTIRQS R/W HFE1C 000C H'1E1C000C 32 Pck
0 Channel 0 time register CMTCHOT R/W HFE1C 0010 H'1E1C 0010 32 Pck
Channel 0 stop time register CMTCHOST R/W H'FE1C 0020 H'1E1C 0020 32 Pck
Channel 0 timer/counter CMTCHOC R/W H'FE1C 0030 H'1E1C 0030 32 Pck
1 Channel 1 time register CMTCH1T R/W HFELC 0014 H'1E1C 0014 32 Pck
Channel 1 stop time register CMTCH1ST R/W H'FE1C 0024 H'1E1C 0024 32 Pck
Channel 1 timer/counter CMTCH1C R/W HFE1C 0034 H'1E1C 0034 32 Pck
2 Channel 2 time register CMTCH2T R/W HFE1C 0018 H'1E1C 0018 32 Pck
Channel 2 stop time register CMTCH2ST R/W H'FE1C 0028 H'1E1C 0028 32 Pck
Channel 2 timer/counter CMTCH2C R/W HFE1C 0038 H'1E1C 0038 32 Pck
3 Channel 3 time register CMTCH3T R/W HFE1C001C H'1E1C001C 32 Pck
Channel 3 stop time register CMTCH3ST R/W H'FE1C 002C H'1E1C 002C 32 Pck
Channel 3 timer/counter CMTCH3C R/W HFE1C003C H1E1C003C 32 Pck
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Table16.2 Register Configuration (2)

Power-on  Manual Reset Standby
Reset by by RESET  Sleep by
RESET Pin/WDT/ by Sleep Software/E
Pin/WDT/  Multiple Instruction/ by ach
Ch. Register Name Abbrev. H-UDI Exception Deep Sleep Hardware Module
Common Configuration register CMTCFG H'0000 0000 H'0000 0000 Retained * Retained
Free-running timer CMTFRT  H'0000 0000 H'0000 0000 Retained Retained
Control register CMTCTL  H'0000 0000 H'0000 0000 Retained Retained
IRQ status register CMTIRQS H’0000 0000 H'0000 0000 Retained Retained
0 Channel 0 time register CMTCHOT H'0000 0000 H'0000 0000 Retained Retained
Channel 0 stop time register CMTCHOST H’0000 0000 H’'0000 0000 Retained Retained
Channel 0 timer/counter CMTCHOC H’0000 0000 H’0000 0000 Retained Retained
1 Channel 1 time register CMTCH1T H’0000 0000 H'0000 0000 Retained Retained
Channel 1 stop time register CMTCH1ST H’0000 0000 H'0000 0000 Retained Retained
Channel 1 timer/counter CMTCH1C H'0000 0000 H'0000 0000 Retained Retained
2 Channel 2 time register CMTCH2T H’0000 0000 H'0000 0000 Retained Retained
Channel 2 stop time register CMTCH2STH'0000 0000 H'0000 0000 Retained Retained
Channel 2 timer/counter CMTCH2C H'0000 0000 H'0000 0000 Retained Retained
3 Channel 3 time register CMTCH3T H’0000 0000 H'0000 0000 Retained Retained
Channel 3 stop time register CMTCH3STH'0000 0000 H'0000 0000 Retained Retained
Channel 3 timer/counter CMTCH3C H’0000 0000 H'0000 0000 Retained Retained
Notes: * After exiting hardware standby mode, this LSI enters the power-on reset state caused by

the RESET pin.
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16.3.1 Configuration Register (CMTCFG)

CMTCFG isa 32-hit readable/writable register. The possible operations for apin are timer
compare, timer input capture, up or down count, and capture input, where one pin is used for
capture while the second is used to enabl e the count.

Bit: 31 30 29 28 27 26

25 24 23 22 21 20 19 18 17 16

Initial value: - - - - R
R/W: R R R R R R

Bit: 15 14 13 12 11 10

I

I - I ROT2| ROTOI
R R R R R R R R

0 0
R/W  R/W

9 8 7 6 5 4 3 2 1 0

| ED3 I ED2 I ED1

IFRCMI FRTMI T23 I TO1 |

Initial value: 0 0 0 0 0 0

RW: RW RW RW RW RW RW RW RW R

Initial
Bit Bit Name Value R/W

0 0 0 0 0 0 0 0 0 0
RW RW RW R/W RW RW R/W

Description

31to 18 — — R

Reserved
These bits can only be read from. The write value
should always be 0.

17 ROT2 0 R/W

Channel 2, 3 Rotation Enable

Only set to 1 when operating in updown-counter
mode (T01=11, T23=011), otherwise this bit is
disabled (ROT2=0).

When this bit is set to 1, this indicates that pins of
channels 2 and 3 are operating in rotary mode. This
is an encoding of CMT_CTR2 pin and CMT_CTR3
pin to generate up and down signals to the counter.
Counter 3 needs to be disabled by clearing to 0 the
TE3 bitin CMTCTL.

16 ROTO 0 R/W

Channel 0,1 Rotation Enable

Only set to 1 when operating in updown-counter
mode (T01=11, T23=011), otherwise this bit is
disabled (ROTO0=0).

When this bit is set to 1, this indicates that pins of
channels 0 and 1 are operating in rotary mode. This
is an encoding of CMT_CTRO pin and CMT_CTR1
pin to generate up and down signals to the counter.
Counter 1 needs to be disabled by clearing to 0 the
TE1 bitin CMTCTL.
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Initial

Bit Bit Name  Value R/W Description
15,14 ED3 All O R/W Channel 3 Pin Active Control
[Input capture mode]
00: Edge detection of CMT_CTRS3 pin disabled
01: Edge detection on rising edge of CMT_CTRS3 pin
input
10: Edge detection on falling edge of CMT_CTR3 pin
input
11: Edge detection on either edge of CMT_CTR3 pin
input
[Output compare mode]
00: Reserved**
01: 1 is output to CMT_CTR3 pin during active period
10: 0 is output to CMT_CTRS3 pin during active period
11: Reserved
13,12 ED2 All O R/W Channel 2 Pin Active Control
[Input capture mode]
00: Edge detection of CMT_CTR2 pin disabled
01: Edge detection on rising edge of CMT_CTR2 pin
input
10: Edge detection on falling edge of CMT_CTR2 pin
input
11: Edge detection on either edge of CMT_CTR?2 pin
input
[Output compare mode]
00: Reserved**
01: 1 is output to CMT_CTR2 pin during active period
10: O is output to CMT_CTR2 pin during active period
11: Reserved
11,10 ED1 All O R/W Channel 1 Pin Active Control

[Input capture mode]

00: Edge detection of CMT_CTR1 pin disabled

01: Edge detection on rising edge of CMT_CTR1 pin
input

10: Edge detection on falling edge of CMT_CTR1 pin
input

11: Edge detection on either edge of CMT_CTR1 pin
input

[Output compare mode]

00: Reserved**

01: 1is output to CMT_CTR1 pin during active period

10: 0 is output to CMT_CTR1 pin during active period

11: Reserved
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Initial
Bit Bit Name  Value R/W Description

9,8 EDO All O R/W Channel 0 Pin Active Control

[Input capture mode]

00: Edge detection of CMT_CTRO pin disabled

01: Edge detection on rising edge of CMT_CTRO pin
input

10: Edge detection on falling edge of CMT_CTRO pin
input

11: Edge detection on either edge of CMT_CTRO pin
input

[Output compare mode]

00: Reserved**

01: 1 is output to CMT_CTRO pin during active period

10: 0 is output to CMT_CTRO pin during active period

11: Reserved

7 — 0 R Reserved
This bit can only be read from. The write value
should always be 0.

6 FRCM 0 R/W Free-Running Control Mode
In 16-bit timer/counter mode, when bits T23 are set
to 100, this bit determines whether the up-counter
uses a free-running counter or input capture on
channel 3.

0: External clock (up-counter with input capture)
1: Internal clock (free-running up-counter)

5 FRTM 0 R/W Free-Running Timer Mode
Determines whether the timer works as a common
32-bit free-running timer or four independent 16-bit
timers/counters. When this bit is set to 1, settings of
bits 4 to 0 in this register become disabled.

0: 16-bit timer/counter mode
1: 32-bit free-running timer (FRT) mode

Notes: *1 When these channels be used, be sure to set up values other than Reserved.
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Bit

Bit Name

Initial
Value

R/W

Description

4102

T23

AllO

R/W

Timer 2, 3 Configuration

These bits are only used in 16-bit timer/counter
mode. These bits control the use of CMT_CTR2 and
CMT_CTRS3 pins. CMT_CTR2 pin is mapped to timer
2/counter 2 and CMT_CTRS pin is mapped to timer
3/counter 3.

Configuration modes for channels 2 and 3:

000: Timers 2 and 3

001: Up-counter 2 and timer 3

010: Up-counters 2 and 3

011: Updown-counter 2

100: Up-counter with input capture

101: Reserved

110: Reserved

111: Reserved

Note: Up-counter 2 is a sub-set of updown-counter
2.

1,0

TO1

AllO

R/W

Timer 0,1 Configuration

These bits are only used in 16-bit timer/counter
mode. These hits control the use of CMT_CTRO and
CMT_CTR1 pins. CMT_CTRO pin is mapped to timer
O/counter 0 and CMT_CTR1 pin is mapped to timer
1/counter 1.

Configuration modes for channels 0 and 1:

00: Timers 0 and 1

01: Up-counter 0 and timer 1

10: Up-counters 0 and 1

11: Updown-counter O

Note: Up-counter O is a sub-set of updown-counter
0.
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16.3.2 Free-Running Timer (CMTFRT)

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| FRT |
Initial value: 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

o
o
o
o
o
o

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| FRT |
Initial value: 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R R

o
o
o
o
o
o
o
o
o
o
o

Bit Bit Name Initial Value R/W Description

31to0 FRT AllO R Free-Running Timer
These bits indicate the current value of the
free-running timer (FRT).

16.3.3 Control Register (CMTCTL)

CMTCTL isa32-bit readable/writable register that controls interrupts, makes settings for the
clocks, and selects the operating maode.

Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
| TE3 | TE2 | TE1l | TEO | IOE3 | I0E2 | IOE1| IOE0| ICE3 | ICE2 | ICE1| ICEO| IEE3| IEE2 | IEE1| IEEO|

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

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| CC3 | cc2 | CC1 | CCo | SI3 | SI2 | Si1 | SI0 | OP3 | OoP2 | OPll OPO |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit Bit Name Initial Value R/W Description

31 TE3 0 R/W Timer Enable
30 TE2 0 R/W Enables the countin_g of ea_lch o_f the 16-bit _
counters. If these bits are inactive when operating
29 TEL 0 RIW in timer mode or in counter mode, the counters
28 TEO 0 R/W are reset to 0.
In updown-counter mode, a counter for each pair
(counter 1 or counter 3) needs to be disabled
(TE1=0, TE3=0).
0: Counting disabled; counter will be reset to
H'000
1: Counter is incremented
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Bit Bit Name Initial Value R/W Description

27 IOE3 0 R/W Channel 3 to 0 Interrupt Overflow Enable

26 IOE2 0 R/W These bits enable an int.er.rupt tg be generated
when the relevant IOn bit is set in the IRQ status

25 IOE1 0 RIW  register.

24 IOEO 0 RIW 0: Interrupt generation disabled
1: Interrupt generation enabled

23 ICE3 0 R/W Channel 3 to 0 Interrupt Compare Enable

29 ICE2 0 RIW These bits enable an int_er_rupt tc_J be generated
when the relevant ICn bit is set in the IRQ status

21 ICE1 0 RIW register.

20 ICEO 0 RIW 0: Interrupt generation disabled
1: Interrupt generation enabled

19 IEE3 0 R/W Channel 3 to 0 Interrupt Edge Enable

18 IEE2 0 R/W These bits enable an int_er_rupt tp be generated
when the relevant IEn bit is set in the IRQ status

17 IEE1 0 RIW  register.

16 IEEO 0 RIW 0: Interrupt generation disabled
1: Interrupt generation enabled
When a channel is in outup compare mode, the
corresponding IEEn has to be set to 0.

15,14 CC3 AllO R/W Timer Clock Control Channel 3
These bits specify the clock input for the 16-bit
timer/counter in channel 3.**
00: Clock for timer 3 is 1/32 of source clock
01: Clock for timer 3 is 1/128 of source clock
10: Clock for timer 3 is 1/512 of source clock
11: Clock for timer 3 is 1/1024 of source clock
Set the same value as the CCO bit when using 16-
bit input capture mode.

13,12 CcC2 AllO R/W Timer Clock Control Channel 2

These bits specify the clock input for the 16-bit
timer/counter in channel 2.**

00: Clock for timer 2 is 1/32 of source clock

01: Clock for timer 2 is 1/128 of source clock

10: Clock for timer 2 is 1/512 of source clock

11: Clock for timer 2 is 1/1024 of source clock

Set the same value as the CCO bit when using 16-
bit input capture mode.
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Bit Bit Name Initial Value R/W

Description

11,10 CcC1 All O R/W

Timer Clock Control Channel 1
These bits specify the clock input for the 16-bit
timer/counter in channel 1.**

00: Clock for timer 1 is 1/32 of source clock

01: Clock for timer 1 is 1/128 of source clock

10: Clock for timer 1 is 1/512 of source clock

11: Clock for timer 1 is 1/1024 of source clock

Set the same value as the CCO bit when using 16-
bit input capture mode.

9,8 CCo AllO R/W

Free-Running Timer Clock Control

This clock is used for the 32-bit free-running timer
(FRT) and also for the 16-bit timer/counter in
channel 0.**

00: Clock for FRT and timer 0 is 1/32 of source
clock

01: Clock for FRT and timer 0 is 1/128 of source
clock

10: Clock for FRT and timer 0 is 1/512 of source
clock

11: Clock for FRT and timer 0 is 1/1024 of source
clock

SI3
SI2
Si1
SI0

R/W
R/W
R/W
R/W

A OO N
o O O o

Channel 3 to 0 Stop Ignore

For the channel n, these bits determine whether in
output compare mode with 32-bit free-running
timer mode, the output remains active for half the
maximum time or until the stop value is reached.

0: Output remains active until the channel n stop
time value is reached

1: Output remains active for half the total time of
the FRT

OP3
OoP2
OP1
OPO

R/IW
R/W
R/W
R/W

O B N W
o O O o

Channel 3 to 0 Operation

For the channel n, if in timer mode, these bits
determine whether the timer is used in output
compare or input capture mode.

0: Input capture mode
1: Output compare mode

When a channel is in output compare mode, the
corresponding IEEn bits has to be set to 0.

Note:n=31t0 0

*1 The source clock is the peripheral clock (Pck). The clock which divided from the source
clock is the timer/counter resolution of the channel.
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1634 IRQ Status Register (CMTIRQS)

CMTIRQS, once set, can only be cleared by awrite. Writing O to these bits clears the interrupt
status bits. These conditions only create an interrupt if the relevant interrupt enable bit is set.

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

SO M NS NES N TN TN I N N 0 B B B

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| - I - I - I - I 103 I 102 I 101 I 100 I IC3 I IC2 I IC1 I ICO I IE3 I IE2 I IE1 I IEO |

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

Bit Bit Name Initial Value R/W Description

3l1to12 — — R Reserved
These bits can only be read from. The write value
should always be 0.

11 103 0 R/W Channel 3 to 0 Interrupt Overflow

10 102 0 RIW A bit for each channel indicates if th_e up-counters
or updown-counters have wrapped i.e. overflowed

101 0 RIW " from H'FFFF to H'0000 or underflowed from
100 0 R/W H’0000 to H'FFFF.

0: The count has not overflowed or underflowed
1: The count has overflowed or underflowed

7 IC3 0 R/W Channel 3 to 0 Interrupt Compare

6 IC2 0 R/W A bit for each chann_el in_dicates whether in timer
mode, the free-running timer has become equal to

> IC1 0 RIW the channel times.

4 ICO 0 RIW 0: Timer has not become equal to the channel

time value
1: Timer has become equal to the channel time
value

3 IE3 0 R/W Channel 3 to 0O Interrupt Edge

2 IE2 0 R/W A bit fc_)r each channt_el indicgtes whether an edge
that wil cause an action (active edge) has been

1 IE1 0 RIW defected.

0 IEO 0 R/W

0: Channel 3 to 0 has not received an active edge
1: Channel 3 to 0 has received an active edge
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16.35 ChannelsOto 3 Time Registers (CMTCHOT to CMTCH3T)

In output compare mode, these registers specify the value to be compared with the free-running
timer. In input capture mode, this register stores the free-running timer values or the 16-bit timer
values on the active edge of the input. Every time an edge is detected, these registers are updated
and the new captured value will be saved.

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

| Channel n time |

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

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

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

16.3.6 ChannelsOto 3 Stop Time Registers (CMTCHOST to CMTCH3ST)

In output compare mode, these registers specify the value to be compared with the free-running
timer. When this value is reached, the timer output is reset to the inactive state.

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

| Channel n stop time |

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RIW: 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
| Channel n stop time |

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

16.3.7 Channels0to 3 Counters(CMTCHOC to CMTCH3C)

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

Initial value: - - - - - - - - - - - - - - - -
R/W: R R R R R R R R R R R R R R R R

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

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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Bit Bit Name Initial Value R/W Description

31to 16 — — R Reserved
These bits can only be read from. The write
value should always be 0.

15to 0 Channeln All O R/W Channel n Counter
counter A register for each channel indicates the
current value of the counters. This register
can be written to for setting the counter
values. Reading from these registers does not
affect the count value.

Note:n=31t0 0

164 Operation

The timer consists of two sections of which the first is a 32-hit free-running timer for which the
clock can be set to operate between approximately 1 MHz and 30 kHz. The second section
consists of four 16-bit counters with the ability to count up and the ability to count down. This
counting is controlled through edge detection on the input pins. The timer and counters can be
used as counters which count based on inputs or can operate as timers with input capture/output
compare. They differ from the 32-bit timer of the FRT in that they are reset to H'0000 when a
capture or compare occurs on that channel.

The timer/counter consists of four channels, each of which can be configured as atimer or a
counter. In timer mode, each of the four channels has two operating modes:. input capture mode
and output compare mode.

16.4.1 Edge Detection

Thetimers and counters are based on edge detection on the input pins. An active edge can be
programmed to be arising edge, falling edge, or both edges. In addition, the edge detection logic
can operate in rotary switch mode where the combination of two inputs indicates whether the
switch has been turned right or left. This switch indicates increment or decrement of the updown-
counter. Edge detection operating on two inputs functions as a pair. The outputs can either work
independently for the timers or the up-counters or can work as pairs to indicate up and down to the
updown-counters.

In order for an edge to be detected, the pulse must last for at least two cycles of the clock divided
from the source clock for that channel, as shown in figure 16.2.
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The clock divided —,_| ,_| ,_\—
from Pck

input signal J |
edge detection _,—|

Figure 16.2 Edge Detection

The timing diagram in figure 16.2 shows an edge detection (rising edge). The input pin must be
asserted for at least two clock resolution cycles.

16.4.2  32-Bit Timer: Input Capture

When operating in input capture mode, the channel will detect an edge on the input signal. The
selection of rising or falling edge is programmable. When this edge is detected, the current value
of the free-running timer (FRT) is captured into the channel time register for that channel. In
addition, the interrupt edge bit for that channel will be set. In this case, if the interrupt enable bit
for that channel is set, an interrupt will be generated.

................

1 Clock generation

32-bit free-running timer

CMT_CTR I - - -

B ‘
v l Peripheral bus
Multiplexer
|
Edge - -
detection Channel time register
|
Edge
control RO
I S

Figure 16.3 32-Bit Timer Mode: Input Capture
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16.4.3  32-Bit Timer: Output Compare

When operating in output compare mode, the channel time register is compared with the FRT.
When the free-running timer becomes equal to the channel time register, the output will be set to
the active state as defined in the pin active control bit. The output will remain in this state until the
time reaches half of the maximum channel time, as shown in figure 16.4, or it reaches the channel
stop time value specified by the corresponding stop ignore bit in the control register (CMTCTL).
At the point where the channel time register is equal to the FRT, the interrupt compare bit will be
set, and an interrupt generated if the interrupt enable bit is set.

FRT

i,

Count

Note: The output is active until the free-running timer becomes half of the count value.

Figure 16.4 Output Pin Assertion Period

.
, Common between channels l
|
|

Clock generation

IRQ : !
E 32-bit free-running timer i
CMT_CTR N [ |
B——{ FRT= [ —
Count | Peripheral bus
A 4 h 4
Multiplexer

Channel time register

I Preload

Figure 16.5 32-Bit Timer Mode: Output Compare
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16.4.4  16-Bit Timer: Input Capture

When operating in input capture mode, the 16-bit counters will be free-running using the clocks
defined by the timer clock control bits. When an active edge defined by the pin active control bit is
received, the channel time will be set to the value of that channel's 16-bit counter and the interrupt
edge bit will be set. The counter will then be reset to H'0000 and will begin counting again. The
counters will retain their values or can be cleared to H'0000 by disabling the timer enable bits.
Channel 0 is aways enabled for this mode. The other three channels will be enabled if they use the
same clock source as channel 0.

Common between channels l

Clock
generation

16-bit counter

CMT_CTR [
—
Peripheral bus
v v
Edge ) )
detection Channel time register

Edge

control

IRQ
L,

Figure 16.6 16-Bit Timer Mode: Input Capture
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16.45 16-Bit Timer: Output Compare

When operating in output compare mode, the 16-bit counters will be free-running using the clocks
defined by the timer clock control bits. Bits 15 to 0 in the channel time register are compared with
the 16-bit counter for that channel. When the values become equal, the output will be inverted
from its current state (i.e. toggled), and the interrupt compare bit will be set. The counter will then
be reset to H'0000 and will begin counting again. Each time a match on the counter occurs, the
output will be toggled. The counters will retain their values or can be cleared to H'0000 by
disabling the timer enable bits.

Common between channels l

Clock generation

IRQ

16-bit counter

CMT_CTR

FRT = [4—
B—

Count  |g— Peripheral bus

A 4

Channel time register

[ Preload

Figure 16.7 16-Bit Timer Mode: Output Compare
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16.4.6  Counter: Up-/Updown-Counter

Each of the pins can be connected to each of the four up-counters. These counters count up when
an active edge is detected on the input pins. The counters can be written to by software to be
preloaded and the current value can be read. Two up-counters can also be configured to count both
up and down. In this case since two pins are required, the second up-counter within the pair is not
available. The pins are then referred to as up (pins 0 and 2) and down (pins 1 and 3). An active
edge on these pins will cause the counter either to count up or down, or if both edges are active
then the count will remain unchanged. In either up-counter or updown-counter mode, the counter
will generate an interrupt if an edge is detected or if the count overflows or underflows.

T IRQ T Read

CMT_CTR .
_ U
Iﬂ Edge detection d

Updown-counter

Down

Edge detection T Preload
—»

IRQ

CMT_CTR g
s PinB |

Figure 16.8 Updown-Counter Mode

T IRQ T Read
CMT_CTR

B Edge detection Up-counter

|

Figure16.9 Up-Counter Mode
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16.4.7 Counter: Up-Counter with Capture

In this mode, the 16-bit counter of channel 2 will operate either as a free-running up-counter or as
an up-counter with input capture, depending on the setting of the FRCM bhit. If the FRCM bit is
cleared to 0, the counter counts up when an active edge is detected on the input pin of channel 3. If
the FRCM hit is set to 1, the counter is afree-running counter. The counter will retain its value or
can be cleared to H'0000 by disabling the timer enable bit.

T IRQ T Read

Edge detection Channel time register

CMT_CTR  pin A
.7

CMT_CTR i
_l& Edge detection [—

MPX |—] Up-counter

Internal clock
FRCM Preload

Figure16.10 Up-Counter with Capture Mode

16.4.8 Interrupts

The Status Register will have the interrupt status bits set for timer operation on either input
capture or output compare regardless of the state of the interrupt enable bits. The counterswill set
an interrupt status bit if the count changes or the counter underflows or overflows. If the interrupt
enable bit for atype of interrupt and the interrupt status bit of the same type for the same channel
is set then an interrupt is generated.
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16.49 Rotary Mode

Each of the two updown-counters can operate in rotary mode. This treats the two input signals as
encoded, as shown in figure 16.11. A rotary switch generates the following waveforms depending
on the direction. The direction is determined by the value of A when afalling edge is detected on
the B input; if A is 1, thedirectionisleft (downis 1) andif A isO, thedirectionisright (upis1l).
Aispin0andpin 2. Bispin 1 and pin 3. Theinterrupt edge bit in channels 3 to 0 will be set
whenever a change in the counter value occurs. If a counter overflow or underflow occurs, the
interrupt overflow bit in channels 3 to 0 will be set aswell.

I | % I | A (data) I_é—l I_l
I } I | B (edge) |_+ I_l

Right rotation Left rotation

Figure16.11 Rotary Mode

16.4.10 Timer Frequency

The frequency of the free running timer and the 16-bit timers can be altered under software control
to be 1 of 4 frequencies. Each 16-bit timer can have an independent clock.

16.4.11 Standby Mode

CMT alows clock gating to reduce power consumption. The module standby mode can be
executed by controlling bit 17 in the Clock Stop Register 00 (CLKSTPQO).

To wake up the module, bit 17 in the Clock Stop Clear Register 00 (CLKSTPCLR00) must be
enabled. After enabling this bit all accessto CMT can be possible.

To power down the module, the following procedureis required.

1. All channels needs to be in input capture mode (CMTCTL.OP3 - OP0=0000).
2. Theactive edge for each channel needs to be disabled (CMTCFG.ED3 - ED0=00).
3. Disablehit 17 in the Clock Stop Register 00 (CLKSTPOO0).
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Section 17 Seria Communication Interface with FIFO
(SCIF)

ThisLSl is equipped with a 3-channel serial communication interface with built-in FIFO buffers
(Serial Communication Interface with FIFO: SCIF). The SCIF can perform both asynchronous and
synchronous serial communications.

128-stage FIFO buffers are provided for both transmission and reception, enabling fast, efficient,
and continuous communication.

Channels 1 and 2 have modem control functions (SCIF1_RTS, SCIF2_RTS, SCIF1_CTS, and
SCIF2_CTS).

17.1 Features
The SCIF has the following features.

» Asynchronous serial communication mode

Serial data communication is executed using an asynchronous system in which
synchronization is achieved character by character. Serial data communication can be carried
out with standard asynchronous communication chips such as a Universal Asynchronous
Receiver/Transmitter (UART) or Asynchronous Communication Interface Adapter (ACIA).

Thereisachoice of 8 serial data transfer formats.

O Datalength: 7 or 8 bits

Stop bit length: 1 or 2 bits

Parity: Even/odd/none

Receive error detection: Parity, framing, and overrun errors

Break detection: A break is detected when aframing error lasts for more than 1 frame
length at Space 0 (low level). When aframing error occurs, a break can also be detected by
reading the SCIF_RXD pin level directly from the serial port register (SCSPTR).

»  Synchronous serial communication mode

Serial data communication is synchronized with a clock. Serial data communication can be
carried out with other L SIs that have a synchronous communication function.

Thereisasingle serial data communication format.
O Datalength: 8 bits
0 Receive error detection: Overrun errors

(]
O
(]
O
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* Full-duplex communication capability
The transmitter and receiver are independent units, enabling transmission and reception to be
performed simultaneously.
The transmitter and receiver both have a 128-stage FIFO buffer structure, enabling continuous
serial data transmission and reception.

» On-chip baud rate generator alows any bit rate to be selected.

» Choice of seria clock source: internal clock from baud rate generator or external clock from
SCIF_CLK pin

» Four interrupt sources
There are four interrupt sources—transmit-FIFO-data-empty, break, receive-FIFO-data-full,
and receive-error—that can issue requests independently.

» The DMA controller (DMAC) can be activated to execute a data transfer by issuing aDMA
transfer request in the event of a transmit-FIFO-data-empty or receive-FIFO-data-full interrupt.

* When not in use, the SCIF can be stopped by halting its clock supply to reduce power
consumption.

* Inasynchronous mode, modem control functions (SCIF_RTS and SCIF_CTS) are
provided.(only in channels 1 and 2)

» Theamount of datain the transmit/receive FIFO registers, and the number of receive errorsin
the receive data in the receive FIFO register, can be ascertained.

» Inasynchronous mode, atimeout error (DR) can be detected during reception.

Figure 17.1 shows a block diagram of the SCIF. Figures 17.2 to 17.6 show block diagrams of the
I/O portsin SCIF. There are three channelsin thisLSI. In figures 17.1 to 17.6, the channels are
omitted and explained. Note that the SCIF_CTS and SCIF_RTS pins are available only in
channels 1 and 2 and not in channel 0.
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Module data bus
¢ 'y »

Peripheral bus

4

2
Bus interface |
Y

SCSMRn | scBRRn
SCFRDRn SCFTDRn SCLSRn
(128-stage) (128-stage) SCTFDRn
SCRFDRnN
| SCFCRn
; ¥ SCFSRn ) Pek
scIFn_RXD —| | scrRsrn | | | scTsrn
SCSCRn Baud rate Pck/4
SCSPTRn generator
SCRERN e———— Pck/16
Transmission/
reception Pck/64
SCIFn_TXD control
n_
Parity generation t Clock
Parity check
External clock
SCIFn_CLK
TXIn
SCIFn_CTS RXIn
ERIn
SCIFn_RTS BRIn
SCIF
Note: n=0to 2
Channel 0 does not have SCIFO_CTS and SCIFO_RTS.
Legend:
SCRSRn  :Receive shift register SCBRRn :Bit rate register
SCFRDRn :Receive FIFO data register ~ SCSPTRn :Serial port register
SCTSRn  :Transmit shift register SCFCRn  :FIFO control register
SCFTDRn :Transmit FIFO data register = SCTFDRn :Transmit FIFO data count register
SCSMRn  :Serial mode register SCRFDRn :Receive FIFO data count register
SCSCRn  :Serial control register SCLSRn Line status register
SCFSRn  :Serial status register SCRERnN  :Serial error register

Figure17.1 Block Diagram of SCIF

Figures 17.2 to 17.6 show block diagrams of the 1/0 portsin SCIF.
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R
Q D D7
RTSIO
|C Peripheral bus
SPTRW
SCIF_RTS . Reset
i R | D6
Q D
RTSDT
C
I
SPTRW Modem gontrol
enable signal*
SCIF_RTS signal
SPTRR

SPTRW: Write to SCSPTR
SPTRR: Read from SCSPTR

Note: * The SCIF_RTS pin function is designated as modem control by the MCE bit in SCFCR.

Figure17.2 SCIF_RTS Pin (Only in Channels 1 and 2)

R D5

Peripheral bus

SCIF_CTS

R | b4

SCIF_CTS signal

Modem control enable signal*

SPTRR

SPTRW: Write to SCSPTR
SPTRR: Read from SCSPTR

Note: * The SCIF_CTS pin function is designated as modem control by the MCE bit in SCFCR.

Figure 17.3 SCIF_CTS Pin (Only in Channels 1 and 2)
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R
D3
Q D
O—— SCKIO
C Peripheral bus
SPTRW
Reset
SCIF_CLK
_ e |
R D2
Q D
SCKDT
C
SPTRW
Clock output enable signal*
Serial clock output signal*
Serial clock input signal*
| Serial input enable signal*
SPTRR

SPTRW: Write to SCSPTR
SPTRR: Read from SCSPTR

Note: *  The SCIF_CLK pin function is designated as internal clock output or external clock input
by the C/A bit in SCSMR and the CKE1 and CKEO bits in SCSCR.

Figure17.4 SCIF_CLK Pin

R
Q D D1
SPB2I0

C Peripheral bus

SCIF_TXD -~ |
R DO

Transmit enable
signal

Serial transmit data

SPTRW: Write to SCSPTR

Figure17.5 SCIF_TXD Pin
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SCIF_RXD

Serial receive
data

Peripheral bus

SPTRR

SPTRR: Read from SCSPTR

Figure17.6 SCIF_RXD Pin

17.2  Input/Output Pins

Table 17.1 shows the SCIF pin configuration. Since the pin functions are the same in each
channel, the channel number is omitted in the description below. The modem control pins are
available only in channels 1 and 2, and not in channel 0.

Table17.1 Pin Configuration

Pin Name Abbreviation IO Function

Serial clock pin SCIFO0_CLK to SCIF2_CLK Input/Output  Clock input/output
Receive data pin SCIFO0_RXD to SCIF2_RXD Input/Output  Receive data input
Transmit data pin SCIFO_TXD to SCIF2_TXD Input/Output  Transmit data output
Modem control pin SCIF1_CTS, SCIF2_CTS Input/Output  Transmission enabled
Modem control pin SCIF1_RTS, SCIF2_RTS Input/Output  Transmission request

Note: These pins are made to function as serial pins by performing SCIF operation settings with
the C/A bit in SCSMR, the TE, RE, CKE1, and CKEO bits in SCSCR, and the MCE bit in
SCFCR. Break state transmission and detection can be set in SCSPTR of the SCIF.
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17.3 Register Descriptions

The SCIF has the following registers. Since the register functions are the same in each channel, the
channel number is omitted in the description below. For details on the addresses of these registers
and the state of registersin each operating mode, see section 32, List of Registers.

Table17.2 Register Configuration (1)

Sync
Ch. Register Name Abbrev. R/W P4 Address Area 7 Address Size C)IIOCK
0 Serial mode register 0 SCSMRO R/W  H'FE60 0000 H'1E60 0000 16 Pck
Bit rate register O SCBRRO R/W  H'FE60 0004 H'1E60 0004 8 Pck
Serial control register 0 SCSCRO R/W  H'FE60 0008 H'1E60 0008 16 Pck
Transmit FIFO data register 0 SCFTDRO W H'FE60 000C H'1E60 000C 8 Pck
Serial status register 0 SCFSRO R/W*' HFE60 0010 H’1E60 0010 16 Pck
Receive FIFO data register 0 SCFRDRO R H'FE60 0014 H'1E60 0014 8 Pck
FIFO control register 0 SCFCRO R/W  H'FE60 0018 H'1E60 0018 16 Pck
Transmit FIFO data count SCTFDRO R/W  HFE60 001C H'1E60 001C 16 Pck
register 0
Receive FIFO data count SCRFDRO R/W  H'FE60 0020 H’1E60 0020 16 Pck
register 0
Serial port register 0 SCSPTRO R/W  H'FE60 0024 H'1E60 0024 16 Pck
Line status register 0 SCLSRO  R/W** HFE60 0028 H’1E60 0028 16 Pck
Serial error register 0 SCRERO R H'FE60 002C H'1E60 002C 16 Pck
1 Serial mode register 1 SCSMR1 R/W  H'FE61 0000 H'1E61 0000 16 Pck
Bit rate register 1 SCBRR1 R/W  HFE61 0004 H'1E61 0004 8 Pck
Serial control register 1 SCSCR1 R/W HFE61 0008 H'1E61 0008 16 Pck
Transmit FIFO data register 1 SCFTDR1 W H'FE61 000C H'1E61 000C 8 Pck
Serial status register 1 SCFSR1 R/W*' H'FE61 0010 H'1E61 0010 16 Pck
Receive FIFO data register 1 SCFRDR1 R H'FE61 0014 H'1E61 0014 8 Pck
FIFO control register 1 SCFCR1 R/W  HFE61 0018 H'1E61 0018 16 Pck
Transmit FIFO data count SCTFDR1 R/W  H'FE61001C H'1E61 001C 16 Pck
register 1
Receive FIFO data count SCRFDR1 R/W  HFE61 0020 H'1E61 0020 16 Pck
register 1
Serial port register 1 SCSPTR1 R/W  H'FE61 0024 H'1E61 0024 16 Pck
Line status register 1 SCLSR1 R/W** HFE61 0028 H'1E61 0028 16 Pck
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Sync

Ch. Register Name Abbrev. R/W P4 Address Area 7 Address Size  Clock

1 Serial error register 1 SCRER1 R H'FE61 002C H'1E61 002C 16 Pck

2 Serial mode register 2 SCSMR2 R/W  HFE62 0000 H'1E62 0000 16 Pck
Bit rate register 2 SCBRR2 R/W H'FE62 0004 H'1E62 0004 8 Pck
Serial control register 2 SCSCR2 R/W  HFE62 0008 H'1E62 0008 16 Pck
Transmit FIFO data register 2 SCFTDR2 W H'FE62 000C H'1E62 000C 8 Pck
Serial status register 2 SCFSR2 R/W*' HFE62 0010 H'1E62 0010 16 Pck
Receive FIFO data register2 SCFRDR2 R H'FE62 0014 H'1E62 0014 8 Pck
FIFO control register 2 SCFCR2 R/W H'FE62 0018 H'1E62 0018 16 Pck
Transmit FIFO data count SCTFDR2 R/W  H'FE62 001C H'1E62 001C 16 Pck
register 2
Receive FIFO data count SCRFDR2 R/W  HFE62 0020 H'1E62 0020 16 Pck
register 2
Serial port register 2 SCSPTR2 R/W  HFE62 0024 H'1E62 0024 16 Pck
Line status register 2 SCLSR2 R/W** HFE62 0028 H'1E62 0028 16 Pck
Serial error register 2 SCRER2 R H'FE62 002C H'1E62 002C 16 Pck

Table17.2 Register Configuration (2)

Power-on Manual Reset Standby
Reset by by RESET  Sleep by
RESET Pin/WDT/ by Sleep Software/
Pin/WDT/ Multiple Instruction/by Each
Ch. Register Name Abbrev.  H-UDI Exception Deep Sleep Hardware Module
0 Serial mode register 0 SCSMRO H'0000 H’0000 Retained * Retained
Bit rate register O SCBRRO H'FF H'FF Retained Retained
Serial control register 0 SCSCRO H'0000 H’0000 Retained Retained
Transmit FIFO data register 0 SCFTDRO Undefined Undefined Retained Retained
Serial status register 0 SCFSRO H'0060 H’0060 Retained Retained
Receive FIFO data register 0 SCFRDRO Undefined Undefined Retained Retained
FIFO control register 0 SCFCRO H'0000 H’0000 Retained Retained
Transmit FIFO data count SCTFDRO H'0000 H’0000 Retained Retained
register 0
Receive FIFO data count SCRFDRO H’'0000 H’0000 Retained Retained
register 0
Serial port register 0 SCSPTRO H'0000** H0000*? Retained Retained
Line status register 0 SCLSRO  H'0000 H’'0000 Retained Retained
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Power-on Manual Reset Standby

Reset by by RESET  Sleep by
RESET  Pin/WDT/ by Sleep Software/
Pin/WDT/ Multiple Instruction/by Each
Ch. Register Name Abbrev.  H-UDI Exception Deep Sleep Hardware Module
0 Serial error register 0 SCRERO H'0000 H’0000 Retained * Retained
1 Serial mode register 1 SCSMR1 H0000  H'0000 Retained Retained
Bit rate register 1 SCBRR1 HFF H'FF Retained Retained
Serial control register 1 SCSCR1 H'0000 H’0000 Retained Retained
Transmit FIFO data register 1 SCFTDR1 Undefined Undefined Retained Retained
Serial status register 1 SCFSR1 H'0060 H'0060 Retained Retained
Receive FIFO data register 1  SCFRDR1 Undefined Undefined Retained Retained
FIFO control register 1 SCFCR1 H0000 H'0000 Retained Retained
Transmit FIFO data count SCTFDR1 H'0000  H0000 Retained Retained
register 1
Receive FIFO data count SCRFDR1 H0000  H'0000 Retained Retained
register 1
Serial port register 1 SCSPTR1 H'0000** H'0000** Retained Retained
Line status register 1 SCLSR1 H0000 H'0000 Retained Retained
Serial error register 1 SCRER1 H'0000 H’0000 Retained Retained
2 Serial mode register 2 SCSMR2 H0000  H'0000 Retained Retained
Bit rate register 2 SCBRR2 HFF H'FF Retained Retained
Serial control register 2 SCSCR2 H0000  H'0000 Retained Retained
Transmit FIFO data register 2 SCFTDR2 Undefined Undefined Retained Retained
Serial status register 2 SCFSR2  H'0060 H'0060 Retained Retained
Receive FIFO data register 2 SCFRDR2 Undefined Undefined Retained Retained
FIFO control register 2 SCFCR2 H0000  H'0000 Retained Retained
Transmit FIFO data count SCTFDR2 H'0000  H'0000 Retained Retained
register 2
Receive FIFO data count SCRFDR2 H'0000  H0000 Retained Retained
register 2
Serial port register 2 SCSPTR2 H'0000** H'0000*° Retained Retained
Line status register 2 SCLSR2 H0000  H'0000 Retained Retained
Serial error register 2 SCRER2 H0000  H'0000 Retained Retained

Notes: * After exiting hardware standby mode, this LSI enters the power-on reset state caused
by the RESET pin.

*1. To clear the flags, Os can only be written to bits 7 to 4, 1, and 0.
*2. Bits 2 and 0 are undefined.
*3. Bits 6, 4, 2,and 0 are undefined.
*4. To clear the flag, 0 can only be written to bit 0.
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17.3.1 Receive Shift Register (SCRSR)
SCRSR isthe register used to receive serial data.

The SCIF sets serial datainput from the SCIF_RXD pinin SCRSR in the order received, starting
with the LSB (bit 0), and convertsit to parallel data. When one byte of data has been received, it is
transferred to SCFRDR, automatically.

SCRSR cannot be directly read from and written to by the CPU.

Bit: 7 6 5 4 3 2 1 0

Initial value:
R/W:

17.3.2 Receive FIFO Data Register (SCFRDR)
SCFRDR is an 8-hit FIFO register of 128 stages that stores received serial data.

When the SCIF has received one byte of serial data, it transfers the received data from SCRSR to
SCFRDR where it is stored, and compl etes the receive operation. SCRSR is then enabled for
reception, and consecutive receive operations can be performed until SCFRDR isfull (128 data
bytes).

SCFRDR is aread-only register, and cannot be written to by the CPU.

If aread is performed when there is no receive datain SCFRDR, an undefined value will be
returned. When SCFRDR isfull of receive data, subsequent serial datais|ost.

Bit: 7 6 5 4 3 2 1 0

Initial value: - - - - - - R
R/W: R R R R R R R R
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17.3.3 Transmit Shift Register (SCTSR)
SCTSR isthe register used to transmit serial data.

To perform serial data transmission, the SCIF first transfers transmit data from SCFTDR to
SCTSR, then sends the data to the SCIF_TXD pin starting with the LSB (bit 0).

When transmission of one byte is completed, the next transmit datais transferred from SCFTDR
to SCTSR, and transmission started, automatically.

SCTSR cannot be directly read from and written to by the CPU.

Bit: 7 6 5 4 3 2 1 0

Initial value:
R/W:

17.3.4  Transmit FIFO Data Register (SCFTDR)
SCFTDR is an 8-bit FIFO register of 128 stages that stores data for serial transmission.

If SCTSR is empty when transmit data has been written to SCFTDR, the SCIF transfers the
transmit data written in SCFTDR to SCTSR and starts serial transmission.

SCFTDR isawrite-only register, and cannot be read by the CPU.

The next data cannot be written when SCFTDR isfilled with 128 bytes of transmit data. Data
written in this caseisignored.

Bit: 7 6 5 4 3 2 1 0

Initial value: - - - - - - R
R/W: W W W W W W W W
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17.35

Serial Mode Register (SCSMR)

SCSMR isa 16-hit register used to set the SCIF's seria transfer format and select the baud rate

generator clock source.

SCSMR can aways be read from and written to by the CPU.

Bit: 15 14 13 12

8 7 6 5 4 3 2 1 0

-1

| - | CIA ICHRI PE | O/E ISTOPI - ICKSlICKSOI

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R RIW R/W R/W R/IW  R/W R R/W R/W
Bit Bit Name Initial Value R/W Description
15t08 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
7 C/A 0 R/W Communication Mode
Selects asynchronous mode or synchronous
mode as the SCIF operating mode.
0: Asynchronous mode
1: Synchronous mode
6 CHR 0 R/W Character Length

Selects 7 or 8 bits as the asynchronous mode
data length. In synchronous mode, the data
length is fixed at 8 bits regardless of the CHR bit
setting. When 7-bit data is selected, the MSB (bit
7) of SCFTDR is not transmitted.

0: 8-bit data
1: 7-bit data
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Bit

Bit Name

Initial Value R/W

Description

PE

0

R/W

Parity Enable

In asynchronous mode, selects whether or not
parity bit addition is performed in transmission,
and parity bit checking is performed in reception.
In synchronous mode, parity bit addition and
checking is disabled regardless of the PE bit
setting.

0: Parity bit addition and checking disabled
1: Parity bit addition and checking enabled*

Note: * When the PE bit is set to 1, the parity
(even or odd) specified by the O/E bit is
added to transmit data before
transmission. In reception, the parity bit
is checked for the parity (even or odd)
specified by the O/E bit.

4

O/E

R/W

Parity Mode

Selects either even or odd parity for use in parity
addition and checking. In asynchronous mode,
the O/E bit setting is only valid when the PE bit is
set to 1, enabling parity bit addition and checking.
In synchronous mode or when parity addition and
checking is disabled in asynchronous mode, the
OJE bit setting is invalid.

0: Even parity
1: Odd parity

When even parity is set, parity bit addition is
performed in transmission so that the total
number of 1-bits in the transmit character plus
the parity bit is even. In reception, a check is
performed to see if the total number of 1-bits in
the receive character plus the parity bit is even.
When odd parity is set, parity bit addition is
performed in transmission so that the total
number of 1-bits in the transmit character plus
the parity bit is odd. In reception, a check is
performed to see if the total number of 1-bits in
the receive character plus the parity bit is odd.
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Bit Bit Name Initial Value R/W

Description

3 STOP 0 R/W

Stop Bit Length

In asynchronous mode, selects 1 or 2 bits as the
stop bit length. The stop bit setting is valid only in
asynchronous mode. Since the stop bit is not
added in synchronous mode, the STOP bit
setting is invalid.

0: 1 stop bit**

1: 2 stop bits*?

In reception, only the first stop bit is checked,
regardless of the STOP bit setting. If the second
stop bitis 1, it is treated as a stop bit; if itis O, itis
treated as the start bit of the next transmit
character.

Note: *1. In transmission, a single 1-bit (stop bit)
is added to the end of a transmit
character before it is sent.

*2. In transmission, two 1-bits (stop bits)
are added to the end of a transmit
character before it is sent.

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

1 CKS1 0 R/W
0 CKSO0 0 R/W

Clock Select 1 and 0

These bits select the clock source for the on-chip
baud rate generator. The clock source can be
selected from Pck, Pck/4, Pck/16, and Pck/64,
according to the setting of bits CKS1 and CKSO.
For details of the relationship between clock
sources, bit rate register settings, and baud rate,
see section17.3.8, Bit Rate Register (SCBRR).

00: Pck clock
01: Pck/4 clock
10: Pck/16 clock
11: Pck/64 clock

Note : Pck = Peripheral Clock
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17.3.6  Serial Control Register (SCSCR)

SCSCRisaregister used to enable/disable transmission/reception by SCIF, serial clock output,
interrupt requests, and to select transmission/reception clock source for the SCIF.

SCSCR can always be read from and written to by the CPU.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
| - I - I - I - I - I - I - I - I TIE I RIE I TE I RE IREIEI - ICKElICKEOI
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 RIW R/W R/W R/IW  R/W R R/W R/W
Bit Bit Name Initial Value R/W Description
15t08 — All O R Reserved

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

7 TIE 0 R/W Transmit Interrupt Enable
Enables or disables transmit-FIFO-data-empty
interrupt (TXI) request generation when serial
transmit data is transferred from SCFTDR to
SCTSR, the number of data bytes in SCFTDR
falls to or below the transmit trigger set number,
and the TDFE flag in SCFSR is set to 1.
TXI interrupt requests can be cleared using the
following methods: Either by reading 1 from the
TDFE flag, writing transmit data exceeding the
transmit trigger set number to SCFTDR and then
clearing the TDFE flag to 0, or by clearing the
TIE bit to 0.

0: Transmit-FIFO-data-empty interrupt (TXI)
request disabled

1: Transmit-FIFO-data-empty interrupt (TXI)
request enabled
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Bit

Bit Name

Initial Value R/W

Description

RIE

0

R/W

Receive Interrupt Enable

Enables or disables generation of a receive-data-
full interrupt (RXI) request when the RDF flag or
DR flag in SCFSR is set to 1, a receive-error
interrupt (ERI) request when the ER flag in
SCFSR s set to 1, and a break interrupt (BRI)
request when the BRK flag in SCFSR or the
ORER flag in SCLSR is set to 1.

0: Receive-data-full interrupt (RXI) request,
receive-error interrupt (ERI) request, and
break interrupt (BRI) request disabled

1: Receive-data-full interrupt (RXI) request,
receive-error interrupt (ERI) request, and
break interrupt (BRI) request enabled

Note: An RXI interrupt request can be cleared by
reading 1 from the RDF or DR flag, then
clearing the flag to O, or by clearing the RIE
bit to 0. ERI and BRI interrupt requests can
be cleared by reading 1 from the ER, BRK,
or ORER flag, then clearing the flag to O, or
by clearing the RIE and REIE bits to 0.

TE

R/W

Transmit Enable

Enables or disables the start of serial
transmission by the SCIF.

Serial transmission is started when transmit data
is written to SCFTDR while the TE bit is set to 1.

0: Transmission disabled
1: Transmission enabled*

Note: SCSMR and SCFCR settings must be
made, the transmission format decided,
and the transmit FIFO reset, before the TE
bit is set to 1.
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Bit

Bit Name

Initial Value

R/W

Description

RE

0

R/W

Receive Enable

Enables or disables the start of serial reception
by the SCIF.

Serial reception is started when a start bit is
detected in this state in asynchronous mode or a
synchronization clock is input while the RE bit is
setto 1.

It should be noted that clearing the RE bit to 0
does not affect the DR, ER, BRK, RDF, FER,
PER, and ORER flags, which retain their states.
Serial reception begins once the start bit is
detected in these states.

0: Reception disabled

1: Reception enabled*

Note*: SCSMR and SCFCR settings must be
made, the reception format decided, and
the receive FIFO reset, before the RE bit
is setto 1.

REIE

0

R/W

Receive Error Interrupt Enable

Enables or disables generation of receive-error
interrupt (ERI) and break interrupt (BRI) requests.
The REIE bit setting is valid only when the RIE bit
is 0.

Receive-error interrupt (ERI) and break interrupt
(BRI) requests can be cleared by reading 1 from
the ER, BRK, or ORER flag, then clearing the flag
to 0, or by clearing the RIE and REIE bits to 0.
When REIE is set to 1, ERI and BRI interrupt
requests will be generated even if RIE is cleared
to 0. In DMAC transfer, this setting is made if the
interrupt controller is to be notified of ERI and BRI
interrupt requests.

0: Receive-error interrupt (ERI) and break
interrupt (BRI) requests disabled

1: Receive-error interrupt (ERI) and break
interrupt (BRI) requests enabled

Reserved
This bit is always read as 0. The write value
should always be 0.
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Bit Bit Name Initial Value R/W Description

1 CKE1 0 R/W Clock Enable 1, 0

0 CKEO 0 R/W These bits select the SCIF clock source and
whether to enable or disable the clock output from
the SCIF_CLK pin. The CKE1 and CKEQO bits are
used together to specify whether the SCIF_CLK
pin functions as a serial clock output pin or a serial
clock input pin. Note however that the CKEO bit
setting is valid only when an internal clock is
selected as the SCIF clock source (CKE1 = 0).
When an external clock is selected (CKE1 = 1),
the CKEDO bit setting is invalid. The CKE1 and
CKEO bits must be set before determining the
SCIF's operating mode with SCSMR.

e Asynchronous mode

00: Internal clock/SCIF_CLK pin functions as port

01: Internal clock/SCIF_CLK pin functions as
clock output**

1X: External clock/SCIF_CLK pin functions as
clock input*?

¢ Synchronous mode

0X: Internal clock/SCIF_CLK pin functions as
synchronization clock output

1X: External clock/SCIF_CLK pin functions as
synchronization clock input

Notes: X: Don't care

*1. Outputs a clock with a frequency 16 times the bit rate.
*2. Inputs a clock with a frequency 16 times the bit rate.

17.3.7  Serial Status Register (SCFSR)

SCFSR is a 16-bit register that consists of status flags that indicate the operating status of the
SCIF.

SCFSR can be read from or written to by the CPU at all times. However, 1 cannot be written to
flags ER, TEND, TDFE, BRK, RDF, and DR. Also note that in order to clear these flags they
must be read as 1 beforehand. The FER flag and PER flag are read-only flags and cannot be
modified.

Bit: 15 14 13 12 11 10 9 8 7
| - I - I - I - I - I - I - I - I ER ITENDITDFEI BRK I FER I PER I RDF I DR I
Initial value: 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0
R/W: R R R R R R R R R/W*' R/W*" RW*' R/W*' R R R/W*! R/W*!

Rev. 1.0, 02/03, page 560 of 1294
RENESAS



Bit Bit Name Initial Value R/W Description

15t08 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.

7 ER 0 R/W*'  Receive Error

Indicates that a framing error or parity error
occurred during reception. The ER flag is not
affected and retains its previous state when the
RE bit in SCSCR is cleared to 0. When a receive
error occurs, the receive data is still transferred to
SCFRDR, and reception continues.

The FER and PER bits in SCFSR can be used to
determine whether there is a receive error in the
readout data from SCFRDR.

0: No framing error or parity error occurred during
reception

[Clearing conditions]
» Power-on reset or manual reset
e When 0 is written to ER after reading ER = 1

1: A framing error or parity error occurred during
reception
[Setting conditions]

e When the SCIF checks whether the stop bit at
the end of the receive data is 1 when
reception ends, and the stop bit is 0**

e When, in reception, the number of 1-bits in the
receive data plus the parity bit does not match
the parity setting (even or odd) specified by
the O/E bit in SCSMR
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Bit Bit Name Initial Value R/W Description

6 TEND 1 R/W**  Transmit End
Indicates that transmission has been ended
without valid data in SCFTDR on transmission of
the last bit of the transmit character.

0: Transmission is in progress

[Clearing conditions]

« When transmit data is written to SCFTDR,
and 0 is written to TEND after reading TEND
=1

¢ When data is written to SCFTDR by the
DMAC

1: Transmission has been ended

[Setting conditions]

« Power-on reset or manual reset

¢ When the TE bitin SCSCR is 0

¢ When there is no transmit data in SCFTDR on
transmission of the last bit of a 1-byte serial
transmit character
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Bit Bit Name Initial Value R/W Description

5 TDFE 1 R/W**  Transmit FIFO Data Empty

Indicates that data has been transferred from
SCFTDR to SCTSR, the number of data bytes in
SCFTDR has fallen to or below the transmit
trigger data number set by bits TTRG1 and
TTRGO in SCFCR, and new transmit data can be
written to SCFTDR.

0: A number of transmit data bytes exceeding the
transmit trigger set number have been written to
SCFTDR

[Clearing conditions]

When transmit data exceeding the transmit
trigger set number is written to SCFTDR after
reading TDFE = 1, and 0 is written to TDFE
When transmit data exceeding the transmit
trigger set number is written to SCFTDR by
the DMAC

1: The number of transmit data bytes in SCFTDR

does not exceed the transmit trigger set
number

[Setting conditions]

Power-on reset or manual reset

When the number of SCFTDR transmit data
bytes falls to or below the transmit trigger set
number as the result of a transmit operation**

Notes: *1.Only O can be written, to clear the flag.

*2.In 2-stop-bit mode, only the first stop bit is checked for a value of 1; the second stop bit

is not checked.

*3. As SCFTDR is a 128-byte FIFO register, the maximum number of bytes that can be
written when TDFE = 1 is 128 - (transmit trigger set number). Data written in excess of

this will be ignored.

The upper bits of SCFDR indicate the number of data bytes transmitted to SCFTDR.
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Bit Bit Name Initial Value R/W

Description

4 BRK 0 R/W*'  Break Detect

Indicates that a receive data break signal has

been detected.

0: A break signal has not been received

[Clearing conditions]

« Power-on reset or manual reset

e When 0 is written to BRK after reading BRK
=1

1: A break signal has been received*?

[Setting condition]

«  When data with a framing error is received,
followed by the space "0" level (low level ) for
at least one frame length

3 FER 0 R Framing Error

In asynchronous mode, indicates whether or not
a framing error has been found in the data that is
to be read next from SCFRDR.

0: There is no framing error that is to be read
from SCFRDR

[Clearing conditions]
« Power-on reset or manual reset

* When there is no framing error in the data that
is to be read next from SCFRDR

1: There is a framing error that is to be read from
SCFRDR

[Setting condition]

e When there is a framing error in the data that
is to be read next from SCFRDR
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Bit

Bit Name

Initial Value R/W

Description

PER

0

R

Parity Error

In asynchronous mode, indicates whether or not
a parity error has been found in the data that is to
be read next from SCFRDR.

0: There is no parity error that is to be read from
SCFRDR

[Clearing conditions]
« Power-on reset or manual reset

* When there is no parity error in the data that
is to be read next from SCFRDR

1: There is a parity error in the receive data that
is to be read from SCFRDR

[Setting condition]

e When there is a parity error in the data that is
to be read next from SCFRDR

RDF

R/W*!

Receive FIFO Data Full

Indicates that the received data has been
transferred from SCRSR to SCFRDR, and the
number of receive data bytes in SCFRDR is
equal to or greater than the receive trigger
number set by bits RTRG1 and RTRGO in
SCFCR.

0: The number of receive data bytes in SCFRDR
is less than the receive trigger set number

[Clearing conditions]

« Power-on reset or manual reset

* When SCFRDR is read until the number of
receive data bytes in SCFRDR falls below the
receive trigger set number after reading RDF
=1, and 0 is written to RDF

*  When SCFRDR is read by the DMAC until the
number of receive data bytes in SCFRDR
falls below the receive trigger set number

1: The number of receive data bytes in SCFRDR
is equal to or greater than the receive trigger
set number

[Setting condition]

e When SCFRDR contains at least the receive
trigger set number of receive data bytes**
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Bit Bit Name Initial Value R/W Description

0 DR 0 R/W**  Receive Data Ready
In asynchronous mode, indicates that there are
fewer than the receive trigger set number of data
bytes in SCFRDR, and no further data has
arrived for at least 15 etu after the stop bit of the
last data received. This is not set when using
synchronous mode.

0: Reception is in progress or has ended normally
and there is no receive data left in SCFRDR

[Clearing conditions]

» Power-on reset or manual reset

e When all the receive data in SCFRDR has
been read after reading DR =1, and O is
written to DR

e When all the receive data in SCFRDR has
been read by the DMAC

1: No further receive data has arrived

[Setting condition]

*  When SCFRDR contains fewer than the
receive trigger set number of receive data
bytes, and no further data has arrived for at

least 15 etu after the stop bit of the last data
received*’

etu: Elementary time unit (time for transfer of 1 bit)
Notes: *1.Only 0 can be written, to clear the flag.

*2.When a break is detected, the receive data (H'00) following detection is not transferred
to SCFRDR. When the break ends and the receive signal returns to mark "1", receive
data transfer is resumed.

*3. SCFRDR is a 128-byte FIFO register. When RDF = 1, at least the receive trigger set
number of data bytes can be read. If all the data in SCFRDR is read and another read
is performed, the data value will be undefined. The number of receive data bytes in
SCFRDR is indicated by SCRFDR.

*4. Equivalent to 1.5 frames with an 8-bit, 1-stop-bit format.
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17.38 Bit Rate Register (SCBRR)

SCBRR isan 8-bit register that set the serial transmission/reception bit rate in accordance with the
baud rate generator operating clock selected by bits CKS1 and CKS0 in SCSMR.

SCBRR can aways be read from and written to by the CPU.

The SCBRR setting is found from the following equation.

Asynchronous mode:
N=— Pk q08 .1
64 x 221« B
Synchronous mode:
N=— Pk 90 g
8x 221« B

Where B: Bitrate (bits/s)
N: SCBRR setting for baud rate generator (0 < N < 255)
Pck: Peripheral module operating frequency (MHz)
n: Baud rate generator input clock (n =0 to 3)
(Seetable 17.3 for the relation between n and the clock.)

Tablel17.3 SCSMR Settings

SCSMR Setting

n Clock CKS1 CKSO
0 Pck 0 0
1 Pck/4 0 1
2 Pck/16 1 0
3 Pck/64 1 1

The hit rate error in asynchronous mode is found from the following equation:

Error (%) = Pek_x 10° -1} x 100
(N+1)xBx64x 220t
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17.3.9 FIFO Control Register (SCFCR)

SCFCR performs data count resetting and trigger data number setting for transmit and receive
FIFO registers, and also contains a loopback test enable bit.

SCFCR can aways be read from and written to by the CPU.

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

RST RST RST

1
rG2*' | RG1*!| RGO*! RTRG1|RTRGO|TTRG1|TTRGO | MCE*"|TFRST | RFRST| LOOP

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 RW RW RW RW RW RW RW RW RW RW RW

Bit Bit Name Initial Value R/W Description

15t0 11 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.

10 RSTRG2** R/W SCIF_RTS Output Active Trigger

9 RSTRG1** R/W The SCIF_RTS signal becomes high when the

8 RSTRGO** O R/W number of receive data stored in SCFRDR
exceeds the trigger number shown below.

000:127
001:1
010:16
011:32
100:64
101:96
110:108
111:120

o o

7 RTRG1 0 R/W Receive FIFO Data Number Trigger

6 RTRGO 0 R/W These bits are used to set the number of receive
data bytes that sets the RDF flag in SCFSR.
The RDF flag is set when the number of receive
data bytes in SCFRDR is equal to or greater than
the trigger set number shown below.

00:1

01:16
10:64
11:96
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Bit Bit Name Initial Value R/W Description

5 TTRG1 0 R/W Transmit FIFO Data Number Trigger

4 TTRGO 0 R/W These bits are used to set the number of
remaining transmit data bytes that sets the TDFE
flag in SCFSR. The TDFE flag is set when the
number of transmit data bytes in SCFTDR is equal
to or less than the trigger set number shown
below.
00:64 (64)**
01:32 (96)
10:4 (124)
11:0 (128)

3 MCE** 0 R/W Modem Control Enable
Enables the SCIF_CTS and SCIF_RTS modem
control signals. Always set the MCE bit to 0 in
synchronous mode.
0: Modem signals disabled*®
1. Modem signals enabled

2 TFRST 0 R/W Transmit FIFO Data Register Reset
Invalidates the transmit data in the transmit FIFO
data register and resets it to the empty state.
0: Reset operation disabled**
1: Reset operation enabled

1 RFRST 0 R/W Receive FIFO Data Register Reset
Invalidates the receive data in the receive FIFO
data register and resets it to the empty state.
0: Reset operation disabled**
1: Reset operation enabled

0 LOOP 0 R/W Loopback Test

Internally connects the transmit output pin
(SCIF_TXD) and receive input pin (SCIF_RXD),
and the SCIF_RTS pin and SCIF_CTS pin,
enabling loopback testing.

0: Loopback test disabled
1: Loopback test enabled
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Notes: *1.Reserved bit in channel 0.
*2. Figures in parentheses are the number of empty bytes in SCFTDR when the flag is set.

*3. SCIF_CTS is fixed at active-0 regardless of the input value, and SCIF_RTS output is
also fixed at 0.

*4. A reset operation is performed in the event of a power-on reset or manual reset.
17.3.10 Transmit FIFO Data Count Register (SCTFDR)
SCTFDR is a 16-bit register that indicates the number of transmit data bytes stored in SCFTDR.

SCTFDR can always be read from the CPU.

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

T7 T6 T5 T4 T3 T2 Tl TO

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 Bit Name Initial Value R/W Description

15to8 — All 0 R Reserved

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

7t00 T7t0 TO AllO R These bits show the number of untransmitted data
bytes in SCFTDR. A value of H'0000 indicates that
there is no transmit data, and a value of H'0080
indicates that SCFTDR is full of transmit data.

17.3.11 Receive FIFO Data Count Register (SCRFDR)
SCRFDR is a 16-hit register that indicates the number of receive data bytes stored in SCFRDR.

SCRFDR can aways be read from the CPU.

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

R7 R6 R5 R4 R3 R2 R1 RO

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 Bit Name Initial Value R/W Description

15t08 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
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Bit Bit Name Initial Value R/W Description

7t00 R7 to RO All O R These bits show the number of receive data bytes
in SCFRDR. A value of H'0000 indicates that there
is no receive data, and a value of H'0080 indicates
that SCFRDR is full of receive data.

17.3.12 Serial Port Register (SCSPTR)

SCSPTR is a 16-bit readable/writable register that controls input/output and data for the port pins
multiplexed with the serial communication interface (SCIF) pins at all times. Input data can be
read from the SCIF_RXD pin, output data written to the SCIF_TXD pin, and breaksin serial
transmission/reception controlled, by means of bits 1 and 0.

All SCSPTR bits except bits 6, 4, 2, and 0 are initialized to 0 by a power-on reset or manual reset;
the value of bits 6, 4, 2, and 0 is undefined. SCSPTR is not initialized in standby mode or in the
module standby state.

Note that when reading data viaa seria port pin in the SCIF, the peripheral clock value from 2
cycles before is read.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RT RT CT CT | SCK | SCK |SPB2 |SPB2
SIO* | SDT*| SIO* | SDT*| 10 DT 10 DT
Initial value: 0 0 0 0 0 0 0 0 0 - 0 - 0 - 0 -
R/W: R R R R R R R R RW RW RW RW RW RW RW RW

Bit Bit Name Initial Value R/W Description

15t08 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.

7 RTSIO* 0 R/W Serial Port SCIF_RTS Port Input/Output
Specifies the serial port SCIF_RTS pin
input/output condition. When actually setting the
SCIF_RTS pin as a port output pin to output the
value set by the RTSDT bit, the MCE bit in
SCFCR should be cleared to 0.

0: RTSDT bit value is not output to SCIF_RTS pin
1: RTSDT bit value is output to SCIF_RTS pin
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Bit Bit Name Initial Value R/W

Description

6 RTSDT* —

R/W

Serial Port SCIF_RTS Port Data

Specifies the serial port SCIF_RTS pin
input/output data. Input or output is specified by
the RTSIO bit. In output mode, the RTSDT bit
value is output to the SCIF_RTS pin. The
SCIF_RTS pin value is read from the RTSDT bit
regardless of the value of the RTSIO bit. The
initial value of this bit after a power-on reset or
manual reset is undefined.

0: Input/output data is low-level
1: Input/output data is high-level

5 CTSIO* 0

R/W

Serial Port SCIF_CTS Port Input/Output
Specifies the serial port SCIF_CTS pin
input/output condition. When actually setting the
SCIF_CTS pin as a port output pin to output the
value set by the CTSDT bit, the MCE bit in
SCFCR should be cleared to 0.

0: CTSDT bit value is not output to SCIF_CTS
pin
1: CTSDT bit value is output to SCIF_CTS pin

4 CTSDT* —

R/W

Serial Port SCIF_CTS Port Data

Specifies the serial port SCIF_CTS pin
input/output data. Input or output is specified by
the CTSIO bit. In output mode, the CTSDT bit
value is output to the SCIF_CTS pin. The
SCIF_CTS pin value is read from the CTSDT bit
regardless of the value of the CTSIO bit. The
initial value of this bit after a power-on reset or
manual reset is undefined.

0: Input/output data is low-level
1: Input/output data is high-level
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Bit Bit Name Initial Value R/W Description

3 SCKIO 0 R/W Serial Port Clock Port Input/Output
Specifies the serial port SCIF_CLK pin
input/output condition. When actually setting the
SCIF_CLK pin as a port output pin to output the
value set by the SCKDT bit, the CKE1 and CKEO
bits in SCSCR should be cleared to 0.
0: SCKDT bit value is not output to SCIF_CLK pin
1: SCKDT bit value is output to SCIF_CLK pin

2 SCKDT — R/W Serial Port Clock Port Data
Specifies the serial port SCIF_CLK pin
input/output data. Input or output is specified by
the SCKIO bit. In output mode, the SCKDT bit
value is output to the SCIF_CLK pin. The
SCIF_CLK pin value is read from the SCKDT bit
regardless of the value of the SCKIO bit. The
initial value of this bit after a power-on reset or
manual reset is undefined.
0: Input/output data is low-level
1: Input/output data is high-level

1 SPB2I0 0 R/W Serial Port Break Input/Output
Specifies the serial port SCIF_TXD pin output
condition. When actually setting the SCIF_TXD
pin as a port output pin to output the value set by
the SPB2DT bit, the TE bit in SCSCR should be
cleared to 0.
0: SPB2DT bit value is not output to the

SCIF_TXD pin
1: SPB2DT bit value is output to the SCIF_TXD
pin
0 SPB2DT — R/W Serial Port Break Data

Specifies the serial port SCIF_RXD pin input data
and SCIF_TXD pin output data. The SCIF_TXD
pin output condition is specified by the SPB210
bit. When the SCIF_TXD pin is designated as an
output, the value of the SPB2DT bit is output to
the SCIF_TXD pin. The SCIF_RXD pin value is
read from the SPB2DT bit regardless of the value
of the SPB2IO bit. The initial value of this bit after
a power-on reset or manual reset is undefined.

0: Input/output data is low-level
1: Input/output data is high-level

Note: * Only channels 1 and 2. Reserved bit in channel 0.

Rev. 1.0, 02/03, page 573 of 1294

RENESAS



17.3.13 Line Status Register (SCLSR)

Bit: 15 14 13 12

- 1T-1-]

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R R R R R R R R R R R R R R R/W**
Bit Bit Name Initial Value R/W Description
15to1 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
0 ORER 0 R/W**  Overrun Error

Indicates that an overrun error occurred during
reception, causing abnormal termination.

0: Reception in progress, or reception has ended
normally*?

[Clearing conditions]
« Power-on reset or manual reset

¢ When 0 is written to ORER after reading
ORER=1

1: An overrun error occurred during reception*®

[Setting condition]

* When the next serial reception is completed

while SCFRDR receives 128-byte data
(SCFRDR is full)

Notes: *1.Only O can be written, to clear the flag.
*2. The ORER flag is not affected and retains its previous state when the RE bit in SCSCR

is cleared to 0.

*3. The receive data prior to the overrun error is retained in SCFRDR, and the data
received subsequently is lost. Serial reception cannot be continued while the ORER flag

is setto 1.
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17.3.14 Serial Error Register (SCRER)

SCRER is a 16-bit register that indicates the number of receive errorsin the datain SCFRDR.
SCRER can always be read from the CPU.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
| PER7| PERGIPERS IPER4 I PER3| PERZI PERlI PEROI FER7| FERGI FERSIFER4 IFER3 I FERZI FERlI FEROI
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 Bit Name Initial Value R/W Description
15 PER7 0 R Number of Parity Errors
14 PER6 0 R These bits indicate the number of data bytes in
13 PERS5 0 R which a parity error occurred in the receive data
12 PER4 0 R stored in SCFRDR.
11 PERS3 0 R After the ER bit in SCFSR is set, the value
10 PER2 0 R indicated by bits PER7 to PERO is the number of
9 PER1 0 R data bytes in which a parity error occurred.
8 PERO 0 R If all 128 bytes of receive data in SCFRDR have

parity errors, the value indicated by bits PER7 to
PERO will be 0.

7 FER7 0 R Number of Framing Errors
6 FER6 0 R These bits indicate the number of data bytes in
5 FER5 0 R which a framing error occurred in the receive data
4 FER4 0 R stored in SCFRDR.
3 FER3 0 R After the ER bit in SCFSR is set, the value
2 FER2 0 R indicated by bits FER7 to FERO is the number of
1 FER1 0 R data bytes in which a framing error occurred.
0 FERO 0 R If all 128 bytes of receive data in SCFRDR have

framing errors, the value indicated by bits FER7 to
FERO will be 0.
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174  Operation

17.41 Overview

The SCIF can carry out serial communication in asynchronous mode, in which synchronization is
achieved character by character and in synchronous mode, in which synchronization is achieved
with clock pulses. For details on asynchronous mode, see section 17.4.2, Operation in
Asynchronous Mode.

128-stage FIFO buffers are provided for both transmission and reception, reducing the CPU
overhead, and enabling fast and continuous communication to be performed.

SCIF_RTS and SCIF_CTS signals are also provided as modem control signals.

The seria transfer format is selected using SCSMR, as shown in table 17.4. The SCIF clock
source is determined by the combination of the C/A bit in SCSMR and the CKE1 and CKEO bits
in SCSCR, as shown in table 17.5.

Asynchronous Mode:

» Datalength: Choice of 7 or 8 bits

» Choice of parity addition and addition of 1 or 2 stop bits (the combination of these parameters
determines the transfer format and character length)

» Detection of framing errors, parity errors, receive-FIFO-data-full state, overrun errors, receive-
data-ready state, and breaks, during reception

» Indication of the number of data bytes stored in the transmit and receive FIFO registers
» Choice of internal or external clock as SCIF clock source

When internal clock is selected: The SCIF operates on the baud rate generator clock and can
output a clock with frequency of 16 times the bit rate.

When external clock is selected: A clock with afrequency of 16 times the bit rate must be
input (the on-chip baud rate generator is not used).

Synchronous Mode;

» Datalength: Fixed at 8 bits
» Detection of overrun errors during reception
» Choice of internal or external clock as SCIF clock source
When internal clock is selected: The SCIF operates on the baud rate generator clock and a
serial clock is output to external devices.
When external clock is selected: The on-chip baud rate generator is not used and the SCIF
operates on the input serial clock.
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Table17.4 SCSMR Settingsfor Serial Transfer Format Selection

SCSMR Settings

SCIF Transfer Format

Bit 7: Bit 6: Bit 5: Bit 3: Data Parity Stop Bit
C/IA CHR PE STOP Mode Length Bit Length
0 0 0 0 Asynchronous mode 8-bitdata No 1 bit
1 2 bits
1 0 Yes 1 bit
1 2 bits
1 0 0 7-bitdata No 1 bit
1 2 bits
1 0 Yes 1 bit
1 2 bits
1 * * * Synchronous mode 8-bitdata No No

Note: * Don't care

Tablel7.5 SCSMR and SCSCR Settingsfor SCIF Clock Source Selection

SCSMR SCSCR Settings

Bit 7: Bit 1: Bit O: Clock
C/A CKE1 CKEO Mode Source SCIF_CLK Pin Function
0 0 0 Asynchronous Internal SCIF does not use SCIF_CLK pin
1 mode Outputs clock with frequency of
16 times the bit rate
1 0 External Inputs clock with frequency of 16
1 times the bit rate
1 0 0 Synchronous  Internal Outputs synchronization clock
1 mode
1 0 External Inputs synchronization clock
1

RENESAS
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17.4.2  Operation in Asynchronous Mode

In asynchronous mode, a character that consists of data with a start bit indicating the start of
communication and a stop bit indicating the end of communication is transmitted or received. In
thismode, serial communication is performed with synchronization achieved character by
character.

Inside the SCIF, the transmitter and receiver are independent units, enabling full-duplex
communication. Both the transmitter and receiver have a 128-stage FIFO buffer structure, so that
data can be read or written during transmission or reception, enabling continuous data
transmission and reception.

Figure 17.7 shows the general format for asynchronous serial communication.

In asynchronous serial communication, the transmission line is usually held in the mark state (high
level). The SCIF monitors the transmission line, and when it goes to the space state (low level),
recoghizes a start bit and starts serial communication.

One character in serial communication consists of a start bit (low level), followed by
transmit/receive data (L SB-first; from the lowest bit), a parity bit (high or low level), and finally
stop hits (high level).

In reception in asynchronous mode, the SCIF synchronizes with the fall of the start bit. Receive
data can be latched at the middle of each bit because the SCIF samples data at the eighth clock
which has a frequency of 16 timesthe bit rate.

Idle state
(mark state)
1 LSB MSB 1

Serial | g | po | pr|D2| D3| D4|D5|DE|D7T |02 |