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Notice

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

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

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

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

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

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

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

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances, machine tools; personal electronic equipment; and industrial robots.
“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.
“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose adirect threat to human life.
Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physica injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

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

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

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

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

owned subsidiaries.

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

This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.
Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.
You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.
All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )
Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.
When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.
With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.
Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

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

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.
Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design for
hardware and software including but not limited to redundancy, fire control and malfunction prevention,
appropriate treatment for aging degradation or any other applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.
In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.
This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.
Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.




General Precautionson Handling of Product

1. Treatment of NC Pins

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

2. Treatment of Unused Input Pins

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

3. Processing before Initialization

Note: When power 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 a reset function, reset the LS| immediately
after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Addresses

Note: Accessto undefined or reserved addresses is 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.

5. Reading from/Writing Reserved Bit of Each Register

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

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

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




Configuration of This Manual

This manual comprises the following items:

o g~ DN PRE

Genera Precautions on Handling of Product
Configuration of This Manual

Preface

Contents

Overview

Description of Functional Modules

e CPU and System-Control Modules

e  On-Chip Peripheral Modules

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

i) Feature

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

v) Usage Note

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

7.
8.
0.

List of Registers
Electrical Characteristics
Appendix

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

Thelist of revisionsis a summary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locationsin this
manual.

11. Index



Preface

ThisLSl isaRISC (Reduced Instruction Set Computer) microcomputer which includes a Renesas
Technology-original RISC CPU asits core, and the peripheral functions required to configure a
system. This LS| includes the SH4A extended functions that have functional upward compatibility
with the SH4A.

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

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

Notes on reading this manual:

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

e Inorder to understand the details of the instructions of the SH4A extended functions
Read the SH4A Extended Function Software Manual.

Examples.  Register name: The following notation is used for cases when the same or a
similar function, e.g. serial communication, isimplemented
on more than one channel: XXX _N (XXX isthe register
name and N is the channel number)

Bit order: The MSB is on the left and the LSB is on the right.
Number notation:  Binary is B'xxxx, hexadecimal is H'xxxX, decimal is Xxxx.
Signal notation: An overbar is added to alow-active signal: xxxx

Note: This data sheet contains references to the SH7723 Hardware Manual. The contents of the
SH7723 Hardware Manual will be disclosed upon acceptance of a confidentiality
agreement. For details, please contact a Renesas Technology sales representative.



Abbreviations
ALU
ASID
BEU
BSC
CEU
CMT
CPG
CPU
DMA
DMAC
DSP
ETU
FIFO
FLCTL
H-UDI
Inc
INTC
IrDA
JPU
JPEG
JTAG

KEYSC

Arithmetic Logic Unit
Address Space I dentifier
Blend Engine Unit

Bus State Controller
Capture Engine Unit
Compare Match Timer
Clock Pulse Generator
Central Processing Unit
Direct Memory Access
Direct Memory Access Controller
Digital Signal Processor
Elementary Time Unit
First-In First-Out

Flash Memory Controller
User Debugging Interface
Inter IC Bus

Interrupt Controller
Infrared Data Association
JPEG Processing Unit
Joint Photographic Experts Group
Joint Test Action Group

Key Scan Interface



LCDC

LRU

LSB

MMC

MMU

MPEG

MSB

PFC

RISC

RWDT

SBSC

SCIF

SDHI

SIM

SIO

SIOF

SIU

TAP

TLB

T™U

TPU

TSIF

LCD Controller

Least Recently Used

Least Significant Bit

Multi Media Card

Memory Management Unit
Motion Picture Experts Group
Most Significant Bit

Program Counter

Pin Function Controller
Reduced Instruction Set Computer
RCLK Watchdog Timer
SDRAM Bus State Controller
Serial Communication Interface with FIFO
SD Card Host Interface
Smart Card Interface Module
Seria Interface

Seria Interface with FIFO
Sound Interface Unit

Test Access Port

Trandation Lookaside Buffer
Timer Unit

Timer Pulse Unit

Transport Stream Interface



UART Universal Asynchronous Receiver/Transmitter

uUBC User Break Controller
USB Universal Serial Bus
VEU Video Engine Unit
VIO Video 1/0

VOuU Video Output Unit
VPU Video Processing Unit

All trademarks and registered trademarks are the property of their respective owners.
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Section1 Overview

Section1l Overview

Note: This section contains references to the SH7723 Hardware Manual. The contents of the
SH7723 Hardware Manual will be disclosed upon acceptance of a confidentiality
agreement. For details, please contact a Renesas Technology sales representative.

11 Featuresof ThisLSI

The SH7723 isasystem LSl that incorporates a 32-bit RI SC-type SuperH architecture CPU with a
clock speed of up to 400 MHz and a FPU extension as its core and L2 Cache, together with a
variety of functions required for multimedia applications. These include MPEG4 and H.264
accelerators, a 2D graphics accelerator, LCD controller, camerainterface, and sound input/output
module. With an on-chip DDR1 SDRAM interface and USB 2.0 high-speed Host and function,
large amounts of data are transferable at high speeds. In addition, the strong power management
functions keep both operating current and standby current low.

ThisLSl isideal for use in multimedia devices that require both high-performance operation and
low power consumption.

The features of thisLSI arelisted in table 1.1.
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Section 1 Overview

Tablel.l1 Featuresof ThisLS

Iltem Features

CPU e Renesas Technology original architecture

e 32-bitinternal data bus

e General-register files
— Sixteen 32-bit general registers (eight 32-bit shadow registers)
— Seven 32-bit control registers
— Four 32-bit system registers

e RISC-type instruction set (upward compatible with SH-1, SH-2, SH-3, and
SH-4 processors)
— Instruction length: 16-bit fixed length for improved code efficiency
— Load/store architecture
— Delayed branch instructions
— Conditional instruction execution
— Instruction-set design based on the C language

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

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

e Virtual address space: 4 Ghytes

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

e Eight-stage pipeline
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Iltem

Features

FPU

e On-chip floating-point co-processor

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

e Supports IEEE754-compliant data types and exceptions

e Two rounding modes: Round to Nearest and Round to Zero

e Handling of de-normalized numbers: Truncation to zero or interrupt
generation for IEEE754 compliance

¢ Floating-point registers: 32 bits x 16 registers x 2 banks
(single-precision x 16 registers or double-precision x 8 registers) x 2 banks
e 32-bit CPU-FPU floating-point communications register (FPUL)
e FMAC (multiply-and-accumulate) instruction
e FDIV (divide) and FSQRT (square root) instructions
e FLDIO/FLDI1 (load constants 0 and 1) instructions
e Instruction-execution times
Latency (FADD/FSUB): 3 cycles (single-precision), 5 cycles (double-
precision)
Latency (FMAC/ FMUL): 5 cycles (single-precision), 7 cycles (double-
precision)
Pitch (FADD/FSUB): 1 cycle (single-precision/double-precision)
Pitch (FMAC/FMUL): 1 cycle (single-precision), 3 cycles (double-precision)

Note: FMAC only supports single-precision operands.
e 3-D graphics instructions (single-precision only)
— 4-dimensional vector-conversion and matrix operations (FTRV): 4cycles
(pitch), 8 cycles (latency)

— 4-dimensional vector (FIPR) inner product: 1 cycle (pitch), 5 cycles
(latency)
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Item Features
Memory o 4-Ghyte address space, 256 address spaces (8-bit ASID)
management unit Single virtual memory mode and multiple virtual memory mode

(MMU)
e Supports multiple page sizes: 1 Kbyte, 4 Kbytes, 64 Kbytes, or 1 Mbyte

e 4-entry full associative TLB for instructions

e 64-entry full associative TLB for instructions and operands

e Specifies replacement way by software and supports random replacement
algorithm

e Address mapping allows direct access to TLB contents

Note: This LSI does not support the 32-bit address extended mode or the 32-bit
boot function.

Cache memory e Instruction cache (IC)
(L1C) — 32-Kbyte, 4-way set associative
— 32-byte block length
e Operand cache (OC)
— 32-Kbyte, 4-way set associative
— 32-byte block length

— Selectable write mode (copy-back or write-through)

Secondary cache 256-Kbyte L2 cache, mixed instruction/data

(L2C) e 32-byte block length

e Write-through
IL memory e Three independent read/write ports
(ILRAM)

— Instruction fetch access from CPU using virtual address

— Instruction fetch access from CPU using physical address and 8-/16-/
32-bit operand access from CPU

— 8-/16-/32-/64-bit or 16-/32-byte access by Super-Hyway bus master
e Total of 16 Kbytes

Interrupt e Nine external interrupt pins (NMI, IRQ7 to IRQO)
contESER — NMI: Fall/rise selectable
— IRQ: Fall/rise/high level/low level selectable

¢ On-chip peripheral interrupts: Priority can be specified for each module
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Iltem

Features

Bus state
controller (BSC)

Supports SRAM, burst ROM, and PCMCIA interfaces.

Physical address space is provided to support six areas in total: two areas
(areas 0 and 4) of up to 64 Mbytes each and four areas (area 5A,5B,6A,6B)
of up to 32 Mbytes.

A chip select signal is output to the target area.

Data bus width: Selectable from 16 bits and 32 bits

Bus state
controller for
DDR SDRAM
(SBSC)

2.5V DDR1-SDRAM can be directly connected

Physical address space is provided to support one area (DRAM area) of up
to 128 Mbytes

Data bus width: 32 bits
Supports auto-refresh, self-refresh functions

Auto-precharge mode, bank active mode can be selected

Direct memory
access controller
(DMAC)

Number of channels: 12 channels. Two of these channels (channel 0 and
channel 1 of DMACO) can receive an external request.

Address space: 4 Ghytes on architecture

Data transfer length: Bytes, words (2 bytes), longwords (4 bytes), 16 bytes,
and 32 bytes

Maximum number of transfer times: 16,777,216 times
Address mode: Dual address mode

Transfer request: Selectable from external request, on-chip peripheral
module request and auto request

Bus mode: Selectable from cycle steal mode (normal mode and intermittent
mode) and burst mode

Priority: Selectable from fixed channel priority mode and round-robin mode
Interrupt request: Supports interrupt request to CPU at the end of data
transfer

Repeat function: Automatically resets the transfer source, destination, and
count at the end of DMA transfer

Reload function: Automatically resets the transfer source and destination at
the end of the specified number of DMA transfers
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Iltem

Features

Clock pulse
generator (CPG)

Clock mode: Input clock selectable from external inputs (EXTAL or RCLK)
or crystal oscillator.

Output clock: Bus clock (B¢)

Generates six types of system clocks

— CPU clock (1¢): Maximum 400 MHz

— SH clock (SH¢): Maximum 133.4 MHz

— SBSC clock (B3¢): Maximum 133.4 MHz (for DDR max frequency)

— DDR-SDRAM clock (DDR¢): Maximum 133.4 MHz (data rate 266.7
MHz)

— Bus clock (B¢): Maximum 66.7 MHz

— Peripheral clock (P¢): Maximum 33.4 MHz

Module standby function (stops clocks for individual modules.)

Sleep mode (stops clocks for the CPU core.)

Software standby mode (stops clocks in the LS| except the I/O area and the
RCLK operation area)

U-standby mode (turns off the power in the LS| except the I/O area and the
RCLK operation area

RCLK watchdog
timer (RWDT)

Single watchdog timer with RCLK as the operating clock
(RCLK must be input to operate this LSI.)
Generates a system reset when the counter overflows

Timer unit (TMU)

Six internal 32-bit TMU timers
Auto-reload type 32-bit down counter
Internal prescaler for P¢

Interrupt request

Timer pulse unit
(TPU)

4 channel of 16-bit timers
Four pulse outputs possible
Maximum of 4-phase PWM output possible

Interrupt request

Compare match
timer (CMT)

One 32-bit CMT timer (16 bits/32 bits can be selected)
Source clock: RCLK
Compare match function provided

Interrupt request
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Iltem

Features

Clock-
synchronized
serial interface

e 2 channels

¢ Internal 64-byte transmit/receive FIFOs

with EIFO e Supports 8-/16-bit data and 16-bit stereo audio input/output and 24-bit
(MSIOF) stereo audio input/output
e Sampling rate clock input selectable from B¢ and external pin
e Internal prescaler for B¢
e Module stop function
e Interrupt request and DMAC request
e SPImode
— Provides continuous full-duplex communication with SPI slave device in
fixed master mode.
— Serial clock (SCK) rise or fall edge selectable for data sampling timing
— SCK clock phase selectable for transmit timing
— Three slave devices selectable
— Transmit/receive data length to 8 bits and 16bits and 32 bits
Serial e 3channels

communication
interface with

e Internal 16-byte transmit/receive FIFOs

FIFO (SCIF) ¢ High-speed UART for Bluetooth
¢ Internal prescaler for P¢
e Both asynchronous and clock synchronous serial communications possible
e Interrupt request and DMAC request

Serial e 3channels

communication
interface with
FIFO (SCIFA)

e Internal 64-byte transmit/receive FIFOs

e High-speed UART for Bluetooth

o Internal prescaler for B¢

e Both asynchronous and clock synchronous serial communications possible
e On-chip modem-control function (RTS and CTS) for channel 3

o Interrupt request and DMAC request

Realtime clock
(RTC)

e Operates at RCLK and includes clock and calendar
e Generates alarm interrupt and periodic interrupt

IrDA interface
(IrDA)

e Conforms to version 1.2a
e CRC generation function

¢ Interrupt request and DMA transfer request
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Item Features

Key scan e Key scan: Chattering elimination in key input interrupt detection is possible
interface e Input or output bit numbers can be set to be programmable (5 inputs/6
(KEYSC) outputs, 6 inputs/5 outputs, 7 inputs/4 outputs.)

e Generates the key input interrupt in Software standby or U-standby mode
e Interrupt request

USB Host & e USB 2.0 High Speed Host & High Speed Function
I'\:/I“r:th:O” e Possible to switch from USB host to USB function with the registers
odule

(USB) e Supports USB 2.0 high-speed mode (480 Mbps), full-speed mode (12Mbps)
and low-speed mode (1.5Mbps)

e Internal USB transceivers

e Adopt to all the USB transfer type

Provides Control-transfer, Bulk-transfer, Interrupt-transfer (not adaptive to
high bandwidth) and Isochronous-transfer (not adaptive to high bandwidth).

e Maximum of ten endpoints including the default endpoint are supported in
total.

e Able to allocate any numbers to endpoint 1 to 9
e Each endpoint transfer setting
Endpoint 0: Control-transfer
Endpoint 1 and 2: Bulk-transfer or Isochronous-transfer
Endpoint 3 to 5: Bulk-transfer
Endpoint 6 to 9: Interrupt-transfer
e Module input clock: 48 MHz
e Interrupt request and DMA transfer request

I°’C bus interface e 1 channel

(ney e Supports single master transmission/reception
e Supports standard mode (100 kHz) and high-speed mode (400 kHz)
e Interrupt request
NAND flash e Directly connected memory interface with NAND-type flash memory
genrﬂg%r e Read/write in sectors
(FLCTL) e Two types of transfer modes: Command access mode and sector access

mode (512-byte data + 16-byte management code: with 4-bit ECC)
¢ Interrupt request and DMAC transfer request
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Iltem

Features

Video processing
unit (VPU5F)

MPEG-4 single video object plane (VOP) encoding and decoding

Applicable standard: MPEG-4 Simple Profile, MPEG-4 H.264 (Baseline)**,
VC1(WMV) Simple profile, and Main Profiles *?

Image size: Sub-QCIF to VGA
Bit rate: Maximum 8 Mbps
Motion detection: Layer tracking (Renesas Technology original method)

Rate control: Control with quantizing amount predicted (Renesas
Technology original method), both VOP and MB supported

Interrupt request

Note: 1. Some of Baseline tools are not supported.

2. Some of Baseline tools (Dynamic Resolution Change, B-Frame, and
Range Reduction) are not supported.

Video I/O
module (VIO5)

Provides the interface with camera module and image processing

CEU (Capture engine unit; image capturing from camera module)

A. Camera module interface:
Data (8 bits: YCbCr 4:2:2), horizontal sync signal (HD), vertical sync
signal (VD)

B. Size of captured image: 5M pixels, 3M pixels, 2M pixels, UXGA, SXGA,
XGA, SVGA, VGA, CIF, QVGA, QCIF, QQVGA, Sub-QCIF, etc.

C. Output image format: YCbCr (4:2:2/4:2:0)

D. Image format conversion function:
Reduced image generating prefilter function
YCbCr 4:2:2 — YCbCr 4:2:2, YCbCr 4:2:0
YCbCr format (Y: 8 bits and CbCr: 16 bits)
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Item Features
Video I/0 e VEUZ2H (Video engine unit; image processing in memory)
module (VIO5) A. Video image processing function

Input image format: YCbCr image (Y/CbCr plane image), RGB image
(RGB pack image)
Output image format: YCbCr image (Y/CbCr plane image), RGB image
(RGB pack image)
Image processing function:
Scaling image generating filter function
YCbCr—RGB/RGB—YCbCr conversion function
Dithering function (in RGB color subtraction)
B. Filter processing function

Mirroring, vertical inversion, point symmetry, +90-degree image
conversion functions

Deblocking filter
Median filter
High Qualitization FIR filter(Edge Enhancement)
C. Video image processing and filter processing combined operation

e BEU (Blend engine unit; image blending)
A. PinP function
Input image format: YCbCr image (Y/CbCr plane image), RGB image
(RGB pack image)
Output image format: YChCr image (Y/CbCr plane image), RGB image
(RGB pack image)
B. Graphic processing function
Input graphic format: YCbCr/RGB image
Output graphic format: YCbCr/RGB image
C. PinP and graphic combined operation
Two PinP planes and one graphic plane can be blended simultaneously
D. Results of processing are written back to memory
e Frame drop function (1/2, 1/3, 1/4, 1/5, or 1/6 drop)
e Interrupt request
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Item Features
2D graphics e Drawing function
?zclgtélsarator 4-vertex surface drawing, polygon drawing, line drawing, high functional

bold line drawing, antialiasing, raster operation/BitBLT with alpha blending
Color representation

Source: 1/8/16 bit/pixel,

Drawing: 8/16 bit/pixel

Work: Binary

Screen coordinates

X-direction: 0 to 4095

Y-direction: 0 to 4095

Interrupt request

LCD controller
(LCDC)

Supported LCD panel: TFT color LCD

Input data format: 8, 12, 16, 18, or 24 bpp

LCD driver interface

— Specialized LCD bus, independent of memory bus

— RGB interface or 80-series CPU bus interface selectable

— Bus width: 8, 9, 12, 16, 18, or 24 bits

— One-pixel one-time, two-time, or three-time transfer mode selectable

— Signal polarity and SYNC output timing and width programmable in RGB
interface

— Access cycle programmable in 80-series CPU bus interface

Dot clock: Bus clock, peripheral clock, or external clock selectable as the
source clock

Display data fetch: Continuous mode (according to the refresh rate of the
LCD panel) and one-shot mode (according to the frame rate of the movie)
are supported. Image data can be fetched only for updated sections.

256-entry, 24-bit-output built-in color palette
An interrupt can be generated at the frame and the user-specified line

Interrupt request
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Item Features
Video output unit e Output data format: 16-bit interface with 8-bit Y and 8-bit C
(Vo) e Output pixel frequency: 13.5 MHz and 27 MHz
e Partial image display: Any background color (selectable by a register) plus
images to be displayed
e Supported source image: Sub-QCIF, QVGA, VGA, etc.
e Interrupt request
TS interface e Serial TS data input
(TSIF) e Filters 38 kinds of PIDs in total (The PID values of PAT and CAT packets

are fixed. For PCR, video, and audio packets, the PID values are
predefined.)

Interrupt request and DMA transfer request

Sound interface
unit (SIUA, SIUB)

Internal two channels

16-bit stereo

Supports PCM and I12S formats

IEC60958 (SPDIF) supports stereo consumer mode

Two sound output systems and two sound input systems

DSP functions (FIR filter, IIR filter, equalizer, etc.)

Serial /0 can be directly connected to external A/D or D/A converter.
Internal prescaler

Supports master/slave mode

Interrupt request and DMA transfer request

ATAPI interface o
(ATAPI) .

Supports primary channel
Supports master/slave

Supports PIO modes 0 to 4, multiword DMA modes 0 to 2, and Ultra DMA
modes 0 to 4

Supports descriptor mode
I/O: Supports 3.3 V
Interrupt request
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Iltem

Features

SD card host
interface (SDHI)

Internal two channels

SD memory/SDIO interface supported

Card detecting function

Interrupt request and DMA transfer request

Maximum operation frequency: 50MHz (support high peed)

A/D converter
(ADC)

10 bits + 4 LSB, 4 channels
Conversion time: 15uS
Input range: 0-AVcc (max. 3.6 V)

Interrupt request and DMA transfer request

I/O port

I/O port is switchable for each bit

User break
controller (UBC)

Debugging with user break interrupts supported
Two break channels

All of address, data value, access type, and data size can be set as break
conditions

Supports sequential break function

User debugging

interface (H-UDI)

Supports E10A emulator
Real-time branch trace
4-Kbyte on-chip memory for executing high-speed emulation program

Package e BGA package with 449 pins: 21 mm X 21 mm, 0.8 mm-pitch
Power-supply e 1/0: 3.0t03.6V (V. Q, USB power-supply pins)
voltage o DDR1-SDRAM I/O: 2.3 t0 2.7 V (VccQ_DDR power-supply pins)
e ADC: 3.0to 3.6 V (AVcc power-supply pins)
e Internal: 1.15to 1.30 V (VDD and USB power-supply pins)
Process e 0.09-um CMOS, 7 metal layers

Product lineup

R8A77230C400BG: The operating temperature of a guarantee —20 to 70°C
R8A77230D400BG: The operating temperature of a guarantee —40 to 85°C
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12

Block Diagram

Figure 1.1 shows ablock diagram of thisLSl.
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13 Pin Assignments

Figure 1.2 shows the pin assignments.
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Figure1.2 Pin Assignments(Top View)
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Tablel.2 Pin Assignments

Pin No. Pin Name

Al Ve

A2 uvi1z

A3 AV12

A4 DVv12

A5 DP

A6 DM

A7 PTQ2/AN2

A8 PTYO/VIO_DO

A9 PTY5/VIO_D5

Al0 PTZ0/VIO_CLK1/SIUBISLD
All PTZ3/VIO_FLD/SIUBFCK
Al2 XTAL

Al3 EXTAL

Al4 PTG2/AUDATA2/TPUTO2
Al5 TRST

Al6 TDI

Al7 TST

Al8 RCLK

Al9 PTJ7/STATUSO

A20 PTW5/IRQ5

A21 PTHO/LCDVEPWC

A22 PTH5/LCDVSYN/DV_CLK
A23 PTN7/LCDD23/SCIF5_SCK
A24 V, DLL

A25 Ve

Bl EXTALUSB

B2 PTW2/IRQ2/BS/VIO_CKO
B3 AV33

B4 DG12

B5 DG33

B6 DV33

Rev. 1.00 Oct. 23, 2008 Page 16 of 340
REJ03B0273-0100 RENESAS



Section1 Overview

Pin No. Pin Name

B7 PTQO/ANO

B8 PTX6/DREQ1/MSIOF0_MCK

B9 PTY3/VIO_D3

B10 PTY7/VIO_D7

B11 PTZ1/VIO_VD1/SIUBIBT

B12 NMI

B13 MPMD

B14 PTG3/AUDATA3/TPUTO3

B15 TDO

B16 TCK

B17 RESETP

B18 RESETA

B19 TSTMD

B20 PTW4/IRQ4/LCDLCLK

B21 PTH1/LCDDCK/LCDWR

B22 PTH6/LCDRD/DV_CLKI

B23 PTN6/LCDD22/SCIF5_RXD

B24 V,, DLL

B25 PTN5/LCDD21/SCIF5_TXD

c1 XTALUSB

c2 PTX2/TS0O_SCK

c3 PTW1/IRQ1/SIUAISPD

c4 AG12

C5 VBUS

C6 AV

c7 PTQ1/AN1

(of: PTX4/DREQO/IrDA_IN

c9 PTX5/DACKO/IrDA_OUT

C10 PTY2/VIO_D2

c11 PTY6/VIO_D6

C12 PTZ2/VIO_HD1/SIUBILR

C13 PTGO/AUDATAQ/TPUTOO

Rev. 1.00 Oct. 23,2008 Page 17 of 340

RENESAS REJ03B0273-0100



Section 1 Overview

Pin No. Pin Name

cl14 PTG4/AUDSYNC

C15 T™S

C16 RESETOUT

c17 BOOT

c18 MD8

C19 MD1

C20 PTW7/IRQ7

c21 PTH2/LCDDON

Cc22 PTH7/LCDVCPWC

c23 Ve

c24 PTN3/LCDD19/SCIF4_RXD
C25 PTN2/LCDD18/SCIF4_TXD
D1 PTT1/SCIF2_RXD/MSIOF0_SS1/MSIOF0_RSCK
D2 PTXO0/TSO_SPSYNC

D3 PTWO/IRQO/SIUAOSPD
D4 PTW3/IRQ3/ADTRG

D5 AG33

D6 UG12

D7 PTQ3/AN3

D8 Ve

D9 PTX7/DACK1

D10 PTY4/VIO_D4

D11 PTY1/VIO_D1

D12 ASEBRK/BRKAK

D13 PTG1/AUDATA1/TPUTO1
D14 PTG5/AUDCK

D15 MD5

D16 PTJ5/PDSTATUS

D17 MD2

D18 MDO

D19 PTW6/IRQ6

D20 PTH3/LCDHSYN/LCDCS
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Pin No. Pin Name

D21 PTH4/LCDDISP/LCDRS
D22 VSS

D23 PTN1/LCDD17/DV_VSYNC
D24 PTL5/LCDD13/DV_D13
D25 PTL6/LCDD14/DV_D14

El SCL

E2 PTT4/SCIFO_RXD/MSIOF0_RXD
E3 PTX1/TSO_SDEN

E4 PTX3/TSO_SDAT

E5 Vi,

E6 REFRIN

E7 AV,

E8 Vi

E9 Ve

E10 V.Q

E11 V.Q

E12 Ve

E13 Ve

E14 Vo)

E15 V,.Q

E16 Ve

E17 Vo

E18 V.Q

E19 V..Q

E20 V., PLL

E21 V PLL

E22 PTN4/LCDD20/SCIF4_SCK
E23 PTNO/LCDD16/DV_HSYNC
E24 PTL2/LCDD10/DV_D10
E25 PTL1/LCDD9/DV_D9

F1 SDA

F2 PTS4/SCIF3_CTS/SDHIOD2

Rev. 1.00 Oct. 23, 2008 Page 19 of 340
RENESAS REJ03B0273-0100



Section 1 Overview

Pin No. Pin Name

F3 PTT2/SCIF2_SCK/MSIOF0_TSYNC
F4 PTTO/SCIF2_TXD/MSIOF0_SS2/MSIOF0_RSYNC
F5 Ve

F21 Ve

F22 PTL7/LCDD15/DV_D15

F23 PTL3/LCDD11/DV_D11

F24 PTM5/LCDD5/DV_D5

F25 PTM4/LCDD4/DV_D4

G1 PTS0/SCIF3_TXD/SDHIOCLK

G2 PTS1/SCIF3_RXD/SDHIOCMD

G3 PTS6/SCIF1_RXD/SDHIOWP

G4 PTT3/SCIFO_TXD/MSIOF0_TXD
G5 VeQ

G21 V.Q

G22 PTL4/LCDD12/DV_D12

G23 PTM7/LCDD7/DV_D7

G24 PTM1/LCDD1/DV_D1

G25 PTMO/LCDDO/DV_DO

H1 PTKS5/SIUAIBT/MSIOF1_SS1/MSIOF1_RSCK
H2 PTK6/SIUAILR/MSIOF1_SS2/MSIOF1_RSYNC
H3 PTS2/SCIF3_SCK/SDHIODO

H4 PTS7/SCIF1_SCK/SDHIOCD

H5 V.Q

H21 V.Q

H22 PTLO/LCDDS8/DV_D8

H23 PTM2/LCDD2/DV_D2

H24 PTF1/IDEA1/MSIOFO_TXD

H25 PTF2/IDEA2/MSIOF0_RXD

J1 PTK2/SIUAOBT/MSIOF1_TSCK

J2 PTK3/SIUAOLR/MSIOF1_TSYNC
J3 PTK7/SIUAFCK

J4 PTS3/SCIF3_RTS/SDHIOD1
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Pin No. Pin Name

J5 Ve

J21 Ve

J22 PTM3/LCDD3/DV_D3

J23 PTFO/IDEAO/MSIOF0_MCK
J24 PTF4/IDECS1/MSIOF0_TSYNC
J25 PTF5/IDEIORD/MSIOF0_SS1/MSIOF0_RSCK
K1 PTZ7/SIUBOLR

K2 PTK1/SIUAOSLD/MSIOF1_TXD
K3 PTK4/SIUAISLD/MSIOF1_RXD
K4 PTT5/SCIFO_SCK/MSIOFO_TSCK
K5 Ve

K10 V,,

K11 V,,

K12 V,,

K13 V,,

K14 V,,

K15 V,,

K16 Voo

K21 V..Q

K22 PTM6/LCDD6/DV_D6

K23 PTF3/IDECS0/MSIOF0_TSCK
K24 PTDO/IDEDO/SDHIOCLK

K25 PTD1/IDED1/SDHIOCMD

L1 PTZ4/SIUBMCK

L2 PTZ6/SIUBOBT

L3 PTKO/SIUAMCK/MSIOF1_MCK
L4 PTS5/SCIF1_TXD/SDHIOD3

L5 V. Q

L10 V,,

L11 V,,

L12 Ve

L13 \Y
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Pin No. Pin Name

L14 Ve,

L15 V..

L16 Ve,

L21 V,.Q

L22 PTF6/IDEIOWR/MSIOF0_SS2/MSIOF0_RSYNC
L23 PTF7/IDEINT

L24 PTD3/IDED3/SDHIOD1

L25 PTD5/IDED5/SDHIOD3

M1 PTU2/FOE/SCIF2_SCK/VIO_VD2
M2 PTU3/FWE/SCIFO_TXD

M3 PTU4/FSC/SCIFO_RXD

M4 PTZ5/SIUBOSLD

M5 V..Q

M10 (VR

M11 Ve,

M12 Ve,

M13 Ve,

M14 Vi

M15 Ve,

M16 Voo

M21 Vg

M22 PTD2/IDED2/SDHIODO

M23 PTD4/IDED4/SDHIOD2

M24 PTD6/IDED6/SDHIOWP

M25 PTCO/IDED8/SDHI1CLK

N1 PTVO/NAFO/SCIF3_TXD/VIO_D8
N2 PTUO/FCE/SCIF2_TXD/VIO_HD2
N3 PTUL1/FRB/SCIF2_RXD/VIO_CLK2
N4 PTU5/FCDE/SCIFO_SCK

N5 Ve,

N10 V..

N11 V

SS
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Pin No. Pin Name

N12 -

N13 Ve

N14 Ve

N15 Ve

N16 V,,

N21 Ve

N22 PTD7/IDED7/SDHIOCD

N23 PTC1/IDED9/SDHI1CMD

N24 PTC2/IDED10/SDHI1D0

N25 PTC3/IDED11/SDHI1D1

P1 PTV3/NAF3/SCIF3_RTS/VIO. D11
P2 PTV1/NAF1/SCIF3_RXD/VIO_D9
P3 PTV2/NAF2/SCIF3_SCK/VIO_D10
P4 PTV4/NAF4/SCIF3_CTS/VIO_D12
P5 Ve

P10 V,,

P11 Ve

P12 Ve

P13 Ve

P14 Ve

P15 Ve

P16 V,,

P21 V.Q

P22 PTC4/IDED12/SDHI1D2

P23 PTCS5/IDED13/SDHI1D3

P24 PTC6/IDED14/SDHI1TWP

P25 PTC7/IDED15/SDHI1CD

R1 PTV5/NAF5/SCIF1_TXD/VIO_D13
R2 PTV7/NAF7/SCIF1_SCK/VIO_D15
R3 RDWR

R4 PTV6/NAF6/SCIF1_RXD/VIO_D14
R5 V. Q
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Pin No. Pin Name

R10 o

R11 v,

R12 Ve

R13 Ve

R14 Ve

R15 v,

R16 v,

R21 V.Q

R22 PTE4/EXBUF_ENB/SCIF5_RXD
R23 PTEO/IDEIORDY/SCIF4_TXD
R24 PTE1/IODREQ/SCIF4_RXD
R25 PTE2/IODACK/SCIF4_SCK
T1 D15

T2 D7

T3 D6

T4 D4

T5 V.Q

T10 Vo

T11 v,

T12 A

T13 Vo,

T14 V,,

T15 v,

T16 V.,

T21 Ve

T22 PTE5/DIRECTION/SCIF5_SCK
T23 PTE3/IDERST/SCIF5_TXD
T24 V.Q

T25 V_Q_DDR

U1 D14

u2 D13

U3 D11
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Pin No. Pin Name
u4 D1

us Ve

u21 Ve

u22 V..Q_DDR
u23 HPA1

u24 HPA2

u25 HPA3

V1 D5

V2 D12

V3 D2

V4 CSo

V5 Ve

V21 V..Q_DDR
V22 HPAO

V23 HPA10
V24 HPAS

V25 HPA4

w1 D3

W2 D10

w3 DO

W4 PTR3/10IS16/LCDLCLK
W5 V. .Q

w21 V..Q_DDR
w22 HPA15
w23 HPA14
W24 HPA7
W25 HPA6

Y1 D9

Y2 D8

Y3 PTR5/CS5B/CET1A
Y4 MD3

Y5 V. Q

RENESAS
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Pin No. Pin Name
Y21 Ve

Y22 HPRAS
Y23 HPCS
Y24 HPA9

Y25 HPAS
AA1 RD

AA2 PTR4/CS5A/CE2A
AA3 WEO

AA4 PTJO/A22
AA5 Ve

AAB Ve

AA7 V..Q

AA8 V..Q

AA9 Ve

AA10 Ve

AA11l V. Q
AA12 V..Q
AA13 Ve

AA14 Ve

AA15 V,..Q_DDR
AA16 V..Q_DDR
AA17 Ve

AA18 Ve

AA19 VQ_DDR
AA20 V..Q_DDR
AA21 Ve

AA22 VREF
AA23 HPRDWR
AA24 HPCAS
AA25 HPA11
AB1 WET

AB2 PTRO/WE2/ICIORD
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Pin No. Pin Name

AB3 PTJ2/A24

AB4 A20

AB5 Al16

AB6 A13

AB7 A7

ABS8 A1l

AB9 A9

AB10 Al

AB11 PTB4/D28

AB12 PTA2/D18/KEYIN2

AB13 PTBO0/D24/KEYOUT3

AB14 V..Q_DDR

AB15 HPD21

AB16 HPDQM2

AB17 HPD26

AB18 HPD29

AB19 HPD1

AB20 HPD6

AB21 HPDS8

AB22 HPD10

AB23 HPA13

AB24 HPCKE

AB25 HPA12

AC1 PTR1/WES3/ICIOWR

AC2 PTJ3/A25

AC3 A18

AC4 Al4

AC5 A10

AC6 A5

AC7 A3

AC8 A0

AC9 PTR7/CS6B/CE1B
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Pin No. Pin Name

AC10 PTA7/D23/KEYOUT2
AC11 PTA5/D21/KEYOUTO
AC12 PTB2/D26/KEYOUTS/IN5
AC13 PTA1/D17/KEYIN1
AC14 HPD18

AC15 HPD22

AC16 HPDQM3

AC17 HPD25

AC18 HPD30

AC19 HPD2

AC20 HPD5

AC21 HPDQMO

AC22 HPD9

AC23 HPD13

AC24 HPCLK

AC25 HPCLK

AD1 PTJ1/A23

AD2 A21

AD3 Al7

AD4 Al12

AD5 A6

AD6 A2

AD7 CS4

AD8 PTR2/WAIT

AD9 PTB6/D30

AD10 PTB5/D29

AD11 PTB3/D27

AD12 PTB1/D25/KEYOUT4/ING
AD13 V..Q

AD14 HPD17

AD15 HPD20

AD16 HPDQS2
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Pin No. Pin Name
AD17 HPD24
AD18 HPD28
AD19 HPDO
AD20 HPD4
AD21 HPDQSO0
AD22 HPDQS1
AD23 HPD12
AD24 HPD15
AD25 V..Q_DDR
AE1 Ve
AE2 A19
AE3 A15
AE4 A8
AE5 A4
AE6 CKO
AE7 PTR6/CS6A/CE2B
AES8 PTB7/D31
AE9 PTAG/D22/KEYOUT1
AE10 PTA4/D20/KEYIN4
AE11 PTA3/D19/KEYIN3
AE12 PTAO/D16/KEYINO
AE13 V..Q_DDR
AE14 HPD16
AE15 HPD19
AE16 HPD23
AE17 HPDQS3
AE18 HPD27
AE19 HPD31
AE20 HPD3
AE21 HPD7
AE22 HPDQM1
AE23 HPD11
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Pin No. Pin Name
AE24 HPD14
AE25 \Y)

ss
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14 Pin Functions

Table 1.3 lists the pin functions.

Table1.3 Pin Functionsof ThisLS
Classification  Symbol I/O Name Function
Power supply Voo Input  Power supply Internal LS| power supply. Connect
all vV, pins to system power supply.
If there is any open pin, the system
will not work.

Vo Input  Ground Ground pin. Connect all V pins to
system power supply (0 V). If there
is any open pin, the system will not
work.

VecQ Input  Power supply  Power supply for I/O pins. Connect
all V. pins to system power supply.
If there is any open pin, the system
will not work.

DV33, DV12, Input  Power supply  USB power supply pins

AV33, AV12, for USB

uv12

DG33, DG12, Input  Ground for USB ground pins

AG33, AG12, usB

uG12

VccQ_DDR Input  Power supply 2.5V power supply for DDR 1/O

for DDR 1/0

AVcc Input  Power supply 3.3V Power supply for ADC

for ADC

AVss Input  Ground for Ground for ADC

ADC

Voo_PLL Input  PLL power Power supply pin for on-chip PLL

supply

Vss_PLL Input  PLL ground Ground pin for on-chip PLL

Voo_DLL Input  DLL power Power supply pin for on-chip DLL

supply

Vss_DLL Input  DLL ground Ground pin for on-chip DLL

RENESAS
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Classification  Symbol I/O Name

Function

Clock EXTAL Input  External clock

XTAL Output Clock output

These are the system clock pins.
When the clock mode is O or 1,
input the external clock from the
EXTAL. In this case, the XTAL
should be open.

When the clock mode is 2,
connect the crystal oscillator
between the EXTAL and XTAL.
When the clock mode is 3,
connect the EXTAL to the V and
the XTAL should be open.

Refer to section 14, Clock Pulse
Generator (CPG), in the SH7723
Hardware Manual for the details
on clock mode.

RCLK Input  RTC clock

Connects the RTC clock of 32.768
kHz. This clock must always be
input while this LSI is operating.

SIUAMCK Input  SIU external
SIUBMCK clock

Supplies external clock to the SIU
module.

EXTALUSB Input USB clock

XTALUSB Output USB clock

48-MHz clock pins for USB.
Connect the crystal oscillator
between the EXTALUSB and the
XTALUSB. When inputting the
external clock, connect the
external clock signal to the
EXTALUSB. In this case, the
XTALUSB should be open.

Operating mode MD8, MD5, MD3, Input Mode setting
control TSTMD, MD2,
MD1, MDO

Sets operating mode. Do not
change any of these pins during
operation. MD2 to MDO are for
setting clock mode; MD5 for
setting endian. Refer to section
11, Bus State Controller (BSC) or
section 14, Clock Pulse Generator
(CPG), in the SH7723 Hardware
Manual for details. MD8 and
TSTMD are for testing. Connect
MD8 to V_.Q or GND, and connect
TSTMD to V_ Q.
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Classification  Symbol I/O Name Function
System control RESETP Input Power-on reset System enters power-on reset
state when this pin goes low.

RESETOUT Output Reset output This pin goes low while this LSl is
in the reset state.

RESETA Input  Reset input System enters reset state when
this pin goes low with power being
supplied.

STATUSO Output Status output This pin goes high while this LSl is
in software standby state.

PDSTATUS Output Power-down This pin goes high during U-

status output standby mode.

BOOT Input  Boot mode Connect it to Vss

TST Input  Test pin Connect itto V_Q

Interrupt NMI Input  Nonmaskable Nonmaskable interrupt request
interrupt pin. Fix the pin high when not
used.

IRQ7 to IRQO Input  Interrupt request Maskable interrupt request pins.

7t00 Either level input or edge input is
selectable. For level input, the
high or low level is selectable. For
edge input, rising, falling, and both
edges are selectable.
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Classification  Symbol I/1O Name Function
BSC A25 to AO Output  Address bus Outputs an address.
(asynchronous D31 to DO I/O Data bus 16/32-bit bidirectional bus
bus controller)
CS0, CS4, CS5A, Output  Chip select Chip select signal for external
CS5B. CSBA memory or device
CS6B,
RD Output Read strobe Indicates that data is read from
an external device.
RDWR Output Read/write Read/write signal pin
WES3 to WEO Output  Write enable Indicates that data is written to an
external memory or device.
WAIT Input Wait Input for inserting a wait cycle
into bus cycle during access to
the external space
BS Output  Bus start Indicates the start of bus cycle.
Asserted by normal space, burst
ROM (clock asynchronous), or
accessing PCMCIA.
CE1A, CE2A, Output PCMCIA card PCMCIA card select signals
CE1B, CE2B select
ICIOWR Output PCMCIA 10 write Strobe signal Indicating I/0O write
ICIORD Output PCMCIA IO read Strobe signal Indicating I/O read
WE Output PCMCIA write  Indicates PCMCIA memory write
I01S16 Input PCMCIA 16bit  Indicates PCMCIA 16-bit I/O.
I/O Valid only in little-endian mode.
Fix this pin at low in big-endian
mode.
CKO Output  System clock Supplies system clock to an

external device.
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Classification  Symbol 1/0 Name Function
SBSC HPA15 to HPAO Output Address bus Outputs an address.
(synchronous  “ppp31to HPDO /O Data bus 32-bit bidirectional bus

bus controller for
DDR1-SDRAM)

HPCS

Output  Chip select

Chip select signal for DDR-
SDRAM

HPCLK, HPCLK

Output  Synchronous

Synchronous clock output for

clock DDR-SDRAM
HPRDWR Output Read/write Read/write signal pin
HPDQMS to Output Data mask Write mask enable signals
HPDQMO
HPDQS3 to Output Data strobe Data strobe signals
HPDQSO
HPCAS Output Column address Specifies the DDR-SDRAM
column address.
HPRAS Output Row address Specifies the DDR-SDRAM row
address
HPCKE Output  Clock enable DDR-SDRAM clock enable signal
Vref Input Reference input = Reference power supply for

SSTL2

Direct memory
access controller
(DMAC)

DREQO, DREQ1

Input DMA transfer
request

External DMA transfer request
input pin

DACKO, DACK1

Output DMA transfer
request
acknowledge

Output pin for acknowledgement
of external DMA transfer request
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Classification  Symbol 1/0 Name Function
Clock- MSIOF0_MCK Input  Master clock Master clock input
synchronized MSIOF1_MCK
serial interface  "\;5|0Fg TXD Output Transmit data Transmit data output
with FIFO MSIOF1_TXD
(MSIOFO0/ - - -
MSIOF0_RXD Input Receive data Receive data input
MSIOF1)
MSIOF1_RXD
MSIOF0_TSCK I/O Transmission serial Transmission serial clock
MSIOF1_TSCK clock input/output

Used as SCK when transmission
and reception use a common
clock.

MSIOF0_TSYNC 1/O
MSIOF1_TSYNC

Transmission frame

synchronizing
signal

Transmission frame
synchronizing signal channel 0
input/output

Used as SYNC when
transmission and reception use a
sync signal.

MSIOF0_SS1 Output Transmission frame Transmission frame
MSIOF1_SS1 synchronizing synchronizing signal channel 1
signal output

Only slave devices are
selectable.
MSIOF0_SS2  Output Transmission frame Transmission frame
MSIOF1_SS2 synchronizing synchronizing signal channel 2

signal

output
Only slave devices are
selectable.

MSIOFO0_RSCK /O
MSIOF1_RSCK

Reception serial
clock

Reception serial clock

MSIOF0_RSYNC 1/O
MSIOF1_RSYNC

Reception frame
synchronizing
signal

Reception frame synchronizing
signal

Rev. 1.00 Oct. 23, 2008 Page 36 of 340

REJ03B0273-0100

RENESAS



Section1 Overview

Classification  Symbol I/1O Name Function

Serial SCIFO_TXD, Output Transmit data Transmit data pin
f:ommunlca_\tlon SCIF1 TXD,

interface with -

FIFO (scIF) ~ SCIF2_TXD

SCIFO_RXD, Input Receive data Receive data pin
SCIF1_RXD,
SCIF2_RXD

SCIFO_SCK, I/0 Serial clock Clock I/0 pin
SCIF1_SCK,
SCIF2_SCK

Serial SCIF3_TXD, Output Transmit data Transmit data pin
f:ommunlca_ltlon SCIF4 TXD,

interface with -

FIFO (sCIFA) ~ SCIFS_TXD

SCIF3_RXD, Input Receive data Receive data pin
SCIF4_RXD,

SCIF5_RXD

SCIF3_SCK, 110 Serial clock Clock 1/0 pin
SCIF4_SCK,

SCIF5_SCK

SCIF3_RTS Output RTS signal RTS output pin
SCIF3_CTS Input CTS signal CTS input pin

Timer pulse unit TPUT3 to TPUTO Output Timer pulse output Pulse output from the TPU
(TPU)

IrDA interface IrDA_IN Input Receive data input Receive data input
(IrDA) IrDA_OUT Output Transmit data Transmit data output
output
I°C bus interface  SCL I/O I’C clock I/0 I°C bus clock 1/0 pin with bus
(lnc) drive function. Output type is
NMOS open drain.
SDA I/0 I’C data I/O I°C bus data 1/O pin with bus

drive function. Output type is
NMOS open drain.
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Classification  Symbol 11O Name Function
NAND flash FOE Output Flash memory Address latch enable: Asserted
memory output enable for address output and negated
controller for data /0.
(FLCTL) FSC Output Flash memory Read enable: Reads data at
serial clock falling edge.
FCE Output Flash memory Chip enable: Enables the flash
chip enable memory connected to this LSI.
FCDE Output Flash memory Command latch enable:
command data Asserted at command output.
enable
FRB Input  Flash memory Ready/busy: High level indicates
ready/busy ready state and low level
indicates busy state.
FWE Output Flash memory Write enable: Flash memory
write enable latches commands, addresses,
and data at rising edge.
NAF7 to NAFO Input  Flash memory Data 1/O pins
data
Video I/O (VIO) VIO_D15 to Input VIO data bus VIO camera image data input
VIO_DO
VIO_CLK1, Input VIO clock VIO camera clock input
VIO_CLK2
VIO_VD1, Input VIO vertical sync VIO camera vertical sync signal
VIO_VD2 input
VIO_HD1, Input VIO Horizontal VIO camera horizontal sync
VIO_HD2 sync signal input
VIO_FLD Input  Field signal Field identification signal
VIO_CKO Output Clock output for ~ Clock output to camera

camera
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Classification  Symbol I/1O Name Function
LCD controller LCDD23 to Output LCD data bus 24-bit LCD panel data
(RGB interface) LCDDO
LCDDON Output Display ON/OFF  Display ON/OFF signal (for main
signal LCD)
LCDHSYN Output Horizontal sync Horizontal sync signal
signal
LCDDISP Output Display enable Display enable signal
signal
LCDVSYN Output Vertical sync Vertical sync signal
signal
LCDVCPWC Output Power supply LCD module power supply
control control signal (for main LCD)
LCDVEPWC Output Power supply LCD module power supply
control control signal (for main LCD)
LCDDCK Output Dot clock signal  Data synchronizing signal
LCDLCLK Input  Input clock Input clock signal
LCD controller  LCDD23 to I/0 Data Data I/O
(SYS interface) LCDDO
LCDDON Output Display ON/OFF Display ON/OFF signal
signal
LCDCS Output - Chip select Chip select signal
LCDRD Output Read strobe Read strobe signal
LCDRS Output Register select Register select signal
LCDVSYN 1/0 Vertical sync Vertical sync signal
signal
LCDVCPWC Output Power supply LCD module power supply
control control signal
LCDVEPWC Output Power supply LCD module power supply
control control signal
LCDWR Output Write strobe Write strobe signal
LCDLCLK Input  Input clock Input clock signal
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Classification  Symbol 11O Name Function
Video output unit DV_D15 to Output Data output Data output
(Vou) DV_DO
DV_CLK Output Clock output Pixel clock output
DV_VSYNC Output Vertical sync Vertical sync signal output by the
signal output VOuU
DV_HSYNC Output Horizontal sync Horizontal sync signal output by
signal output the VOU
DV_CLKI Input  Video clock input Video clock input pin
TS interface TS_SCK Input  Clock TS input clock
(TSIF) TS_SDAT Input  Receive data TS serial data
TS_SDEN Input  Data enable TS data enable signal
TS_SPSYNC Input  Data sync signal TS data sync signal
USB host & VBUS Input  USB power USB cable connection monitor
function (USB) source detection  pin
DP I/0 D+ 1/0 USB internal transceiver D+ I/O
DM I/O D- 11O USB internal transceiver D- 1/0
REFRIN Input  Reference input  Reference resistor connection

pin

Connect this pin to AG33 in pull
down.
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Classification  Symbol I/1O Name Function
Sound interface  SIUAOLR, I/O Sound output L/R  Sound output L/R clock pin
unit (SIUA/SIUB) SIUBOLR clock (master or slave)
SIUAOBT, I/O Sound output bit  Sound output bit clock pin
SIUBOBT clock (master or slave)
SIUAOSLD, Output Sound output Sound output serial data pin
SIUBOSLD serial data
SIUAOSPD Output SPDIF output SPDIF output serial data pin
serial data
SIVAILR, I/0 Sound input L/R  Sound input L/R clock pin
SIUBILR clock (master or slave)
SIUAIBT, I/O Sound input bit Sound input bit clock pin
SIUBIBT clock (master or slave)
SIUAISLD Input  Sound input serial Sound input serial data pin
SIUBISLD data
SIUAISPD Input  SPDIF input serial SPDIF input serial data pin
data
SIUAFCK Output Sampling clock Sampling clock(clk_fsa and
SIUBFCK output clk_fsb) output pin
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Classification  Symbol I/O Name Function
ATAPI interface IDED15 to IDEDO 1/O Data bus 16-bit bidirectional data bus
(ATAPI) IDEA2 to IDEAO Output Address bus Address bus
IDEINT Input  Interrupt request  Primary channel interrupt
request
IDEIOWR Output WR enable Primary channel disk write
IDEIORD Output RD enable Primary channel disk read
IDECSO, IDECS1 Output Chip select Primary channel chip select
IODACK Output DMA Primary channel DMA
acknowledge acknowledge
IODREQ Input  DMA request Primary channel DMA request
IDEIORDY Input  Ready Primary channel ready signal
IDERST Output Reset Primary channel ATAPI device
reset
EXBUF_ENB Output External data External level shifter enable
enable
DIRECTION Output External data External level shifter direction
direction
Key scan KEYING to Input -~ Key input Key scan interface for input
interface KEYINO
to utput Key output ey scan interface for output
(KEYSC) KEYOUT5 o K K interface f
KEYOUTO
I/O ports PTA to PTZ 1/0 General port General I/O port pins
Input
Output
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Classification ~ Symbol I/1O Name Function
SD host interface SDHIOCD, Input  Card detection  SD card detection signal
(SDHIO to SDHI1CD
SDHI1) SDHIOWP, Input  Write-protection SD write-protection signal
SDHI1IWP
SDHIOD3 to I/O Data bus SD data bus signals
SDHIODO,
SDHI1D3 to
SDHI1DO
SDHIOCMD, I/O Command SD command output and
SDHI1CMD output and response input signal
response input
SDHIOCLK, Output Clock SD clock output pin
SDHI1CLK
AD converter AN3 to ANO Input  Analog input AD converter input
(ADC)
User debugging TCK Input  Test clock Test clock input pin
'(r:elzfglc)i TMS Input  Test mode select Test mode select signal input pin
TDI Input  Testdatainput  Serial input pin for instructions
and data
TDO Output  Test data output Serial output pin for instructions
and data
TRST Input  Test reset Initialization signal input pin
ASEBRK/ I/0 Break input/ Break signal input from E10A
BRKACK acknowledge emulator/break acknowledge
output signal
MPMD Input ~ ASE mode Sets emulation support mode
Advanced user AUDATAS to Output AUD data Branch destination address
debugger (AUD) AUDATAO output pins in branch trace mode
AUDCK Output AUD clock Synchronizing clock output pin in
branch trace mode
AUDSYNC Output AUD Data start position recognition

synchronizing
signal

signal output pin in branch trace
mode

Note: * - Refer to the user manual for emulator interface when using the emulator for setting

detalils.
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Section 2 Floating-Point Unit (FPU)

21 Features

The FPU has the following features.

Conformsto |EEE754 standard

32 single-precision floating-point registers (can a so be referenced as 16 double-precision
registers)

Two rounding modes: Round to Nearest and Round to Zero

Two denormalization modes: Flush to Zero and Treat Denormalized Number

Six exception sources; FPU Error, Invalid Operation, Divide By Zero, Overflow, Underflow,
and Inexact

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

When the FD bit in SR is set to 1, the FPU cannot be used, and an attempt to execute an FPU
instruction will cause an FPU disable exception (general FPU disable exception or slot FPU
disable exception).
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Section3 Memory Management Unit (MMU)

Note: This section contains references to the SH7723 Hardware Manual. The contents of the
SH7723 Hardware Manual will be disclosed upon acceptance of a confidentiality
agreement. For details, please contact a Renesas Technology sales representative.

This LSl supports an 8-bit address space identifier, a 32-bit virtual address space, and a 29-bit
physical address space. Address trandlation from virtual addresses to physical addressesis enabled
by the memory management unit (MMU) in thisLSl. The MMU performs high-speed address
tranglation by caching user-created address trandlation table information in an address trandation
buffer (transglation 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 systemis used for address trandation, with
four page sizes (1, 4, and 64 Kbytes, and 1 Mbyte) supported. It ispossible to set the virtual
address space access right and implement memory protection independently for privileged mode
and user mode.

In view of flag functions of the MMU, TLB compatible mode (four paging sizes with four
protection bits) and TLB extended mode (eight paging sizes with six protection bits) are provided.

Selection between TLB compatible mode and TLB extended mode is made by setting the relevant
control register (bit ME in the MM UCR register) by software.
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Section 3 Memory Management Unit (MMU)

3.1 Overview of MMU

The MMU was conceived as ameans of making efficient use of physical memory. Asshown in
(0) infigure 3.1, when aprocess is smaller in size than the physical memory, the entire process
can be mapped onto physical memory, but if the process increases in size to the point where it
does not fit into physical memory, it becomes necessary to divide the process into smaller parts,
and map the parts requiring execution onto physical memory as occasion arises ((1) in figure 3.1).
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 3.1). With avirtual memory system,
the size of the available virtual memory is much larger than the actual physical memory, and
processes are mapped onto this virtual memory. Thus processes only have to consider their
operation in virtual memory, and mapping from virtual memory to physical memory is handled by
the MMU. The MMU is normally managed by the OS, and physical memory switching is carried
out so as to enable the virtual memory required by a process to be mapped smoothly onto physical
memory. Physical memory switching is performed via secondary storage, etc.

The virtual memory system that came into being in this way works to best effect in atime sharing
system (TSS) that allows a number of processesto run simultaneously ((3) in figure 3.1). 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 3.1). In this virtual memory system, virtual memory
isalocated to each process. The task of the MMU isto map a number of virtual memory areas
onto physical memory in an efficient manner. It is also provided with memory protection functions
to prevent a process from inadvertently accessing another process's physical memory.

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

Although the functions of the MMU could be implemented by software alone, having address
translation performed by software each time a process accessed physical memory would be very
inefficient. For this reason, a buffer for address trandlation (the translation lookaside buffer: TLB)
is provided by hardware, and frequently used address translation information is placed here. The
TLB can be described as a cache for address translation information. However, unlike a cache, if
address translation fails—that is, if an exception occurs—switching of the address trandation
information is normally performed by software. Thus memory management can be performed in a
flexible manner by software.
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There are two methods by which the MMU can perform mapping from virtual memory to physical
memory: the paging method, using fixed-length address translation, and the segment method,
using variable-length address trandlation. With the paging method, the unit of trandation isa
fixed-size address space called a page.

In the following descriptions, the address space in virtual memory inthisLS| isreferred to as
virtual address space, and the address space in physical memory as physical address space.

-

Virtual
N Process 1 Memory MMU Physical
p - ~ Physical - o
Physical Process 1 Me):nory =
Memory -
Process 1_ R i
S (0) )

@)

4 Virtual

~
Physical
Process 1 Memory

Process 1 Memory

“\MMU Physical
- Memory

E . o« B
. .
Process 2 Process 2 : i
’ ’

Process 3, / Process 3

i
'
I
g

\ @)\ @)

Figure3.1 Roleof MMU
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311 Address Spaces

(1) Virtual Address Space

This LSl supports a 32-bit virtual address space, and can access a 4-Gbyte address space. The
virtual address space is divided into a number of areas, as shown in figure 3.2. In privileged mode,
the 4-Gbyte space from the PO area to the P4 area can be accessed. In user mode, a 2-Gbyte space
in the U0 area can be accessed. When the RMD bit in the on-chip memory control register
(RAMCR) is1, a 16-Mbyte space in on-chip memory area can be accessed. Accessing areas other
than the U0 area and on-chip memory areain user mode will cause an address error.

When the AT bitin MMUCR is set to 1 and the MMU is enabled, the PO, P3, and UO areas can be
mapped onto any physical address space in 1-, 4-, 64-Kbyte, or 1-Mbyte page unitsin TLB
compatible mode and in 1-, 4-, 8-, 64-, 256-Kbyte, 1-, 4-, or 64-Mbyte page unitsin TLB extended
mode. By using an 8-bit address space identifier, the PO, P3, and UO areas can be increased to a
maximum of 256. Mapping from the virtual address space to the 29-bit physical address spaceis

carried out using the TLB.

Physical
- 7address space
H'0000 0000 s H'0000 0000
1 Area1
/| Area2
:’ Area 3
PO area | Area4 U0 area
Cacheable /| Area5s Cacheable
:' Area 6
+ | Area?
N N
Py N
. s .
H'8000 0000 Pl area v H'8000 0000
Cacheable ' ’:7
H'A000 0000 P2 area s
Non-cacheable |/ Address error
H'C000 0000 P3 area ,,/,"‘
Cacheable
H'E000 0000 H'E500 0000
----- P4area ____] On-chip memory area | \ =600 0000
HFFFF FRFF|__Non-cacheable Address ermor__| jyrrFF FRFF
Privileged mode User mode

Figure3.2 Virtual Address Space (AT in MMUCR=0)

Rev. 1.00 Oct. 23, 2008 Page 50 of 340

REJ03B0273-0100 RENESAS



Section4 Caches

Section4 Caches

Note: This section contains references to the SH7723 Hardware Manual. The contents of the
SH7723 Hardware Manual will be disclosed upon acceptance of a confidentiality
agreement. For details, please contact a Renesas Technology sales representative.

ThisLSl has an on-chip 32-Kbyte instruction cache (1C) for instructions and an on-chip 32-Kbyte
operand cache (OC) for data. In addition, this LSI includes an on-chip 256-Kbyte secondary cache
with an instruction/data unified structure.

4.1 Features

The features of the cache are givenin table 4.1.

Table4.1 CacheFeatures

Item Instruction Cache Operand Cache

Capacity 32-Kbyte cache 32-Kbyte cache

Type 4-way set-associative, virtual 4-way set-associative, virtual
address index/physical address tag address index/physical address tag

Line size 32 bytes 32 bytes

Entries 256 entries/way 256 entries/way

Write method

Copy-back/write-through selectable

Replacement method

LRU (least-recently-used) algorithm

LRU (least-recently-used) algorithm

RENESAS
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Section 4 Caches

The operand cache of thisLSI is 4-way set-associative, each way comprising 256 cache lines.
Figure 4.1 shows the configuration of the operand cache.

The instruction cache is 4-way set-associative, each way comprising 256 cache lines. Figure 4.2
shows the configuration of the instruction cache.

ThisLSl has an IC way prediction scheme to reduce power consumption. In addition, memory-
mapped associative writing, which is detectable as an exception, can be enabled by using the non-
support detection exception register (EXPMASK). For details, see section 5, Exception Handling,
in the SH7723 Hardware Manual.

Virtual address

31 12 10 5 4 2 0
A\
Entry selection [12:5] Longword (LW) selection
22 Address array Data array
8 (way 0 to way 3) 3 (way 0 to way3) LRU
—_— i
0 Tag ui|vVv LWO | LW1 | LW2 [ LW3 | LW4 | LW5 | LW6 | LW7
MMU
L |
19
255|  19bits {1 bit[L bit] 32 bits|32 bits|32 bits| 32 bits 32 bits|32 bits 32 bits| 32 bits|[F | S
A A A A A A A
‘ v Vt Vt 17 17 wt 1t 17 wt

Comparison l T

Read data Write data

l (Way 0 to way 3)

Hit signal

Figure4.1 Configuration of Operand Cache
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Virtual address

31 1312 10 5 4 2 0
/\
[12:5] Longword (LW) selection
Entry selection
22 Address array Data array
8 (way 0 to way 3) 3 (way 0 to way3) LRU
0 Tag v
MMU
—
19
2551 19bits {1 bit|| 32 bits{32 bits[32 bits 32 bits{32 bits[32 bits|32 bits|32 bits|[| |6 bits
_LH W Y Yy Y ' /
Comparison l l
Read data
* (Way 0 to way 3)
Hit signal
Figure 4.2 Configuration of Instruction Cache
Tag

Stores the upper 19 bits of the 29-bit physical address of the data line to be cached. The tag is
not initialized by a power-on or manual reset.

V bit (validity bit)

Indicates that valid data is stored in the cache line. When this bit is 1, the cache line data is
valid. The V bit is initialized to 0 by a power-on reset, but retains its value in a manual reset.
U bit (dirty bit)

The U bit is set to 1 if data is written 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
data in external memory. The U bit is never set to 1 while the cache is being used in write-
through mode, unless it is modified by accessing the memory-mapped cache (see section 8.6,
Memory-Mapped Cache Configuration, in the SH7723 Hardware Manual). The U bit is
initialized to O by a power-on reset, but retains its value in a manual reset.
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e Dataarray
The data field holds 32 bytes (256 bits) of data per cache line. The data array is not initialized
by a power-on or manual reset.

e LRU
In a4-way set-associative method, up to 4 items of data can be registered in the cache at each
entry address. When an entry is registered, the LRU bit indicates which of the 4 waysit isto be
registered in. The LRU mechanism uses 6 bits of each entry, and its usage is controlled by
hardware. The LRU (least-recently-used) algorithm is used for way selection, and selects the
less recently accessed way. The LRU bits areinitialized to 0 by a power-on reset but not by a
manual reset. The LRU bits cannot be read from or written to by software.
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Section5 IL Memory

ThisLSl incorporates a 16-Kbyte IL memory which is suitable for instruction storage.

51 Features
() IL Memory

e Capacity
16 Kbytes
e Page
The IL memory isdivided into four pages (pagesO0, 1, 2, and 3).
e Memory map
The IL memory is allocated to the addresses shown in table 5.1 in both the virtual address
space and the physical address space.

Table5.1 IL Memory Addresses

Memory Size

Page 16 Kbyte

Page 0 H'E520 0000 to H'E520 OFFF
Page 1 H'E520 1000 to H'E520 1FFF
Page 2 H'E520 2000 to H'E520 2FFF
Page 3 H'E520 3000 to H'E520 3FFF
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e Ports
The page has three independent read/write ports and is connected to the SuperHyway bus, the
cache/RAM internal bus, and the instruction bus. The instruction busis used when the IL
memory is accessed through instruction fetch. The cache/RAM internal busis used when the
IL memory is accessed through operand access. The SuperHyway busis used for IL memory
access from the SuperHyway bus master module.

o Priority
In the event of simultaneous accesses to the same page from different buses, the access
requests are processed according to priority. The priority order is: SuperHyway bus >
cache/RAM internal bus> instruction bus.
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Section 6 Interrupt Controller (INTC)

Theinterrupt controller (INTC) determines the priority of interrupt sources and controls interrupt
requests to the CPU. Some INTC registers set the priority of each interrupt and interrupt requests
are processed according to the user-set priority.

6.1 Features

The INTC has the following features.

Fifteen levels of interrupt priority can be set

By setting the interrupt priority registers, the priorities of on-chip peripheral module interrupts
can be selected from 15 levels for individual request sources.

NMI noise canceler function

An NMI input-level bit indicates the NMI pin state. By reading this bit in the interrupt
exception handling routine, the pin state can be checked, enabling it to be used as a noise
canceler.

NMI request masking when the block bit (BL) in the status register (SR) isset to 1
Whether to mask NMI requests when the BL bit in SR is set to 1 can be selected.
User-mode interrupt disabling function

Specifying an interrupt mask level in the user interrupt mask level register (USERIMASK)
disables interrupts which are not higher in priority than the specified mask level in user mode.
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Interrupt Controller (INTC)

Figure 6.1 shows a block diagram of the INTC.

NMI
IRQ7 to IRQO

Peripheral
modules

INTC

CPU

request | NMI acceptance

> —>
Input
/ 5 Interrupt | Interrupt
74 | control 7, Compa-| request | acceptance
rator 74 .
1 Priority L
determination un
(Interrupt request) _
(Interrupt request) _
(Interrupt request)
(Interrupt request)
A
\/
INTPRIOO
IPRA to IPRL
ICRO ‘l=I USERIMASK
| ICR1 | |INTREQOO | UIMASK |
NMIFCR
INTMSKO00
IMRO to IMR12
|
INTMSKCLRO0O |
IMCRO to IMCR12
p—
A A
E
Y y \ N Bus 5
- > interface c
i)
=
[Legend]
ICRO, ICR1: Interrupt control registers 0, 1

NMIFCR:

INTPRIOO, IPRA to IPRL:

INTREQOO:

INTMSKOO, IMRO to IMR12:
INTMSKCLRO0O, IMCRO to IMCR12:

USERIMASK:

NMI flag control register
Interrupt priority registers
Interrupt request register
Interrupt mask registers

Interrupt mask clear registers

User interrupt mask level register

Figure6.1

Block Diagram of INTC
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6.2 I nput/Output Pins
Table 6.1 showsthe INTC pin configuration.

Table6.1 Pin Configuration

Pin Name Function I/O Description

NMI Nonmaskable interrupt Input  Input of interrupt request signal that is not
input pin maskable

IRQ7 to IRQO IRQ7 to IRQO interrupt Input  Input of IRQ7 to IRQO interrupt request
input pins signals

(maskable by the IMASK bit setting in SR)
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6.3 Interrupt Sources

There are three types of interrupt sources: NMI, IRQ, and on-chip peripheral modules. Each
interrupt has a priority level (16 to 0), with 1 the lowest and 16 the highest. Priority level O masks
an interrupt, so the interrupt request is ignored.

6.3.1 NMI Interrupt

The NMI interrupt has the highest priority level of 16. When the BL bit in SR of the CPU is 0,
NMI interrupts are always accepted. In sleep or standby mode, NMI interrupts are accepted
regardless of the BL setting. In addition, NMI interrupts are accepted by setting the NMIB bit in
ICRO regardless of the BL setting.

The NMI signal is edge-detected. The NMIE bit in ICRO is used to select either rising or falling
edge detection. After the NMIE bit in ICRO is modified, NMI interrupts are not detected for a
maximum of six bus clock cycles.

NMI interrupt exception handling does not affect the interrupt mask level (IMASK) in SR.

6.3.2 IRQ Interrupts

IRQ interrupts are input from pins IRQ7 to IRQO. When level-sensing is selected for IRQ
interrupts by the IRQNS bits (n =0to 7) in ICR1, the pin levels must be retained until the CPU
accepts the interrupts and starts interrupt handling.

If aninterrupt request is canceled before the CPU acceptsit, the INTC holds the interrupt source
until the CPU accepts another interrupt. The interrupt held in the INTC can be cleared by setting
the corresponding interrupt mask bit (IMR bit in the interrupt mask register) to 1.

When the INTMU bit in CPUOPM s set to 1, the interrupt mask level (IMASK) in SR is
automatically modified to the level of the accepted interrupt. When the INTMU bit is cleared to O,
the IMASK valuein SR is not affected by the accepted interrupt.
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6.3.3 On-Chip Peripheral Module Interrupts
On-chip peripheral module interrupts are generated by the peripheral modules.

Not every interrupt source is assigned a different interrupt vector. Sources are reflected in the
interrupt event register (INTEVT). It is easy to identify sources by using the value of INTEVT as
abranch offset in the exception handling routine.

A priority level (from 15 to 0) can be set for each module by writing to IPRA to IPRL.

When the INTMU bit in the CPUOPM is set to 1, the interrupt mask level (IMASK) in SR is
automatically modified to the level of the accepted interrupt. When the INTMU bit in CPUOPM is
cleared to O, the IMASK valuein SR is not affected by the accepted interrupt.

Theinterrupt source flags and interrupt enable flags in each peripheral module must be updated
only while the BL bit in SR is set to 1 or corresponding interrupt request is masked by the IMASK
bitin SR, IMRs, or USERIMASK. To prevent accepting unintentional interrupts that should have
been updated, read the on-chip peripheral register with the corresponding flag, wait for the priority
determination time for peripheral modules shown in table 6.4 (e.g. aperiod required to read a
register in INTC once which are driven by the peripheral module clock), and then clear the BL bit
to O or clear the corresponding interrupt mask by changing the mask setting. Thus, the necessary
interval for internal processing is ensured. To update multiple flags, after updating the last flag,
read only the register that includes the last flag.

If aflag is updated while the BL bit is 0, execution may branch to the interrupt handling routine
with INTEVT = 0; interrupt handling may start depending on the timing relationship between flag
updating and interrupt request detection inthe LSI. In this case, operation can be continued
without causing any problems by executing the RTE instruction.
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6.34 Interrupt Exception Handling and Priority

Tables 6.2 and 6.3 show the interrupt sources, the codes for the interrupt event register (INTEVT),
and the interrupt priority.

Each interrupt sourceis assigned to aunique INTEVT code. The start address of the exception
handling routine is common for al interrupt sources. Thisis why, for instance, the value of
INTEVT isused as an offset at the start of the exception handling routine to branch executionin
order to identify the interrupt source.

On-chip peripheral module interrupt priorities can be set freely between 15 and 0 for each module
by using IPRA to IPRL. A reset assigns priority level 0 to the on-chip peripheral module
interrupts.

If the same priority level isassigned to two or more interrupt sources and interrupts from those
sources occur simultaneously, their priority is determined according to the default priority
indicated at the right in tables 6.2 and 6.3.

Interrupt priority registers and interrupt mask registers must be updated only while the BL bitin
SRisset to 1. To prevent accepting unintentional interrupts, read any interrupt priority register
and then clear the BL bit to 0, which ensures the necessary interval for internal processing.

Table6.2 External Interrupt Sourcesand Priority

Priority
Interrupt within IPR
INTEVT Priority IPR Setting Default

Interrupt Source Code (Initial Value) (Bit Numbers) Range Priority
NMI H'1CO 16 — — High
IRQ IRQO H'600 15to 0 (0) INTPRIOO (31to 28) — A

IRQ1 H'620 15t0 0 (0) INTPRIOO (27 to 24) —

IRQ2 H'640 15to 0 (0) INTPRIOO (23 to 20) —

IRQ3 H'660 15to 0 (0) INTPRIOO (19 to 16) —

IRQ4 H'680 15t0 0 (0) INTPRIOO (15 to 12) —

IRQ5 H'6A0 15 to 0 (0) INTPRIOO (11t0 8) —

IRQ6 H'6CO 15 to 0 (0) INTPRIOO (7t0o 4) — Y

IRQ7 H'6EQ 15t0 0 (0) INTPRIOO (3to 0) — Low
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Table6.3 On-Chip Peripheral Module Interrupt Sourcesand Priority

Priority
Interrupt within IPR
INTEVT Priority Corresponding IPR Setting Default
Interrupt Source Code (Initial Value) (Bit Numbers) Range Priority
HUDI H'SEQ 15 — — High
DMAC1A DEIO H'700 15t0 0 (0) IPRB (7 to 4) High A
DEI1 H'720 15t0 0 (0)
DEI2 H'740 15t0 0 (0)
DEI3 H'760 15t0 0 (0) Low
2DG TRI H'780 1510 0 (0) IPRI (3 to 0) High
INI H'7A0 15t0 0 (0)
CEl H'7C0 1510 0 (0) Lo
DMACOA DEIO H'800 15to 0 (0) IPRE (15 to 12) High
DEI1 H'820 15t0 0 (0)
DEI2 H'840 1510 0 (0)
DEI3 H'860 15t0 0 (0) Low
VIO CEUI H'880 15to0 0 (0) IPRE (11 to 8) High
BEUI H'8A0 15to.0 (0)
VEUI H'8CO 1510 0 (0)
VOUI H'8EQ 1510 0 (0) Low
SCIFA SCIFAO H'900 15to 0 (0) IPRE (7 to 4) —
VPU VPUI H'980 15to 0 (0) IPRE (3to 0) —
TPU TPUI H'9A0 1510 0 (0) IPRL (7 to 4) —
ADC ADI H'9EO 1510 0 (0) IPRJ (15 to 12) —
UsSB uslIo H'A20 15t0 0 (0) IPRF (7 to 4) —
RTC ATI H'A80 1510 0 (0) IPRK (15 to 12) High
PRI H'AAO 1510 0 (0) i
CuUl H'ACO 1510 0 (0) Low
DMAC1B DEIl4 H'BOO 1510 0 (0) IPRK (11 to 8) High
DEI5 H'B20 15t0 0 (0) i  /
DADERR H'B40 1510 0 (0) Low Low
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Priority
Interrupt within IPR
INTEVT Priority Corresponding IPR Setting Default
Interrupt Source Code (Initial Value) (Bit Numbers) Range Priority
DMACOB DEl4 H'B80 15to 0 (0) IPRF (11 to 8) High High
DEI5 H'BAO 15 to 0 (0) i A
DADERR H'BCO 15to 0 (0) Low
KEYSC KEYI H'BEO 15t0 0 (0) IPRF (15 to 12) —
SCIF SCIFO H'C00 15to 0 (0) IPRG (15 to 12) —
SCIF1 H'C20 15t0 0 (0) IPRG (11 to 8) —
SCIF2 H'C40 15to 0 (0) IPRG (7 to 4) A
MSIOF MSIOFIO  H'C80 15t0 0 (0) IPRH (15 to 12) —
MSIOFI1  H'CAO 15t0 0 (0) IPRH (11 to 8) —
SCIFA SCIFAl1 H'DO0 15to 0 (0) IPRI (15 to 12) —
ICB ICBI H'D20 15t0 0 (0) IPRI (11 to 8) —
FLCTL FLSTEI H'D80 15 to 0 (0) IPRH (7 to 4) High
FLTENDI H'DAO 15 to 0 (0)
FLTREQOI H'DCO 15t0 0 (0) i
FLTREQ1l H'DEO 15to0 0 (0) Low
I’C ALl H'E00 15 to 0 (0) IPRH (3 to 0) High
TACKI H'E20 1510 0 (0)
WAITI H'E40 15t0 0 (0) ¢
DTEI H'E60 15to 0 (0) Low
SDHIO SDHIIO H'E80 15to 0 (0) IPRK (3 to 0) High
SDHII1 H'EAO 15t0 0 (0) i
SDHII2 H'ECO 15t0 0 (0) Low
CMT CMTI H'FO0 15t0 0 (0) IPRF (3 to 0) — v
TSIF TSIFI H'F20 15 to 0 (0) IPRI (7 to 4) — Low
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Priority
Interrupt within IPR
INTEVT Priority Corresponding IPR Setting Default

Interrupt Source Code (Initial Value) (Bit Numbers) Range Priority
SIU SIUI H'F80 15to 0 (0) IPRJ (7 to 4) — High
SCIFA SCIFA2 H'FAO 1510 0 (0) IPRL (15 to 12) — A
TMUO TUNIO H'400 1510 0 (0) IPRA (15 to 12) —

TUNI1 H'420 15t0 0 (0) IPRA (11 to 8) —

TUNI2 H'440 1510 0 (0) IPRA (7 to 4) —
IrDA IRDAI H'480 15t0 0 (0) IPRA (3 to 0) —
ATAPI ATAPII H'4A0 1510 0 (0) IPRL (3 to 0) —
SDHI1 SDHIIO H'4EO0 15to 0 (0) IPRJ (310 0) High

SDHII1 H'500 15to 0 (0) ¢

SDHII2 H'520 15to 0 (0) Low
VEU2H1 VEUZ2HI H'560 15to 0 (0) IPRB (15 to 12) —
LCDC LCDCI H'580 15to 0 (0) IPRB (11 to 8) —
TMU1 TUNIO H'920 1510 0 (0) IPRC (15to 12) —

TUNI1 H'940 15t0 0 (0) IPRC (11 to 8) — \J

TUNI2 H'960 15to0 0 (0) IPRC (7 to 4) — Low
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6.4 Operation

6.4.1 Interrupt Sequence

The sequence of interrupt operationsis described below. Figures 6.2 and 6.3 are flowcharts of the
operations.

1. Theinterrupt request sources send interrupt request signalsto the INTC.

2. TheINTC selects the highest-priority interrupt from the sent interrupt requests according to the
interrupt priority registers. Lower-priority interrupts are held pending. If two of these interrupts
have the same priority level or if multiple interrupts occur within asingle module, the interrupt
with the highest priority is selected according to tables 6.2 and 6.3.

3. Thepriority level of the interrupt selected by the INTC is compared with the interrupt mask
level (IMASK) set in SR of the CPU. If the priority level is higher than the mask level, the
INTC accepts the interrupt and sends an interrupt request signal to the CPU.

4. The CPU accepts an interrupt at a break in instructions.

5. Theinterrupt source codeis set in the interrupt event register (INTEVT).

6. SR and program counter (PC) are saved to SSR and SPC, respectively. R15 is saved to SGR at
thistime.

7. TheBL, MD, and RB bitsin SR are set to 1.

8. Execution jumpsto the start address of the interrupt exception handling routine (the sum of the
value set in the vector base register (VBR) and H'0000 0600).

In the exception handling routine, execution may branch with the INTEVT value used asiits offset
in order to identify the interrupt source. This enables execution to branch to the handling routine
for the individual interrupt source.

Notes: 1. When the INTMU bit in the CPU operating mode register (CPUOPM) is set to 1, the
interrupt mask level (IMASK) in SR isautomatically set to the level of the accepted
interrupt. When the INTMU bit is cleared to 0, the IMASK valuein SR is not affected
by the accepted interrupt.

2. Theinterrupt source flag should be cleared in the interrupt handler. To ensure that an
interrupt source that should have been cleared is not inadvertently accepted again, read
the interrupt source flag, wait for the priority determination time for periphera
modules shown in table 6.4 (e.g. a period required to read aregister in INTC once
which isdriven by the peripheral module clock), and then clear the BL bit or execute
an RTE instruction.
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Program execution state

Yes _

NMI input is
low?

Interrupt
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SR.BL =0, Yes
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or standby mode?,

ICRO.NMIB = 1?

Level 15
interrupt?

No

Level 14
interrupt?

SR.IMASK level
is 14 or lower?,

Level 1
interrupt?

SR.IMASK level
is 13 or lower?,

SR.IMASK level
is 0?

No

A
Set interrupt source code
in INTEVT

1

Save SR to SSR;
save PC to SPC

Y

Branch to
exception handling routine

Figure6.2 Interrupt Operation Flowchart (when CPUOPM.INTMU = 0)
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Figure 6.3

Interrupt Operation Flowchart (when CPUOPM.INTMU = 1)
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6.4.2 Multiple Interrupts

When handling multiple interrupts, an interrupt handling routine should include the following
procedures:

1. Toidentify the interrupt source, branch to a specific interrupt handling routine for the interrupt
source by using the INTEV T code as an offset.

2. Clear the interrupt source in each specific interrupt handling routine.
3. Save SSR and SPC to the stack.

4. Clear the BL bit in SR. When the INTMU bit in CPUOPM is set to 1, the interrupt mask level
(IMASK) in SR isautomatically modified to the level of the accepted interrupt. When the
INTMU bit in CPUOPM iscleared to O, set the IMASK hit in SR by software to the accepted
interrupt level.

Handle the interrupt as required.

Set the BL bitin SRto 1.

Restore SSR and SPC from memory.
Execute the RTE instruction.

O N o O

When these procedures are followed in order, an interrupt of higher priority than the one being
handled can be accepted if multiple interrupts occur after step 4. This reduces the interrupt
response time for urgent processing.

6.4.3 Interrupt Masking by MAI Bit

Setting the MALI bit in ICRO to 1 masks interrupts while the NMI signal is low regardless of the
BL and IMASK bit settingsin SR.

e Normal operation or sleep mode
All interrupts are masked while the NMI signal islow. Note that only NMI interrupts due to
NMI signal input occur.

e Standby mode
All interrupts including NMI are masked while the NMI signal islow. And an NMI interrupt is
not generated by the change of NMI pin state, too. While the MAI bit isset to 1, the NMI
interrupt cannot be used to clear standby mode.
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6.4.4 Interrupt Disabling Function in User Mode

Setting the interrupt mask level in USERIMASK disables interrupts having an equal or lower
priority level than the specified mask level. This function can disable less-urgent interruptsin a
task (such as device driver) operating in user mode to accelerate urgent processing.

USERIMASK isallocated to adifferent 64-Kbyte page than where the other INTC registers are
alocated. When accessing this register in user mode, trand ate the address through the MMU. In
the system that uses a multitasking OS, processes that can access USERIMASK must be
controlled by using memory protection functions of the MMU. When terminating the task or
switching to another task, be sure to clear USERIMASK to O before quitting the task. If the
UIMASK hits are left set to anon-zero value, interrupts which are not higher in priority than the
UIMASK level are held disabled, and correct operation may not be performed (for example, the
OS cannot switch tasks).

A sample sequence of user-mode interrupt disabling operation is described below.

1. Classify interruptsinto A and B shown below, and assign higher interrupt levelsto A than B.

A. Interrupts that should be accepted in the device driver
(interrupts used by the OS, such as timer interrupts)

B. Interruptsthat should be disabled in the device driver

2. Makethe MMU settings so that the address space including USERIMASK can only be
accessed by the device driver in which interrupts should be disabled.

3. Branch to the device driver.

4. Specify the UIMASK bits so that interrupts B are masked in the device driver operating in user
mode.

5. Perform urgent processing in the device driver.
6. Clear the UIMASK bitsto O to return from the device driver processing.
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6.5 Interrupt Response Time

Table 6.4 shows the interrupt response time, which is the interval from when an interrupt request
occurs until the interrupt exception handling is started and the start instruction of the exception

handling routine is fetched.

Table6.4 Interrupt Response Time

Number of States

Item NMI

IRQ

Peripheral Module Remarks

Priority determination time 5 Bcyc + 2 Pcyc

4 Becyc + 2 Pecyc

5 Pcyc

Wait time until the CPU
finishes the current sequence

S-1(=0)xlcyc

Interval from when interrupt
exception handling begins
(saving SR and PC) until a
SuperHyway bus request is
issued to fetch the start
instruction of the exception
handling routine

11 lcyc + 1 Scyc

Response time  Total (S +10) Icyc +
1 Scyc + 5 Beyc +

2 Pecyc

(S +10) Icyc +
1 Scyc + 4 Beyc +
2 Pcyc

(S +10) Icyc +
1 Scyc + 5 Pcyc

Minimum 18 Icyc + S x Icyc

17 Icyc + S x Icyc

When
Icyc:Scyc:Beyc:
Pcyc = 1:1:1:1

16 Icyc + S x Icyc

[Legend]

Icyc: Period for one CPU clock cycle

Scyc: Period for one SH clock cycle

Bcyc: Period for one bus clock cycle

Pcyc: Period for one peripheral clock cycle
S: Number of instruction execution states

RENESAS
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Section 7 Bus State Controller (BSC)

Note: This section contains references to the SH7723 Hardware Manual. The contents of the
SH7723 Hardware Manual will be disclosed upon acceptance of a confidentiality
agreement. For details, please contact a Renesas Technology sales representative.

The bus state controller (BSC) outputs control signals for various types of memory that is
connected to the external address space and external devices. The BSC functions enable this LS|
to connect directly with SRAM, burst ROM, and other memory storage devices, and external
devices. SDRAM iscontrolled by the bus state controller for SDRAM (SBSC).

7.1 Features
The BSC has the following features:

1. External address space

e Supportstotally 256 Mbytes at a maximum. The spaceis divided into either six or four areas
as shown below.

— Address map 1: Six areas of CS0, CS4, CS5A, CS5B, CS6A, and CS6B
— Address map 2: Four areas of CS0, CS4, CS5, and CS6

e Can specify the normal space interface, SRAM interface with byte selection, burst ROM
(clock asynchronous), or various PCMCIA interfaces for each address space

e Can select the data bus width (8, 16, or 32 bits) for each address space
e Controlsinsertion of wait cycle for each address space
e Controlsinsertion of wait cycle for each read access and write access

e Can set independent idle cycles in the continuous access for five cases: read-write (in the same
space/different spaces), read-read (in the same space/different spaces), or thefirst cycleisa
write access

2. Normal space interface

e Supports the interface that can be connected directly to SRAM

3. Burst ROM interface (clock asynchronous)

e High-speed accessto ROM that has the page mode function

4. SRAM interface with byte selection

e Supports the interface that can be connected directly to SRAM with byte selection
5. PCMCIA direct-connection interfaces

e Supportsthe"IC memory card and 1/O card interface” provided with JEIDA Verd.2
(PCMCIA2.1)
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e Controlsthe insertion of wait states by the program

e Supports the bus-sizing function of the I/O bus width. (only in little endian mode.)

Note: For the PCMCIA direct-connection interfaces, the BSC supports only the signals and bus
protocols listed in table 7.1. Use an external circuit for the other control signals.

A block diagram of the BSC is shown in figure 7.1.

A

Bus
mastership
controller
__ Wait
WAIT ~1 controller
CS0, CS4,
CS5A, CS5B, <« Area
CS6A, CS6B controller
MD5, MD3 >
D31 to DO - >
A25t0 A0, Memory
BS, RDWR, RD, controller
WE3(BE3) to WEO(BEO),
CE2A, CE2B,
CE1A, CE1B, <
ICIORD, ICIOWR
101S16 >
[Legend]
CMNCR: Common control register
CSnBCR: CSn space bus control register (n =
CSnWCR: CSn space wait control register (n =

BSC

< I CMNCR I<—>

I CSOWCR |<->

< . I"SGB.\NCR"-P
- [RutonT =
- — H CSOBCR |<->

- | CSEBBCR |~t=b>

A
4

Module bus

RBWTCNT: Reset bus wait counter

0,
0,

~

, 5A, 5B, 6A, 6B)
, 5A, 5B, BA, 6B)

IN

Internal master
module

Internal slave
module

Figure7.1 Block Diagram of BSC
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7.2 I nput/Output Pins

Table 7.1 lists the BSC pin configuration.

Table7.1  Pin Configuration

Name I/O Description

A25 to AO Output Address output

D31 to DO /0 Data bus

BS Output Signal to indicate the start of bus cycles
Asserted when normal space, burst ROM (clock asynchronous), or
PCMCIA is accessed.

CS0, CS4 Output  Chip select

CS5A/CE2A Output  Chip select
Activated only when address map 1 is selected
Correspond to PCMCIA card select signals D15 to D8 when
PCMCIA is used

CS5B/CE1A Output  Chip select
Correspond to PCMCIA card select signals D7 to DO when PCMCIA
is used

CS6A/CE2B Output  Chip select
Activated only when address map 1 is selected
Correspond to PCMCIA card select signals D15 to D8 when
PCMCIA is used

CS6B/CE1B Output  Chip select
Correspond to PCMCIA card select signals D7 to DO when PCMCIA
is used

RDWR Output Read/write signal
Connected to the WE pin when SRAM with byte selection is
connected

RD Output Read pulse signal (read data output enable signal)
Strobe signal to indicate memory read cycles when PCMCIA is used

WES3(BE3)/ Output  Byte write indication signal corresponding to D31 to D24

ICIOWR

Connected to the byte select pin when SRAM with byte selection is
connected

Strobe signal to indicate the 1/0 write when PCMCIA is used

Rev. 1.00 Oct. 23, 2008 Page 75 of 340
RENESAS REJ03B0273-0100



Section 7 Bus State Controller (BSC)

Name 1/0 Description

WE2(BE2)/ Output  Byte write indication signal corresponding to D23 to D16

ICIORD Connected to the byte select pin when SRAM with byte selection is
connected
Strobe signal to indicate the 1/0 read when PCMCIA is used

WET(BET)/ Output  Byte write indication signal corresponding to D15 to D8

WE Connected to the byte select pin when SRAM with byte selection is
connected
Strobe signal to indicate the memory write cycles when PCMCIA is
used

WEO(BEO) Output  Byte write indication signal corresponding to D7 to DO
Connected to the byte select pin when SRAM with byte selection is
connected

I01S16 Input Signal to indicate the 16-bit I/O of PCMCIA
Enabled only in little endian mode.
In big endian mode, drive this pin low.

WAIT Input External wait input

MD5, MD3 Input MD5: Data alignment (big/little endian selectable)

MD3: Bus width of area 0 (16/32 bits)
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7.3 Area Overview

7.3.1 AreaDivision

In the architecture, this LS| has 32-bit virtual address spaces. The cache access method that is
classified into PO to P4 spaces by the upper three bitsis shown. For details, see section 7, Memory
Management Unit (MMU), in the SH7723 Hardware Manual. The remaining 29 bits are used for
division of the space into ten areas (address map 1) or eight areas (address map 2) according to the
setting of the MAP bit in CMNCR. The BSC performs control for this 29-bit space.

Aslisted intables 7.2 and 7.3, this LSl can connect eight or six physical areas to each type of
memory, and it outputs chip select signals (CS0, HPCS , CS4, CS5A, CS5B, CS6A, and CS6B)
for each of them. HPCS is a control signal of DRAM area used for DDR-SDRAM exclusively
(areas 2 and 3) and controls 128-Mbyte spaces by a chip select.

The relation between virtual address spaces and physical address spacesis shownin figure 7.2.

7.3.2 Shadow Area

Each areain physical address spaces is decoded by physical addresses A28 to A25. Address bits
31to 29 areignored. This means that the range of area 0 addresses, for example, is H'00000000 to
H'03FFFFFF, and its corresponding shadow space is the address space obtained by adding to it
H'2000 0000 x n (n= 1to 6).

The address range for area 7 is H'1C000000 to H'1FFFFFFF. The address space H'2C000000 +
H'20000000 x n to H'1FFFFFFF + H'20000000 x n (n = 0 to 6), including the addresses
corresponding to the area 7 shadow space, is reserved, so do not useiit.

Area P4 (H'EO000000 to H'FFFFFFFF) isan 1/O area and is assigned for interna register
addresses. Area P4 does not become a shadow space.
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Notes: 1. This area is controlled by SBSC.
2. This area is divided into two by the MAP bit

in the CMNCR register.

Figure7.2 Address Space
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7.33 AddressMap

The external address space has a capacity of 384 Mbytes and is used divided into eight partial
spaces (address map 1) or six partia spaces (address map 2). The type of memory to be connected
and the data bus width are specified in each partia space. The address map for the external address
spaceislistedintables 7.2 and 7.3.

Table7.2 AddressMap 1 (CMNCR.MAP =0)

Memory to be

Address Area Chip select Connected Capacity
H'00000000 to Area0 CSO Normal memory 64 Mbytes
H'03FFFFFF Burst ROM

(asynchronous)

SRAM with byte

selection
H'04000000 to Areal — Internal I/O register 64 Mbytes
H'07FFFFFF area*’
H'08000000 to DRAM HPCS DDR1-SDRAM*® 128 Mbytes
H'OFFFFFFF area

(areas 2
and 3)

H'10000000 to Aread4 CS4 Normal memory 64 Mbytes
H13FFFFFF SRAM with byte

selection

Burst ROM

(asynchronous)
H'14000000 to Area 5A CS5A Normal memory 32 Mbytes
H'15FFFFFF
H'16000000 to Area 5B CS5B Normal memory 32 Mbytes
H'17FFFFFF SRAM with byte

selection
H'18000000 to Area 6A CS6A Normal memory 32 Mbytes
H'19FFFFFF
H'1A000000 to Area 6B CS6B Normal memory 32 Mbytes
HIBEEEFEF SRAM with byte

selection
H'1C000000 to Area7 — Reserved area** 64 Mbytes
H'1FFFFFFF
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Notes: 1. Do not access the reserved area. If the reserved area is accessed, correct operation
cannot be guaranteed.
2. Set the top three bits of the address of the internal I/O register to B'101 for allocation in
area P2.
3. DRAM area is controlled by the SBSC.
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Table7.3 AddressMap 2(CMNCR.MAP =1)

Memory to be

Address Area Chip select Connected Capacity
H'00000000 to Area0 CSO Normal memory 64 Mbytes
H'03FFFFFF Burst ROM

(asynchronous)
H'04000000 to Areal — Internal I/O register 64 Mbytes
H'07FFFFFF areax’®
H'08000000 to DRAM HPCS DDR1-SDRAM** 128 Mbytes
H'OFFFFFFF area

(areas 2
and 3)

H'10000000 to Area4 CS4 Normal memory 64 Mbytes
H13FFFFFF SRAM with byte

selection

Burst ROM

(asynchronous)
H'14000000 to Area 5+° CS5B Normal memory 64 Mbytes
H17FFFFFF SRAM with byte

selection

PCMCIA
H'18000000 to Area 6+> CS6B Normal memory 64 Mbytes
H'1BFFFFFF SRAM with byte

selection

PCMCIA
H'1C000000 to Area7 — Reserved area" 64 Mbytes
H'1FFFFFFF
Notes: 1. Do not access the reserved area. If the reserved area is accessed, correct operation

cannot be guaranteed.
2. For area 5, CS5BBCR and CS5BWCR are valid.
For area 6, CS6BBCR and CS6BWCR are valid.
3. Set the top three bits of the address of the internal I/O register to B'101 for allocation in

area P2.

4. Area 3 and area 2 are controlled by the SBSC.
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734 Memory Bus Width

The memory bus width of this LSl can be specified for each address space. In area 0, the bus
width of 16 or 32 bitsis selected by the external pin (MD3) at a power-on reset. In other areas

except area 0 and DRAM area, the bus width is specified by the register. The memory type of area
0 at apower-on reset is normal space.

Table7.4 Correspondence between External Pin (MD3) and Bus Width

MD3 Bus Width of Area 0
0 16 bits
1 32 hits

7.35 Data Alignment

This LSl supports the big endian and little endian methods of data alignment. The data alignment
method is specified using the external pin (MD5) at a power-on reset.

Table7.5 Correspondence between External Pin (MD5) and Endians

MD5 Endian
0 Big endian
1 Little endian
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Section8 Bus State Controller for SDRAM (SBSC)

The bus state controller for SDRAM (SBSC) outputs control signalsfor DDR-SDRAM that is
connected to the external address space. The SBSC functions enable this LS| to connect directly
with DDR-SDRAM.

8.1 Features
The SBSC has the following features:

e DDR-SDRAM interface
Multiplexed output for row address/column address
Single read/write and burst read/write is selectable.
Controllable insertion of wait cycles according to the DDR-SDRAM specifications
High-speed access by bank-active mode
Supports auto-refresh and self-refresh.
e External address space
The SBSC has a maximum 128M byte of external address space.
e Databuswidth
32 hit only
o Dataalignment
Supports big endian and little endian
e Memory configuration that can be connected
Two 128M-bit DDR-SDRAM (x 16) connected in parallel
Two 256 M-bit DDR-SDRAM (x 16) connected in parallel
Two 512 M-bit DDR-SDRAM (x 16) connected in parallel
e Burst length
2 only
e CASlatency
2 only
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Figure 8.1 shows a block diagram of the SBSC.
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SDCR:
SDWCR:
SDPCR:
SDWPCR:
RTCSR:
RTCNT:
RTCOR:
SDMRCR:
BSTRCNT:

SBSC

SDRAM control register

SDRAM wait control register

SDRAM pin control register

SDRAM write protected area control resister
Refresh timer control/status register

Refresh timer counter

Refresh time constant register

SDRAM mode resister setting control resister
Burst refresh count resister

Figure8.1 Block Diagram of SBSC
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8.2 I nput/Output Pins

Tables 8.1 lists the SBSC pin configurations.

Table8.1 SBSC Pin Configuration

Name Function I/O Description

HPA15 to HPAO Address bus Output  Address output

HPD31 to HPDO Data bus I/0 32-bit bidirectional bus

HPCS Chip select Output  Chip select signal for external memory or device

HPRDWR Read/write Output  Read/write signal pin. Connected to the WE pin of
DDR-SDRAM.

HPDQM3 UU-side data Output  Byte-selection signal corresponding to D31 to D24

mask of DDR-SDRAM

HPDQM2 UL-side data mask Output Byte-selection signal corresponding to D23 to D16
of DDR-SDRAM

HPDQM1 LU-side data mask Output Byte-selection signal corresponding to D15 to D8
of DDR-SDRAM

HPDQMO LL-side data mask Output = Byte-selection signal corresponding to D7 to DO of
DDR-SDRAM

HPRAS Row address Output  Specifies the DDR-SDRAM row address.
Connected to the RAS pin of DDR-SDRAM.

HPCAS Column address  Output  Specifies the DDR-SDRAM column address.
Connected to the CAS pin of DDR-SDRAM.

HPCKE Clock enable Output DDR-SDRAM clock enable signal. Connected to
the CKE pin of DDR-SDRAM.

HPCLK Synchronous clock Output  Synchronous clock output

HPCLK Synchronous clock Output  Inverted HPCLK clock output for DDR-SDRAM

HPDQS3 Data strobe I/O Data strobe signal corresponding to D31 to D24 of
DDR-SDRAM

HPDQS2 Data strobe I/O Data strobe signal corresponding to D23 to D16 of
DDR-SDRAM

HPDQS1 Data strobe Ie] Data strobe signal corresponding to D15 to D8 of
DDR-SDRAM

HPDQSO Data strobe I/O Data strobe signal corresponding to D7 to DO of
DDR-SDRAM

Vref Reference Input Input for SSTL2
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Section 8 Bus State Controller for SDRAM (SBSC)

8.3 Area Overview

831 AddressMap

This LSl has 384 Mbytes for the external address space. Among this space, the SBSC controls

128Mbytes of external address space only for DDR-SDRAM.

Table8.2 AddressMap

Address Area Memory to be connected Capacity

H'0000 0000 to H'03FF FFFF Area 0 (BSC) See section 11, Bus State 64Mbytes
Controller (BSC).

H'0800 0000 to H'OFFF FFFF DRAM Area (SBSC) DDR1-SDRAM 128Mbytes

H'1000 0000 to H'1BFF FFFF Area 4to 6B (BSC) See section 11, Bus State 192Mbytes

Controller (BSC).

8.3.2 Memory BusWidth

The DDR-SDRAM buswidth in this LS| can be set as 32 bits only.

8.3.3 Data Alignment

This LS| supports big endian and little endian method for data alignment. The data alignment is

specified by the setting of the external pin (MD5) at a power-on reset.

Table8.3 Data Alignment specified by External Pin (MD5)

MD5 Data Alignment
0 Big endian
1 Little endian

Rev. 1.00 Oct. 23, 2008 Page 86 of 340
REJ03B0273-0100 RENESAS



Section 9  Direct Memory Access Controller (DMAC)

Section9 Direct Memory Access Controller (DMAC)

ThisLSl includes the direct memory access controller of two modules (DMACO/1).

The DMACO and DMACI operate as independent bus-master, and can be used in place of the
CPU to perform high-speed transfers between external devices that have DACK (transfer request
acknowledge signal), external memory, on-chip memory, memory-mapped external devices, and
on-chip peripheral modules.

9.1 Features

e Six channelsfor each module (12 channelsin total)

e 4-Gbyte physical address space

o Datatransfer unit is selectable: Byte, word (2 bytes), longword (4 bytes), 8 bytes, 16 bytes, and
32 bytes

e Maximum transfer count: 16,777,216 transfers

e Addressmode: Dual address mode

e Transfer requests:
External request, on-chip peripheral module request, or auto request can be selected.
The following modules can issue an on-chip peripheral module request.

— SCIFOto 5, MSIOF0O, MSIOF1, FLCTL, SIUA, SIUB, SDHIO0, SDHI1, TSIF, IrDA, USB,
and ADC

e Selectable bus modes:

Cycle steal mode (normal mode and intermittent mode) or burst mode can be sel ected.
e Selectable channel priority levels:

The channel priority levels are selectable between fixed mode and round-robin mode.

e Interrupt request: An interrupt request can be generated to the CPU after half of the transfers
ended, all transfers ended, or an address error occurred.
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Section 9 Direct Memory Access Controller (DMAC)

e External request detection: There are following four types of DREQ input detection (channel 0
and channel 1 of DMACO).

— Low-level detection, high-level detection

— Rising-edge detection, falling-edge detection
e Transfer request acknowledge signal:

Active levelsfor DACK can be set independently (channel 0 and channel 1 of DMACQ).
e Two channels can receive an external request (channel 0 and channel 1 of DMACQO).
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Section 9  Direct Memory Access Controller (DMAC)

Figure 9.1 shows the block diagram of the DMAC.

E Iteratiaon !
! control < '
- o (o |
I control I
On-chip ' \
memory ! T — |! CHCRm |D !
(2] ' 1
On-chip Peripheral e : Start-up | > :
peripheral - bus controller ) z i control |! DMAOR |< ) E
module z ' i
L) T : 1 DMARSO t :
5 | > 0 < > |
s ' DMARS2 ,
) | v I
DMA transfer request signal @ H ‘ SARB '
DMA transfer acknowledge signal | Request 1 > .
_ INTm i priority '
Interrupt controller | _ AdrsErr ! control ¢—>| DARBn !
: L i
I Bus TCRBN !
External ROM . |1 interface H
External RAM K > 0 !
External I/O [Legend]
(memory mapped) O SARm: DMA source address reg?ster
<:> Bus stﬁ\te SARBnN: DMA source address register B
controller . inati i
External /O DARm.‘ DMA dest!nat!on address reg!ster
(with acknowledge- C> DARBn: DMA destination address register B
ment ) TCRm: DMA transfer count register
TCRBn: DMA transfer count register B
DREQO/DREQ1 CHCRm: DMA channel control register
B DMAOR:  DMA operation register
DACKO/DACK1 DMARSO to
DMARS2: DMA extended resource selectors
INTm: DMA transfer end/half-end interrupt request*
AdrsErr: Address error interrupt request
m: 0,1,23/4,5
n: 0,123
Note: * The half-end interrupt request is available

in channels 0 to 3.

Figure9.1 Block Diagram of DMAC
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Section 9 Direct Memory Access Controller (DMAC)

9.2 I nput/Output Pins

The external pins for the DMACO are described below. Table 9.1 lists the configuration of the pins
that are connected to external bus. The DMACO has pins for one channel (channel 0) for external
bus use. The DMAC1 doesn’t have external pins.

Table9.1 Pin Configuration

Channel Pin Name  Function I/0 Description
0 DREQO DMA transfer request Input  DMA transfer request input from
external device to channel 0 of DMACO
DACKO DMA transfer request  Output DMA transfer request acknowledge
acknowledge output from channel 0 of DMACO to
external device
1 DREQ1 DMA transfer request  Input  DMA transfer request input from
external device to channel 1 of DMACO
DACK1 DMA transfer request  Output DMA transfer request acknowledge
acknowledge output from channel 1 of DMACO to

external device
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Section 10  Clock Pulse Generator (CPG)

Note: This section contains references to the SH7723 Hardware Manual. The contents of the

SH7723 Hardware Manual will be disclosed upon acceptance of a confidentiality
agreement. For details, please contact a Renesas Technology sales representative.

The clock pulse generator generates the clocks used in this LS| and consists of aPLL circuit, a
DLL circuit, dividers, and the associated control circuit.

10.1 Features

Generation of the various clocks for LS| internal operations

CPU clock (19): Operating clock for the CPU core

U clock (Ud): Operating clock for the CPU core

SH clock (SH¢): Operating clock for the SuperHyway bus

Bus clock (B¢): Operating clock for the BSC. Operating clock for peripheral modules on the
SuperHyway bus

SDRAM clock (B3¢): Operating clock for the SBSC

Peripheral clock (Pd): Operating clock for peripheral modules on the HPB (peripheral bus).
Generation of clocks for external interfaces

Bus clock (CKO): Clock for the BSC bus interface (same as B¢)

SDRAM clock (HPCLK): Clock for the SDRAM interface (same as B3¢)

Video clock (VIO _CKO): Clock output for cameras

SIU clock A (SIUCKA): Clock for the SIU external interface

SIU clock B (SIUCKB): Clock for the SIU external interface

IrDA clock (IrDACK): IrDA clock output

Frequency-change function

The frequency of each clock can be changed independently by using the PLL circuit, DLL
circuit, or dividers within the CPG. Frequencies are changed under software control by register
settings.

Clock mode

The clock mode pin setting selects external inputs (EXTAL or RCLK) or crystal oscillator as
the clock source. In addition, the PLL and DLL can be turned on or off by the clock mode pin
setting after a power-on reset.
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e Power-down mode control

The clocks are stopped in sleep mode, software standby mode, and U-standby mode; clocks for
specific modules can be stopped by using the module standby function. For details, see section
15, Reset and Power-Down Modes, in the SH7723 Hardware Manual.

10.2  Block Diagram

A block diagram of the CPG is shown in figure 10.1.
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MD1, MDO

XTAL Divider 2| ;1
PLL circuit x1/1 CPU clock
EXTAL x1 to x16 | %23 : .
— x12 [x1/16 (19)
,_> Divider 1 x2/5 4
x1/2 13 ’! ] » U memory clock
RCLK [X—— ﬁ;g _’D_> SH clock
x1/12 > (SHo)
ST x1/16 )
ivider < Peripheral clock
vio_cko X< |><l to l></64I ~! }— (pq))p
1 Bus clock
> B
ko [ D (B9)
1 SDRAM clock
HPCLK [X]- D (B30)
—:D_> SIU clock A
siumcka X > (SIUCKA)
\ SIU clock B
siumcke X | (SIUCKB)
__:D—> IrDA clock
(IrDACK)
A
Multiplication —
control Division Control | |Stop control |
| FRQCR I PLLCR
[ veiker ||| scikecr |
DLLFRQ STBCR
[ scLkacr |||roacLker]
T I
| HPB bus interface |
|Contro| circuit
A
C HPB bus )
[Legend]
FRQCR : Frequency control register
PLLCR : PLL control register
DLLFRQ : DLL multiplication register
STBCR : Standby control register (For details, see section 15, Reset and Power-Down Modes,
in the SH7723 Hardware Manual.)
VCLKCR : Video clock frequency control register
SCLKACR : SIU clock A frequency control register
SCLKBCR : SIU clock B frequency control register
IrDACLKCR : IrDA clock frequency control register
Figure 10.1  Block Diagram of CPG
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Section 10 Clock Pulse Generator (CPG)

The CPG blocks function as follows:
(1) DLL Circuit

The DLL circuit multiples the clock frequency (32.768 kHz) input from the RCLK pin. This
circuit isonly enabled in clock mode 3. The multiplication rate is set in the DLL multiplication
register (DLLFRQ). Theinitial value of the multiplication rate is 1017 and the generated clock is
at 32.768 kHz x 1017 = 33.33 MHz.

The output clock frequency for the DLL circuit isin the range from 20 to 33.4 MHz/
(2) PLL Circuit

The PLL circuit multiples, by factors from 6 to 16, the frequency of the clock input from the
EXTAL pin or of the multiplied clock signal produced by the DLL circuit. The multiplication rate
is set in the frequency control register (FRQCR). The PLL circuit isturned on or off by the
settings of the clock mode pins or the PLL control register (PLLCR).

The input clock frequency for the PLL circuit isin the range from 15 to 50 MHz. The output clock
frequency isin the range from 180 to 400 MHz.

(3) Divider 1

Divider 1 halves the frequency of the clock input from the EXTAL pin or of the multiplied clock
produced by the DLL circuit. When the PLL circuit isturned off, the clock output from divider 1
isinput to dividers 2 and 3.

(4) Divider 2

Divider 2 divides the frequency of the clock output from the PLL circuit or divider 1 and generates
the operating clocks. The division ratio is set in the relevant frequency control register.

(5) Divider 3

Divider 3 generates the video clock (VIO_CKO) by dividing the frequency of the clock output by
the PLL circuit or divider 1. The division ratio is set by VCLKCR.

(6) Contral Circuit

The control circuit controls the clock frequency according to the settings of the MDO and MD1
pins and the frequency control registers.
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Section 10 Clock Pulse Generator (CPG)

10.3  Input/Output Pins

Table 10.1 lists the CPG pin configuration.

Table10.1 Pin Configuration and Functions of CPG

Pin Name Function 1/0 Description

MDO Clock mode control Input Sets the clock operating mode.

MD1 pins Input Sets the clock operating mode.

MD2 Input Reserved**

EXTAL Clock pins Input Connects the crystal oscillator. Or used as an

external clock input pin.

XTAL Output  Connects the crystal oscillator.

RCLK Input Inputs the RTC clock (32.768 kHz).**

SIUMCKA Input Clock input for SIU interface

SIUMCKB Input Clock input for SIU interface

CKO Bus clock output pin Output  Used as a BSC interface clock output pin.

HPCLK SDRAM clock Output = Used as a SDRAM interface clock output pin.
output pin

VIO_CKO Video clock Output  Used as a clock output pin for cameras.

Notes: 1. Always input low level to the MD2 pin.
2. Always input RCLK in this LSI even when the DLL circuit is not used.
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Section 11 Reset and Power-Down Modes

This LSl supports U-standby mode, in which low power consumption is achieved by turning off
the internal power-supply to part of the chip. This LSl aso supports sleep mode, software standby
mode, and module standby function, in which clock supply to the LSl is controlled optimally.

11.1  Features

e Supportsavariety of power-down modes, i.e. sleep, software standby, module standby, and U-
standby modes.

¢ In U-standby mode, the RWDT, CMT, KEY SC, and RTC that operate on RCLK are
operational.

11.1.1  Division of Power-Supply Areas
To realize power-down modes, this LSl is divided into the following three power-supply areas.

e Corearea

This areais operated by the V, power supply and encompasses all areas other than the
following two. Power consumption on standby is greatly reduced in U-standby mode by
turning off the power to this area.

e Subarea

This areais operated by the V_, power supply and encompasses the RWDT, CMT, KEY SC,
and RTC.

o |/Oarea
This areais operated by the V. power supply and encompasses the 1/0 buffer.
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Section 11 Reset and Power-Down Modes

11.1.2  Typesof Resets and Power-Down Modes

This LSI has the following types of power-down modes. Table 11.1 shows the state in each mode
and methods for making transitions and canceling each mode.

e Sleep mode: Supply of the clock to the CPU coreis stopped.
o Software standby mode: Supply of the clock is stopped throughout the LS.

¢ Module standby function: The operation of modules that are not in use can be stopped under
software control.

e U-standby mode: The supply of power to core areas is stopped. (A power is supplied to 1/0
areaand sub area.)

Table11.1 Statesof Resetsand Power-Down M odes

State
On-Chip
Power-Down  Transition CPU Peripheral External Canceling
Mode Conditions CPG CPU Core Registers On-Chip Memory Modules** SDRAM Method
Sleep mode Execute the Operating Stopped Retained Stopped Operating Auto- . Interrupt
SLEEP instruction (contents retained) refreshing
with STBY =0 and . Power-on
USTBY =0in
STBCR. reset
. System
reset
Software Execute the Stopped  Stopped Retained Stopped Stopped** Self- . IRQ, NMI
standby mode SLEEP instruction (contents retained) refreshing ' '
with STBY =1 and CMT,
USTBY =0in
STBCR. KEYSC,
RTC
. Power-on
reset
. System
reset
Module Set the MSTP bit  Operating Operating Retained Specified module  Specified module  Auto- R Clear the
standby of the respective or stopped stopped stopped refreshing
function module to 1 in (contents retained) MSTP bit to
MSTPCR.

0.
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State
On-Chip

Power-Down  Transition CPU Peripheral External Canceling
Mode Conditions CPG CPU Core Registers On-Chip Memory Modules** SDRAM Method
U-standby Execute the Stopped  Stopped Not Not retained Stopped** Self- o cMT
mode SLEEP instruction retained refreshing '

with USTBY =1 KEYSC,

and STBY =0in

STBCR. RTC

. Power-on
reset
. System
reset

Power-on reset Drive the RESETP Initial Initial state Initial Initial state Initial state Initial state ~ —

pin low. state state
System reset  Drive the RESETA Initial Initial state Initial Initial state Initial state Initial state ~ —

pin low. state state

RWDT overflows.
Manual reset ~ Generate an Retained Initial state Initial Initial Initial Auto- —

exception other state state/retained** state/retained** refreshing

than a user break
while SR.BL = 1.

Notes: 1

The on-chip peripheral modules refer to modules that are directly connected to the
Super-Hyway bus or peripheral bus.
Modules with RCLK operation (RWDT, CMT, KEYSC, and RTC) continue to operate.
This depends on the module. See the sections on the individual modules.

RENESAS
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11.2  Input/Output Pins

Table 11.2 lists the pin configuration related to resets and power-down modes.

Table11.2 Pin Configuration

Pin Name Function I/O Description

STATUSO Processing state 0 Output  Becomes high level in various standby modes
(software standby mode and U-standby mode).

RESETP Reset input pin Input This LSI enters the power-on reset state when
this pin becomes low level.

RESETA Reset input pin Input This LSI enters the system reset state when this
pin becomes low level.

RESETOUT Reset output signal Output  Becomes low level while this LSl is being reset.

PDSTATUS Power-down state  Output  Becomes high level when the power-supply

signal separating region is turned off. PDSTATUS can

control the supply current to the regulator.
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Section 12 RCLK Watchdog Timer (RWDT)

ThisLSl includes the RCLK watchdog timer (RWDT).

The RWDT isasingle-channel timer that uses a RTC clock as an input and can be used asa
watchdog timer for the system monitoring.

ThisLSI can be reset by the overflow of the counter when the value of the counter has not been
updated because of a system runaway.

121  Features

e Can be used as awatchdog timer. A system reset is generated when the counter overflows.
e Choice of eight counter input clocks.
Eight clocks (RCLK/1 to RCLK/4096) that are obtained by dividing the RCLK.

Figures 12.1 shows block diagrams of the RWDT.

RWDT
RCLK E
|R/U—standby operation regionl | Divider |
YYYYVYYYY
- =I Clock selector |
Reset
control » Internal reset request
\
[ RwTCSR | [ RwTeNT |
Jk A
4 \
< Ty >
\
<: Peripheral bus >
[Legend]

RWTCSR: RCLK watchdog timer control/status register
RWTCNT: RCLK watchdog timer counter

Figure12.1 Block Diagram of RWDT
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12.2  Input/Output Pinsfor RWDT

Table 12.1 lists the pin configuration and functions of the RWDT.
Table12.1 RWDT Pin Configuration

Pin Name Function I/O Description

RCLK RTC clock Input  Clock input from an external RTC (32.768 kHz)
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Section 13 Timer Unit (TMU)

This LSl includes two three-channel 32-bit timer units (TMU).

13.1 Features

e Each channel is provided with an auto-reload 32-bit down counter

¢ All channels are provided with 32-bit constant registers and 32-bit down counters that can be
read or written to at any time

¢ All channels generate interrupt requests when the 32-bit down counter underflows
(H'00000000 — H'FFFFFFFF)

¢ Allows selection among five counter input clocks: Pd/4, Pd/16, Ph/64, Php/256, and Ph/1024
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Figure 13.1 shows a block diagram of the TMU.

Bus interface
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, i © .
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h ' Counter s :
' E controller > '
L ' Interrupt -
TUNIL == ' | * controller '
- Ch.2 --=----
: ] :
E : Counter ' ;
' , controller ! '
TUNI2 : . Interrupt ' E
' 1 controller ! '
1 [y H '
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[Legend]

TCNT: Timer counter

TSTR: Timer start register TCOR: Timer constant register

TCR: Timer control register

Figure13.1 Block Diagram of TMU
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Section 14  16-Bit Timer Pulse Unit (TPU)

ThisLSl has an on-chip 16-bit timer pulse unit (TPU) which consists of four 16-bit timer
channels.

141  Features

e Varioustimer general registers

TPU has atotal of 16 timer general registers provided with four registers (TPU_TGRA to
TPU_TGRD) for each channel. TPU_TGRA enables an output compare setting. TPU_TGRB,
TPU_TGRC, and TPU_TGRD in each channel can be used as the timer counter clear registers.
TPU_TGRC and TPU_TGRD can be used as the buffer registers.

e Thefollowing operation can be set for each channel:

Counter clear operation: Counter clearing possible by compare match
e Buffer operation settable for each channel

Automatic rewriting of output compare register possible
e Oneinterrupt request

Enabling or disabling the compare match/overflow interrupt request can be set independently
for each interrupt source.

e Thefollowing output can be made from every channel.
Waveform output at compare match: Selection of O, 1, or toggle output
PWM mode: Any PWM output duty cycle can be set
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Table 14.1 describes the TPU functions.

Table14.1 TPU Functions

TPU: TPU: TPU: TPU:
Item Channel 0 Channel 1 Channel 2 Channel 3
Count clock Bo/L B/l Bo/1 B/l

Bo/4 Bo/4 Bo/4 Bo/4

B4/16 BY/16 B4/16 BY/16

By/64 Bi/64 By/64 By/64
General register TPU_TGROA TPU_TGRI1A TPU_TGR2A TPU_TGR3A

TPU_TGROB TPU_TGR1B TPU_TGR2B TPU TGR3B
General register/ TPU_TGROC TPU_TGRI1C TPU_TGR2C TPU_TGR3C
Buffer register TPU_TGROD TPU_TGRID TPU_TGR2D TPU_TGR3D
Output pin TPUTO TPUTOL TPUTO2 TPUTO3

Counter clear function

TPU_TGR compare

TPU_TGR compare

TPU_TGR compare

TPU_TGR compare

match match match match

Compare 0 output O (0] (0] O
match lToutput O 0 0 0
output

Toggle (0] (0] (0] (0]

output
PWM mode O (0] O O
Buffer mode O (@) (@) O
Interrupt request 5 sources 5 sources 5 sources 5 sources

e  Compare match

e  Overflow

e  Compare match

e  Overflow

e  Compare match

e  Overflow

e  Compare match

e  Overflow
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142  Block Diagram

A block diagram of the TPU is shown in figure 14.1.

o BOL
o BOA
. - > | Clock Edge _ | Counter _ |Output | _
Bo >[Divider . Bo/16 | selection [ |selection > up con't)rol e > TPUTO
B¢/64
> > Clear
Channel 0
TGRA > — "
> > =] >
TGRB »| Buffer - g -
—] > 32 >
TGRC >~ & -
o
TGRD > I >
> Channel 1
>
_ Same configuration as channel 0
> Channel 2
e
N Same configuration as channel 0
| channel 3
|
> Same configuration as channel 0

Figure14.1 TPU Block Diagram
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14.3  Input/Output Pin

Table 14.2 shows the pin configuration of the TPU.

Table14.2 Pin Configuration

Channel Pin Name Function 110 Description

0 TPUTOO TPU output compare Output TPU_TGROA output compare output/
match O PWM output pin

1 TPUTO1 TPU output compare Output TPU_TGR1A output compare output/
match 1 PWM output pin

2 TPUTO2 TPU output compare Output TPU_TGR2A output compare output/
match 2 PWM output pin

3 TPUTO3 TPU output compare Output TPU_TGRS3A output compare output/

match 3

PWM output pin
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Section 15 Compare Match Timer (CMT)

ThisLSl includes a 32-bit compare match timer (CMT) of one channel.

151 Features

e 16 hits/32 bits can be selected.
e Provided with an auto-reload up counter.
e Provided with 32-bit constant registers and 32-bit up counters that can be written or read at any
time.
e TheCMT of thisLSl can operate the counting even in U-standby mode.
e Allows selection among 3 counter input clocks:
— External clock (RCLK) input: 1/8, 1/32, and 1/128
e One-shot operation and free-running operation are selectable.
o Allows selection of compare match or overflow for the interrupt source.
e Supports canceling of the standby state in U-standby mode.
e Module standby mode can be set.

Figure 15.1 shows a block diagram of the CMT.

| CMSTR | CMT

N
RCLK =i Pre-scaler | "
3
©
Sub area | CMONT | | CMCOR | _ch
IS _ 2
' ;

| CMCSR I Interrupt » Internal interrupt

control

—> Internal standby canc}/

[Legend]

CMSTR: Compare match timer start register
CMCSR: Compare match timer control/status register
CMCNT: Compare match timer counter

CMCOR: Compare match timer constant register

Figure15.1 Block Diagram of CMT
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Section 16  Clock-Synchronized Serial Interface with FIFO
(MSIOF)

ThisLSl includes two-channel of clock-synchronized serial 1/0 module with FIFO (M SIOFO,
MSIOF1).

16.1 Features

e FIFO capacity: 32 hits x 64 stages for transmission and 32 bits x 64 stages for reception
e MSB first or LSB first selectable for data transmission and reception

e Synchronization by frame synchronization pulse, level, or |eft/right channel switch

e Supports both master and slave modes

¢ Independent clock and synchronization signals for transmission and reception (common clock
and synchronization signals are also selectable)

e Supports multiple-channel communication
— Transfers multiple groups or words of datain one frame.
— Theword data size for each group can be selected from eight to 32 bits

— Up to 256 words can be transferred in each group when one or two groups are used, or up
to 16 words can be transferred in each group when three or four groups are used.

¢ Interrupts. One type in each channel
e Serial clock

Theinternal clock (B¢) or external pin input (MSIOFO_MCK/MSIOF1_MCK) can be selected
asthe clock source.

e DMA transfer
Supports DMA transfer by atransfer request for transmission and reception
e Seria format
Supports serial format such as11S, SPI (both master and slave modes), and uWIRE.
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Figure 16.1 shows a block diagram of the MSIOF.

7'y Peripheral bus
Receive DMA Transmit DMA
transfer transfer Interrupt h 4
request request request Bus interface
A A A
A\ 4 v A\ 4 v A 4
Transmit control Trar;szm;! FIFO Receive control Re%e‘ziVs FIFO
Control data its data its
registers X 64 stages 7'y X 64 stages
A
v v
B¢ » - N
Transmit 1/m MCLE Transmit q Receive
baud rate »| timing control _| timing control
generator
MSIOF_MCK > 'y y'y Y -
»
Receive 1/n MCLK
baud rate
generator
L
\ 4
—>| PIS —>| S/P I
7'
A\ 4 v v v
MSIOF_TSCK vV MSIOF_TSYNC" MSIOF_RSCK MSIOF_RSYNC

MSIOF_SS1 MSIOF_SS2  MSIOF_TXD

MSIOF_RXD

Figure16.1 Block Diagram of MSIOF
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16.2

I nput/Output Pins

The pin configuration in this module is shown in table 16.1.

Table16.1 Pin Configuration

Pin Name Abbreviation* 1/0 Function

MSIOF0_MCK MSIOFMCK Input Master clock input

MSIOF1_MCK

MSIOFQ_TSCK MSIOFTSCK 110 Serial clock for transmission

MSIOF1_TSCK  (SCK) Works as SCK when a common clock is used for

transmission and reception.

MSIOFO_TSYNC
MSIOF1_TSYNC

MSIOFTSYNC  1/0
(550)

Frame synchronization signal channel 0 for
transmission

Works as SYNC when a common synchronization
signal is used for transmission and reception.

MSIOF0_SS1 MSIOFSS1 (SS1) Output  Frame synchronization signal channel 1 for
MSIOF1_SS1 transmission

Only the slave device can select this signal.
MSIOF0_SS2 MSIOFSS2 (SS2) Output  Frame synchronization signal channel 2 for
MSIOF1_SS2 transmission

Only the slave device can select this signal.
MSIOF0_RSCK  MSIOFRSCK 1/0 Serial clock for reception
MSIOF1_RSCK

MSIOFO_RSYNC
MSIOF1_RSYNC

MSIOFRSYNC IO

Frame synchronization signal for reception

MSIOFO0_TXD MSIOFTXD Output  Transmit data
MSIOF1_TXD (MOSI/MISO)
MSIOFO0_RXD MSIOFRXD Input Receive data
MSIOF1_RXD (MISO/MOSI)
Note: * In SPI mode, the pins are called SCK, SS0, SS1, SS2, MOSI, and MISO.
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Section 17 Seriad Communication Interface with FIFO
(SCIF)

ThisLSl has athree-channel serial communication interface with FIFO (SCIF) that supports both
asynchronous and clock synchronous serial communication. It also has 16-stage FIFO registers for
both transmission and reception independently for each channel that enable this L S| to perform
efficient high-speed continuous communication.

17.1 Features

e Asynchronous serial communication:

— Serial data communication is performed by start-stop in character units. The SCIF can
communicate with auniversal asynchronous receiver/transmitter (UART), an asynchronous
communication interface adapter (ACIA), or any other communications chip that employs
a standard asynchronous serial system. There are eight selectable serial data
communication formats.

— Datalength: 7 or 8 bits

— Stop bit length: 1 or 2 bits

— Parity: Even, odd, or none-

— Receive error detection: Parity, framing, and overrun errors

— Break detection: Break is detected when a framing error is followed by at least one frame at
the space O level (low level).

e Clock synchronous serial communication:
— Serial data communication is synchronized with a clock signal. The SCIF can communicate

with other chips having a clock synchronous communication function. There is one serial
data communication format.

— Datalength: 8 bits
— Receive error detection: Overrun errors
e Full duplex communication: The transmitting and receiving sections are independent, so the

SCIF can transmit and receive simultaneously. Both sections use 16-stage FIFO buffering, so
high-speed continuous data transfer is possible in both the transmit and receive directions.

¢ On-chip baud rate generator with selectable bit rates
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e Internal or externa transmit/receive clock source: From either baud rate generator (internal) or
SCK pin (external)

e Four types of interrupts: Transmit-FIFO-data-empty interrupt, break interrupt, receive-FIFO-
data-full interrupt, and receive-error interrupts are requested independently on each channel.

e When the transmit FIFO is empty or the receive FIFO contains any received data, the DMA
controller (DMAC) can be activated to perform data transfer by generating a DMA transfer
request.

e Whenthe SCIF isnot in use, it can be stopped by halting the clock supplied to it, saving
power.

e The quantity of datain the transmit and receive FIFO data registers and the number of receive
errors of the received datain the receive FIFO data register can be ascertained.

e A time-out error (DR) can be detected when receiving in asynchronous mode.

Figure 17.1 shows a block diagram of the SCIF.

L _ i o Peripheral
o A A A o ' bus
| ® I
1 O :
. Y Y \ 4 g |
| S |
! |SCFRDR (16 stages)H SCFTDR (16 stages)l_ SCSMR SCBRR € i
4 SCLSR 2
H _ SCFDR :
! h 4 I SCFCR Baudrate le————py
RXD—I—>| | SCRSR | | | SCTSR SCFSR generator :
| SCSCR ,
' SCSPTR i
, Transmission/reception i
TXD <t control '
1 A 1
' Parity generation m ,
! Parity check Ext | clock H
SCK‘: xternal cloc :
' s TXI
: L RXI
' - ERI
! “— BRI
S N N e SCIF ------------- '
[Legend]
SCRSR: Receive shift register SCFSR: Serial status register
SCFRDR: Receive FIFO data register SCBRR: Bit rate register
SCTSR: Transmit shift register SCSPTR:Serial port register
SCFTDR: Transmit FIFO data register SCFCR: FIFO control register
SCSMR: Serial mode register SCFDR: FIFO data count set register
SCSCR: Serial control register SCLSR: Line status register
Po: Peripheral clock

Figure17.1 Block Diagram of SCIF
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17.2  Input/Output Pins

Table 17.1 shows the pin configuration of the SCIF.

Table17.1 Pin Configuration

Channel  Pin Name Function I/0 Description

0 SCIFO_TXD Transmit data Output Transmit data pin
SCIFO_RXD Received data Input Received data pin
SCIFO_SCK Serial clock I/0 Clock I/O pin

1 SCIF1_TXD Transmit data Output Transmit data pin
SCIF1_RXD Received data Input Received data pin
SCIF1_SCK Serial clock I/0 Clock I/O pin

2 SCIF2_TXD Transmit data Output Transmit data pin
SCIF2_RXD Received data Input Received data pin
SCIF2_SCK Serial clock I/0 Clock I/O pin

Note: In the following descriptions, channel numbers in pin names and signal names are omitted
and TXD, RXD, and SCK are used as generic terms.
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Section 18  Seria Communication Interface with FIFO A
(SCIFA)

This LS| has three channels (channel 3 to channel 5) of serial communication interface (SCIFA)
that includes FIFO buffers. The SCIFA can perform asynchronous and synchronous serial
communications. It has 64-stage FIFO registers for both transmission and reception, which allow
efficient high-speed continuous communication.

18.1 Features

e Asynchronous or synchronous mode can be selected for serial communication mode.

e On-chip baud rate generator with selectable bit rates

e Internal or externa transmit/receive clock source: From either baud rate generator (internal) or
SCK pin (external)

e Six types of interrupts (asynchronous mode):

Transmit-data-stop, transmit-FIFO-data-empty, receive-FIFO-data-full, receive-error (framing
error/parity error), break-receive, and receive-data-ready interrupts. A common interrupt vector
is assigned to each interrupt source.

e Two types of interrupts (synchronous mode)

e Thedirect memory access controller (DMAC) can be activated to transfer data in the event of
transmit-FIFO-data-empty, transmit-data-stop, or receive-FIFO-data-full. Note that the transfer
request to the DMAC is common to transmit-FI FO-data-empty and transmit-data-stop.

e On-chip modem control functions (CTS and RTS)
e Transmit data stop function is available

e Whilethe SCIFA isnot used, it can be stopped by stopping the clock for it to reduce power
consumption.

e The number of databytesin the transmit and receive FIFO registers and the number of receive
errors of thereceived datain the receive FIFO register can be known.

¢ 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 64-stage FIFO buffer structure, enabling fast and
continuous serial data transmission and reception.
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¢ Asynchronous mode:
Serial data communications are performed by start-stop in character units. The SCI can
communicate with auniversal asynchronous receiver/transmitter (UART), an asynchronous
communication interface adapter (ACIA), or any other communications chip that employs a
standard asynchronous serial system. There are eight selectable serial data communication
formats.
— Datalength: Seven or eight bits
— Stop bit length: One or two bits
— Parity: Even, odd, or none
— LSB first
— Receive error detection: Parity, framing, and overrun errors
— Break detection: Break is detected when the received data next the generated framing error

isthe space 0 level and has the framing error.

e Synchronous mode:
Serial data communication is synchronized with a clock. Serial data communication can be
carried out with other chips that have a synchronous communication function.
— Datalength: 8 bits
— LSB-first transfer
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Figure 18.1 shows the block diagram of SCIFA.
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[Legend]
SCARSR:

Receive shift register

SCAFRDR: Receive FIFO data register

SCATSR:

Transmit shift register

SCAFTDR: Transmit FIFO data register

SCASMR:

SCASCR:

Serial mode register
Serial control register

SCAFER:
SCASSR:
SCABRR:
SCAFCR:
SCAFDR:

FIFO error count register
Serial status register

Bit rate register

FIFO control register
FIFO data count register

SCATDSR: Transmit data stop register

B¢:

Bus clock

interrupt

Figure18.1 Block Diagram of SCIFA
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18.2  Input/Output Pins
Table 18.1 shows the pin configuration of SCIFA.

Table18.1 Pin configuration

Channel Pin Name I/0 Function

3 SCIF3_SCK Input/output Clock input/output
SCIF3_RXD Input Received data input
SCIF3_TXD Output Transmit data output
SCIF3_CTS Input Clear to send
SCIF3_RTS Output Request to send

4 SCIF4_SCK Input/output Clock input/output
SCIF4_RXD Input Received data input
SCIF4_TXD Output Transmit data output

5 SCIF5_SCK Input/output Clock input/output
SCIF5_RXD Input Received data input
SCIF5_TXD Output Transmit data output

Note: In the following description, channel numbers in pin names are omitted and SCK, RXD,
TXD, CTS, and RTS are used as the generic abbreviations.
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Section 19 Realtime Clock (RTC)

ThisLSI hasaredtime clock (RTC).

19.1 Features

e Clock and calendar functions (BCD format): Seconds, minutes, hours, date, day of the week,
month, and year

e 1-Hzto 64-Hz timer (binary format)

64-Hz counter indicates the state of the RTC divider circuit between 64 Hzand 1 Hz
e Start/stop function
e 30-second adjust function

e Alarm interrupt: Frame comparison of seconds, minutes, hours, date, day of the week, month,
and year can be used as conditions for the alarm interrupt

e Periodic interrupts: the interrupt cycle may be 1/256 second, 1/64 second, 1/16 second, 1/4
second, 1/2 second, 1 second, or 2 seconds

e Carry interrupt: indicates when a carry occurs or 64-Hz counter carry occurs during a 64-Hz
counter read

e Automatic leap year adjustment
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Figure 19.1 shows the block diagram of RTC.
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[Legend]
RSECCNT: Second counter (8 bits) RSECAR: Second alarm register (8 bits)
RMINCNT: Minute counter (8 bits) RMINAR: Minute alarm registger (8 bits)
RHRCNT:  Hour counter (8 bits) RHRAR:  Hour alarm register (8 bits)
RWKCNT: Day of week counter (8 bits) RWKAR: Day of week alarm register (8 bits)
RDAYCNT: Date counter RDAYAR: Date alarm register (8 bits)
RMONCNT: Month counter (8 bits) RMONAR: Month alarm register (8 bits)
RYRCNT:  Year counter (16 bits) RYRAR:  Year alarm register (16 bits)
RB4CNT:  64-Hz counter (8 bits) RCR2: RTC control register 2 (8 bits)
RCR1: RTC control register 1 (8 bits) RCR3: RTC control register 3

Figure19.1 RTC Block Diagram
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19.2  Input/Output Pin
Table 19.1 shows the RTC pin configuration.
Table19.1 Pin Configuration

Name Abbreviation 1/0 Function
External clock for RTC RCLK Input

Inputs the external clock for the RTC.
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Section 20  IrDA Interface (IrDA)

The IrDA interface (IrDA) performs infrared data communication conforming to IrDA standard
1.2athrough an external infrared transceiver unit connected to thisLSl.

The IrDA includes a UART block to control data transmission and reception as well as an infrared
transmit and receive (light-emit and light-receive) pulse modulator/demodul ator block and a CRC
engine block in front of the UART. The UART block controls seria data transmission and
reception in the asynchronous mode. The infrared transmit and receive pulse

modul ator/demodul ator block controls communication pulses and checks pulses received through
infrared baseband modulation/demodulation conforming to IrDA standard 1.2a. The CRC engine
block reads 8-bit input data and outputs a 16-bit CRC calculation result.

20.1 Features
The IrDA hasthefollowing UART features.

e Asynchronous serial communication
— Datalength: Eight bits
— Stop bit: One bit
— Parity bit: None
e Reception error detection: Overrun error and framing error
e Baud rate error correction: 16 decimal fractions can be selected.
e Baud rate count: Up to 65536 can be specified.

The IrDA has the following infrared transmit and receive pulse modul ator/demodul ator features.

¢ Infrared transmit (light-emit) pulse width: 1-bit width x 3/16 or 1.63 pus can be selected.
e Pulse width check: An out-of-standard pulse (insufficient or excess width) can be detected.
e 1.8432-MHz clock generator

— Up to 16 can be specified for the integer part of the baud rate count.

— Thefractional part can be selected from 16 values.
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The IrDA has the following CRC calculation features.

Datainput
— Input in bytes

Generator polynomial: X*

6+X12+X5+1

— CRCiscalculated in 8-bit units starting from the lower bits.

CRC output: 16-bit CRC is output.
Maximum data length: 4096 bytes

Figure 20.1 shows a block diagram of the IrDA.

IrDA interface
UART block (IrbA) Infrared transmit and
Internal receive pulse
data modulator/demodulator Infrared transceiver
bus block
MSFCLK_OUT > MSFCLK_IN
Clock (baud rate x 16)
TXD »| TXD IROUT >
UART transmit signal Infrared transmit pulse
RXD |= - - RXD RIN | -
UART receive signal Infrared receive pulse
CRC engine block
—| SCLK
Figure20.1  Block Diagram of IrDA
20.2  Input/Qutput Pins

Table 20.1 showsthe IrDA pin configuration.

Table20.1 Pin Configuration

Pin Name Abbreviation I/O Function

IrDA_IN IRIN Input Infrared receive (light-receive) pulse input
(negative logic)

IrDA_OUT IROUT Output Infrared transmit (light-emit) pulse output
(positive logic)
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Section 21  Key Scan Interface (KEY SC)

ThisLSl has akey scan interface (KEY SC) that can set the input or output bit numbers to be
programmable.

211 Features

e On-chip chattering elimination circuit

e Chattering elimination time can be set to be programmable

e Measuresto deal with multiple key presses

o Level/edge-selectableinterna interrupts

e Canceling software standby and U-standby modes by the key input (level) interrupt.
e Input or output bit numbers can be set to be programmable
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Figure 21.1 shows a block diagram of the key scan interface.
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[Legend]

KYCR1, 2: Key scan control registers 1 and 2
KYINDR:  Key scan-in data register
KYOUTDR: Key scan-out data register

Figure21.1 Block Diagram of Key Scan Interface (Key Pin Mode 1)
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21.2  Input/Output Pins

The pin configuration of the key scan interfaceislisted in table 21.1.

Table21.1 Pin Configuration

Name Abbreviation I/0 Function

Input key scan interface KEYING to Input Key scan interface for input
6t00 KEYINO

Output key scan KEYOUTS5 to Output  Key scan interface for output
interface 5to 0 KEYOUTO

The KEYOUTS5 and KEY OUT4 pins are multiplexed with the KEY IN5 and KEY IN6 pins
respectively. Setting the KYMD1 and KYMDO bhitsin the key scan control register 1 (KY CR1)
selects either those functions. Table 21.2 shows the possible combinations between the KEY IN
and KEYOUT pins.

Table21.2 Multiplex Pin Setting

Name KYMD1 KYMDO KEYOUT5/KEYIN5 Pin KEYOUT4/KEYING6 Pin
Key pinmode 1l O 0 Selects KEYOUTS5 pin Selects KEYOUT4 pin
Key pinmode2 0 1 Selects KEYIN5 pin Selects KEYOUT4 pin
Key pinmode 3 1 0 Selects KEYINS pin Selects KEYING pin
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Section22 USB 2.0 Host/Function Module (USB)

The USB 2.0 host/function module (USB) isaUSB controller which provides capabilities as a
USB host controller and USB function controller function. This module supports high-speed
transfer defined by USB (universal serial bus) Specification 2.0, full-speed transfer, and low-speed
transfer when used as the host controller, and supports high-speed transfer and full-speed transfer
when used as the function controller. This module has a USB transceiver and supports all of the
transfer types defined by the USB specification.

This module has an 16-kbyte buffer memory for data transfer, providing a maximum of ten pipes.
Any endpoint numbers can be assigned to PIPEL to PIPE9, based on the peripheral devices or user
system for communication.

22.1 Features
(1) Host Controller and Function Controller Supporting USB High-Speed Operation

e The USB host controller and USB function controller are incorporated.
e The USB host controller and USB function controller can be switched by register settings.
e USB transceiver isincorporated.

(2) Reduced Number of External Pinsand Space-Saving I nstallation

e TheVBUSsigna can be directly connected to the input pin of this module.
e On-chip D+ pull-up resistor (during USB function operation)

e On-chip D+ and D- pull-down resistor (during USB host operation)

e On-chip D+ and D- terminal resistor (during high-speed operation)

e On-chip D+ and D- output impedance (during full-speed operation)

(3 All Typesof USB Transfers Supported

e Control transfer

e  Bulk transfer

o Interrupt transfer (high bandwidth transfers not supported)

e |sochronous transfer (high bandwidth transfers not supported)

(4) Internal BusInterfaces

e Two DMA interface channels are incorporated.
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(5) PipeConfiguration

e Upto 16 kbytes of buffer memory for USB communications are supported
e Up to ten pipes can be selected (including the default control pipe)

e Programmable pipe configuration

¢ Endpoint numbers can be assigned flexibly to PIPE1 to PIPES.

e Transfer conditions that can be set for each pipe:

PIPEOQ: Control transfer (default control pipe: DCP), 64-byte fixed single buffer

PIPE1 and PIPE2: Bulk transfers/isochronous transfer, continuous transfer mode,
programmabl e buffer size (up to 2-kbytes: double buffer can be
specified)

PIPE3 to PIPES5: Bulk transfer, continuous transfer mode, programmable buffer size (up
to 2-kbytes: double buffer can be specified)

PIPE6 to PIPES: Interrupt transfer, 64-byte fixed single buffer

(6) Featuresof theUSB Host Controller

e High-speed transfer (480 Mbps), full-speed transfer (12 Mbps), and low-speed transfer (1.5
Mbps) are supported.

e Communications with multiple peripheral devices connected viaasingle HUB
e Automatic response to the reset handshake

e Automatic scheduling for SOF and packet transmissions

e Programmable intervals for isochronous and interrupt transfers

(7) Featuresof the USB Function Controller

e Both high-speed transfer (480 Mbps) and full-speed transfer (12 Mbps) are supported.

e Automatic recognition of high-speed operation or full-speed operation based on automatic
response to the reset handshake

e Control transfer stage control function

¢ Device state control function

e Auto response function for SET_ADDRESS request
e NAK response interrupt function (NRDY))

e SOF interpolation function
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(8) Other Features

e Transfer ending function using transaction count
e BRDY interrupt event notification timing change function (BFRE)

e Function that automatically clears the buffer memory after the data for the pipe specified at the
DnFIFO (n =0 or 1) port has been read (DCLRM)

¢ NAK setting function for response PID generated by end of transfer (SHTNAK)
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22.2  Input/Output Pins

Table 22.1 shows the pin configuration of the USB.

Table22.1 USB Pin Configuration

Pin Name Name 110

Function

DP USB D+ data /0

D+ I/O of the USB on-chip transceiver

This pin should be connected to the D+ pin of the USB
bus.

DM USB D- data 110

D- 1/0O of the USB on-chip transceiver

This pin should be connected to the D- pin of the USB
bus.

VBUS VBUS input Input

USB cable connection monitor pin

This pin should be connected directly to the VBUS of
the USB bus. Whether the VBUS is connected or
disconnected can be detected.

If this pin is not connected with the VBUS of the USB
bus, it should be supplied with 5 V. It should be
supplied with 5 V also when the host controller function
is selected.

REFRIN Reference input  Input

Reference resistor connection pin

This pin should be connected to AG33 through a
5.6 kQ £1% resistor.

XTAL_USB  Crystal input Output

output pin

EXTAL_USB Input

(Clock input pin)

These pins should be connected to crystal oscillators
for the USB. The EXTAL_USB pin can be used for
external clock input.
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Section 23 1°C Bus Interface (11C)

This LSl has an I°C bus interface of one channel.

Each I°C businterface uses only one data line (SDA) and one clock line (SCL) to transfer data,
saving board and connector space.

231 Features

Start and stop conditions generated automatically
Selection of acknowledge output levels when receiving
Automatic loading of acknowledge bit when transmitting
Data transfer conforming to the I°C format

Wait function

A wait can be inserted by driving the SCL pin low after datatransfer, excluding
acknowledgement.

The wait can be cleared by clearing the interrupt flag.
I”C module corresponds to single master bus only

Thismodule is always in master mode: Since the slave mode is not incorporated, operation
stops with bus open during loss of arbitration in data transfer.

Four interrupt sources

— Datatransfer enable

— Wait state

— Non-acknowledge detection

— Arbitration lost (operation stops with bus open when bus conflict is detected)
Data transfer speed

— Standard mode (100 kHz) and high-speed mode (400 kHz)

— SCL clock can be set by clock control register setting

Clock synchronous processing of SCL line

A hazard (spike noise) generated in the high-count period by SCL is detected as an arbitration
loss.

Figure 23.1 shows a block diagram of the I°C bus interface.
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Peripheral Po
bus
e
< E; Bus Interface | Register file Clock control H
— — :
: y y '
AL, TACK, . P
WAIT, DTE | r9—[X] scL
I E—— State flag A H
i [Interrupt control A control «{Noise cancel [«
E Transmit and E
' receive control '
: +9—{X] SDA
E Fc(c))rnn:ritl - <—{Noise cancel <~;—‘[
SRR . W R :
Figure23.1 Block Diagram of 1°C Bus|nterface
veeQ
o
TRy SRp
SCL
scL;, < ®
SCLy 4'
SDA,, < SDA
SDA, 4|
SCL SDA SCL SDA
(Master)
TG (Slave 1) (Slave 2)
[Legend]

Rp: Pull-up resistor

Figure23.2 I°C BusInterface Connections
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23.2  Input/Output Pins

Table 23.1 summarizes the input/output pins used by the I°C bus interface.

Table23.1 1°C BuslInterface Pins

Abbreviation  Function I/O Description
SCL (0/D) I’C clock input/  1/0  I°C bus clock input/output pin
output Equipped with the bus drive function (NMOS open-
drain).
SDA (O/D) I’C data input/ I/O  I’C bus data input/output pin

output Equipped with the bus drive function (NMOS open-

drain).
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Section 24 NAND Flash Memory Controller (FLCTL)

The NAND flash memory controller (FLCTL) provides a memory interface for an external
NAND-type flash memory. To take measures for errors specific to flash memory, the FLCTL
supports the ECC-code generation function and error detection function. In addition to a 3-symbol
ECC detection circuit to support ML C products, the FLCTL generates ECC code with up to 4
symbols, detects ECC code errors and has an error pattern generation circuit.

241  Features
(1) NAND-Type Flash Memory Interface

o |nterface directly connectable to NAND-type flash memory

e Read or write in sector units (512 + 16 bytes) and ECC processing executed
e Read or write in byte units

e Supports addresses of up to 5 bytes

Note: An access unit of 512 + 16bytesisreferred to as a page in some datasheets for NAND-
type flash memory. In this manual, this access unit of 512 + 16 bytes is always referred to
as a sector. Each page of 2048 + 64 bytesis divided into four sectors, each consisting of
512 + 16 bytes.

(2) Access Modes
The FLCTL can select one of the following two access modes.

e Command access mode: Performs an access by specifying acommand to be issued from the
FLCTL to flash memory, address, and data size to be input or output. Read, write, or erasure of
data without ECC processing can be achieved.

e Sector access mode: Performsaread or write in sector units by specifying a sector address and
controls ECC-code generation and check. By specifying the number of sectors, the continuous
sectors can be read or written (specify addresses in sector addresses).

¢  High-speed sector access mode: The following commands are supported to access the flash
memory at a high speed. Note that some flash memory products do not support these
commands:
- “Auto Page Program Operation with Data Cache”
- “Read Operation with Read Cache’
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(3) Sectorsand Control Codes

A sector is comprised of 512-byte data and 16-byte control code. The 16-byte control code
includes 8-byte ECC.

The control code includes 10-byte ECC when using a 4-symbol ECC circuit.
The position of the ECC in the control code can be specified in 4-byte units.

The user can write any datainto bytes 0 to 5 in the control areawhen using a4-symbol ECC
circuit.

User information can be written to the control code other than the ECC.

(4) 3-symbol ECC

®)

8-byte ECC code is generated and error check is performed for a sector (512-byte data + 16-
byte control code). (Note that the ECC code generation in the 16-byte control code and the
number of bytes to be checked differ depending on the specifications.)

Error correction capability is up to three errors.

In awrite operation, an ECC code is generated for data and control code prior to the ECC. The
control code following the ECC is not considered.

In aread operation, an ECC error is checked for dataand control code prior to the ECC. An
ECC on the control code in the FIFO is replaced with the check result by the ECC circuit, not
an ECC code read from flash memory.

An error correction is not performed even when an ECC error occurs. Error corrections must
be performed by software.

4-symbol ECC

80-bit (10-byte) ECC code is added to a sector (512-byte data + 6-byte control code).
Error correction and detection capability covers up to four random errors (up to 40 hits).
In awrite operation, an ECC code is generated for data and control code prior to the ECC.

In aread operation, an ECC error is checked for data and control code prior to the ECC. An
ECC on the control code in the FIFO is replaced with the check result by the ECC circuit, not
an ECC code read from flash memory.

The 4-symbol ECC circuit in this FLCTL can generate error correction patterns using the
hardware. The error correction pattern generation and checking are performed in sector units.
The hardware-based error correction outputs addresses indicating the locations of errors and
error patterns to correct errors.
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(6) DataError

e When aprogram error or erase error occurs, the error is reflected on the error source flags.
Interrupts for each source can be specified.

e \When aread error occurs, an ECC in the control code is other than 0. Thisread error is
reflected on the ECC error source flag.

e When an ECC error occurs, perform an error correction, specify another sector to be replaced,
and copy the contents of the block to another sector as required.

(7) DataTransfer FIFO and Data Register

e The224-byte FLDTFIFO isincorporated for data transfer of flash memory.
e The 32-byte FLECFIFO isincorporated for data transfer of control code.
e The overrun/underrun detection flag is provided for the access from the CPU and DMA.

(8) DMA Transfer

e By individually specifying the destinations of data and control code of flash memory to the
DMA controller, data and control code can be sent to different areas.
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(9) AccessSize

Registers can be accessed in 32 bits or 8 bits. Registers must be accessed in the specified
access Size.

The FIFO is accessed in 32-bit (4-byte) units. If the specified number of bytes for read and
write accesses is not a multiple of 4, the fractional bytes are handled as padding bytes.

The register contents are damaged if the access size is violated.

(10) AccessTime

The operating frequency of the FLCTL pins can be specified by the FCKSEL bit and the
QTSEL bit in the common control register (FLCMNCR), regardless of the operating frequency
of the peripheral bus.

Before changing the CPG specification, the FLCTL must be placed in a module stop state.

In NAND-type flash memory, the FSC and FWE pins operate with the frequency on the pins
which CPG designated. To ensure the setup time, these operating frequencies must be
specified within the maximum operating frequency of memory to be connected.

The operating clock FCLK on the pins for the NAND-type flash memory is generated by
dividing the peripheral bus operating clock Pg.
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Figure 24.1 shows a block diagram of the FLCTL.

A
DMAC
< Peripheral bus >
A A Interrupts
DMA transfer (4 lines)
requests
e Nee
: Y E
! | Peripheral bus interface 1
; A J\ :
; 32 \32 !
: Y 5
, 32 '
i > !
! Registers mggzahti% . !
E 32 4 E
: A QTSEL !
! FCKSEL 1
5 Y VY y :
! 3-symbol ECC/ Transmission/ \ |
I FIFO < reception .
E 256 bytes 4-symbol ECC control ib:l/Z, . CPG |
E A FCL Peripheral clock
l A Pé
i  — .
E y A A '
! — 8 :
E 8 E
8 !
: Y Y ;
\ | FLASH IF .
1 FLCTL 7\ 1 ,
. . . . . Control signal
Note: FCLK is an operating clock for interface signals with flash memory. 8
It is specified by the CPG. L / 4
NAND
FLASH

Figure24.1 FLCTL Block Diagram

RENESAS

Rev. 1.00 Oct. 23, 2008 Page 145 of 340

REJO03B0273-0100




Section 24 NAND Flash Memory Controller (FLCTL)

24.2

I nput/Output Pins

The pin configuration of the FLCTL islisted in table 24.1.

Table24.1 Pin Configuration

Correspondi
ng NAND
Pin Type Flash
Name Function 110 Memory Pin Description
FCE Chip enable Output CE Enables flash memory connected to this LSI.
NAF7 to Data l/O pins 1/O 1/07 to 1/00  I/O pins for command, address, and data.
NAFO
FCDE  Command data Output CLE Command Latch Enable (CLE)
enable Asserted when a command is output.
Command Data Enable (CDE)
Asserted when a command is output.
FOE Output enable  Output ALE Address Latch Enable (ALE)
Asserted when an address is output and negated
when data is input or output.
Output Enable (OE)
Asserted when data is input or when a status is read.
FSC Serial clock Output RE Read Enable (RE)
Reads data at the falling edge of RE.
Serial Clock (SC)
Inputs or outputs data synchronously with the SC.
FWE Write enable  Output WE Write Enable
Flash memory latches a command, address, and data
at the rising edge of WE.
FRB Ready/busy Input R/B Ready/Busy
Indicates ready state at high level; indicates busy
state at low level.
_ - — WP Write Protect/Reset
When this pin goes low, erroneous erasure or
programming at power on or off can be prevented.
—=* — — SE Spare Area Enable
Used to access spare area. This pin must be fixed at
low in sector access mode.
Note: * Not supported in this LSI.
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Section 25  Video Processing Unit (VPU)

25.1  Function Overview

25.1.1 Functions

The VPU (video processing unit) is an IP that can:
(1) Decode bit streams that conform to VC-1 (SMPTE 412M-2006), and
(2) Encode and decode bit streams that conform to MPEG-4 (1SO/IEC 14496).

The VPU supports the following MPEG-4 video standards: Simple Profile, Advanced Simple
Profile, and Short Header (hereafter collectively called MPEG-4); AV C Baseline Profile (hereafter
called AVC); and VC-1 Simple Profile and Main Profile (hereafter collectively called VC-1).

The VPU has the following excellent features:

e Dynamic Timeslot Method (DTME)
The length of dots used in pipelining can be changed dynamically according to the bus state.
This makes it possible to maintain the optimal processing time for sots when the volume of
bustrafficislarge.

e VOP encoding for MPEG-4 and AVC
The VPU encodes M PEG-4 images in memory in VOP units and AV C imagesin memory in
slice unitsto generate bit streams. For MPEG-4, B-VOP encoding (bidirectional search) is
supported. For AV C, multi-reference encoding (two-plane) is supported. In addition, Quarter-
pel-precision searches in units of 8 x 8 blocks at minimum are available in AV C encoding.
ARME (adaptive realtime motion estimation): The quality of motion estimation can be
enhanced by expanding the search range and increasing the search count (common to MPEG-4
and AVC).
POI (predict from original image): An intra prediction mode allowing searchesin realtimeis
available (for AVC).
ASP (active skip prediction): Controlling searches in such away that the number of skipped
macroblocks can be increased improves the image quality at alow bit rate (for AVC).
CWQ (custom weighted quantization): Code amount control is available for each macroblock
(MB) in aplane to be encoded. When encoding a portrait, for example, assigning more codes
to the center of the image can enable more detailed expression.

¢ Video decoding for MPEG-4, AVC, and VC-1

The VPU reads hit streams from memory and decodes them in VOP units for MPEG-4, in dlice
unitsfor AVC, and in picture unitsfor VC-1.
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Multiple concealment modes are supported so that, if an error occurs, the error area and error
block boundary can be concealed.

o Deblocking filter
A deblocking filtered image can be output additionally for both a decoded image and alocal
decode image when encoding.

e Video header search for MPEG-4
A bit stream is read from memory to detect the next start code.

See table 25.1 for details of the specification of the VPU. In addition, the video syntax layer
that the VPU processes for acceleration varies from one profile to another. See table 25.2 for
details.
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Table25.1 VPU Basic Specification

Decoding

Applicable Standard

MPEG-4
Simple Profile L2

MPEG-4
Advanced-Simple Profile L3**

General Image Maximum 720 x 480 @30 fps 720 x 480 @30 fps
size 720 x 576 @25 fps 720 x 576 @25 fps
Minimum 48 x 48 48 x 48
Unit of size  Four horizontal pixels and Four horizontal pixels and four
four vertical pixels vertical pixels
Maximum bit rate 384 Kbps 8 Mbps
Supported type I, P: VOP I, P, B: VOP
Supported format ~ 4:2:0 4:2:0
Supported structure Progressive Progressive
Interlace
ME/MC Supported MV umyv, 4mMvV UMV, 4MV, Direct B
Unit of MV Half-pel Half-pel
Maximum detection — —
range
Detection mode — —
Unit of processed 8 x 8, 16 x 16 8x 8,16 x 16
blocks
Maximum number 1 2
of reference planes
Deblocking filter Output in parallel with Output in parallel with post-
post-processing processing
Prediction Mode IntraDC/AC IntraDC/AC
Q/IQ Mode type 1/2 type 1/2
VLC Error resilience Resync Maker Resync Maker
Data Partitioning Data Partitioning
Reversible VLC (no Reversible VLC (no inverse
inverse decoding is decoding is performed)
performed) Error concealment
Error concealment
Others ShortHeader —
Remarks
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Decoding

General

Specifications Applicable Standard

H.264
(BaseLine) @L2.1

VC-1

Main Profile**
Medium Level

General Image Maximum 720 x 480 @30 fps 720 x 480 @30 fps
size 720 x 576 @25 fps 720 x 576 @25 fps
Minimum 48 x 48 48 x 48
Unit of size 16 horizontal pixels and 16 Four horizontal pixels
vertical pixels and four vertical pixels
Maximum bit rate 8 Mbps 8 Mbps
Supported type IDR, |, P: slice I, P
Supported format 4:2:0 4:2:.0
Supported structure Progressive Progressive
ME/MC Supported MV umv umyv
1MV to 16MV aMV
Unit of MV Quarter-pel Quarter-pel
Maximum detection range — —
Detection mode — —
Unit of processed blocks = 4 x4 to 16 x 16 8x8,16 x 16
Maximum number of 16 1
reference planes
Deblocking filter Within loop Output in parallel with
post-processing
Prediction Mode IntraDC/V/H/Diag IntraDC/AC
Q/lIQ Mode IntTrans + QHadamard HalfQP
VLC Error resilience Error concealment Error concealment
VSOT Integer transform — Integer transform of
variable block size
(8x8,8x4,4x%x8,4x4)
Overlap transform
Others MV output function Bit planes are specified

externally.

Notes: 1. Except for GMC, Qpel, and 4MV.

2. Except for dynamic resolution change, B-frame, and range reduction.

3.

Images are output always in 16-pixel units; no cropping is performed.
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[Legend]

ME:  Motion estimation

MC:  Motion compensation

Q: Quantization

1Q: Inverse quantization

VLC: Variable length coding and decoding
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Encoding

MPEG-4
General Applicable MPEG-4 Advanced-Simple H.264
Specifications Standard Simple Profile L2  Profile L3* (BaseLine*) @L2.1

General Image Maximum 720 x 480 @30 fps 720 x 480 @30 fps 720 x 480 @30 fps
size 720 x 576 @25 fps 720 x 576 @25 fps 720 x 576 @25 fps
Minimum 48 x 48 48 x 48 48 x 48
Unit of size  Four horizontal Four horizontal Four horizontal
pixels and four pixels and four pixels and four
vertical pixels vertical pixels vertical pixels
Maximum bit rate 384 Kbps 10 Mbps 10 Mbps
Supported type I, P: VOP I, P, B: VOP IDR, |, P: slice
Supported format 4:2:.0 4:2:.0 4:2:0
Supported structure Progressive Progressive Progressive
Interlace
ME/MC Supported MV umv Uumv UumMmv
1MV to 4MV
Unit of MV Half-pel Half-pel Quarter-pel
Maximum detection 32 +32 +32
range
Detection mode Tracking type Tracking type Tracking type
Unit of processed 16 x 16 16 x 16 8 x 81016 x 16
blocks
Maximum number of 1 2 2
reference planes
Deblocking filter — — Within loop
Prediction Mode IntraDC/AC IntraDC/AC IntraDC/V/H/Diag
Q/INQ Mode type 1/2 type 1/2 IntTrans +
QHadamard
VLC Error resilience Resync Maker Resync Maker —
Data Partitioning Data Partitioning
Reversible VLC Reversible VLC
Others ShortHeader Interlace MV output function
Remarks
Note: Except for GMC, QuarterPel, and 4MV
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[Legend]

ME: Motion estimation

MC: Motion compensation

Q: Quantization

IQ:  Inverse quantization

VLC: Variable length coding and decoding

Table25.2 Scope of VPU Processing

Unit of Processing Encoding Decoding

VC-1 Unavailable Picture layer
Macroblock layer

Block layer
Note: No picture header can be
decoded.
MPEG-4ASP, SP Video object plane (VOP) Video object plane (VOP)
Video packet Video packet
Group of block (GOB) Group of block (GOB)
Macroblock Macroblock
Block Block
MPEG-4AVC I-slice I-slice
P-slice P-slice
Instantaneous Decoding Refresh Instantaneous Decoding Refresh
(IDR) Slice in Raw Byte Sequence  (IDR) Slice in Raw Byte Sequence
Payload (RBSP) Payload (RBSP)
Note: No slice header can be Note: No slice header can be
encoded. decoded.

[Legend]

VOP: Video Object Plane

GOB: Group of Block

IDR:  Instantaneous Decoding Refresh in RBSP (Raw Byte Sequence Payload)
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25.1.2 Block Diagram

Figure 25.1 shows the block diagram of the VPU.

SMB

o - PRED - _
- VLG QIQ - --»>| MCDEB [ --------
SVEN | R STRIE |- DCTADCT | FME -
AVC_PRED DMAR
< VSOT T CME :
RATE avc_p| ! 1 !
"""""""" > <---1 RED . . '
[N Y Y
| MECTL |
| CTRL |
A
— > Decode Y
---------- Encode
SMB
[Legend]
SMB: SHwy multimedia brouter CTRL: Overall control block
DMAR: Image read DMAW: Image write
CME: Coarse-search motion estimation FME: Fine-search motion estimation
MCDEB: Motion compensation and deblocking filter
DCT: Discrete cosine transform IDCT: Inverse discrete cosine transform
Q: Quantization 1Q: Inverse quantization
AVC_PRED: Integer transform, Hadamard transform
VSOT: VC1 integer transform and overlap transform
PRED: DCT coefficient prediction RATE: Rate control
VLC: Variable length coding and decoding STRIF: Stream input/output

Figure25.1 VPU Block Diagram
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Section 26 Video 1/0 (VIO)

Note: This section contains references to the SH7723 Hardware Manual. The contents of the
SH7723 Hardware Manual will be disclosed upon acceptance of a confidentiality
agreement. For details, please contact a Renesas Technology sales representative.

ThisLSl incorporatesavideo I/O (V10) module that can be used to perform capturing of an
externally input image, format conversion of a' Y CbCr/RGB image, scaling, tone reduction, and
blending of displays.

26.1 Features

The VIO consists of a capture engine unit (CEU), two video engine units (VEU2HO/VEU2H1),
and a blending engine unit (BEU). The features of each unit are listed below.

(1) CEU: Capture Engine Unit

The CEU is a capture module that fetches image data externally input and transfersit to the
memory. The CEU is connected to the system bus via bus bridge modules.

(2) VEUZ2H : Video Engine Unit (Includes 2 VEU2H units)

The VEUZ2H is amodule used connected to the buses via bus bridge modules. The VEU2H reads
an image from a specified memory area, and writesit back to a specified address.

e Format conversion using the RGB «> Y CbCr conversion function

e  Scaling of an image using the filter function

e Tonereduction (quantization) to pack RGB data in 32-bit units

e  Dithering for tone reduction of RGB data

e Removal of high-frequency components using the low-pass filter function

e Low-passfilter is applied to only the boundary of the blocks using the deblocking filter
function

e  Median filter function
e  FIRfilter function
e  Edge enhancement of an image (enhancer function)
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(3) BEU (Blending Engine Unit)

The BEU is amodule used connected to the buses via bus bridge modules, and also connected to
the VOU and the LCDC. The BEU blends three displays, and has a multiwindow function that
displays four windows overlaying the blended display.

e  Supports Video display

e  Supports OSD (On Screen Display)

e  Supports Graphic display

e Blendsthethree planes of Videol, Video2, and OSD/Graphic

o A facility for the RGB <> Y CbCr transformationsis included, enabling said format
transformations (color transformations). After one blend (output system) by the input system,
two units for format conversion (color conversion) are mounted, so the format is selectable as
desired for three input planes and for the output.

e Thethree displays can be blended at desired positions.
e Any one of the three inputs can be used as the parent display.

e Thelocation of achild display can overflow from the parent display, but the overflowed area
is not output.

e  Raster operation 2 function
e  Multiwindow function (four windows are displayed overlaying the three blended displays)

e  Selection between output to the memory, output to the VOU, output to the LCDC, and
simultaneous output to the memory and VOU or LCDC
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Figure 26.1 shows a block diagram of the VIO.

VIO_D15 to VIO_D8

VIO_D7 to VIO_DO

VIO_CLK1
VIO_VD1
VIO_HD1
VIO_FLD1
VIO_CLK2
VIO_VD2
VIO_HD2
VIO_CKO*

: CEU >
: VEU2HO <> 0
1 1 >
1 : o
: - g
VEU2H1 -~ = £
] ' Q
' N g
' 0 g
, 0 a
' BEU -
R RS I W S

\ 4

LCDC |- B>
vou N

B.T. 601 output LCD panel

Note: * For details on the VIO_CKO function, see section 14, Clock Pulse Generator (CPG),
in the SH7723 Hardware Manual.

Figure 26.1  Block Diagram of VIO
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26.2 Functional Overview of CEU

The CEU (Capture Engine Unit) is a capture module that fetches image data externally input and
transfersit to the memory. The CEU is connected to the system bus via bus bridge modules. The
functional overview of the CEU is shown in table 26.1, and the main functions and their details are
shown in table 26.2.

Table26.1 Functional Overview of CEU

Classification Item Function Description Note
Connectable Size 5M pixels 2560 pixels x 1920 lines Horizontal: 4-pixel units
camera 3M pixels 2048 pixels x 1536 lines  Vertical: 4-line units
2M pixels 1632 pixels x 1224 lines
UXGA 1600 pixels x 1200 lines
SXGA (1) 1280 pixels x 1024 lines
SXGA (2) 1280 pixels x 960 lines
XGA 1024 pixels x 768 lines
SVGA 800 pixels x 600 lines
VGA 640 pixels x 480 lines
CIF 352 pixels x 288 lines
QVGA 320 pixels x 240 lines
QCIF 176 pixels x 144 lines
QQVGA 160 pixels x 120 lines
Sub-QCIF 128 pixels x 96 lines
Input format ~ YCbCr 4:2:2 Cb,, Y,, Cr,, Y, Supports clock ratio of
8 bits 11

Cr, Y, Chb, Y,
Y, Cb,, Y, Cr,
Y, Cr, Y, Cb,
YChCr 4:2:2 (Y0, Cbo}, {Y1, Cr0}, ...
16 bits {Y0, Cr0}, {Y1, ChO}, ...
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Classification  Item Function Description Note
Connectable Input format  Binary data Specified amount to be Written sequentially
camera fetched on edges of the
sync signal
Data is fetched with the
horizontal sync signal as
an enable signal.
Horizontal Arbitrary High-active and low-active
and vertical
sync signal
polarities
Capture start  Arbitrary Can be specified in Horizontal: 1-cycle units
location camera input clock units © /i1 1.HD (horizontal
sync signal) units
Number of Arbitrary Can be specified in 4-pixel
captured units horizontally and in 4-
pixels line units vertically
Interlace Both-field capture  Stored as a field image Capture: 2-VD (vertical
Stored as a frame image sync signal) units
One-field capture  Top field or bottom field Capture: 1-VD units
can be specified
Memory write Output format YCbCr 4:2:2 YCbCr 4:2:0 is realized by
YCbCr 4:2:0 simple skipping

Filter function

No scaling or

Scale-down of

Desired scaling factor from

scale-down  captured display 1/16 to 1 (scaled-down
display must not exceed
VGA)
Low-pass Removal of high-frequency Only in the horizontal
filter components direction
Display information Complexity Acquisition of Variation of pixel values is Used for MPEG-4
acquisition level complexity level of indicated

captured display

16-line units, 8-line units,
or 1-display units can be
selected
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Table26.2 Main Fun

Main Function

ctions of CEU and Their Details

Detailed Description

Image data fetch

e Captures an image output from an external module and writes YCbCr
data to the memory with it separated into Y data and CbCr data.

e Fetches image data other than YCbCr data, e.g. JPEG data, from an
externally connected module, such as a camera, and sequentially
writes the image data to the memory.

e Fetches an interlace source image in both-field units or one-field units
and writes it to the memory. In both-field capture, an image can be
stored in the memory as a frame image.

Filter processing

Performs scale-down and removal of high-frequency components (only in
the horizontal direction) for an image using internal filters.

Note that the scaled-down image must not exceed VGA. The filter
processing can be applied to only YCbCr input data.

Display information
acquisition

Acquires the complexity level of the captured display and writes it to the
memory. This information output at MPEG-4 encoding is useful for
determining the scene change.

Format conversion

Converts image data input in the YCbCr 4:2:2 format into the YCbCr 4:2:0
format and writes it to the memory.

Note that the conversion algorithm is simple skipping in which the
chrominance component (CbCr) of the even-numbered lines is skipped.

Figure 26.2 shows a block diagram of the CEU.
Capture Filter Data Write Bus-bridge
interface arrangement buffer interface o
@ bock [ ey [ | ok [ T| bk []  block
(ciB) (DAB) (WBB) (BIB) Bus
bridge

A

A A A A

/ Y

A

Register block (RGB)

Figure26.2 Block Diagram of CEU
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26.3  Pin Configuration of CEU
The pin configuration of the CEU is shown in table 26.3.

Table26.3 Pin Configuration of CEU

Pin Name Function 110 Description

VIO_D15to VIO_D8/ VIO data bus Input Camera image data input to the VIO

VIO_D7 to VIO_DO

VIO_CLK1/VIO_CLK2 VIO clock Input Camera clock input to the VIO

VIO_VD1/VIO_VD2 VIO vertical sync Input Camera vertical sync signal input to the
VIO

VIO_HD1/VIO_HD2 VIO horizontal sync  Input Camera horizontal sync signal input to
the VIO

VIO_FLD Field signal Input Field identification signal

VIO_CKO Camera clock output Output  Clock output to the camera

Note: * For VIO_CLK1/VIO_CLK2, VIO_VD1/VIO_VD2, VIO_HD1/VIO_HD2, and VIO_D15 to
VIO_D8/VIO_D7 to VIO_DO, either of the functions can be used. In the 16-bit interface,
VIO_D15 to VIO_D8/VIO_D7 to VIO_DO are not switched since the data path is 16-bit.
For the switching method, see section 38, Pin Function Controller (PFC), in the SH7723
Hardware Manual. When the distinction according to the bus width for the data bus is
not needed, VIO_D is used in this manual. Otherwise, VIO_CLK, VIO_VD, and VIO_HD
are used.
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26.4  Functional Overview of VEU2H

The VEUZ2H is amodule used connected to the buses via bus bridge modules. The VEU2H reads
an image from a specified memory area, and writesit back to a specified address.

This LSl includes two unit of VEU2H.

The functional overview of the VEU2H is shown in table 26.4. Some functions of the VEU2H
cannot be used at the same time unless the VEUZ2H isre-activated. Table 26.5 shows which
functions can/cannot be used simultaneously during one VEU2H activation.

Table26.4 Functional Overview of VEU2H

Item Function Description Note
Input format YCDbCr (4:4:4/4:2:2/4:2:0)

RGB pack
Output format YChCr (4:4:4/4:2:2/4:2:0)

RGB pack
Read mode Normal read 8 to 960 lines can be set

Bundle read as the number of lines in

bundle read

Low-pass filter Removal of high-frequency

components

Deblocking filter Removal of high-frequency
components only at the
boundary of blocks

Enhancer Enhancement of image
Median filter Removal of shot noise
FIR filter FIR filter 8 bits, 11 tap, signed Not possible to use

FIR filter the median f_ilter
and deblocking
filter at the same
time.
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Iltem

Function

Description

Note

Rotation/
inversion of image

Vertical or horizontal
inversion

Can be specified
independently

A combination of
both functions can
realize rotation by
180 degrees

Rotation by 90 or 270
degrees

Rotated clockwise

Scale-up, scale-
down, or no scaling

Scale-up or scale-down of
memory display

Any scaling factor from
x 1/16 to x 8

Format conversion

YCbCr < RGB conversion

Bidirectional conversion
between YCbCr format
and RGB format

Dithering 24 bpp Full colors Dithering not
(tone reduction) (16,777,216 colors) possible
18 bpp 262,144 colors Dithering not
possible
16 bpp High colors (65,536 colors)
12 bpp 4,096 colors
8 bpp 256 colors
Maximum image 5M pixels 2560 pixels x 1920 lines
size
Minimum image 16 x 16 pixels 16 pixels x 16 lines

size

Note:

The scaling factor of the filter can be set between 1/16 and 8. For details, see section

30.7.11, VEU2H Resize Filter Control Register (VORFCR, V1RFCR), and section 30.7.12,
VEUZ2H Resize Filter Size Clip Register (VORFSR, V1RFSR), in the SH7723 Hardware

Manual.

Rev. 1.00 Oct. 23, 2008 Page 163 of 340

RENESAS

REJO03B0273-0100



Section 26  Video I/O (VIO)

Table26.5 Simultaneous Usage of Functionsin One VEU2H Activation

Low- Vertical/

Bundle |Color Pass |Deblocking |Median Horizontal |90°/270° |Scale-Up/

Mode |Conversion |Filter |Filter Filter FIR Filter |Enhancer |Inversion |Rotation |Scale-Down
Bundle Mode — (0] X X X x [¢] o x o*?
Color (0] — (0] o (0] (0] o o (0] (0]
Conversion
Low-Pass Filter |x (¢] — X X X X [¢] (6] x
Deblocking x o x — o** x x 0o 0 x
Filter
Median Filter x o X x** — X X o (0] x
FIR Filter x [¢] X X X — x o (0] X
Enhancer O (0] x X x X — o x o
Vertical/ (0] (¢] (0] (¢] (0] (0] o — (0] (0]
Horizontal
Inversion
90°/270° X o (0] o (0] (0] x O — x
Rotation
Scale-Up/ (0] o x x x x o o x —
Scale-Down
[Legend]
O: Possible
x: Not possible
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Figure 26.3 shows a block diagram of the VEU2H.

................................

SuperHyway bus

s

i

SMB

Write image

Bus interface

Read module

Write module

Y

\

Color
conversion|

Scale-up/
scale-down
Low-pass

filter

Deblocking
filter

Inversion

Dithering

Median filter [—>

Rotation/
inversion

—>

Color
replacement

Note:

Figure26.3 = Block Diagram of VEU2H

In figure 26.3, inversion indicates horizontal or vertical inversion, and rotation indicates
90° or 270° rotation.
Intheinversion circuit after scale-up/scale-down, horizontal inversion, vertical inversion,
or 180° rotation, which is a combination of the two types of inversion, can be performed.
In the rotation/inversion circuit after the median filter, in addition to the possible
operations in the inversion circuit after scale-up/scale-down, 90° rotation, 270° rotation, a
combination of 90° rotation and horizontal inversion, or a combination of 90° rotation and
vertical inversion can be performed.
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26.5

Functional Overview of BEU

The functional overview of the BEU (Blending Engine Unit) is shown in table 26.6.

Table26.6 Functional Overview of BEU

Classification Item Function Description Note
Input format YCbCr format YCbCr 4:4:4/4:2:2/4:2:0 «, Y, and C are input from
oYChCr 4:4:4/4:2:2/4:2:0 Separate planes
For YCbCr 4:2:0, the
vertical line is read twice
RGB format RGB pack
Output format ~ YCbCr format YCbCr 4:4:4/4:2:2/4:2:0 Y and C are output to
separate planes
RGB format  RGB pack RGB pack output
Source/ Maximum 5M pixels Can be specified in 4-
destination (2560 x 1920) pixel units
image size Minimum 4 x 4 pixels: Parent
display
4 x 4 pixels: Child
display
Dithering Dithering 24 bpp Full colors Dithering not possible
(tone (16,777,216 colors)
reduction) 18 bpp 262,144 colors Dithering not possible
16 bpp High colors (65,536
colors)
12 bpp 4,096 colors
8 bpp 256 colors
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Classification Item Function Description Note
Blending PinP Three planes (two video e  Any of the three inputs  **
image planes and can be used as the
OSD/Graphic) are parent display
blended. e The three displays can
be blended at desired
locations
e Overflow from the
parent display area is
allowed, but the
overflowed area is not
output
e The tile pattern can be
blended
e  Transparent color can
be specified for input
systems 1 to 3**
OsD Data format 8 bpp
CLUT size 32-bit aRGB
32-bit aYCbhCr
Raster Three types of drawing  Addition, replacement, and
operation 2 color processing subtraction
Multiwindow Four windows Four windows are overlaid e Image size can be
function on the blended three planes specified only in
4-pixel units
e Overlapping
between windows
is prohibited
Display data Destination Output system + Outputting display data to
output setting write back to memory an output system is done
simultaneously with writing
the data back to memory
Interlace Automatic field output at Addresses of even-

NTSC output

numbered lines and odd-
numbered lines are
switched automatically

Notes: 1. When the format for reading images is set to the RGB format, the source image also
has to be in the RGB format. Likewise, when the format for reading images is set to the
YCbCr format, the source image also has to be in the YCbCr format. However, input
system 1 can use either the RGB format or YCbCr format as the source image format,
regardless of the selected format for reading images. Therefore, if the source image
format differs from the format for reading images, color conversion must be performed
in input system 1. The pack form can be specified independently for each input system.
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2. The transparent color can be specified for RGB565, RGB666, RGB888, and YCbCr
input formats.

Figure 26.4 shows a block diagram of the BEU.

Bus
BEU (Blending Engine Unit)
Bus _ S-bus Register
bridge interface control
Input system 1 ool - 8
jconversion| >
inl cog\?el%ion |
Read buffer
Input system 2
In2
Read buffer ¢
58
© = §
Bus éé Input system 3 =49
bridge <8 S °
£ In3 _>| OSD|—>E&
Read buffer 2
Input system 4
O
In 4 (multiwindow) a
Read buffer ot
Write buffer Data pack

Figure26.4 Block Diagram of BEU
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Section 27 2DG

27.1 Basic Functions

27.1.1 Basic Functions
(1) Features

e Extended 2D functions
High-functional bold line drawing, antialias line drawing, and BITBLT type commands with
ROP/alpha blending

e Upgraded control command functions
Two command systems: GOSUB/RET and INT command, and upgraded WPR and TRAP
command functions

(2) 2DG Block Diagram

2D command section

Memory Command Address Pixel Memory
controller —® fetch unit. [ calculation [ calculation [—" Buffer
unit unit controller
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(3) Bold Line Drawing

A bold line can be drawn by setting a value greater than 0 asline width W in aLINE type or
RLINE type command. The bold line coordinates &, b, ¢, and d are obtained from the starting and
final coordinate points and line width W, and the bold line drawn. W is set in the 6-bit integer part.
When Oissetin W, aline of line width 1 is drawn. The connection drawing mask bit (COM) in
the rendering control register (RCLR) is used to select whether the linkage parts of bold lines are
drawn or not. When the starting and final coordinate points of aline segment match in bold line
drawing, nothing is drawn.

0.0 > X

c (DX2, DY2)
O
- €

(4) Antialiasing

Antialiasing which reduces alias can be used in aLINEA/B/C/D, RLINEA/B/C/D or 3DLINE
command.

For LINEA/B/C/D commands and RLINEA/B/C/D commands, antialiasing is performed by
setting the rendering attribute AA (antialias enable) bit to 1.

e For adashed linein LINEA/B or RLINEA/B command, antialiasing is not performed for the
gapsin the dashed line.

¢ When the starting and final coordinate points of aline segment match in the LINEA, LINEB,
LINEC, RLINEA, RLINEB, or RLINEC command, asingle dot isdrawn for a 1-bit-wide line
(W = 0) without antialiasing and nothing is drawn for bold line drawing.
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When the starting and final coordinate points of aline segment match in the LINED or
RLINED command, nothing is drawn.

Antialiasing is not performed for horizontal, vertical, and 45-degree diagonal line segmentsin
the LINEA, LINEB, LINEC, RLINEA, RLINEB, or RLINEC command.

Antialiasing is not performed for horizontal and vertical line segmentsin the LINED or
RLINED command.

Figure27.1 Example of Antialias Specification
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Section28 LCD Controller (LCDC)

The LCD controller (LCDC) reads display data from an external memory or receives display data
from the blend engine unit (BEU). The LCDC uses the pal ette memory to determine the colors
according to the settings and then sends the data to the LCD module. This LCDC allows
connection of TFT LCD modules that support the RGB interface or the 80-Series CPU's bus
interface (SY Sinterface). (However, LCD modules with the NTSC/PAL type or LVDS interface
cannot be connected.)

28.1 Features
The LCDC has the following features.

e Supports TFT LCD modules
e LCD moduleinterface
RGB interface (8/9/12/16/18/24-bit bus width)
80-Series CPU's businterface (SY Sinterface, 8/9/12/16/18/24-bit bus width)
e SYSinterface supports the input/output mode for VSY NC
e Supports 8/12/16/18/24-bpp display image data formats

o Display image dataisread in continuous or one-shot mode: continuous mode where display
image data is continuously read according to the refresh rate of the LCD module and one-shot
mode where display image datais read at intervals of the frame rate.

e Display image dataisread in full or partial screen mode: full screen mode where the size of the
display image data to be read depends on the panel size of the LCD module and partial screen
mode where the size of the display image data to be read depends on the size of the screen to
be updated.

¢ Display image data can be written back to the external memory

e Each of the RGB colors can be corrected by the 256-entry, 24-bit-input/output internal color
palette memory

e Supportsinversion of output signals to agree with the LCD modul€e's signal polarity

¢ Interrupts can be generated every frame or user-specified line

e YCbCr signalsare read and converted into RGB signals for output to the LCD module
e Supports Y CbCr output function mode
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Table 28.1 shows the LCDC functions.

Table28.1 LCDC Functions
Function Remakes
Input data 8 bpp RGB 332
format 12 bpp RGB 444
16 bpp RGB 565
18 bpp RGB 666
BGR 666
24 bpp RGB 888
BGR 888
YCbCr YCbCr 4:2:0, 4:2:2, 4:4:4
Output data RGB interface  RGB8 3 cycle/pixel
format RGB9 2 cycle/pixel
RGB12a 2 cycle/pixel
RGB12b 1 cycle/pixel
RGB16 1 cycle/pixel
RGB18 1 cycle/pixel
RGB24 1 cycle/pixel
SYS interface SYS8a 3 cycle/pixel
SYS8b 3 cycle/pixel
SYS8c 3 cycle/pixel
SyS8d 2 cycle/pixel
SYS9 2 cycle/pixel
SYsi2 2 cycle/pixel
SYS16a 1 cycle/pixel
SYS16b 2 cycle/pixel
SYS16¢ 2 cycle/pixel
SYS18 1 cycle/pixel
SYS24 1 cycle/pixel
Display data WB8a e Packed format available
write-back wB8d e Write-back operation in
WB9 units of 32 bits
WB16 e Byte or word swap
WB18
WB24
YCbCr output  YCbCr 4:2:2
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Function Remakes
LCD driver RGB interface Interface with HSYNC and VSYNC
interface e Polarity inversion
e Output pulse width and position setting
SYS interface  80-Series bus interface
e Support of VSYNC input/output
Dot clock Source clock  Bus clock, peripheral clock, external clock
Division ratio  n/m
m = 60, 54, 48, 42
1<n<m/3, m/2
Interrupt User setting Interrupt generated when reading of specified
lines of data is completed
Frame Interrupt generated when the first pixel data
of a frame starts to be output
Interrupt generated when output of the last
pixel data of a frame is completed
VRAM read Interrupt generated when access to a frame
of data in VRAM is completed
Interrupt generated when access to a line of
data in VRAM is completed
VSYNC Interrupt generated when VSYNC is asserted
Interrupt generated when VSYNC is negated
Display image Image data Image data read depending on the refresh
read rate of LCD module
Image data read depending on the frame rate
of display image
Display image Full screen
size
Only the specified area is updated.
Image data Each color of R, G, and B is converted using
processing the color palette
e 256 entries
e  24-bit input/output
Format YCbCr to RGB YCbCr data is converted into RGB for output.
conversion
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(LCDC)

Figure 28.1 isablock diagram of the LCDC.
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Figure28.1 Block Diagram of LCDC
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28.2

I nput/Output Pins

Table 28.2 shows the pin configuration of the LCDC.

Table28.2 Pin Configuration

Name Function I/O Description
LCDDON Display on signal Output  Display start signal (DON)
LCDVCPWC  Power control Output  Main LCD module power control (V)
LCDVEPWC  Power control Output ~ Main LCD module power control (V)
LCDDCK/ Dot clock/ Output Dot clock signal (RGB interface)/write strobe
LCDWR write strobe signal (SYS interface)
LCDVSYN Vertical sync signal ~ Output/  Vertical sync signal (VSYNC) for main LCD
I/O (output for RGB interface, 1/0 for SYS interface,
or output for YCbCr output mode)
LCDHSYN/ Horizontal sync Output  Horizontal sync signal (RGB interface and
LCDCS signal/chip select YCbCr output mode)/chip select signal for main
LCD (SYS interface)
LCDDISP/ Display enable/ Output.  Display enable signal (RGB interface)/register
LCDRS Register select select signal (SYS interface)
LCDRD Read strobe Output  Read strobe signal (SYS interface)
LCDD23 to LCD data bus Output/  LCD panel data (output for RGB interface, /0
LCDDO I/O for SYS interface, or output for YCbCr output
mode)
LCDLCLK Input clock Input LCD source clock (external input)
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Section29  Video Output Unit (VOU)

The video output unit (VOU) convertsimage data that is obtained from the blend engine unit
(BEU) or memory and outputsit asI TU-R BT.601 or ITU-R BT.656 digital data.

The VOU also scales up images.

29.1 Features

The VOU has the following features.

Supported video system: NTSC

Output digital level: Conformsto ITU-R BT.601, ITU-R BT.656

Output interface: 16-bit Y/C interface, 8-bit multiplexed Y C interface

Output timing: 13.5 MHz in 16-bit Y/C interface, 27 MHz in 8-bit multiplexed Y C interface
Output pixel frequency: 13.5 MHz, 27 MHz

Supported source image: sub-QCIF, QVGA, WQVGA, VGA

Maximum destination image size: 720 x 240 per field

Source image format: Y CbCr 4:2:2, Y CbCr 4:2:0, YCbCr 4:4:4, RGB

Scaling up of images

Horizontal factor: 1, 1.125, 2, 2.25, or 4

Vertical factor: 1, 2, or 4

RGB — Y ChCr conversion function: Outputs Y ChCr after converting obtained RGB data
Double-buffered register: Efficient register access through a double-buffered mechanism

Note: Theimageisenlarged by 4 pixelsin the horizontal and vertical directions.
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Figure 29.1 shows a block diagram of the VOU.
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Figure29.1 VOU Block Diagram
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29.2  Pin Configuration

The VOU pin configuration is shown in table 29.1.

Table29.1 Pin Configuration

Name Function I/O Description
DV_CLK Pixel clock output Output Pixel clock output (13.5 MHz, 27 MHz)
DV_VSYNC Vertical sync signal Output VOU vertical sync signal output
DV_HSYNC Horizontal sync signal Output VOU horizontal sync signal output
output
DV_D15to DV_D8 Data output Output Upper pixel data
(Y: 16-bit interface)
(YC: 8-bit multiplexed YC interface)
(Rec. 656 output)
DVv_D7 to DV_DO Data output Output Lower pixel data
(C: 16-bit interface)
(0: 8-bit multiplexed YC interface)
(0: Rec. 656 output)
DV_CLKI Video clock input Input Video clock input pin (27 MHz)
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Section 30 MediaRAM (MERAM)

ThisLSl has a 128-Kbyte media RAM (MERAM). Up to 32 interconnect buffers (ICB) can be
defined on the MERAM. Each ICB functions as aread buffer or write buffer for transactions of an
image module, and also allows data transmission/reception between image modul es through the
ICB. The use of ICBs enables the number of accesses to the SDRAM to be reduced and the access
efficiency to be improved.

Furthermore, by combining multiple areasin the MERAM, it can be defined as aframe buffer
cache. When the LCDC accesses data through the frame buffer cache, the datais cached and the
second access and the following accesses are made from the MERAM, which reduces accesses to
the SDRAM.

Accesses from the following modules are supported: CEU, two VEUs, BEU, VPU, VOU, and
LCDC

Note: When using any of these modules, set the MSTP221 bit in MSTPCR2 to 0 even when the
interconnect buffer function is not used. To use the interconnect buffer function, also set
the MSTPO0O bit in MSTPCRO to 0.

30.1 Features
(1) Featuresof Interconnect Buffers(ICB)

e Upto 32 buffers can be defined.

e Each ICB functions as aread buffer, which prefetches data from the specified area of
the SDRAM and then stores the data in the buffer according to read transactions from a
module. The ICB can a so start reading before a transaction from the module occurs.

e Each ICB also functions as awrite buffer, which receives write transactions from a
module and stores them in the buffer. Whether to write data back to the SDRAM or not
is selectable.

e The write buffer for amodule can be used as the read buffer for another module, which
alows datatransfer in the MERAM. Data write to the SDRAM is also possible.

(2) Featuresof Frame Buffer Cache

e An areaof combined ICBs can be defined as a frame buffer cache.

o Datafrom the frame buffer within the SDRAM is supplied to the LCDC while also
being used to fill the frame buffer cache. When the data doesn’t change, datais simply
supplied from the frame buffer to the LCDC.
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Section 31 TSInterface (TSIF)

The transport stream interface (TSIF) is amodule for receiving the MPEG2 transport stream (TS)
used in one-segment broadcasting implemented as part of the digital terrestrial broadcasting
services. The TSIF extracts packet data and controls PCR, which are required to decode the
system layer of the MPEG2 standard.

31.1 Features

The TSIF has the following features.

Serial datainput
Support for TS data transfer by DMA auto request
Acquisition of TS packets

— Filters 38 kinds of PIDs (Packet ID) in total (The PID values of PAT and CAT packets are
fixed. For PCR, video, and audio packets, the PID values are predefined.)

— Supports all valid packet receive mode (Null packet is deleted).
— Supports all packet receive mode including Null packet.

— Supports duplicate packet delete mode.

— Theendian type at the TS packet data reading can be set.

— Supports the time stamp function at the TS packet data acquisition.
TSdataanalysis

— Detects random access indicator.

— Detects discontinuity indicator.

— Detects video start code and short header.

Extraction of PCR information

Support for system clock generation

[Legend]
MPEG:  Moving picture expert group

TS Transport stream

PID: Packet ID

PAT: Program association table
CAT: Conditional accesstable
PCR: Program clock reference
ES: Elementary stream
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Figure 31.1 shows a block diagram of the TSIF.

The signalsto transfer or control TS data are input as an input signal, and the TS packet data
filtered by this module will be output as an output signal.

The seridly input TS datais converted into 8-hit parallel data and the header of the TS packet is
detected by the TS synchronous detection circuit. The TSfilter circuit then determines and filters
the PID of the TS packet according to the predefined PID table and stores the TS packet in the
buffer for TS packets. Following these processes, only predefined TS packets are stored in the
buffer and transferred to memories via a businterface.

The analysis circuit of a TS header is ablock that analyses the header of a TS packet, acquires the
header information, and generates atrigger signal sent to other blocks. The ES data search circuit
searches the start code and short header of an elementary stream (ES) contained in a TS packet.
This result can be used as supplementary data to control the start timing of image decoding
through the upper-level software that controls image decoding.

Based on the PCR information extracted from the TS packet, the PCR control unit outputs
information needed for system clock control.

TS_SDAT X | TS filtering | Buffer £
A
Hit determination
TS_SCLK X~
TS. . Video_PID determination
synchronization PID table |[<¢—
TS_SDEN |Z]—>
- PCR_PID determination A
PID
_ | TS header )
TS_SPsYNC X} > analysis 3 3
T Ei
Adaptation E =
field indicator 2 =
[
\ o a
»| Adaptation Information extraction
| field analysis o
™ Esdata Search result
~ | search -
System clock information
»| PCR control >

Figure31.1 TSIF Block Diagram

Rev. 1.00 Oct. 23, 2008 Page 186 of 340
REJ03B0273-0100 RENESAS



Section 31 TS Interface (TSIF)

31.2 Input/Output Pins

Table 31.1 shows the pin configuration.

Table31.1 Pin Configuration

Pin Name Function 110 Description
TS_SDAT TS serial data Input Serial input pin of TS packet data
Polarity inversion is enabled by register setting.
TS_SCK TS serial clock Input Serial input clock pin
Polarity inversion is enabled by register setting. The
initial value is synchronized with the rising edge.
TS_SDEN TS data enable Input Serial input enable signal pin
Polarity inversion and On/Off setting are enabled by
register setting. The initial value is On and enabled
after the TS_SDEN signal is driven high.
TS_SPSYNC TS data Input Byte boundary signal pin

synchronization

Polarity inversion is enabled by register setting. The
initial value is set on a byte boundary at the rising
edge.
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Section 32 Sound Interface Unit (SIU)

Note: This section contains references to the SH7723 Hardware Manual. The contents of the
SH7723 Hardware Manual will be disclosed upon acceptance of a confidentiality
agreement. For details, please contact a Renesas Technology sales representative.

The sound interface unit (SIU) isaserial interface unit with FIFO which has an interface for sound
input and output to be connected with the D/A and A/D converters, and it inputs/outputs PCM data
and inputs digital data conforming to the IEC60958 (SPDIF: version of December, 1999). The

SIU has a DSP dedicated for filter processing, and signal processing operation of the filter
application can be performed by a DSP program.

32.1 Features
The features of the SIU are listed in table 32.1.

Table32.1 SIU Functions

Item Contents Details

DSP functions Memory e PRAM: 24 bits x 2048 words
o XRAM: 32 bits x 512 words
e YRAM: 32 bits x 512 words

Operators o 24-hit x 24-bit multiplier

e 16-bit divider
e 42-bit ALU
e General operator for pointers

Special instructions e Branch instruction with reference of flag at
desired bit location

¢ Instruction to set desired bit location

¢ Instruction to reset desired bit location
e Maximum value search instruction

¢ Clipping instruction

Special control e Instruction loop
¢ Modulo addressing
e Subroutine

FIFO control On-chip FIFO control circuit
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Item Contents Details

DSP functions Applications e FIR filter
o IR filter
e Equalizer

SRC (sampling rate conversion)

Output interface

3-line serial output
(x 2: ports A and B)

Master mode, clock = 64, 128, 256, or
512 x fs (sampling frequency)

Supports slave mode

32 or 64 bit/fs

16-bit front filling or end filling at 64 bit/fs
Supports 12S (Inter IC Sound) format

SPDIF output (port A)

Master mode, clock =512 x fs
Supports channel status and user data
Supports only 16-bit stereo

Input interface

3-line serial input
(x 2: ports A and B)

Master mode, clock =
64, 128, 256, or 512 x fs

Supports slave mode

32 or 64 bit/fs

16-bit front filling or end filling at 64 bit/fs
Supports 12S format

SPDIF input (port A)

Master mode, clock =512 x fs
Supports channel status and user data
Supports only 16-bit stereo

Others Volume Supports digital volume
Mixing L/R mixing
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Figure 32.1 shows a block diagram of the S|U.

HPB
(includes IRQ,

DREQ, DACK,
and CLK)

Po

\Port A H
CPUIF FCL ! 3-line serial }
] FIFo3 [ : Y
SDOA ! '
! SPDIF OUT !
|| S H H
SPRAM FIFOO [ 3-line serial }
24 bits x SDIA 5 H
2048 words :SPDIF IN :
(PRAM) "D . H
SPRAM PR \
32 bits x < Port B E
512 words Lo o
(XRAM) sPB | FIFO4 SDOB —>: 3-line serial :
RAMIF H '
SPRAM :
32 bits x : :
512 words |+—| FIFO1 SDIB —1 3-line serial E
(YRAM) O :
g fsa | [SIUCKA |« siuamck
BRGA -
[ PLL circuit output
& — SIUAFCK
DPRAM
32 bits x clk_fsb BRGB |<|SIUCKB | siuBMCK
64 words | PLL circuit output
(FIFORAMO) —> SIUBFCK
TEST Reset
SIu
[Legend]

CPUIF: CPU interface

FCL:  FIFO control

IFCTL: Interface control

SDOA: Serial data through port A

SDIA: Serial data/SPDIF data input through port A
SDOB: Serial data output through port B
SDIB: Serial data input through port B

RLD: Record level detector
SPB: Sound processing block
TMR: Timer block

TEST: Testing block

RAMIF: RAM interface

BRGA: Baud rate generator A
BRGB: Baud rate generator B

Note: In this product, port A corresponds to external pins SIUA***, and port B corresponds to
external pins SIUB***. For details on multiplexed pins, see the pin list of this product.

Figure32.1

Block Diagram of SIU
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The SIU operatesin the following 18 blocks and four SRAMs.
(1) CPUIF

The CPU interface (CPUIF) is an interface that controls access to the registers and data transfer
between the CPU that functions as the host and SRAM (PRAM, XRAM, YRAM, and
FIFORAMO) controlled by the SIU. It is connected to the SH peripheral bus (HPB). The SIU
operates according to the program written in PRAM viathe CPUIF.

(2) FCL

The FIFO control (FCL) isablock that controls FIFOs for input/output data of ports A and B. The
FCL automatically controls the FIFORAM addresses to write each FIFO data at the predetermined
location and read data from the predetermined location.

(3) FIFOO, FIFO1, FIFO3, and FIFO4
The FIFOs store SPDIF input/output data, 3-line seria input/output data.
Each FIFO hasits own use as shown below.

e FIFOO: Datainput from port A istemporarily stored.
e FIFOL1: Datainput from port B istemporarily stored.
e FIFO3: Datato be output to port A istemporarily stored.
e FIFO4: Datato be output to port B is temporarily stored.

(4 IFCTL

Theinterface control (IFCTL) controls SPDIF input/output and 3-line serial input/output,
according to the settings of the host.

(5) SDOA

The SDOA is an interface for serial data output through port A. 3-line serial data and SPDIF data
can be output. The SDOA should be mainly used to output audio stereo data.

(6) SDIA

The SDIA isan interface for serial datainput and SPDIF datainput of port A. 3-line serial data
and SPDIF data can be input. The SDIA should be mainly used to input audio stereo data.
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(7) SDOB

The SDOB isan interface for serial data output through port B. 3-line serial data can be output.
The SDOB should be mainly used to output audio monaural data.

(8) SDIB

The SDIB is an interface for serial datainput through port B. 3-line serial data can be input. The
SDIB should be mainly used to input audio monaural data.

(9 RLD

The record level detector (RLD) monitors the input level of port A, and is capable of fetching the
peak level as an absolute value. The RLD incorporates a circuit for detecting the silent period, and
can set aflag if asound equal to or lower than the specified mute level continues for the specified
sampling period.

(10) SPB

The sound processing block (SPB) isablock that plays the center role in SIU signal processing. It
accesses PRAM for programs and XRAM and YRAM for saving data to implement signal
processing. The SPB incorporates a DSP that operates by the program written in PRAM, and
implements signal processing such as FIR filter, IR filter, equalizer, or SRC.

(11) TMR

Thetimer block (TMR) generates the signal to activate the SPB hardware and the timer interrupt
signal issued to the TSIF module. When the SPB hardware has been activated, the TMR is
normally not used, and the FIFO event activation is used instead.

(12) TEST
The TEST isamodule that generates areset signal for the registersin each block.
(13) RAMIF

The RAM interface (RAMIF) isamodule that controls input/output of RAM by switching
between the host and internal control. Though the sound processing block (SPB) in the SIU has
the privilege to access RAM during operation, the host control signal can be used to passthe
privilege to access RAM to the host (CPUIF).
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(14) BRGA

Baud rate generator A (BRGA) supplies SIUCKA directly or after dividing it as a basic operating
clock to sound input/output port A. The SIUCKA dividing ratio can be specified by aregister.

(15) BRGB

Baud rate generator B (BRGB) supplies SIUCKB directly or after dividing it as a basic operating
clock to sound input/output port B. The SIUCKB dividing ratio can be specified by aregister.
3211 RAM Overview

(1) PRAM

PRAM isasingle-port SRAM of 24 bits x 2048 words. It is used to store SIU programs consisting
of 24-bit instructions, and the stored programs command the DSP in the SIU to carry out
necessary signal processing.

(2) XRAM and YRAM

XRAM and YRAM are single-port SRAMs of 32 bits x 512 words. They store data such as audio
samples or filter coefficients during processing such as filtering by the DSP in the SIU.

(3) FIFORAMO

FIFORAMO is adual-port SRAM of 32 bits x 64 words. Unlike audio data FIFOs (FIFOO, FIFOL,
FIFQO3, and FIFO4) for input/output outside the LSI, they are RAM FIFOs for audio data
input/output from or to the CPU.

FIFORAMO is divided into four 16-stage FIFOs; RAM port A input FIFO (FIFO5), RAM port B
input FIFO (FIFO6), RAM port A output FIFO (FIFO7), and RAM port B output FIFO (FIFOS).

For details, refer to section 36.4, Memory Descriptions, and section 36.8.8, FIFO Specifications,
in the SH7723 Hardware Manual.
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32.2

I nput/Output Pins

Table 32.2 shows the SIU pin configuration.

Table32.2 Pin Configuration

SIU
Block Pin Name Function I/O Description
SIUA SIUAOLR Port A sound output L/R I/O* Sound output L/R clock pin
clock (master or slave)
SIUAOBT Port A sound output bit clock 1/0* Sound output bit clock pin
(master or slave)
SIUAOSLD Port A sound output serial Output  Sound output serial data pin
data
SIUAOSPD  SPDIF output A serial data  Output  SPDIF serial data pin
SIVAILR Port A sound input L/R clock |/O* Sound input L/R clock pin
(master or slave)
SIUAIBT Port A sound input bit clock  1/O* Sound input bit clock pin
(master or slave)
SIUAISLD Port A sound input serial Input Sound input serial data pin
data
SIUAISPD Port A SPDIF input data Input SPDIF input serial data pin
SIUAMCK Port A master clock input Input Master clock input pin for port
A
SIUAFCK Port A audio clock output Output  Audio clock (clk_fsa) output pin
for port A
SIUB SIUBOLR Port B sound output L/R I/O* Sound output L/R clock pin
clock (master or slave)
SIUBOBT Port B sound output bit clock 1/O* Sound output bit clock pin
(master or slave)
SIUBOSLD Port B sound output serial Output  Sound output serial data pin
data
SIUBILR Port B sound input L/R clock 1/O* Sound input L/R clock pin
(master or slave)
SIUBIBT Port B sound input bit clock  I/O* Sound input bit clock pin
(master or slave)
SIUBISLD Port B sound input serial Input Sound input serial data pin
data
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SIU
Block Pin Name Function I/0 Description
SIUB SIUBMCK Port B master clock input Input Master clock input pin for port

B

SIUBFCK Port B audio clock output Output Audio clock (clk_fsb) output
pin for port B

Note: * Set to output when the master is specified or set to input when the slave is specified.
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Section 33 ATAPI

33.1 General Description

The ATAPI interface provides both the ATA and ATAPI physical interfaces. This device also
supports both the ATA task and ATAPI packet commands.

33.2 Features

e Supporting primary channel
e Supporting master/dave
e Supporting 3.3V /O interface

e Supporting PIO modes 0 to 4, the multiword DMA modes 0 to 2, and the Ultra DMA modes 0
to4

e Supporting descriptor mode
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Section 34  Pin Function Controller (PFC)

341 Overview

The pin function controller (PFC) consists of registers to select the functions of the genera port
and multiplexed pins. Pin functions and 1/0 directions can beindividually selected for every pin
regardless of the LS| operating mode.

Table 34.1 lists the multiplexed pins of this LSI. Functions are selectable from agenera port,
functions 1, 2, and 3 for each pin. For the multiplexed pinswith function 1 only, function 1 can be
selected by setting the port control register to enable the pin multiplex function. For the
multiplexed pins with functions 1, 2, and 3, one of the functions can be selected by setting the port
control register and by selecting the function using the pin select register.

The functions in the shaded area in the table are available immediately after areset. The settings
of the I/O buffer Hi-Z control registers have priorities over the setting of the port control register.

Table34.1 Multiplexed Pins

General Port

Function 1
(Related Module)

Function 2
(Related Module)

Function 3
(Related Module)

PTAY input/output

D23 input/output (BSC)

KEYOUT?2 output
(KEYSC)

PTAG input/output

D22 input/output (BSC)

KEYOUT1 output
(KEYSC)

PTAS input/output

D21 input/output (BSC)

KEYOUTO output
(KEYSC)

PTA4 input/output

D20 input/output (BSC)

KEYIN4 input (KEYSC)

PTAS3 input/output

D19 input/output (BSC)

KEYINS input (KEYSC)

PTA2 input/output

D18 input/output (BSC)

KEYIN2 input (KEYSC)

PTAL input/output

D17 input/output (BSC)

KEYIN1 input (KEYSC)

PTAO input/output

D16 input/output (BSC)

KEYINO input (KEYSC)

PTB7 input/output

D31 input/output (BSC)

PTB6 input/output

D30 input/output (BSC)

PTBS5 input/output

D29 input/output (BSC)

PTB4 input/output

D28 input/output (BSC)

PTB3 input/output

D27 input/output (BSC)
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General Port

Function 1
(Related Module)

Function 2
(Related Module)

Function 3
(Related Module)

PTB2 input/output

D26 input/output (BSC)

KEYOUTS5/INS
input/output (KEYSC)

PTB1 input/output

D25 input/output (BSC)

KEYOUT4/IN6
input/output (KEYSC)

PTBO input/output

D24 input/output (BSC)

KEYOUT 3 output
(KEYSC)

PTC7 input/output

IDED15 input/output
(ATAPI)

SDHITCD input (SDHI1)

PTC6 input/output

IDED14 input/output
(ATAPI)

SDHI1WP input (SDHI1)

PTCS5 input/output

IDED13 input/output
(ATAPI)

SDHI1D3 input/output
(SDHI1)

PTC4 input/output

IDED12 input/output
(ATAPI)

SDHI1D2 input/output
(SDHI1)

PTC3 input/output

IDED11 input/output
(ATAPI)

SDHI1D1 input/output
(SDHI1)

PTC2 input/output

IDED10 input/output
(ATAPI)

SDHI1DO input/output
(SDHI1)

PTC1 input/output

IDEDS9 input/output
(ATAPI)

SDHI1CMD input/output
(SDHI1)

PTCO input/output

IDEDS input/output
(ATAPI)

SDHI1CLK output (SDHI1)

PTD7 input/output

IDED7 input/output
(ATAPI)

SDHIOCD input (SDHIO*Y) —

PTD6 input/output

IDEDG input/output
(ATAPI)

SDHIOWP input
(SDHI0*?)

PTD5 input/output

IDEDS input/output
(ATAPI)

SDHIOD3 input/output
(SDHI0*?)

PTD4 input/output

IDED4 input/output
(ATAPI)

SDHIOD2 input/output
(SDHI0*?)

PTD3 input/output

IDED3 input/output
(ATAPI)

SDHIOD1 input/output
(SDHI0*?)

PTD2 input/output

IDED2 input/output
(ATAPI)

SDHIODO input/output
(SDHI0*?)

PTD1 input/output

IDED1 input/output
(ATAPI)

SDHIOCMD input/output
(SDHI0*?)
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General Port

Function 1
(Related Module)

Function 2
(Related Module)

Function 3
(Related Module)

PTDO input/output

IDEDO input/output
(ATAPI)

SDHIOCLK output
(SDHI0*?)

PTES5 input/output

DIRECTION output
(ATAPI)

SCIF5_SCK input/output
(SCIF5*%)

PTE4 input/output

EXBUF_ENB output
(ATAPI)

SCIF5_RXD input
(SCIF5*%)

PTES3 input/output

IDERST output (ATAPI)

SCIF5_TXD output
(SCIF5*%)

PTE2 input/output

IODACK output (ATAPI)

SCIF4_SCK input/output
(SCIF4*%

PTE1 input/output

IODREQ input (ATAPI)

SCIF4_RXD input
(SCIF4*%

PTEO input/output

IDEIORDY input (ATAPI)

SCIF4_TXD output
(SCIF4*%)

PTF7 input/output

IDEINT input (ATAPI)

PTF6 input/output

IDEIOWR output (ATAPI)

MSIOFQ_SS2 output
(MSIOFO)

MSIOFO_RSYNC
input/output (MSIOFO0)

PTFS5 input/output

IDEIORD output (ATAPI)

MSIOF0_SS1 output
(MSIOFO0)

MSIOF0_RSCK
input/output (MSIOFO0)

PTF4 input/output

IDECST output (ATAPI)

MSIOFO_TSYNC
input/output (MSIOFO0)

PTF3 input/output

IDECSO output (ATAPI)

MSIOF0_TSCK
input/output (MSIOFO0)

PTF2 input/output

IDEA2 output (ATAPI)

MSIOF0_RXD input
(MSIOFO0)

PTF1 input/output

IDEA1 output (ATAPI)

MSIOFO_TXD output
(MSIOF0)

PTFO input/output

IDEAO output (ATAPI)

MSIOFO_MCK input
(MSIOFO0)

PTG5 output

AUDCK output (AUD)

PTG4 output

AUDSYNC output (AUD)

PTGS3 output

AUDATAS3 output (AUD)

TPUTOS3 output (TPU)

PTG2 output

AUDATAZ output (AUD)

TPUTO2 output (TPU)

PTG1 output

AUDATAL1 output (AUD)

TPUTO1 output (TPU)
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General Port

Function 1
(Related Module)

Function 2
(Related Module)

Function 3
(Related Module)

PTGO output

AUDATAO output (AUD)

TPUTOO output (TPU)

PTH?7 input/output

LCDVCPWC input/output
(LCDC)

PTH6 input/output

LCDRD output (LCDC)

DV_CLKI input (VOU)

PTHS5 input/output

LCDVSYN input/output
(LCDC)

DV_CLK output (VOU)

PTH4 input/output

LCDDISP output (LCDC)

LCDRS output (LCDC)

PTH3 input/output

LCDHSYN output (LCDC)

LCDCS output (LCDC)

PTH2 input/output

LCDDON output (LCDC)

PTH1 input/output

LCDDCK output (LCDC)

LCDWR output (LCDC)

PTHO input/output

LCDVEPWC output
(LCDC)

PTJ7 output

STATUSO output (System)

PTJ5 output

PDSTATUS output
(System)

PTJ3 input/output

A25 output (BSC)

PTJ2 input/output

A24 output (BSC)

PTJ1 input/output

A23 output (BSC)

PTJO input/output

A22 output (BSC)

PTK?7 input/output

SIUAFCK output (SIU)

PTK®6 input/output

SIUAILR input/output
(SIv)

MSIOF1_SS2 output
(MSIOF1)

MSIOF1_RSYNC
input/output (MSIOF1)

PTKS5 input/output

SIUAIBT input/output
(SIv)

MSIOF1_SS1 output
(MSIOF1)

MSIOF1_RSCK
input/output (MSIOF1)

PTK4 input/output

SIUAISLD input (SIU)

MSIOF1_RXD input
(MSIOF1)

PTK3 input/output

SIUAOLR input/output
(SIv)

MSIOF1_TSYNC
input/output (MSIOF1)

PTK2 input/output

SIUAOBT input/output
(SIV)

MSIOF1_TSCK
input/output (MSIOF1)

PTK1 input/output

SIUAOSLD output (SIU)

MSIOF1_TXD output
(MSIOF1)

PTKO input/output

SIUAMCK input (SIU)

MSIOF1_MCK input
(MSIOF1)
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General Port

Function 1
(Related Module)

Function 2
(Related Module)

Function 3
(Related Module)

PTL7 input/output

LCDD15 input/output
(LCDC)

DV_D15 output (VOU)

PTL6 input/output

LCDD14 input/output
(LCDC)

DV_D14 output (VOU)

PTLS5 input/output

LCDD13 input/output
(LCDC)

DV_D13 output (VOU)

PTL4 input/output

LCDD12 input/output
(LCDC)

DV_D12 output (VOU)

PTL3 input/output

LCDD11 input/output
(LCDC)

DV_D11 output (VOU)

PTL2 input/output

LCDD10 input/output
(LCDC)

DV_D10 output (VOU)

PTL1 input/output

LCDD9 input/output
(LCDC)

DV_D9 output (VOU)

PTLO input/output

LCDD8 input/output
(LCDC)

DV_D8 output (VOU)

PTM7 input/output

LCDD?7 input/output
(LCDC)

DV_D7 output (VOU)

PTM6 input/output

LCDD6 input/output
(LCDC)

DV_D6 output (VOU)

PTMS5 input/output

LCDDS5 input/output
(LCDC)

DV_D5 output (VOU)

PTM4 input/output

LCDD4 input/output
(LCDC)

DV_D4 output (VOU)

PTMS3 input/output

LCDD3 input/output
(LCDC)

DV_D3 output (VOU)

PTM2 input/output

LCDD2 input/output
(LCDC)

DV_D2 output (VOU)

PTM1 input/output

LCDD1 input/output
(LCDC)

DV_D1 output (VOU)

PTMO input/output

LCDDO input/output
(LCDC)

DV_DO output (VOU)

PTN?7 input/output

LCDD23 input/output

SCIF5_SCK input/output

(LCDC) (SCIF5+%)
PTNG6 input/output LCDD22 input/output SCIF5_RXD input —
(LCDC) (SCIF5+%)
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General Port

Function 1
(Related Module)

Function 2
(Related Module)

Function 3
(Related Module)

PTNS5 input/output

LCDD21 input/output
(LCDC)

SCIF5_TXD output
(SCIF5*%)

PTN4 input/output

LCDD20 input/output

SCIF4_SCK input/output

(LCDC) (SCIF4*")
PTNS3 input/output LCDD19 input/output SCIF4_RXD input —
(LCDC) (SCIF4*%)

PTN2 input/output

LCDD18 input/output
(LCDC)

SCIF4_TXD output
(SCIF4**

PTN1 input/output

LCDD17 input/output
(LCDC)

DV_VSYNC output (VOU)

PTNO input/output

LCDD16 input/output
(LCDC)

DV_HSYNC output (VOU)

PTQ3 input AN3 input (ADC) — —
PTQ2 input AN2 input (ADC) — —
PTQ1 input ANL1 input (ADC) — —
PTQO input ANO input (ADC) — —

PTR7 input/output

CS6B/CE1B output (BSC)

PTR6 input/output

CS6A/CE2B output (BSC) —

PTR5 input/output

CS5B/CE1A output (BSC) —

PTR4 input/output

CS5A/CE2A output (BSC) —

PTR3 input

I0IS16 input (BSC)

LCKLCLK input (LCDC)

PTR2 input

WAIT input (BSC)

PTR1 input/output

WES3/ICIOWR output
(BSC)

PTRO input/output

WE2/ICIORD output
(BSC)

PTS7 input/output

SCIF1_SCK input/output

(SCIF1*?)

SDHIOCD input (SDHIO*Y) —

PTS6 input/output

SCIF1_RXD input
(SCIF1*?)

SDHIOWP input (SDHI0*!) —

PTS5 input/output

SCIF1_TXD output
(SCIF1*?)

SDHIOD3 input/output
(SDHI0*?)

PTS4 input/output

SCIF3_CTS input
(SCIF3*?)

SDHIOD2 input/output
(SDHI0*?)
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General Port

Function 1
(Related Module)

Function 2
(Related Module)

Function 3
(Related Module)

PTS3 input/output

SCIF3_RTS output
(SCIF3*?)

SDHIOD1 input/output
(SDHI0*?)

PTS2 input/output

SCIF3_SCK input/output
(SCIF3*?)

SDHIODO input/output
(SDHI0*?)

PTS1 input/output

SCIF3_RXD input
(SCIF3*?)

SDHIOCMD input/output
(SDHI0*?)

PTSO input/output

SCIF3_TXD output
(SCIF3*?)

SDHIOCLK output
(SDHI0*?)

PTTS5 input/output

SCIFO_SCK input/output
(SCIF0*®)

MSIOF0_TSCK
input/output (MSIOF0*®)

PTT4 input/output

SCIFO_RXD input

MSIOFO_RXD input

(SCIF0*?) (MSIOF0*?)
PTT3 input/output SCIFO_TXD output MSIOFO_TXD output —
(SCIF0*?) (MSIOF0*°)

PTT2 input/output

SCIF2_SCK input/output
(SCIF2*+?)

MSIOF0_TSYNC
input/output (MSIOFO0*®)

PTT1 input/output

SCIF2_RXD input

MSIOF0_SS1 output

MSIOF0_RSCK

(SCIF2*?) (MSIOF0*°) input/output (MSIOFQ)
PTTO input/output SCIF2_TXD output MSIOF0_SS2 output MSIOFO_RSYNC
(SCIF2*%) (MSIOF0*°) input/output (MSIOFO)

PTUS input/output

FCDE output (FLCTL)

SCIFQ_SCK input/output
(SCIF0*?)

PTU4 input/output

FSC output (FLCTL)

SCIFO_RXD input
(SCIF0*°)

PTUS3 input/output

FWE output (FLCTL)

SCIFO_TXD output
(SCIF0*®%)

PTU2 input/output

FOE output (FLCTL)

SCIF2_SCK input/output
(SCIF2*?)

VIO_VD2 input (VIO)

PTU1 input/output

FRB input (FLCTL)

SCIF2_RXD input
(SCIF2*+?)

VIO_CLK2 input (VIO)

PTUO input/output

FCE output (FLCTL)

SCIF2_TXD output
(SCIF2*%)

VIO_HD?2 input (VIO)

PTV7 input/output

NAF7 input/output

SCIF1_SCK input/output

VIO_D15 input (VIO)

(FLCTL) (SCIF1*?)
PTV6 input/output NAF6 input/output SCIF1_RXD input VIO_D14 input (VIO)
(FLCTL) (SCIF1*?)
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General Port

Function 1
(Related Module)

Function 2
(Related Module)

Function 3
(Related Module)

PTV5 input/output

NAF5 input/output
(FLCTL)

SCIF1_TXD output
(SCIF1*?)

VIO_D13 input (VIO)

PTV4 input/output

NAF4 input/output
(FLCTL)

SCIF3_CTS input
(SCIF3+?)

VIO_D12 input (VIO)

PTV3 input/output

NAF3 input/output
(FLCTL)

SCIF3_RTS output
(SCIF3*?)

VIO_D11 input (VIO)

PTV2 input/output

NAF2 input/output
(FLCTL)

SCIF3_SCK input/output
(SCIF3*?)

VIO_D10 input (VIO)

PTV1 input/output

NAF1 input/output
(FLCTL)

SCIF3_RXD input
(SCIF3*?)

VIO_D9 input (VIO)

PTVO0 input/output

NAFO input/output
(FLCTL)

SCIF3_TXD output
(SCIF3*?)

VIO_D8 input (VIO)

PTW?7 input/output

IRQ7 input (Interrupt)

PTW6 input/output

IRQ6 input (Interrupt)

PTWS5 input/output

IRQ5 input (Interrupt)

PTW4 input/output

IRQ4 input (Interrupt)

LCDLCLK input (LCDC)

PTW3 input/output

IRQ3 input (Interrupt)

ADTRG input (ADC)

PTW2 input/output

IRQ2 input (Interrupt)

BS output (BSC)

VIO_CKO output (VIO)

PTW1 input/output

IRQ1 input (Interrupt)

SIUAISPD input (SIU)

PTWO input/output

IRQO input (Interrupt)

SIUAOSPD output (SIU)

PTX7 input/output

DACKZ output (DMAC1)

PTX6 input/output

DREQ1 input (DMAC1)

MSIOFO_MCK input
(MSIOF0*°)

PTX5 input/output

DACKO output (DMACO)

IRDA_OUT output (IrDA)

PTX4 input/output

DREQO input (DMACO)

IRDA_IN input (IrDA)

PTX3 input/output

TSO_SDAT input
(TSIF)

PTX2 input/output

TSO_SCK input
(TSIF)

PTX1 input/output

TSO_SDEN input
(TSIF)

PTXO0 input/output

TS0_SPSYNC input
(TSIF)

PTY7 input/output

VIO_D7 input (VIO)
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General Port

Function 1

(Related Module)

Function 2
(Related Module)

Function 3
(Related Module)

PTY6 input/output

VIO_D6 input (VIO)

PTY5 input/output

VIO_D5 input (VIO)

PTY4 input/output

VIO_D4 input (VIO)

PTY3 input/output

VIO_D3 input (VIO)

PTY2 input/output

VIO_D2 input (VIO)

PTY1 input/output

VIO_D1 input (VIO)

PTYO input/output

VIO_DO input (VIO)

PTZ7 input/output

SIUBOLR input/output

(SIU)

PTZ6 input/output

SIUBOBT input/output

(SIU)

PTZ5 input/output

SIUBOSLD output (SIU)

PTZ4 input/output

SIUBMCK input (SIU)

PTZ3 input/output

VIO_FLD input (VIO)

SIUBFCK output (SIU) —

PTZ2 input/output

VIO_HD1 input (VIO)

SIUBILR input/output —

(SIV)

PTZ1 input/output

VIO_VD1 input (VIO)

SIUBIBT input/output —

(SIu)

PTZO0 input/output

VIO_CLK1 input (VIO)

SIUBISLD input (SIU) —

Notes: 1. SDHIO (1ch) is multiplexed with PTD and PTS.

2. SCIF1 and SCIF3 are multiplexed with PTS and PTV.
3. SCIF0 and SCIF2 are multiplexed with PTT and PTU.
4. SCIF5 and SCIF4 are multiplexed with PTE and PTN.
5. MSIOFO0 is multiplexed with PTF and PTT.

RENESAS
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Section 35 A/D Converter

ThisLSl includes a 10-bit successive-approximation A/D converter allowing selection of up to
four analog input channels.

35.1 Features
A/D converter features are listed below.

e 10-hit resolution
e Four input channels
e High-speed conversion
— Conversion time: maximum 15 ps per channel
e Three conversion modes
— Single mode: A/D conversion on one channel
— Multi mode: A/D conversion on oneto four channels
— Scan mode: Continuous A/D conversion on one to four channels
e Four 16-bit data registers

— A/D conversion results are transferred for storageinto 16-bit data registers corresponding
to the channels.

e Sample-and-hold function
e A/D interrupt requested at the end of conversion

— At theend of A/D conversion, an A/D end interrupt (ADI) can be requested.
e A/D conversion can be externally triggered
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Figure 35.1 shows a block diagram of the A/D converter.

E o | Internal
H Peripheral data bus E data bus
: < g >
. e
I ﬂ 2 :
1 > 1
, o
| 3, |
AVee ——> 28 i
i a0 .
' SAHEEE T -
1 10hit ke a|a|a|a 3 '
! DIA FEEEEIEIE o) :
AVSS —:—» § = <| < ;
H S e H
! > 1
: w ,
1 |+ '
AN, — 1
: P DA
AN; =™ Analog [ —|- - :
AN, —ip] multi- | I Control circuit - 0/8
2 plexer | 1 ; E Comparator '
AN, —] | ' < 0/16
: Sample-and- E
! hold circuit 1 H
T i ADI
! L »interrupt
ADTRG - © signal
EEETEEEEYY. ke AGERErTH AID converter ----------- ;
[Legend]
ADCR:  A/D control register

ADCSR:
ADDRA:
ADDRB:
ADDRC:
ADDRD:

A/D control/status register
A/D data register A
A/D data register B
A/D data register C
A/D data register D

Figure35.1 Block Diagram of A/D Converter
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35.2 Input Pins

Table 35.1 summarizes the A/D converter’ sinput pins. AV . and AV are the power supply inputs
for the analog circuitsin the A/D converter. AV . also functions as the A/D converter reference

voltage pin.
Table35.1 Pin Configuration
Pin Name Function I/0 Descriptions
AVcc Analog power Input Analog power supply and reference
supply pin voltage for A/D conversion
AVss Analog ground pin Input Analog ground and reference voltage
for A/D conversion
ANO Analog input pin 0 Input Analog inputs 0 to 3
AN1 Analog input pin 1 Input
AN2 Analog input pin 2  Input
AN3 Analog input pin 3  Input
ADTRG Analog trigger Input External trigger input for starting A/D
conversion
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Section 36 User Break Controller (UBC)

The user break controller (UBC) provides versatile functions to facilitate program debugging.
These functions help to ease creation of a self-monitor/debugger, which allows easy program
debugging using this LS| alone, without using the in-circuit emulator. Various break conditions
can be set in the UBC: instruction fetch or read/write access of an operand, operand size, data
contents, address value, and program stop timing for instruction fetch.

36.1 Features

1

The following break conditions can be set.
Break channels: Two (channels 0 and 1)

User break conditions can be set independently for channels 0 and 1, and can also be set asa
single sequential condition for the two channels, that is, a sequential break. (Sequential break
involves two cases such that the channel 0 break condition is satisfied in a certain bus cycle
and then the channel 1 break condition is satisfied in a different bus cycle, and vice versa.)

Address

When 40 bits containing ASID and 32-bit address are compared with the specified value, all
the ASID bits can be compared or masked.

32-hit address can be masked bit by bit, allowing the user to mask the address in desired page
sizes such as lower 12 bits (4-Kbyte page) and lower 10 bits (1-Kbyte page).

Data
32 bits can be masked only for channel 1.
Buscycle
The program can break either for instruction fetch (PC break) or operand access.
Read or write access
Operand sizes
Byte, word, longword, and quadword are supported.
The user-designated exception handling routine for the user break condition can be executed.
Pre-instruction-execution or post-instruction-execution can be selected as the PC break timing.

A maximum of 2 —1 repetition counts can be specified as the break condition (available only
for channel 1).
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Figure 36.1 shows the UBC block diagram.

Access SDB  SAB | "
ASID control A A nte‘rpa us
_ Access
7| comparator |- I CBRO |<—>
-~ ASID
" | comparator [%
- -
> Address CARO
comparator CAMRO
Channel 0
operation CRRO
control
> | comparator CBR1
_ ASID y

comparator_| -

> Address CAR1L ’
comparator | ¢ _CAMRl
CDR1

-
comparator CDMR1
Channel 1 CETR1 e —
operation

control CRR1

> CCMFR -
CBCR B ——

\
Y Y \—>User break is requested.

Y

Control

Y

[Legend]

CBRO: Match condition setting register 0 CAMRL1: Match address mask sAetting register 1
CRRO: = Match operation setting register 0 CDR1: Match data setting register 1

CARO: Match address setting register 0 CDMR1: Match data mask setting register 1
CAMRO: Match address mask setting register 0~ CETR1: Execution count break register

CBR1: Match condition setting register 1 CCMFR: Channel match flag register

CRR1: Match operation setting register 1 CBCR: Break control register

CAR1: Match address setting register 1 SAB:  Operand address bus

SDB: Operand data bus

Figure36.1 Block Diagram of UBC
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Section 37  User Debugging Interface (H-UDI)

Note: This section contains references to the SH7723 Hardware Manual. The contents of the
SH7723 Hardware Manual will be disclosed upon acceptance of a confidentiality
agreement. For details, please contact a Renesas Technology sales representative.

The H-UDI isaseria interface which conforms to the JTAG (IEEE 1149.4: |EEE Standard Test
Access Port and Boundary-Scan Architecture) standard. The H-UDI is also used for emulator
connection.

37.1 Features

The H-UDI isaseria interface which conformsto the JTAG standard. The H-UDI isalso used for
emulator connection. When using an emulator, H-UDI functions should not be used. Refer to the
appropriate emulator users manual for the method of connecting the emulator.

The H-UDI has six pins: TCK, TMS, TDI, TDO, TRST, and ASEBRK/BRKACK. The pin
functions except ASEBRK/BRKACK and serial communications protocol conform to the JTAG
standard. This LS| has additional six pinsfor emulator connection: (AUDSYNC, AUDCK, and
AUDATA3to AUDATADO).

Figure 37.1 shows a block diagram of the H-UDI.

The TAP (Test Access Port) controller and five registers (SDBPR, SDIR, SDDRH, SDDRL, and
SDINT). SDBPR supportsthe JTAG bypass mode, SDIR isused for commands, SDDR is used for
data, and SDINT is used for H-UDI interrupts. SDIR is directly accessed from the TDI and TDO
pins.

The TAP controller and control registers are initialized by driving the TRST pin low or by
applying the TCK signal for five or more clock cycleswith the TMS pin set to 1. This
initialization sequence isindependent of the reset pin for this LS. Other circuits are initialized by
anormal reset.
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User Debugging Interface (H-UDI)

ACERRK) [ Break |
ASEBRK/BRKACK controller Interrupt/

reset etc
TCK X
TMS }—— TAP controller Y
TRST E— Becoder
o
YYVYYYY
™ X
SDIR |
Joi
| SDBPRI % SDINT |-
1]
£ | SDDRH I:
[}
| SDDRL ||=
TDO E [ MUX |

AUDSYNC F———
AUDCK —————— Trace controller
AUDATA3 to AUDATA0 )F——————————

Peripheral bus

Figure37.1 H-UDI Block Diagram

37.2  Input/Output Pins

Table 37.1 shows the pin configuration for the H-UDI.

Table37.1 Pin Configuration

When Not
Pin Name Function /O Description in Use
TCK Clock Input  Functions as the serial clock input pin stipulated  Open**
in the JTAG standard. Data input to the H-UDI via
the TDI pin or data output via the TDO pin is
performed in synchronization with this signal.
TMS Mode Input  Mode Select Input Open**

Changing this signal in synchronization with the

TCK signal determines the significance of data

input via the TDI pin. Its protocol conforms to the
JTAG standard (IEEE standard 1149.1).
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When Not
Pin Name Function /O Description in Use
TRST*? Reset Input  H-UDI Reset Input Fixed to
This signal is received asynchronously with a ground or
TCK signal. Asserting this signal resets the JTAG connected to
interface circuit. When a power is supplied, the the EESET
TRST pin should be asserted for a given period P
regardless of whether or not the JTAG function is
used, which differs from the JTAG standard.
TDI Data input Input Data Input Open**
Data is sent to the H-UDI by changing this signal
in synchronization with the TCK signal.
TDO Data output Output Data Output Open
Data is read from the H-UDI in synchronization
with the TCK signal.
ASEBRK/  Emulator  1/O Pins for an emulator Open**
BRKACK
AUDSYNC, Emulator  Output Pins for an emulator Open
AUDCK,
AUDATA3
to
AUDATAO
MPMD ASE Input A low level on this pin places the chip in ASE Open*!
(Emulation mode, enak?ling use of the emulation support
support mode functions.
mode When using an emulator such as the E10A, fix
setting) this pin at a low level.
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Notes: 1. This pinis pulled up in this LSI. When designing a board emulator is available or using
interrupts or resets via the H-UDI or emulator, the use of external pull-up resistors will
not cause any problem.

2. When designing a board emulator is available or using interrupts or resets via the H-
UDI or emulator, the TRST pin should be designed so that it can be controlled

independently and can be controlled to retain low level while the RESET pin is asserted
at a power-on reset.

3. This pin should be connected to ground, the RESET, or another pin which operates in
the same manner as the RESET pin. However, when connected to a ground pin, the
following problem occurs. Since the TRST pin is pulled up within this LSI, a weak
current flows when the pin is externally connected to a ground pin. The value of the
current is determined by a resistance of the pull-up MOS for the port pin. Although this
current does not affect the operation of this LSI, it consumes unnecessary power.
Pulling up the TRST pin can be disabled by the pull-down control register (PULCR) of
the pin function controller (PFC). For details, see section 38, Pin Function Controller
(PFC), in the SH7723 Hardware Manual.

The TCK clock or the CPG of this LSl should be set to ensure that the frequency of the TCK clock
isless than the peripheral-clock frequency of thisLS|.
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38.1 Absolute Maximum Ratings
Table 38.1 shows the absolute maximum ratings.

Table38.1 Absolute Maximum Ratings

Item Symbol Rating Unit
Power supply voltage V..Q -0.3t0 4.6 \%
(10)

Power supply voltage V..Q_DDR -0.3t03.6 Y,
(DDR)

Power supply voltage V. Voo PLL, V,, DLL -0.3t01.8 \Y
(Internal)

Input voltage V,DDR -03toV_ Q_DDR+03 V
Input voltage (except DDR) V,_ —-0.3t0V_Q+0.3 \%
Analog power supply AV . -0.3t0 4.6 \%
voltage (AD)

Analog input voltage (AD) V, -0.3t0 AV +0.3 \%
Analog power supply AV33, DV33 -0.3t0 4.6 \%
voltage (USB 1/O)

Analog power supply AV12, DV12, UV12 -0.3t01.8 \%

voltage (USB internal)

Storage temperature T -551t0 125 °C

stg

Caution: Operating the chip in excess of the absolute maximum ratings may result in permanent
damage.
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38.2 Recommended Operating Conditions

Table 38.2 lists the recommended operating conditions. The specification in this section assumes
the use under the conditions of table 38.2 unless otherwise noted.

Table38.2 Recommended Operating Conditions

Item Symbol  Min. Typ. Max. Unit  Product number
Operating temperature T -20 — 70 °C R8A77230C400BG
(operating ambient
temperature Ta)
-40 — 85 R8A77230D400BG

Item Symbol  Min. Typ. Max. Unit Test Conditions
Power Core power Vo 1.15 1.2 1.3 V
supply supply
voltage "5 power supply  V.Q 3.0 33 36 v

Power supply for Vv, PLL 1.15 1.2 1.3 \%

PLL

Power supply for VvV, DLL 1.15 12 13 \

DLL

Power supply for V..Q_DD 2.3 2.5 2.7 \%

DDR R

Analog power AV . 3.0 3.3 3.6 \

supply

USB analog 1.2-V AV12 1.15 1.2 1.3 Y,

power supply

USB digital 1.2-V - UV12 1.15 1.2 1.3 \%

power supply

USB digital 1.2-V DV12 1.15 1.2 1.3 Vv

power supply

USB analog 3.3V AV33 3.0 3.3 3.6 \%

power supply

USB digital 3.3-V DV33 3.0 3.3 3.6 \%

power supply
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38.3 Power-On and Power -Off Order

1

Order of turning on 1.2 V power (V,,, V,,_PLL,V_ DLL, AV12,UV12, DV12), 2.5V
power (V..Q_DDR), and 3.3-V power (V..Q, AV, AV33, DV33)
Turn on the 3.3-V power, 2.5-V power, and 1.2-V power, in thisorder. Thisinterval isas
shown in table 38.3. The system design must ensure that the states of pins or undefined period
of aninternal state do not cause erroneous system operation. The power settling time (trV Q)
of the power supply voltage for V _.Q must be shorter than those of any other 3.3-V power.
First turn on the 3.3-V power, and input RCLK before turning on the 1.2-V.
Until voltage is applied to all power supplies and alow level isinput to the RESETP pin,
internal circuits remain unsettled, and so pin states are al so undefined. The system design must
ensure that these undefined states do not cause erroneous system operation.
Waveforms at power-on are shown in the following figure.
trVee
VeeQ (min.) (C
voltage /_ RJ
VeeQ 2.5V power SS
itrVDD Vpp : 1.2V power SS
-A---- Vpp (Min.) voltage
GND > - 5
towu tunc
S - Pins status undefined D Norm(a(ll operation period /—
2)
$
Other pins* )‘ «
Pins status undefined g Power-on reset state

Note: * Except power/GND, clock-related, and analog pins
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Table38.3 Recommended Timing in Power-On

Item Symbol Time Unit
V..Q power settling time trv . Q 300 us
Time difference between 3.3-V Vccand 1.2-V Vmwat t,,, Oto 10 ms
power-on

V., power settling time vV, <1 ms
Time over which the state is undefined tone to TV, +3tRCLK ms

Note: The 3.3-V power should be turned on at the same time as much as possible.

The state-undefined time represents the time in which rising of each power isin transition. This
ensures that the pins are in the reset state after t,, . has elapsed.

2. Power-off order
— Inthereverse order of power-on, first turn off the 1.2-V V_, power, then turn off the 3.3-V
V.Q power within 10 ms. Thisinterval should be as short as possible. The system design
must ensure that the states of pins or undefined period of an internal state do not cause
erroneous system operation.
— Pin states are undefined while only the 1.2-V 'V, power is off. The system design must
ensure that these undefined states do not cause erroneous system operation.

VceQ : 3.3V power

2.5V power
Vop : 1.2 V power twp
Vob (min.) voltage\f -
GND
Normal operation period D Operation stopped

Table38.4 Recommended Timing in Power-Off

Item Symbol Maximum Value  Unit

Time difference between the power-off of 1.2-VV  and t,,, O0to 10 ms
3.3-VV_Q levels

Note: * The values in the table above are recommended values, so they represent guidelines
rather than strict requirements.
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384 DC Characteristics
Tables 38.5, 38.6, and 38.7 list the DC characteristics.

Table38.5 DC Characteristics

Symb
Item ol Min. Typ. Max. Unit Test Conditions

Input high MDO, MD1, MD2, V,, V. .Q x 0.8 — V. Q+0.3 Y *: External clock input

voltage MD3, MD5, MD8,
TSTMD, TST,
TRST, MPMD,
ASEBRK/BRKAK,
RESETP, NMI,
RESETA,
PTX2/TSO_SCK,
BOOT, RCLK,
EXTAL*, and
EXTAL_USB*
pins

HPD31to HPDO, V,.. VREF+0.6 — V,Q DDR+03 V
HPDQS3 to
HPDQS0

Other pins \ 2.0 — V.Q+0.3 \%

Input low MDO, MD1, MD2, V, -0.3 — V. Q x 0.2 \% *: External clock input

voltage MD3, MD5, MD8,
TSTMD, TST,
TRST, MPMD,
ASEBRK/BRKAK,
RESETP, NMI,
RESETA,
PTX2/TSO_SCK,
BOOT, RCLK,
EXTAL*, and
EXTAL_USB*
pins

HPD31to HPDO, V,,. -0.3 — VREF - 0.6 v
HPDQS3 to
HPDQSO0

Other pins V -0.3 — 0.8 \%
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Item Symbol Min. Max. Unit Test Conditions
Output high  HPD31to HPDO, V... 0.5 x — \Y
voltage HPA15 to HPAO, V.. DDR +

HPCKE, HPCS, 031

HPRAS, HPCAS,

HPRDWR,

HPDQS3 to

HPDQSO,

HPDQMS3 to

HPDQMO

Other pins Vou 2.4 — ) loy = =2 MA
Output low HPD31 to HPDO, Ve - 0.5 x \%
voltage HPA15 to HPAO, V..Q_DDR -

HPCKE, HPCS, 031

HPRAS, HPCAS,

HPRDWR,

HPDQS3 to

HPDQSO,

HPDQMS3 to

HPDQMO

Output pins other V. — 0.5 \ lo, =2 MA

than I°C and

SBSC

SCL and SDA Ve, — 0.4 %

pins
Output HPCLK, HPCLK V_, 0.7 \%
differential
voltage
Cross point  HPCLK, HPCLK  V,, 0.5 x 0.5 x \%
voltage V:Q_DDR - V:Q_DDR + 0.2

0.2

DDR-VREF VREF ~ 0.49 x 0.51x \Y
input voltage V..Q_DDR V..Q_DDR
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Table38.6 DC Characteristics

Item Symbol Min. Typ. Max. Unit Test Conditions
Current Normal operation |, — 380 580 mA V=12V
consumption 1 = 400 MHz
B¢ = 66.7 MHz
B3¢ = 133.4 MHz
lee — 60 80 mA V. Q=33V
l.DDR  — 20 40 mA VecQ_DDR=2.5V
B¢ = 66.7 MHz
B3¢ = 133.4 MHz
Data bus width for BSC:
16 bits
Sleep mode* [N — 100 200 mA *: When external bus
cycles other than the
lec o 30 40 refresh cycle are not
specified.
*: All module stop: On
vV, =12V
V. .Q=33V
l._DDR — 15 30 mA «Q
B¢ = 66.7 MHz
B3¢ = 133.4 MHz
Software standby |, — 20 80 mA Ta=25°C
mode V. .Q=33V
vV, =12V
U-standby mode 1., — — 100 pA Ta=25°C
V. Q=33V
vV, =12V
Input clock off
Input leak All input pins | — — 1 pA vV, =
current (except SBSC 05t0V Q-05V
pins)
SBSC pins Ilss — — 3
Three-state leak /0, all output [ — — 1 pA vV, =
current pins (off 05tV . Q-05V
condition)
(except SBSC
pins)
SBSC pins (o] — — 3

RENESAS
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Item Symbol Min. Typ. Max. Unit Test Conditions
Pull-up/ Port pins P 20 — 150 kQ
pull-down
resistance
Pin SBSC pins Ce — — 10 pF
capacitance -\ ing c — — 10 pF
Notes: 1. Make sure to supply the electric power to all the power supply pins anytime and the Vg
pin to the system ground (0 V).
2. Current consumption values in the table are for V,min = V_Q - 0.5V and V, max = 0.5
V with all output pins unloaded.
3. |, is the total current flowing through the V_,, V_,-PLL, V_ -DLL, DV12, AV12, and UV

DD’

12 pins. | is the total current flowing through the V. Q, DV33, and AV33 pins. | .. DDR
is the current flowing through the V_.Q_DDR pin. I, is the total of | , I.., and |.._DDR

STBY pp? lccr

in standby mode. | is the total of I, I, and I_._DDR in U-standby mode.

uSTBY oo lccr

Table38.7 Permissible Output Current Values

Item Symbol Min. Typ. Max. Unit
Permissible output low current (per pin) |, — — 2.0 mA
Permissible output low current (total) o, — — 40 mA
Permissible output high current (per pin) I, — — 2.0 mA
Permissible output high current (total) 2 (o) — — 40 mA
Permissible I°C output low current (SCL, |, — — 10 mA
SDA)

Note: * To ensure chip reliability, do not exceed the output current values given in table 38.7.
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385 AC Characteristics

The inputs of this LSl are synchronous as arule. The setup and hold time of each input signal
must be satisfied unless otherwise noted.

Table 38.8 Operating Frequency Range

Item Symbol Min. Typ. Max. Unit Remarks
Operating CPU, FPU, cache (I9) f 10 — 400 MHz
frequency CPU, FPU, cache (U¢) 10 — 133.4

SuperHyway bus (SH¢) 10 — 133.4

BSC bus (B9) 10 — 66.7

SBSC bus (B3¢) 10 — 133.4

Peripheral module (P¢) 25 — 33.4

SIU clock A (SIUCKA) — — 334

SIU clock B (SIUCKB) — — 334

IrDA clock (IrDACK) — — 334

Video clock (VIO_CKO) — — 66.7
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38,51 Clock Timing

Table38.9 Clock Timing

Item Symbol Min. Max. Unit  Figure
EXTAL clock input frequency - 15 50 MHz 38.1
EXTAL clock input cycle time {exeye 20 66.7 ns
EXTAL clock input low pulse width e 4.5 — ns
EXTAL clock input high pulse width t 4.5 — ns
EXTAL clock input rise time oy — 3 ns
EXTAL clock input fall time oy — 3 ns
RCLK clock input frequency fRCLK 32 33 kHz
RCLK clock input cycle time tecikeye 30.3 31.3 us
RCLK clock input low pulse width teca 10 — us
RCLK clock input high pulse width tecin 10 — s
RCLK clock input rise time tecie = 200 ns
RCLK clock input fall time i — 200 ns
CKO clock output frequency oo 5 66.7 MHz 38.2
CKO clock output cycle time tCKOCyc 15 200 ns
CKO clock output low pulse width teor 3 — ns
CKO clock output high pulse width teron 3 — ns
CKO clock output rise time tevor — 3 ns
CKO clock output fall time teor — 3 ns
RESETP assert time - 4 — tocnee  38-31038.5
RESETOUT assert time (clock modes 0 and 1) t.. o — 300 us
RESETOUT assert time (clock mode 3) tecoos  — 2.3 ms
Software standby return time (clock modes 0t — 300 us 38.6 t0 38.8
and 1)
Software standby return time (clock mode 3)  t.,, — 2.3 ms
tRCLKcyc

EXTAL*
(input)
12V .0

RCLK
(input)

Note: * When the clock is input on the EXTAL pin.

12V, Q

Figure38.1 Clock Input Timing of EXTAL and RCLK
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CKO

tCKOC c

o lokoL

(output) Vou Vou
N Vou Vou 7 V2VecQ
tCKO! tCKOr
T
Figure38.2 Clock Output Timing of CKO
o X [/
- tReSPW .
RESETP N 4
< tRESOUTMO >
RESETOUT —Y %
Figure38.3 Power-On Oscillation Settling Time (Clock Mode 0)
o % S\
< tRESF’W >
RESETP _Y —L
< tresoutmt |
RESETOUT N %
Figure38.4 - Power-On Oscillation Settling Time (Clock Mode 1)
o X S\
P tRESPW >
RESETP 3 —L
- tResoUTM3 -
RESETOUT —Y %
Figure38.5 Power-On Oscillation Settling Time (Clock Mode 3)
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CKO (
_ tsosmo _
- =
NMI,
IRQ7 to IRQO ><
Figure38.6 Oscillation Settling Time on Return from Softwar e Standby
by NMI or IRQ (Clock Mode 0)
o Y [
< tSOSMl =I
NMI,
IRQ7 to IRQO ><
Figure38.7 Oscillation Settling Time on Return from Softwar e Standby
by NMI or IRQ (Clock Mode 1)
- ¥ [\
< tSOSMS =I
NMI,
IRQ7 to IRQO ><

Figure38.8 Oscillation Settling Time on Return from Softwar e Standby

by NMI or IRQ (Clock Mode 3)
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38.5.2 Interrupt Signal Timing
Table 38.10 Interrupt Signal Timing
Item Symbol Min. Max. Unit  Figure
NMI setup time* tns 12 — ns 38.9
NMI hold time o 6 — ns
IRQ7 to IRQO setup time* tros 12 — ns
IRQ7 to IRQO hold time tron 6 — ns

Note: * NMI and IRQ7 to IRQO are asynchronous signals. When the setup time in the table is
satisfied, a change is detected at the rising edge of the clock. When the setup time is
not satisfied, a change may not be detected until the next rising edge of the clock.

Vin
NMI
Vie
tirgH tiras
Vin
IRQ7 to IRQO
Vi

Figure38.9 Interrupt Signal Input Timing
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38,53 ACBusTiming

Table 38.11 BusTiming

Item Symbol  Min Max. Unit  Figure
Address delay time 1 to 1 15 ns 38.10 to 38.23
Address delay time 2 tyos 12 xt,, 12 xt, +15 ns 38.19
Address setup time t 0 — ns 38.101t0 38.19
Address hold time t,, 0 — ns 38.14
CS delay time 1 teeos 1 15 ns 38.10 to 38.23
Read/write delay time 1 towos 1 15 ns
Read/write delay time 2 towoa 12 xt,, 1/2xt, +15 ns 38.16
Read strobe delay time teso 12 xt,, 12 xt, +15 ns 38.101t0 38.21
Read data setup time 1 toos: 12t +10  — ns 38.10 to 38.16,
38.20 to 38.23
Read data setup time 3 tooss 172t +10 — ns 38.17 to0 38.19
Read data hold time 1 toome 0 a— ns 38.10 to 38.16,
38.20 to 38.23
Read data hold time 3 tooms 0 — ns 38.17 t0 38.19
Write enable delay time 1 tyeon 1/2 x 1, 12 xt, +15 ns 38.10 to 38.18,
38.20, 38.21
Write enable delay time 2 toene 0 15 ns 38.16, 38.17
Write data delay time 1 Lo —— 15 ns 38.10 to 38.18,
38.20 to 38.23
Write data hold time 1 t o 1 — ns 38.10 to 38.16,
38.20 to 38.23
WAIT setup time 1 tre 12 xt, +7 — ns 38.10 to 38.19
WAIT hold time 1 b 12xt, +6 — ns
BS delay time t — 1.5 ns 38.10 t0 38.19,

BSD

38.23
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1016H

Item Symbol  Min. Max. Unit  Figure

Write data hold time 5 tons 1 — ns 38.20 to 38.23
ICIORD delay time trso — 12 xt, +13 ns 38.22, 38.23
ICIOWR delay time tewso — 12 xt, +13 ns

101516 setup time tosss 1U2xt, +6 — ns 38.23

101S16 hold time t 12xt, +4 — ns

RENESAS
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T1 T2
taD1 taD1
A25 to AO }( ](
tcspi [tas CcSsD1
CSn _JK y
T T
trRwD1 tRwD1
RDWR 7(
tRSD tRSD taH
s \ /
AD j K._; tRDH1
Read tRDS1
D31 to DO
tweD1 WEDL . [tan
— \ /
WEn (_ /
Write WDD1 tyDH1
D31 to DO _:k +——
tBsD tBsp Fﬂ".‘l
BS \
DACD tbAacp
DACKn*
twTHL !
WAIT ]L 1
twrs1

Note: * Waveform when active low is specified for DACKn.

Figure38.10 Basic BusCyclein Normal Space (No Wait)
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T1 Tw T2
/ / / /
CKo 7 7 7 7
tapy Yo
A25 to AD X
tas
tesp1 tespr
CSn q(
trwD: frwo
—
RDWR
tRSD tRSD tAH
RD \ 4
/| troH1
Read e
D15 to DO b
twep1 twep: tan
WEnR \
Write twob1 twoH1
D15t0 DO —r
tasp tesp
BS v
toacp toaco
(—>] (—
DACK* By £
w1
tWTSl
WAIT 7 X

Note: * Waveform when active low is specified for DACKn.

Figure38.11 Basic Bus Cyclein Normal Space (Software Wait 1)
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T1 Twx T2
taD1 tap1
A2510.20 Y '
tcsp1 [tas CcsD1

3

"~
!

>¢T

tRwD1 tRwD1
RDWR 7( *
trsD trsD

X
lw)
ﬂAJ
~—l
5
o
T
=

Read trDS1
D15 to DO T—
twED1L tweD1
WEn ; \
Write WDD1 twoH1
D15 to DO _—k A SE—
tesp tsD
s -
DACD tbAacD
DACKn*
twTHL twTHL I

11 I 1

twrs1 twrst
|

Note: * Waveform when active low is specified for DACKn.

Figure38.12 Basic BusCyclein Normal Space (Asynchronous External Wait 1)
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T1 Tw T2 Taw Tl Tw T2
« [V Y YUY YL
tap1 tap1 . tap1 . tap1
A25 to AO ){ *
tespr tas tcspl teSD1 |tag tcspl
CSn
T
trwD1 tRwD1 trRwD1 tRwD1
RDWR }( * * }(
tRsD trRsD tRsD trRsD
j \ tRDH1 7thDH1
Read trRDS1 tRDS1
D15 to DO
tweDp1 tweD1 tweDp1 twep1
WEn ; S( 7 b
Write twob1 twoH1 twpbD1 twDH1
D15 to DO _% |\L q—
BSD BSD BSD BSD
tpACD tpacp tbacD tbacp
DACKn* qﬂ -Ib
| |
tWTHL twTH1
WAIT 1 j( T t
twrs1 twrs1

Note: * Waveform when active low is specified for DACKn.

Figure38.13 Basic BusCyclein Normal Space
(Software Wait 1, Asynchronous External Wait Valid (WM Bit = 0), No Idle Cycle)
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Th T1 Twx

T2

Tf

tap1

A25 to AO }(

O‘
2
=1

CSD1

I

trRwD1 fRwD1
RDWR ( )(
]
tRsD tRsD
/
RD J / tRDH1
Read tRDS1
D15 to DO
twED1 twED1
WEnRN / \_
Write WDD1 twpH1
D15 to DO _—k A
tBsD tBsD
BS \
DACD tbAcD
DACKn*
! twTH1 twTH1 I
WAIT v ]L 1
twTs1 twrsi,
1

Note: * Waveform when active low is specified for DACKn.

Figure38.14 CSExtended BusCyclein Normal Space
(SW =1 Cycle, HW =1 Cycle, Asynchronous External Wait 1)
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Th Tl wa T2 Tf
« [ YL
tADl tADl
A25 to A0 X

O
w)
>

‘ T

(%]

| 1

5

1)

- tU

twepy twepy
WEn / -\ * \_
trzﬂgf twp1
(" RDWR f \
trsp trsp
Read < BED / 1 * \_
1 trora
tRDSl
\_ D15to DO
tewp tewp;
p —
RDWR 7
|
Wreite < t t\I\/DH
D15 to DO —
~

BSD

|

E7L %
g
[

toac toach
DACKn* i 7
|
trhg S
WAIT )\ ¥ }l l‘
twrst twrst

Note: * Waveform when active low is specified for DACKn.

Figure38.15 BusCycle of SRAM with Byte Selection
(SW =1 Cycle, HW =1 Cycle, Asynchronous External Wait 1,
BAS=0(UB and LB in Write Cycle Controlled))
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Th Ty Tux T, Ty
o /_\_]!_\_]'_\_7'_\_7'_\_7'_\_7'_\_
tap1 tap1
A25 10 AO ){ <
tesp tesp,
CSn jf il
e twep
WEnR
| |
ti\ﬂ@ll
_
RDWR , *
trsp )
Read < RD / -\ * \_
~T1 troH1
IRDS:[
_ D15 to DO
o g R
p
RDWR J *
Write < t, wDD t\iﬂa_ti
D15 to DO ——k S—
~
tBS <B_S»D
BS \
t)AC tD‘A_C>
DACKn* i i
| T
i i
WAT )\ ¥ }l l‘
twrst twrsi

Note: * Waveform when active low is specified for DACKn.

Figure38.16 SRAM Bus Cyclewith Byte Selection
(SW =1 Cycle, HW =1 Cycle, Asynchronous External Wait 1, BAS=1
(Write Cycle WE Controal))
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A25to A0

O
2]
=

RDWR

3

D15 to DO

T1 Tw Tw T2B Tw T2

AT
x .

tosoy |23, tosos
: =

R
—7 -

/ \ ¥
WED: R twepz

tWTHl

tWTHl

\-l

A

twrs1

twrst

Figure38.17 SRAM Page Mode Read Bus Cycle with Byte Selection PMD =1, BAS=1
(Software Wait 1, Asynchronous External Wait 1, Burst Wait 1, 2 Bursts)
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« [\ UL WS W W W U L
A25 to AO : )( }( *:

0
o)
=

tespy [+ tcsor
% <
|

frwb1
RDWR /

T

T4_1

trsp trsp
-
RD \ y
tRoH3 trpH3
tRrps3 trps3
D15 to DO —
twepy tyens
WEn / \ ]I
i byha
AT AR
twrs1 twrst

Figure38.18 SRAM Page Mode Read Bus Cycle with Byte Selection PMD =1, BAS=0
(Software Wait 1, Asynchronous External Wait 1, Burst Wait 1, 2 Bursts)
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T1 Tw Twx T2B Twb T2B
Satalalalalialialiy
A R AU AU AU AU A

tap1 tAp2 tap2 tap2 |
A25 to AO )( 7( *
cspy | fas tcspr
CSn
| T
RWD trwp
RDWR
trsp trsp
AD / 3\ i
tRoH3 tRpH3
:tRfo: :tRDSS:
D15 to DO P P —
WEn / \
tWTHl tWTH:[
WAIT Wil AR}
twrs1 twrs1

Figure38.19 Read Bus Cycle of Burst ROM
(Software Wait 1, Asynchronous External Wait 1, Burst Wait 1, 2 Bursts)
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CKO

A25 to A0

CExx

RDWR

Read

D15 to DO

Write

D15 to DO

Tpeml Tpemilw

Tpcmilw

Tpemilw

Tpcm?2

—

L

-

tap1

taD1

LJi

tcsp

?ﬁL

tcsp

LJlE

?ﬁL

tRwD1

tRwD1

L

?ﬁL

twDH1

trsD trsD
| —p|
\ {RDH1
tRDS1
tweED1 tweD1
le—» -
\ twDH5
|
twpb1
tesp tesp

7

Figure38.20 PCMCIA Memory Card Interface Bus Timing
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TpcmO TpemOw Tpeml | Tpcmlw | Tpcmilw Tpemilw Tpcmilw Tpcm2 Tpem2w
_z’_\_f_\_ir\_*_\_*_\_f_\_;!_\_l'_\_f_\_f
taD1 tap1
l—>]
A25 1o AD }( }(
tcso. tespy
]
CExx ( ¥
tRwp1 tRwp1
-~ le—s
RDWR }( Y
trRsD trsD
D P
RD *
tRDH1
Read trRDS1
D15 to DO
tweb1 tweb1
i -—
WE
twDH5
. |
Write twpp1 twoH1
_.T
D15to DO — —
tsp tBsD
le—si s
BS ]
twTHL twTHL
twrs1 twrsi

Figure38.21 PCMCIA Memory Card Interface Bus Timing
(TEDI[3:0] =B'0010, TEH[3:0] = B'0001, Software Wait 1, Hardware Wait 1)

Rev. 1.00 Oct. 23, 2008 Page 245 of 340
RENESAS REJ03B0273-0100




Section 38 Electrical Characteristics

Tpcil Tpcilw Tpcilw Tpcilw Tpci2
S S BT A B AW
tap1 tap1
A25 to AO * *
tesp tesp,
CExx * *
trwp1 trwo1
RDWR * *
ticrsp licrsD
[-——>] ]
ICIORD L
|4RDHL
Read t
l«—RDS1
D15 to DO —
ficwsp ficwsp
ICIOWR AL
ItWDHS
Write twop1 w1
D15 to DO S
tgsp tgsp

Figure38.22 PCMCIA |I/O Card Interface Bus Timing

Rev. 1.00 Oct. 23, 2008 Page 246 of 340
REJ03B0273-0100 RENESAS



Section 38 Electrical Characteristics

Tpcio Tpciow Tpcil | Tpcilw | Tpcilw Tpcilw Tpcilw Tpci2 Tpci2w
J!_\J!_\_Jml_\_}!_\_]ml_\_]r
tap1 tap1
-~ l—>]
A25 to A }( }(
tcsp flcsp
CExx )(
tRwp1 tRwp.
RDWR } }(
ticrsp ticrsD
ICIORD
tRDH1
Read trRDS1
D15 to DO
ticwsp ticwsp
ICIOWR
twDHs
. |
Write twpp1 twoHL
D15 to DO —q —
tBsD tBsD
8 u—
twTHL twTHL
twrs1 twrs
T AMAWAWWNWAWWWAWWY 77
\ ]
tio1es tioleH

S '\\\ }!77777777777777777777777777777777777777777777777777777777

Figure38.23° PCMCIA |/O Card Interface Bus Timing
(TEDI[3:0] = B'0010, TEH[3:0] = B'0001, Software Wait 1, Hardware Wait 1)
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38.54 DDR-SDRAM Interface Timing

Table 38.12 DDR-SDRAM Interface Timing

Condition

Item Symbol Min. Max. Unit  Figure
Clock cycle time te 7.5 12 ns 38.24
CK high-level width t, 05xt, - 05xt,+ ns

0.3 0.3
CK low-level width t., 05xt,— 05xt, + ns

0.3 0.3
Address and control input setup te 1.2 — ns
time
Address and control input hold t, 1.2 = ns
time
First DQS latching transition to tooss 0.85 1.15 to
associated clock edge
Write preamble setup time tpres 0 — ns
DQS write high pulse width toosn 0.38 — te
DQS write low pulse width toost 0.38 — tee
DQS falling edge to CK rising- toes 0.3 — te
setup time
DQS falling edge from CK rising- * t., 0.3 — te
hold time
Write postamble tpsr 0.4 0.6 tee
DQ and DM write setup time for 't 0.75 — ns
DQS
DQ and DM write hold time for to. 0.75 — ns
DQS
Read preamble terre 0.9 11 tex 38.25
DQS read access time from LI -0.75 1.75 ns
HPCLK, HPCLK _
Read postamble topsr 0.4 0.6 te
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Condition
Item Symbol Min. Max. Unit  Figure
DQ/DQS read hold time from DQS to 0.33 — to 38.25
DQS-DQ skew for DQS and tooso — 0.7 ns

associated DQ signals

HPCLK—/ \— ----- N—Sp}- e - X— '---2n \— EEEEh X

HPCKE, HPCS, HPRAS

HPCAS, HPRDWR, Write
HPA15 to HPAO t t
tIPW t\NF‘RES :DSS= :DSH >
tD
Qss,
- >t
- ‘DQSH‘ tDQSL ;WPST >
HiZ
HPDQS3 to HPDQS0 hiz /
!
tDS DS
t

H O OO
HIZ N/ Nt Hiz

HPDQM3 to HPDQMO

Figure38.24 DDR-SDRAM Output Timing (Writing) [n: A/B]
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HPCLK ==+

e e XA XA XA XX

HPDQS3 to HPDQSO i, N

HPD31 to HPDO

Figure38.25 DDR-SDRAM Output Timing (Reading) [n: A/B]

38.5.5 1/0O Port Signal Timing

Table 38.13 Peripheral Module Signal Timing

Item Symbol Min. Max. Unit Figure
Output data delay time Loorro “~ 17 ns 38.26
Input data setup time toorrs 17 —
Input data hold time toorm 10 —
tpoRTs | tPorTH
Ports 7 to 0 f 3
(read) >< 7§<
tF’OF\’TD
Ports 7 to 0 ¢
(write) >§(

Figure38.26 1/O Port Timing

Rev. 1.00 Oct. 23, 2008 Page 250 of 340
REJ03B0273-0100 RENESAS



Section 38  Electrical Characteristics
3856 DMAC Module Signal Timing
Table 38.14 DMAC Module Signal Timing
Item Symbol Min. Max. Unit Figure
DREQ setup time toreos 8 — ns 38.27
DREQ hold time toreon 8 —
DACK delay time toaco — 15 38.28
CKO \ /
tDREQS tDREQH
DREQO W"
Figure38.27 DREQ Input Timing (DREQ Low L evel Detected)
CKO
tDACD tD/-\CD
DACKn j( j(
Figure38.28 DACK Output Timing
38.5.7 TPU Module Signal Timing
Table 38.15 TPU Module Signal Timing
Item Symbol Min. Max. Unit  Figure
Output data delay time tioo — 15 ns 38.29
CKO
tTOD
TPUTO E(

Figure38.29 TPU Output Timing
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38.5.8 MSIOF Module Signal Timing

Table 38.16 M SIOF Module Signal Timing

Item Symbol Min. Max. Unit  Figure
MSIOF_MCKO/1 clock cycle teve 2%t > — ns 38.30
MSIOF_MCKO/1 input high level b 04 xt,c — ns

width

MSIOF_MCKO/1 input low level tow 0.4 xt, e — ns

width

MSIOF_TSCK (RSCK) clock cycle ... 2xt, > — ns 38.31, 38.32
MSIOF_TSCK (RSCK) output high  t,,q,.0 04 xt,c — ns 38.31
level width

MSIOF_TSCK (RSCK) output low  t,,4,,.0 04 xt e — ns

level width

MSIOF_TSCK (RSCK) input high  t,,., 04 xtpe — ns

level width

MSIOF_TSCK (RSCK) input low tswi 04 xt, e — ns 38.32
level width

MSIOF_TSYNC (RSYNC) output  t., — 20 ns 38.31
delay time

MSIOF_TSYNC (RSYNC) input tees 20 — ns 38.32
setup time

MSIOF_TSYNC (RSYNC) input hold t_, 20 — ns

time

MSIOF_TXD output delay time oo — 20 ns 38.31
MSIOF_RXD input setup time teos 20 — ns 38.32
MSIOF_RXD input hold time toon 20 — ns

Note: t__is a cycle time of a peripheral clock (B¢).

beyc

MSIOF_MCKO
MSIOF_MCK1 —]

Figure38.30 SIOFMCK Input Timing
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tMSCYC

tMSWHO tMSWLO
> —>

MSIOF_TSCK 1 \ 7 \
tFSD tFSD
— et
MSIOF_TSYNC \
tTDD tTDD
MSIOF_TXD \ >< ><
Figure38.31 MSIOF Transmission/Reception Timing (Master Mode 1)
IMSCVC

‘tMSWHL ‘IMSWLI‘

MSIOF_RSCK /T \ [_\—

tFSS tFSH

MSIOF_RSYNC

t tron

Y EED) EED) E) &

MSIOF_RXD

Figure38.32 © MSIOF Transmission/Reception Timing (Slave M ode)
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38.5.9 SCIF Module Signal Timing

Table 38.17 SCIF Module Signal Tim

ing (Asynchronous)

Item Symbol Min. Max. Unit Figure
SCK input clock cycle toeve 4 — toeve 38.33
SCK input clock high level width teown 0.4 — toeve

SCK input clock low level width toom 0.4 — teeve

SCK input clock rise time tecr — 15 toeve

SCK input clock fall time tocs — 15 .

TXD transfer data delay time tho — 3xte.+ NS 38.34
RXD input data setup time [ 2 X tooye — ns

RTS input data hold time tosn 2 Xt — ns

RTS delay time teren > 100 ns

CTS setup time terss 100 S ns

CTS hold time t 100 — ns

CTSH

Note: In SCIF module, t

7 “peyc

In SCIFA module, t

7 “peyc

is a cycle time of a peripheral clock (P¢).
is a cycle time of a bus clock (B¢).

tscwH tsckr tscks
SCIFn_SCK fsewe
tscyc
|
Figure38.33 SCIF Module Signal Timing
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Table 38.18 SCIF Module Signal Timing (Clocked Synchronous)

Item Symbol Min. Max. Unit Figure
SCK input/output clock cycle teeve 12 — tocve 38.33
SCK input/output clock high level width t_,,, 0.4 — teeve

SCK input/output clock low level width  t._,, 0.4 — toeve

SCK input/output rise time (clocked [ — 15 toeve
synchronous)

SCK input/output fall time (clocked Lsoxs — 15 toeve
synchronous)

TXD output data delay time (SCK tho — 3xt .+ ns 38.34
input)

TXD output data delay time (SCK — 50 ns

output)

RXD input data setup time (common to t, 4 — tocve

SCK input and output)

RXD input data hold time (common to  t_, 4 — toeve
SCK input and output)

Note: In SCIF module t_ stands for a cycle time of a peripheral clock (P¢).
In SCIFA module t . stands for a cycle time of a bus clock (B¢).

tscyc
SCIFn_SCK _/_\ Y/ \ / \
trxp
SC
(dalt';r:F;—nxs?nission) % X X ><
IRrxs [tRxH
SCIFn_RxD
(datarlgc;(ption) X X i ) X X
trTsD
SCIFn_RATS ;l( X X X
terss|tersH

sarors X XXX X

Figure38.34 SCIF Module Signal Timing
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38.5.10 I°C Module Signal Timing

Table 38.19 SDA and SCL Bus Line Characteristics for 1°C Bus Device

High-Speed

Normal Mode Mode
ltem Symbol Min. Max. Min. Max. Unit  Figure
SCL clock frequency fo 0 100 0 400 kHz 38.35
Hold time (after repeat START tosta 4.0 — 0.6 — s
condition, first clock pulse is
generated)
Low period in SCL clock tow 4.7 — 13 — ps
High period in SCL clock ton 4.0 — 0.6 —  ps
Setup time for repeat START tsusra 4.7 — 06 — us
condition
Data hold time: for I°C bus device tooar — 345 — 0.9 ps
Data setup time teuonr 250 — 100 — ns
SDA and SCL signal rise time t — 1000 — 300 ns
SDA and SCL signal fall time t, s 300 — 300 ns
Setup time for STOP condition tsusro 4.0 — 06 — us
Bus free time between STOP and tour 4.7 — 13 — us
START conditions
Noise margin at low level of each V. 01xV.Q— 01xV, Q — V
connected device (including
hysteresis)
Noise margin at high level of each V. 02xV, Q — 02xV, Q — V

connected device (including
hysteresis)

Notes: 1. All values are referenced at V. .Q x 0.3 and V. .Q x 0.7 levels.

2. To satisfy the I°C-bus specification, pull-up resistors (Rp) with the appropriate
resistance must be included depending on the total of bus capacitive load of each line.

3. Relationship between pull-up resistance and total capacitive load of the I°C bus.
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Pull-up resistance Rp (kQ)

*

50
45

40

35

Maximum value —

Minimum value |
of

30

25

20

15
10

S —

——

20 30 40 50 60 70 80 90 100
Total of bus capacitive load (pF)
(1) When SCL = 100 kHz

Pull-up resistance Rp (kQ)

14.0

r2 o ® 5 R
o o © o o

N
o

0.0

\ T 1
— Maximum value |
== mm Minimum value _J
of
A N
AY
N L Ny
M —
~ f—
~ T
N~

20 30 40 50 60 70 80 90 100

Total of bus capacitive load (pF)
(2) When SCL = 400 kHz

A hold time of at least 300 ns is internally assured for the SDA signal (relative to V, min
of the SCL signal). The state of the SDA signal is stabilized on falling edges of the SCL

signal.
fLow tHicH
Y
VeeX0.7 A
SCL
Vecx0.3( ( '
et oo g —H— ) ;
thp; s1A . f . thp; sTA SU; STO tur
t e thp;paT <->| | SL;( s tsp t,
) / M X » ) \
SDA t
(( (( VnL
I ) 2 N ¥
S Sr P S

Figure38.35 Device Timing Definition on 1°C Bus
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38,511 FLCTL Module Signal Timing

Table 38.20 NAND-Type Flash Memory Interface Timing

Item Symbol Min. Max. Unit Figure

Command output setup time tocos 2xt  —-10 — ns 38.36, 38.40

Command output hold time tcon 15xt -5 ns

Data output setup time tuoos 05xt,.-5 — ns 38.36, 38.37,

Data output hold time t oo 0.5xt, , —-10 — ns 38.39, 38.40

Command to address transition time 1 t,,,., 15xt, , -10 — ns 38.36, 38.37

Command to address transition time 2 t, ..., 2xt  —-10 — ns 38.37

FWE cycle time tuwe te.—5 — ns  38.37,38.39

FWE low pulse width towe 05xt, -5 — ns  38.36, 38.27,
38.39, 38.40

FWE high pulse width b 05xt, -5 — ns 38.37, 38.39

Address to ready/busy transition time  t, .. — 32xt, . ns 38.37, 38.38

Ready/busy to data read transition treome 15xt . — ns 38.38

time 1

Ready/busy to data read transition treors 32 %t — ns

time 2

FSC cycle time tsce tye=5 — ns

FSC low pulse width toee 05xt, -5 — ns 38.38, 38.40

FSC high pulse width tuspn 05xt,, -5 — ns 38.38

Read data setup time tros 24 — ns 38.38, 38.40

Read data hold time t o 5 — ns 38.38, 38.40

Data write setup time toows 32xt . — ns 38.39

Command to status read transition tcosr 4xt . — ns 38.40

time

Command output off to status read — t, .., 3.5 %t — ns

transition time

Status read setup time tusrs 25 %1, — ns

Note:

tfcyc

indicates the period of one cycle of the FLCTL clock.

t _indicates the period of one cycle of the peripheral clock (P¢).

pcye
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FCE (Low)
FCDE 7[ \
tNCDADl
FOE 7!
theps tawe theon
\ [

FWE g ;

(High)
FSC e

tNDOS l:NDOH

NAF7 to Command
NAFO N

(High)
FRB

FCE (Low)
FCDE \
tNWC
o L
tNcoap2 tawe ) twr | twe o | twp tyepaps
Y £ 1y J
FWE L T
(High)
FSC
tNDOS tNDOH | tNDOS tNDOH ItNDOS tNDOH
NAF7 to Address Address Address N
NAFO T T
t
(ngh) NADRB
FRB

Figure38.37 Addresslissue Timing of NAND-Type Flash Memory
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FCE (Low) « «
) ) )
FCDE (Low) (« («
) ) )
1
FOE § (§ (
) 1) )
. tNSCC
(High) « «
___ ) ) )
FWE o
tNRBDRZ tNSF’ tNSF’H tNSPF() |NSP
FsC 3[ T Y7 /
tNRDS tNRDH tNRDSA .tNRDS tNRDH
NAF7 to ) Data Data
NAFO N I | ¢
tNADRB tNRBDRl |
«
FRB — §

FCE (Low) «
)
FCDE (Low) «
" )
NwWC
N
FOE [((
)
tNDWS tNWE tNWH tNW tNWP
4—&
FWE )_ | A lJ)()_N /
(High) («
FSC )
tNDOS tNDOHAtNDOS (( tNDOS tNDOH
)
NAF7 to Data Data
NAFO : | § |
(High) d
1)

FRB

Figure38.39 Data Write Timing of NAND-Type Flash Memory
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FCE (
)]
\
FCDE N
)
FOE (
)j
tNCDS tNWP tNCDH tNSTS
— (
\ f )
FWE u tNCDSR tNSP
d
) 3_ /
FsC tNCDFSF\’ _7
tNDOS tNDOH tNRDS tNRDH
NAF7 to Command ()() Status )
NAFO —
(High) «
)
FRB
Figure38.40 StatusRead Timing of NAND-Type Flash Memory
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38.5.12 VIO Module Signal Timing

Table 38.21 VIO Module Signal Timing

Iltem Symbol Min. Max. Unit Figure
Vertical sync (VIO_VD) setup time tos 10 — ns 38.41
Vertical sync (VIO_VD) hold time ton 10 — ns

Horizontal sync (VIO_HD) setup time tos 10 — ns

Horizontal sync (VIO_HD) hold time o 10 — ns

Capture image data (VIO_D) setup time tors 10 — ns

Capture image data (VIO_D) hold time tomm 10 — ns

Camera clock cycle teve [ — ns

Camera clock high width [ 0.4 xt,, — ns

Camera clock low width tw 04xt, — ns

Field identification signal (VIO_FLD) setup time t 10 -— ns

Field identification signal (VIO_FLD) hold time  t ., 10 — ns

Note: * t__is acycle time of an internal bus clock (Bd).

beyc
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B tyeve _
) tyw J _ fw _
VIO_CLK | /
_ ~ Yhps
—_— _ yppH >
VIO_HD
_ tVVDS
_V tVVDH
VIO_VD D g
tVDTS
> i tVDTH -
VIO_D15 to _<’ A
— Data >—
VIO_DO \ /
_ ‘ t\/FDS
I Yron S
VIO_FLD n 9

Figure38.41 VIO Module Signal Timing
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38.5.13 LCDC Module Signal Timing

Table 38.22 LCDC Module Signal Timing

Iltem Symbol  Min. Max. Unit Figure
Clock (LCDDCK) cycle time tee 30 — ns  38.42
Clock (LCDDCK) high pulse time tcnw 9 — ns

Clock (LCDDCK) low pulse time tew 9 — ns

Data (LCDD) delay time too -12 12 ns

Display enable (LCDDISP) delay time b -12 12 ns
Horizontal sync signal (LCDHSYN) delay time to -12 12 ns

Vertical sync signal (LCDVSYN) delay time tuo -12 12 ns

Chip select signal (LCDCS) SYS interface t ovecso — 22 ns 38.43
command delay time

Write strobe signal (LCDDCK) SYS interface t vswro — 22 ns
command delay time

Register select signal (LCDDISP) SYS interface 1t e . 22 ns
command delay time

Data (LCDD) SYS interface command write data  t . ., — 22 ns

delay time

Read strobe signal (LCDRD) SYS interface t veron — 22 ns 38.44
command delay time

Data (LCDD) SYS interface read data setup time - t ¢ oo 10 — ns

Data (LCDD) SYS interface read data hold time — t g ..., 5 — ns

Read write signal (LCDVCPWC) SYS interface toverowro  —12 12 ns
command delay time

Write strobe signal (LCDWR) SYS interface data  tquee 30 — ns 38.45
cycle time

Write strobe signal (LCDWR) SYS interface data  t o, coumw 9 — ns

high pulse time
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Item Symbol  Min. Max. Unit Figure
Write strobe signal (LCDWR) SYS interface t g coumw 9 — ns 38.45
data low pulse time

Write strobe signal (LCDWR) SYS interface t qpns t evspwre t evspwre ns

data address setup time -12 +12

Write strobe signal (LCDWR) SYS interface t q,pn, t svsowrrw 1, ovsowrrw ns

data address hold time* -12 +12

Data (LCDD) SYS interface data delay time t .., -12 12 ns

Input vertical sync signal (LCDVSYN) setup t, 10 — ns 38.46
time

Input vertical sync signal (LCDVSYN) hold t,,, 5 — ns

time

Note: * The minimum value of t o, IS one unit of t . .- Levsowry AN b€ arbitrarily set by

LCDDCKPATXR (x = 1 to 4).

Lenw felw tice
0.8Vce

LCDDCK ]wc_\_] \

tiop
LCDD17 to ) ><
LCDDO

tL|D
LCDDISP X X

tiroD
LCDRD X X

tLHD
LCDHSYN X§ x

tLVD

LCDVSYN Xi x

Figure38.42 LCDC AC Characteristics
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S SN AN AN SR
tLsyscsb tLsyscsp
> |——
LCDHSYN JR ﬂt
tLSYSwRrD tLsYsSwrD
-
LCDDCK
tLSYSRSD tLSYSRSD
- |
LCDDISP
tLsysop tLsysopp
- ——>|
LCDD17 to
LCDDO
VCPWC (Low)

Figure38.43 LCDC AC Characteristics SY SInterface, Command Write Bus Cycle
(MLDMT2R.WCEC =4, MLDMT2R.WCLW =3, SLDMT2R.WCEC =4, SLDMT2R.WCLW = 3)
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wo NS\ S S SN

tisvyscsp t svscsp

- | ——
LCDHSYN L J
tLsysroD t sysrop
B

LCDRD *

tisysrsp t ool

e [——>]
LCDDISP * *

tLSYSRDS tLSYSRDH

LCDD17 to k *
LCDDO

tLSYSRDWF\’D tLSVSRDWRD

R >
VCPWC } JN

Figure38.44 LCDC AC Characteristics SYS|nterface, Command Read Bus Cycle
(MLDMT3R.RDLC =4, MLDMT3R.RCEC =4, MLDMT3R.RCLW =3,
SLDMT3R.RDLC =4, SLDMT3R.RDLC =4, SLDMT3R.RCEC =4, SLDMT3R.RCLW = 3)

LCDCS

Uisyspas _ tisvspwre tsyspwrrw syspwriw tLsyspan
LCDWR
LCDRS (Low or High)

—
tLsysppp

LCDD17 to X X X X X
LCDDO
LCDVCPWC (Low)

Figure38.45 LCDC AC Characteristics (SYS Interface, Data Write Bus Cycle)
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CKO / \ 7[_\_/
LCDVSYN
(Input)

Figure38.46 LCDC AC Characteristics (VSYNC Input Mode)
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38.5.14 VOU Module Signal Timing

Table 38.23 VOU Module Signal Timing

Item Symbol Min. Typ. Max. Unit Figure
Output clock frequency fa 135 — 27 MHz 38.47
Output clock cycle b e 37 — 74.1 ns

Output clock high width [ 14 — — ns

Output clock low width o 14 — — ns

Output data delay time to -4 — 4 ns

Output clock frequency 2 fe 135 — 27 MHz 38.48
Output clock cycle 2 b eye 37 — 74.1 ns

Output clock high width 2 t iz 14 — — ns

Output clock low width 2 t oz 14 — — ns

Output data delay time 2 t o -4 — 4 ns

tp><cycl

tpwa 1 tpxle

DV_CLK /_L/M

tp><d1

DV_HSYNC
DV_VSYNC X ) X
DV D15 to

DV_DO

Figure38.47 VOU AC Characteristics (VOUCR.CKPL = 0)

tp><<:y<:2

tpwa > tp><wL2

DV_CLK j_//_\

DV_HSYNC

DV_VSYNC X >‘ X
DV_D15 to

DV_DO

tpxdz

Figure38.48 VOU AC Characteristics (VOUCR.CKPL =1)
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38.5.15 TSIF Module Signal Timing

Table 38.24 TSIF Module Signal Timing

Item Symbol Min. Max.  Unit Figure
TSIF input clock cycle Bo6>40MHz t .. 25 — ns 38.49
B¢ <40 MHz t_.. [ — ns
TSIF input clock high width Conw 0.4 xt .. ns
TSIF input clock low width tow 0.4 xt .. ns
TSIF input data setup time teors 5 — ns
TSIF input data hold time tom 5 — ns
TSIF input data enable signal setup time t. . 5 — ns
TSIF input data enable signal hold time  t ., 5 — ns
TSIF input data sync signal setup time  t ¢ 5 — ns
TSIF input data sync signal hold time treom 5 = ns
Note: * 't isacycle time of an internal bus clock (B¢).
tTSCYC

TS_SCK 4/_\\__/—\_&

trspTs trspTH
U il

trshw | brsiw
- > >

TS_SDAT

t

TSDES
o
TS_SDEN L

t

trssvs TSSYH
TS_SPSYNC F q

( (

))

Figure38.49 TSIF Module Signal Timing
(TSCTLR.TSDATP =0, TSCTLR.TSCLKP =1,
TSCTLR.TSVLDP =0, TSCTLR.PSYCP =0)
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38.5.16 SIU Module Signal Timing

Table 38.25 SIU Module Signal Timing

Item Symbol Min. Max. Unit Figure
SIUMCK clock input cycle time teumeve 40 — ns 38.51
SIUMCK input high width te 0.4 Xt e — ns
SIUMCK input low width te ot 0.4 Xt e — ns
SIU_BT clock cycle time tousicve 300 — ns 38.50
SIU_BT output high width teuswno 04 Xty cee — ns
SIU_BT output low width teuswio 0.4 Xt cee — ns
SIU_LR output delay time teueso — 20 ns
SIU_BT input high width teuswm 0.4 Xt cie — ns
SIU_BT input low width teusw 0.4 X tycee — ns
SIU_SLD output delay time teusron — 20 ns
SIU_SLD input setup time teusros 20 — ns
SIU_SLD input hold time teusron 20 — ns
lswsicve

uswui Lsiuswri
IUSWLO LSIUSWHO
-~ -

srA T A

‘
l %)
Il

\

SIUAOBT ¢
SIUAIBT A \ y
SIUBOBT \ 7
SIUBIBT t t
SIUFSD SIUFSD
] >
SIUAOLR ((
SIVAILR Y \
SIUBOLR
SIUBILR T t t t t
SIUSTDD SIUSTDD SIUSTDD SIUSTDD
|- o ] o
(C
SIUAOSLD 7
SIUBOSLD ((

tS\USRDf ‘tSIUSRlaH

A XX JX<Q>X< 2 XS

Figure38.50 SIU Transmission Timing
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tSIUMCYC

SIUMCKA, SIUMCKB

[SIUMWL

tSIUMWH

Figure38.51 SIUMCK Input Timing

38.5.17 KEYSC Module Signal Timing

Table 38.26 KEY SC Module Signal Timing

Item Symbol Min. Max. Unit  Figure
KEYIN input setup time teevins 15 — ns 38.52
KEYIN input hold time by 15 — ns
KEYOUT delay time tevoun  — 15 ns 38.53
RCLK /—\— \ /
tkevins tkeviNg

KEYING to KEYINO

Note: KEYIN is an asynchronous signal.
When the setup time in this figure is satisfied, a change is detected at the rising edge of the clock.
When the setup time is not satisfied, a change may not be detected until the next rising edge of the clock.

Figure38.52 KEYIN Input Timing

RCLK

tKEYOUTD

KEYOUTS to
KEYOUTO

Figure 3853 KEYOUT Output Timing
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38.5.18 ATAPI Interface Module Signal Timing

Table 38.27 Symbolsof PIO Transfer Timing of ATAPI Interface

Symbol Item

t0 Cycle time

t1 Address setup time

t2 IDEIORD/IDEIOWR pulse width 8 bits
t2i IDEIORD/IDEIOWR recovery time

t3 IDEIOWR data setup time

t4 IDEIOWR data hold time

t5 IDEIORD data setup time

t6 IDEIORD data hold time

t6z IDEIORDS state delay time

t9 Address hold time

tRD IDEIORDY read data valid time

tA IDEIORDY setup time

tB IDEIORDY pulse time

tC Time from IDEIORDY negation to high impedance
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Table 38.28 Register Access Timing using PIO Transfer of ATAPI Interface

Mode 0 Mode 1 Mode 2 Mode 3 Mode 4

Symbol Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit Figure
t0 600 — 383 — 330 — 180 — 120 — ns  38.54
t1 70 — 50 — 30 — 30 — 25 — ns

t2 290 — 290 — 290 — 80 — 70 — ns

t2i — — — — — — 70 — 25 — ns

t3 60 — 45 — 30 — 30 — 20 — ns

t4 30 — 20 — 15 — 10 — 10 — ns

t5 50 — 35 — 20 — 20 — 20 — ns

t6 5 — 5 — 5 — 5 — 5 — ns

t6z — 30 — 30 — 30 — 30 — 30 ns

t9 20 — 15 — 10 — 10 — 10 — ns

tRD 0 — 0 — 0 — 0 — 0 — ns

tA 35 — 35 — 35 — 35 — 35 — ns

tB — 1250 — 1250 — 1250 — 1250 — 1250 ns

tC 5 — 5 — 5 — 5 — 5 — ns
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Table 38.29 Data Transfer Timing using PIO Transfer of ATAPI Interface

Mode 0 Mode 1 Mode 2 Mode 3 Mode 4

Symbol Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit Figure
t0 600 — 383 — 240 — 180 — 120 — ns  38.54
t1 70 — 50 — 30 — 30 — 25 — ns

t2 290 — 290 — 290 — 80 — 70 — ns

t2i — — — — — — 70 — 25 — ns

t3 60 — 45 — 30 — 30 — 20 — ns

t4 30 — 20 — 15 — 10 — 10 — ns

t5 50 — 35 — 20 — 20 — 20 — ns

t6 5 — 5 — 5 — 5 — 5 — ns

t6z — 30 — 30 — 30 — 30 — 30 ns

t9 20 — 15 — 10 — 10 — 10 — ns

tRD 0 — 0 — 0 — 0 — 0 — ns

tA 35 — 35 — 35 — 35 — 35 — ns

tB — 1250 — 1250 — 1250 — 1250 — 1250 ns

tC 5 — 5 — 5 — 5 — 5 — ns

Rev. 1.00 Oct. 23, 2008 Page 275 of 340
RENESAS REJ03B0273-0100



Section 38 Electrical Characteristics

A
3
Y

DECSI[1:0]
IDEA[2:0]

t9 —>|
22—

<« tl —pl——12

IDEIOWR
IDEIORD
Write /
IDED[15:0] \
Read
IDED[15:0]

|€«— t5 > t6 |<——

Y
A

) <«—t62—>
No wait
IDEIORDY
<«— tA —>
No wait NAAAAARAN AN AN High impedance
IDEIORDY AANAAAAAAAAAANS

—>»| tRD |<€—

With wait B “,"‘,"‘,"‘,"‘,"‘,"‘,"‘,"‘,"‘,"‘,"3\‘\)\,\\ High impedance
e

IDEIORDY VYV YV YV

QVIVIVIVIVIVIVIVAVAVIVIVIY)

« B > C |«

Figure38.54 ~ PIO Data Transfer and Register Transfer between Devices

Rev. 1.00 Oct. 23, 2008 Page 276 of 340
REJ03B0273-0100 RENESAS




Section 38 Electrical Characteristics

Table 38.30 Symbols of Multiword Transfer Timing of ATAPI Interface

Symbol Item

t0 Cycle time

tD IDEIORD/IDEIOWR pulse width
tE IDEIORD data access time

tF IDEIORD data hold time

tG IDEIORD/IDEIOWR data setup time
tH IDEIOWR data hold time

tl IODACK setup time

tJ 10DACK hold time

tKR IDEIORD negate pulse width
tKW IDEIOWR negate pulse width
tLR IDEIORD - IODREQ delay time
tLW IDEIOWR - IODREQ delay time
tM IDECS[1:0] setup time

tN IDECS[1:0] hold time

tz IODACKS state delay time
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Table 38.31 Multiword Transfer Timing of ATAPI Interface

Mode 0 Mode 1 Mode 2
Symbol Min. Max. Min. Max. Min. Max. Unit Figure
t0 480 — 150 — 120 — ns 38.56 to 38.58
tD 215 — 80 — 70 — ns 38.55t0 38.58
tE — 150 — 60 — 50 ns
tF 5 — 5 — 5 — ns
tG 100 — 30 — 20 — ns
tH 20 — 15 — 10 — ns
tl 0 — 0 — 0 — ns 38.55
tJ 20 — 5 — 5 — ns 38.55, 38.58
tKR 50 — 50 — 25 — ns 38.56 to 38.58
tKW 215 — 50 — 25 — ns
tLR — 120 — 40 — 35 ns 38.57
tLwW — 40 — 40 — 35 ns
tM 50 — 30 — 25 — ns
tN 15 — 10 — 10 — ns 38.57, 38.58
tz — 20 — 25 — 25 ns
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Table 38.32 Symbolsof Ultra DMA Transfer Timing of ATAPI Interface

Symbol Item

t2CYCTYP Average cycle time (two cycles)

tCYC Cycle time

t2CYC Minimum cycle time (two cycles)

tDS Data setup time (receiver side)

tDH Data hold time (receiver side)

tDVS Data setup time (transmitter side)

tDVH Data hold time (transmitter side)

tCS CRC data setup time (receiver side)

tCH CRC data hold time (receiver side)

tCVSs CRC data setup time (transmitter side)

tCVH CRC data hold time (transmitter side)

tZFS Setup time from drive of strobe to first STROBE (transmitter side)
tDZFS Setup time from drive of data to first STROBE (transmitter side)
tFS First STROBE time

tLl Limited interlock time

tMLI Minimum interlock time

tul Unlimited interlock time

tAZ Output release time

tZAH Output delay time

tZAD Output determination time (from release)

tENV Envelope time

tRFS Last STROBE time

tRP Time until STOP is asserted or DMARQ is negated
tIORDYZ Time until IORDY is released

tZIORDY Time until STROBE is driven

tACK DMACK setup/hold time

tSS Strobe stop time
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Table 38.33 UltraDMA Transfer Timing of ATAPI Interface

Mode O Mode 1 Mode 2 Mode 3 Mode 4

Symbol Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit Figure

t2CYCTYP 240 — 160 — 120 — 90 — 60 — ns 38.60

tCYC 112 — 73 — 54 — 39 — 25 — ns 38.60,
38.65

t2CYC 230 — 153 — 115 — 86 — 57 — ns

tDS 15 — 10 — 7 — — —= ns

tDH 5 — 5 — 5 — — — ns

tDVS 70 — 48 — 31 — 20 — 6.7 A ns 38.59,
38.60,
38.64,
38.65

tDVH 6.2 — 6.2 — 6.2 — 6.2 — 6.2 — ns

tCS 15 — 10 — — — — ns

tCH 5 — 5 — — — — ns

tCVS 70 — 48 — 31 — 20 — 6.7 — ns 38.62,
38.63,
38.67,
38.68

tCVH 6.2 — 6.2 — 6.2 — 6.2 — 6.2 — ns

tZFS 0 — 0 — 0 — 0 — 0 — ns 38.59

tDZFS 70 — 48 — 31 — 20 — 6.7 — ns 38.59,
38.64

tFS — 230 — 200 — 170 — 130 — 120 ns 38.59

tLI 0 150 0 150 O 150 O 100 O 100 ns 38.62
to
38.64,
38.67,
38.68

tMLI 20 — 20 — 20 — 20 — 20 — ns 38.62,
38.63,
38.67,
38.68

tul 0 — 0 — 0 — 0 — 0 — ns 38.59,
38.64
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Mode 0 Mode 1 Mode 2 Mode 3 Mode 4
Symbol Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit Figure

tAZ — 10 — 10 — 10 — 10 — 10 ns 38.59,
38.62,
38.63

tZAH 20 — 20 — 20 — 20 — 20 — ns 38.62,
38.63

tZAD 0 — 0 — 0 o 0 o 0 = ns 38.59

tENV 20 70 20 70 20 70 20 55 20 55 ns 38.59,
38.64

tRFS — 7% — 70 — 60 — 60 = 60 ns 38.61,
38.63,
38.66,
38.68

tRP 160 — 125 — 100 — 100 — 100 — ns

tIORDYZ — 20 — 20 — 20 — 20 — 20 ns 38.62,
38.63,
38.66,
38.68

tZIORDY O — 0 — 0 L — 0 o 0 — ns 38.59,
38.64

tACK 20 — 20 — 20 — 20 — 20 — ns 38.59,
38.62
to
38.64,
38.67,
38.68

tSS 50 — 50 — 50 — 50 — 50 — ns 38.62,
38.67
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Table 38.34 Symbolsof DIRECTION Timing of ATAPI Interface

Symbol

Item

tDIRECTION_WF

DIRECTION fall delay time on PIO writing

tDIRECTION_WR

DIRECTION rise delay time on PIO writing

tMDIRECTION_F

Multiword DMA data out DIRECTION fall delay time

tMDIRECTION_R

Multiword DMA data out DIRECTION rise delay time

tUDIRECTION_F(CRC)

DIRECTION fall delay time on ultra DMA data in CRC transmission

tUDIRECTION_R(CRC)

DIRECTION rise delay time on ultra DMA data in CRC transmission

tUDIRECTION_F

DIRECTION fall delay time on ultra DMA data out

tUDIRECTION_R

DIRECTION rise delay time on ultra DMA data out

tDON

Time from fall of DIRECTION to turning on IDED data bus

tDOFF

Time from turning off IDED data bus to rise of DIRECTION
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Table 38.35 DIRECTION Timing of ATAPI Interface

ltem and Mode 0 Mode 1 Mode 2 Mode 3 Mode 4
Symbol Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit Figure
tDIRECTION_ 79 87 56 65 34 42 34 42 34 42 ns 38.69
WF
tDIRECTION_ 63 71 63 71 33 41 33 41 33 41 ns
WR
tMDIRECTION -19 -11 -19 -11 -19 -11 — — — — ns 38.71
_F
tMDIRECTION 3 12 3 12 3 12 — — — — ns
_R
tUDIRECTION 138 147 101 109 86 94 71 79 56 64 ns 38.73,
_F(CRC) 38.74
tUDIRECTION 26 34 26 34 26 34 26 34 26 34 ns
_R(CRC)
tUDIRECTION 48 57 48 57 48 57 48 57 48 57 ns 38.75
_F
tUDIRECTION 56 64 56 64 56 @ 64 56 64 56 64 ns 38.76,
_R 38.77
tDON 9 15 9 15 9 15 9 15 18 22 ns 38.69,
38.71,
38.73
to
38.75
tDOFF 6 14 6 14 6 14 6 14 6 14 ns 38.69,
38.71,
38.73,
38.74,
38.76,
38.77
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IDEIORDY

DIRECTION
(Out)

ocons (CC22020)
e X

Figure38.72 Start of Ultra DMA Transfer Data In Burst (DIRECTION)
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IODREQ

(STOP)
TDETOWR

(HDMARDY)
DEIORD

(DSTROBE)
IDEIORDY

DIRECTION

IODACK

/

tUDIRECTION_F (CRC) _|

_ tUDIRECTION_R (CRC)

(Out)

IDED[15:0]

TDECS[1:0]
IDEA[2:0]

tDON
»

A

Y

RECeeed

A

Data output

tDOFF
<
<

Figure 38.73

JOKXKXRNNK

End of UltraDMA Transfer Data In Burst from Device (DIRECTION)
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IODREQ

IODACK

(STOP)
TDETOWR

(HDMARDY)
DEIORD

(DSTROBE)
IDEIORDY

DIRECTION
(Out)

IDED[15:0]

DECS[1:0]
IDEA[2:0]

tUDIRECTION_F (CRC)

__ tUDIRECTION_R (CRC)

tDON

A

Data output

Y

tDOFF
<
<

JOKXKXNNK

Figure 38.74

End of UltraDMA Transfer Data In Burst from Host (DIRECTION)
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IODREQ

IODACK

(STOP)
DEIOWR

(DDMARDY)
IDEIORDY

(HSTROBE)
DEIORD

DIRECTION

IDED[15:0]

DECS[1:0]
IDEA[2:0]

T T

tUDIRECTION_F

o

)007))

Figure38.75 Start of Ultra DMA Transfer Data Out Burst (DIRECTION)
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IODREQ

IODACK

(STOP)
IDEIOWR

(DDMARDY)
IDEIORDY

(HSTROBE)
IDEIORD

5

DIRECTION

Y

<« [UDIRECTION_R

tDOFF

IDED[15:0]

CECEEEEEEteeEeeetc(s

A

DECS[1:0]
IDEA[2:0]

JOKXKXRNNK

Figure38.76 End of Ultra DMA Transfer Data Out Burst from Host (DIRECTION)
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IODREQ

IODACK

(STOP)
TDETOWR

(DDMARDY)
IDEIORDY

(HSTROBE)
IDEIORD

DIRECTION

IDED[15:0]

TDECS[1:0]
IDEA[2:0]

Y

__ tUDIRECTION_R
<

tDOFF

A

L EEEEEEEeds

JOKXKXRNNK

Figure38.77 End of UltraDMA Transfer Data Out Burst from Device (DIRECTION)
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38.5.19 SDHI Module Signal Timin

g

Table 38.36 SDHI Module Signal Timing

Item Symbol Min. Max. Unit Figure
SDCLK clock cycle teooe 20 — ns 38.78
SDCLK clock high level width town 04 xt .. — ns
SDCLK clock low level width teom 04 xt .. — ns
SDCMD, SDDAT3 to SDDATO output t, ., — 5 ns
data delay (data transfer mode)
SDCMD, SDDAT3 to SDDATO input  t. 5 — ns
data setup
SDCMD, SDDAT3 to SDDATO input  t_,, 2 — ns
data hold
- fsoee >
4 tSDWL - tSDWH
SDHIOCLK / \ / \L

SDHIOCMD,
SDHIOD3 to SDHIODO input

SDHIOCMD,
SDHIOD3 to SDHIODO output

X

>

<

{spopry(Max.)

t

>

spopry(Min.)

Figure 38.78

SDHI Module Signal Timing
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38.6

USB Electrical Characteristics

Table 38.37 USB Electrical Characteristics

Item Symbol  Min. Typ. Max. Unit  Test Conditions
Common VBUS connection detecting Vs 4.35 5.0 5.25 \
voltage
External reference resistance R_.. 5.544 5.6 5.656 kQ +1%
Driver output Hi-Z R, 40.5 45 49.5
DP Pull-up resistance - 900 — 1575 Be in the idle state
(Function mode)

1425 — 3090 Q Be in the
transmission and
reception state

DP, DM pull-down resistance R, 14250 — 24800 Q
EXTAL_USB input clock cxraLuss 47.9952 48 48.0048 MHz +100ppm
frequency
Oscillation settling time toosc 10 — — ms
USB PLL settling time te 120 — — us

FS/ILS Input high level voltage v, 2.0 — DV33+0.3 V

in

put Input low level voltage vV, -0.3 — 0.8 \

Differential input sensitivity Ve, 0.2 — — \% | (DP) — (DM) \
Common mode voltage range V,, 0.8 — 25 \
Single ended receiver Ve 0.8 — 2.0 \
threshold voltage

FS/ILS Output high level voltage - 2.8 — — \Y

output Output low level voltage o — — 0.3 \

HS input  Squelch detection threshold V., 100 — 150 mv
voltage (differential)
Differential input sensitivity Vieor 150 — — mvV | (OP) - (DM) |
Common mode voltage range V., -50 — 500 mv
Chirp input voltage Veume ey 700 — 1100 mv
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Item Symbol Min. Typ. Max. Unit Test Conditions

HS output Idle state Vol -10 — 10 mv
Output high level voltage A 360 — 440 mV
Output low level voltage Visor -10 — 10 mv
Chirp output voltage (DP pin) V0 o 700 — 1100 mvV
Chirp output voltage (DM pin) V0o, —900 — -500 mv

FS Rising time (DP, DM) teon 4 — 20 ns
Falling time (DP, DM) tFDF 4 — 20 ns
Rising / Rising time ratio teorlteor 90 — 1111 %
Output signal crossover Vs 13 — 2.0 \
voltage (DP, DM)

LS Output rising time (DP, DM) ton 75 — 300 ns
Output falling time (DP, DM)  t . 75 — 300 ns
Output rising / rising time ratio  t ./t . 80 — 125 %
Output signal crossover Vicrs 13 S 2.0 \
voltage (DP, DM)

HS DISCONNECT detection Voscomeer 525 — 625 mv
voltage
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Electrical Characteristics

38.7 A/D Converter Characteristics

Table 38.36 A/D Converter Characteristics

Item Min. Typ. Max. Unit
Resolution 10 10 10 bits
Conversion time 15 — — us
Analog input capacitance — — 20 pF
Permissible signal source (single — — 5 kQ
source) impedance

Nonlinearity error — — +3.0 LSB
Offset error — — +2.0 LSB
Full scale error — — +2.0 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — +4.0 LSB
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38.8 AC Characteristic Test Conditions

e |/O signal referencelevel: V..Q DDR x 0.5 (DDR_SDRAM interface output)
Dvref (DDR_SDRAM interface input)
VcQ x 0.5 (other than DDR_SDRAM interface)

e Input pulse level: VsstoV..Q DDR (DDR_SDRAM interface)
Vssto V.Q (other than DDR_SDRAM interface)

e [nput rise and fall times: 1 ns

Reference voltage

LSI output pin of output load switch

VRer

lon

Notes: 1. C, is the total value that includes the capacitance of measurement instruments,
and is set as follows for each pin:
30 pF: CKO, CS0, CS2 to CS6B
50 pF: All other pins

" oL =0.2mA, Igy, = -0.2 mA

Figure38.79 Output Load Circuit (other than DDR-SDRAM | nterface)
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1/2 x V¢cQ_DDR

!

75Q

Output
Test point

T

Figure38.80 Output Load Circuit (DDR-SDRAM Interface)
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A. Pin States at Reset and in Power-Down Modes

During After Software
Module  Pin Name Reset** Reset*? Sleep Standby U-Standby
Clock EXTAL [ | | [ [
XTAL o*? o** o** o** o**
RCLK [ [ [ [ [
Operating MDO to MD3 | I I | |
mode  “yips | | | | |
MDS8 [ | | [ [
TSTMD I | | I I
System  BOOT | I I | |
control - "RESETA | | | | |
RESETP I | | I I
RESETOUT L H ¢} 0 0
TST I | | [ [
STATUSO L o} L H H
PDSTATUS L 0 L L H
Interrupt  NMI | | I | |
IRQOto IRQ7 — — | [ [
BSC AO to A25 L 0 o) o/z** o/z**
BS A — o Hiz** H/Z*"
CKO o o) o} o/z** o/z**
CSo H o] o] Hiz** Hiz**
CS4 H o} o} H/zZ** Hiz**
CS5B/CETA H o} o Hiz** H/Z*"
CS5A/CE2A  H o} o Hiz** H/zZ*"
CS6A/CE2B  H o} o} Hiz** H/z**
CS6B/CE1B H o} o Hiz** H/Z*"
DO to D31 z z zZN/o z z
10IS16 Z | | z z
RDWR H o) o} H/Z** HIZ**
RD H o] Hiz** Hiz**
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During After Software
Module  Pin Name Reset** Reset*? Sleep Standby U-Standby
BSC WAIT v [V] 1V] v v
WEO, WET H o} o} H/z** H/z**
WE2/CIORD H o] o] Hiz** H/z**
WEB/ICIOWR H o} o} Hiz** Hiz**
SBSC HPAO to HPA15 L o} 0 o} 0
HPDO to z z zZN/o Z z
HPD31
HPDQMO to H o} o} H H
HPDQM3
HPDQSO to H o} o} 0 0
HPDQS3
HPCLK o] o] o] 0 0
HPCLK o} 0 0 0 0
HPRDWR H o) (¢} o} o}
HPCS H o} o 0 0
HPCAS H o} o} 0 0
HPRAS H 0 0 0 0
HPCKE o} (¢} 0 o} o
DMAC  DACKO, S — o} 0 0
DACK1
DREQO, — b z z
DREQ1
SCIF SCIFO_TXD ~ — — o/z** z z
SCIF1_TXD
SCIF2_TXD
SCIFO_RXD — — — 1/Z** z Z
SCIF1_RXD
SCIF2_RXD
SCIFO_SCK ~ — — 1/01z** Z/0*® Z/0*®
SCIF1_SCK
SCIF2_SCK

RENESAS
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During After Software
Module  Pin Name Reset** Reset*? Sleep Standby U-Standby
SCIFA SCIF3_SCK — — l/o/z*® Z/O*® Z/O*®
SCIF4_SCK
SCIF5_SCK
SCIF3_RXD — — [/Z*° Z Z
SCIF4_RXD
SCIF5_RXD
SCIF3_TXD — — O/z*® z z
SCIF4_TXD
SCIF5_TXD
SCIF3_RTS  — — 0/z*° z
SCIF3_CTS  — — 1/Z*° Z Z
MSIOF0/ MSIOFO_RXD — — | A
MSIOF1
MSIOF1_RXD
MSIOFO_ — — (0] O/I*® OofI*®
TSYNC
MSIOF1_
TSYNC
MSIOFO_TSCK — — O/1*® OfI*® OofI*®
MSIOF1_TSCK
MSIOF0_SS1  — — o} 0 0
MSIOF1_SS1
MSIOF0_SS2 — — ¢} o} ¢}
MSIOF1_SS2
MSIOFQ0_RSCK — — o/1*® OfI*® OfI*®
MSIOF1 _RSCK
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During After Software
Module  Pin Name Reset** Reset*? Sleep Standby U-Standby
MSIOF0/ MSIOFO_ — — O/1*® o/I*° O/I*°
MSIOF1 RSYNC
MSIOF1_
RSYNC
TPU TPUTOO to — — (6] O (@)
TPUTO3
IrDA IRDA_OUT — — (@] (@] (@]
TRDA_IN — — I z z
IHc SCL Z Z 110 A YA
SDA Z Z 110 Z Z
FLCTL FCDE — — (6] O O
FSC — — (@] O (@]
FWE — — (0] (6] O
FOE — — (@] (@] (@]
FRB — — | Z Z
FCE — — o} o} ¢}
NAFO to NAF7 — — Z/N/O A A
VIO VIO_DO to — — | Z Z
VIO_D15
VIO_FLD — — | A A
VIO_CKO — A o o o
VIO_VD1 — — | A A
VIO_VD2 — — | Z Z
VIO_CLK1 — — | A A
VIO_CLK2 — — | A A
VIO_HD1 — — | z z
VIO_HD2 — — | A A
LCDC LCDDO to — — ol O/z O/z
LCDD23
LCDVCPWC — — (@] (@] (@]
LCDRD — — ¢} o} o}
LCDVSYN — — o/I*® 0/z*® 0/z*®
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Module

Pin Name

During
Reset**

After

Reset*? Sleep

Software
Standby

U-Standby

LCDC

LCDDISP

o

LCDHSYN

LCDDON

LCDDCK

LCDVEPWC

LCDRS

LCDCS

LCDWR

|
o|o|o|o|o|o|o]o

LCDLCLK

VOuU

DV_DO to
DV_D15

|
o

O|N|O|O|O|O|0O|0O]|O

O|N|O|O|O|O|O|O|O|O

DV_HSYNC

DV_VSYNC

DV_CLKI

DV_CLK

TSIF

TSO_SDAT

TS0O_SCK

TSO_SDEN

TSO_SPSYNC

USB

DM

DP

NIN|NIN[N|NIO|N|O|O

NIN|{NIN[N|NIO|N|O|O

VBUS

REFRIN

EXTALUSB

XTALUSB

SIUA/
SIUB

SIUAFCK

SIUBFCK

SIVAILR

— 1/O*®

Z/0*®

Z/0*®

SIUBILR

— l/o*®

Z/0*®

Z/I0*®

SIUAIBT

— 1/O*®

Z/0*®

Z/0*®

SIUBIBT

— l/O*®

Z/0*®

Z/I0*®
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During After Software
Module  Pin Name Reset** Reset*? Sleep Standby U-Standby
SIUA/ SIUAISLD — — | z z
SIUB  “giuBisLp _ — | z z
SIUAOLR — — 1/O*® Z/0*® Z/0*®
SIUBOLR — — 110 Z/0*® Z/0*®
SIUAOBT — — 1/O*® Z/0*® Z/0*®
SIUBOBT — — 110 Z/0*® Z/0*®
SIUAOSLD — — o} 0 (o]
SIUBOSLD — — o}
SIUAISPD — — | z z
SIUAOSPD — — o} 0 0
SIUAMCK — — | z z
SIUBMCK
ATAPI DIRECTION  — — o} H H
EXBUF_ENB — — 0 H H
IDERST — — O/z*® 0/z*° o/z**
IODACK — — 0/z*® 0/z7*° 0/zZ*°
IODREQ — - | z z
IDEIORDY —4 — | z z
IDEDO to - — ZNO z z
IDED15
IDEINT — 4 | z z
IDEIOWR — — 0/z*® 0/z7*° 0/z7*°
IDEIORD — — O/z*® 0/z*° o/z**
IDECSO — — 0/z*® 0/zZ*° 0/zZ*°
IDECST1 — — O/z*® 0/z*° o/z**
IDEAO to IDEA2 — — 0/z*® 0/zZ*° 0/zZ*°
KEYSC KEYOUTOto — — 0/z** 0Ofz** Ofz**
KEYOUT3
KEYINO to — — 1V] v v
KEYIN4
KEYOUTS5/ — — o/znu*® orz/nu+® orz/nu+®
KEYIN5
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Module

Pin Name

During
Reset**

After
Reset*? Sleep

Software
Standby

U-Standby

KEYSC

KEYOUT4/
KEYING

o orz/y*®

0o/zZ/Iu*®

0O/zZ/Iu*®

SDHIO/
SDHI1

SDHIOCD

SDHI1CD

SDHIOWP

SDHI1IWP

SDHIODO to
SDHIOD3

— IO

N|N|N|N|[IN

N|N|N|N|N

SDHI1DO0 to
SDHI1D3

— I/0

N

N

SDHIOCMD

— I/0

SDHI1ICMD

— 110

SDHIOCLK

|
o

SDHI1CLK

|
o

|| N| N

|| N| N

ADC

ANO to AN3

ADTRG

I/O port

PTA

PTB

PTC

PTD

PTE

PTF

PTG

PTH

N|N|N|N|N|N

N|N|N|[N[NIN

PTJ

PTK

PTL

PTM

PTN

N|IN| N[N

N|N|N|N

PTQ

PTR

PTS

©U| 0| O|U|©0V|O| 0| 0| V| T0V|OV| V| V| TO|T|T

N AR AN AR AR RNIARN| RN AR RXN|IRA| RN XN

AN AR AN AR AR RNIARN| RN AN AN XR|IRA| RN XN
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During After Software
Module  Pin Name Reset** Reset*? Sleep Standby U-Standby
I/O port PTT 4 VA P K
PTU z P K
PTV VA VA P K K
PTW VA z P K K
PTX VA VA P K K
PTY VA Z P K K
PTZ Z Zz P K K
H-UDI TCK U U U U U
TMS U U U U U
TDI U U U U U
TDO ZIo Z/0 Z/0*° Z/0*® Z/0*®
TRST 19] V] [U*’ U+’ U+’
ASEBRK/ IU/OU*® lU/OU*® IU/OU*® IU/oU*® IU/oU*®
BRKAK
MPMD U U U U U
AUD AUDCK — — (0] O O
AUDSYNC — — (0] O (0]
AUDATAQO to — — o O O
AUDATA3
[Legend]
I: Input (pull-up and pull-down MOS off)
1U: Input (pull-up MOS on)
ID: Input (pull-down MOS on)
H: High-level output
L: Low-level output
O: Output
ou: Output (pull-up MOS on)
P: Functions as a port. (Selection of input or output and state of pull-up and pull-down
MOS depend on the register settings)
K: Port state is retained. (fixed to input; output buffer state retained; pull-up and pull-down
state retained).
Z: High-impedance state. (fixed to input; output buffer off; pull-up and pull-down MOS off)
ZU: Pulled up. (fixed to input; output buffer off; pull-up MOS on)
ZD: Pulled down. (fixed to input; output buffer off; pull-down MOS on)

The state written on the left of a slash (/) indicates the default state.

Cannot be selected.
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Notes:

*1

*2.
*3.
*4,

*5
*6

*7.
*8.

. Indicates the duration in which RESETP is asserted and a maximum of two RCLK

cycles after RESETP is negated.
Indicates the duration in which RESETOUT is asserted after RESETP is negated.
Depends on the clock mode selected (MDO to MD2).

Z or [H/L] depending on the settings of the HIZMEM and HIZCNT bits in CMNCR
register of the BSC.

. Depends on the register settings
. Depends on the state of the TAP controller when the MPMD pin = H. When the MPMD

pin = L, the pin is placed in the state written on the right of a slash (/).
The pull-up MOS can be turned on or off according to the PULCR register setting.

With respect to 1/0O pins with a pull-up MOS, input or output is selected according to the
register setting when the MPMD pin = L. When the TRST pin = L, the pin provides
input. When the TRST pin = H, the pin always provides input.
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B. Handling of Unused Pins
Pin
No. Pin Name Default Function Initial State Handling Group
B6 DV33 DV33 — Use USB
B5 DG33 DG33 — Use uSsSB
A6 DM DM L Open USB
A5 DP DP H Open USB
C5 VBUS VBUS | Pull down USB
A4 DV12 DVv12 — Use USB
B4 DG12 DG12 — Use uSB
E6 REFRIN REFRIN — Pull down USB
B3 AV33 AV33 — Use uSsSB
D5 AG33 AG33 — Use uSB
A3 AV12 AV12 — Use USB
C4 AG12 AG12 — Use uSB
A2 uviz uvi1z — Use USB
D6 UG12 uG12 — Use uSB
B1 EXTALUSB EXTALUSB I Pull down USB
C1 XTALUSB XTALUSB ) Open USB
C6 AV, AV — Use ADC
B7 PTQO / ANO ANO | Pull up ADC
Cc7 PTQ1/AN1 AN1 | Pull up ADC
A7 PTQ2/ AN2 AN2 | Pull up ADC
D7 PTQ3/AN3 AN3 | Pull up ADC
E7  AV_ AV, — Use ADC
W3 DO DO z Open BSC
u4 D1 D1 z Open BSC
V3 D2 D2 4 Open BSC
W1 D3 D3 z Open BSC
T4 D4 D4 Z Open BSC
V1 D5 D5 Zz Open BSC
T3 D6 D6 Zz Open BSC
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Ellc?. Pin Name Default Function Initial State Handling Group
T2 D7 D7 VA Open BSC
Y2 D8 D8 Open BSC
Y1 D9 D9 Zz Open BSC
W2 D10 D10 z Open BSC
U3 D11 D11 z Open BSC
V2 D12 D12 z Open BSC
U2 D13 D13 z Open BSC
Ul D14 D14 z Open BSC
T1 D15 D15 z Open BSC
AE12 PTAO/D16/KEYINO D16 z Open BSC
AC13 PTA1/D17/KEYIN1 D17 Z Open BSC
AB12 PTA2/D18/KEYIN2 D18 4 Open BSC
AE11 PTA3/D19/KEYIN3 D19 z Open BSC
AE10 PTA4/D20/KEYIN4 D20 4 Open BSC
ACl1ll PTA5/D21/KEYOUTO D21 z Open BSC
AE9 PTA6/D22/KEYOUT1 D22 Z Open BSC
AC10 PTA7/D23/KEYOUT2 D23 Z Open BSC
AB13 PTB0/D24/KEYOUT3 D24 z Open BSC
AD12 PTB1/D25/ D25 z Open BSC
KEYOUT4/KEYIN6
AC12 PTB2/D26/ D26 4 Open BSC
KEYOUTS5/KEYINS
AD11 PTB3/D27 D27 z Open BSC
AB11 PTB4 /D28 D28 4 Open BSC
AD10 PTB5/ D29 D29 z Open BSC
AD9 PTB6/D30 D30 z Open BSC
AE8 PTB7/D31 D31 4 Open BSC
AC8 A0 A0 o Open BSC
AB10 Al Al 0] Open BSC
AD6 A2 A2 0] Open BSC
AC7 A3 A3 (0] Open BSC
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Ellc?. Pin Name Default Function Initial State Handling Group
AE5 A4 Ad o] Open BSC
AC6 A5 A5 o] Open BSC
AD5 A6 A6 (0] Open BSC
AB7 A7 A7 o] Open BSC
AE4 A8 A8 (0] Open BSC
AB9 A9 A9 (0] Open BSC
AC5 A10 A10 o] Open BSC
AB8 All All e} Open BSC
AD4 Al2 A12 o] Open BSC
AB6 Al13 Al3 (0] Open BSC
AC4 Al4 Al4 o] Open BSC
AE3 A15 A15 o] Open BSC
AB5 Al6 A16 ¢} Open BSC
AD3 Al7 Al7 o] Open BSC
AC3 A18 Al8 (0] Open BSC
AE2 A19 A19 0 Open BSC
AB4  A20 A20 ¢} Open BSC
AD2 A21 A21 o Open BSC
AA4  PTJO/A22 A22 o] Open BSC
AD1 PTJ1/A23 A23 ¢} Open BSC
AB3 PTJ2/A24 A24 o] Open BSC
AC2 PTJ3/A25 A25 ¢} Open BSC
AA1  RD RD 0 Open BSC
R3  RDWR RDWR o] Open BSC
AA3 WEO WEO o) Open BSC
AB1 WET WE1T 0 Open BSC
AB2 PTRO/WE2/ICIORD WEZ2/ICIORD 0] Open BSC
AC1 PTR1/WE3/ICIOWR WES3/ICIOWR 0] Open BSC
Y4 MD3 MD3 I Use BSC
AE6 CKO CKO (0] Open BSC
v4  CSO CSo o] Open BSC
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Pin

No. Pin Name Default Function Initial State Handling Group

AD7 CS4 CS4 (0] Open BSC

AC9 PTR7/CS6B/CE1B CS6B/CE1B o} Open BSC

AE7 PTR6/CS6A/CE2B CS6A/CE2B (0] Open BSC

Y3 PTR5 / CS5B/CE1A CS5B/CE1A o} Open BSC

AA2  PTR4/CS5A/CE2A CS5A/CE2A (0] Open BSC

w4 PTR3/10I1S16/ 10IS16 I Pull up BSC
LCDLCLK

AD8 PTR2/WAIT WAIT V] Pull up BSC

M25 PTCO/IDEDS8/ PTCO z Open ATAPI
SDHI1CLK

N23 PTC1/IDED9/ PTC1 z Open ATAPI
SDHI1CMD

N24 PTC2/IDED10/ PTC2 z Open ATAPI
SDHI1DO

N25 PTC3/IDED11/ PTC3 z Open ATAPI
SDHI1D1

P22 PTC4/IDED12/ PTC4 Z Open ATAPI
SDHI1D2

P23 PTC5/IDED13/ PTC5 z Open ATAPI
SDHI1D3

P24 PTC6/IDED14/ PTC6 z Open ATAPI
SDHI1WP

P25 PTC7/IDED15/ PTC7 z Open ATAPI
SDHI1CD

K24  PTDO/IDEDO / PTDO z Open ATAPI
SDHIOCLK

K25 PTD1/IDED1/ PTD1 z Open ATAPI
SDHIOCMD

M22 - PTD2/IDED2/ PTD2 z Open ATAPI
SDHIODO

L24 PTD3/IDED3/ PTD3 z Open ATAPI
SDHIOD1

M23 PTD4/IDED4/ PTD4 z Open ATAPI
SDHIOD2
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L25 PTD5/IDED5/ PTD5 z Open ATAPI
SDHIOD3

M24 PTD6/IDED6 / PTD6 z Open ATAPI
SDHIOWP

N22 PTD7/IDED7/ PTD7 z Open ATAPI
SDHIOCD

R23 PTEO/IDEIORDY / PTEO z Open ATAPI
SCIF4_TXD

R24 PTE1/IODREQ/ PTE1 z Open ATAPI
SCIF4_RXD

R25 PTE2/I0DACK/ PTE2 z Open ATAPI
SCIF4_SCK

T23 PTE3/IDERST/ PTE3 4 Open ATAPI
SCIF5_TXD

R22 PTE4/EXBUF_ENB/ PTE4 z Open ATAPI
SCIF5_RXD

T22 PTE5/DIRECTION / PTES Z Open ATAPI
SCIF5_SCK

J23  PTFO/IDEAO/ PTFO z Open ATAPI
MSIOF0_MCK

H24 PTF1/IDEA1/ PTF1 z Open ATAPI
MSIOFO_TXD

H25 PTF2/IDEA2/ PTF2 z Open ATAPI
MSIOFO0_RXD

K23 PTF3/IDECSO/ PTF3 z Open ATAPI
MSIOFO_TSCK

J24  PTF4/IDECS1/ PTF4 4 Open ATAPI
MSIOFO_TSYNC

J25 PTF5/IDEIORD / PTF5 4 Open ATAPI
MSIOF0_SS1 /
MSIOFO0_RSCK

L22 PTF6/IDEIOWR/ PTF6 z Open ATAPI
MSIOF0_SS2 /
MSIOFO_RSYNC

L23  PTF7 /IDEINT PTF7 4 Open ATAPI

U23 HPAl HPA1 Open SBSC

RENESAS
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U224 HPA2 HPA2 (0] Open SBSC
U25 HPA3 HPA3 (0] Open SBSC
V25 HPA4 HPA4 (0] Open SBSC
V24  HPAS HPAS 0] Open SBSC
w25 HPA6 HPAG (0] Open SBSC
W24 HPA7 HPA7 (0] Open SBSC
Y25 HPAS8 HPAS8 (0] Open SBSC
Y24 HPA9 HPA9 (0] Open SBSC
V23 HPA10 HPA10 (0] Open SBSC
AA25 HPA11l HPA11l (0] Open SBSC
AB25 HPA12 HPA12 (0] Open SBSC
AB23 HPA13 HPA13 O Open SBSC
w23 HPA14 HPAl14 (0] Open SBSC
W22 HPA15 HPA15 0] Open SBSC
V22  HPAO HPAO (@) Open SBSC
AD19 HPDO HPDO 4 Open SBSC
AB19 HPD1 HPD1 Z Open SBSC
AC19 HPD2 HPD2 z Open SBSC
AE20 HPD3 HPD3 Z Open SBSC
AD20 HPD4 HPD4 z Open SBSC
AC20 HPD5 HPD5 Z Open SBSC
AB20 HPD6 HPD6 z Open SBSC
AE21 HPD7 HPD7 Z Open SBSC
AB21 HPDS8 HPD8 Z Open SBSC
AC22 HPD9 HPD9 z Open SBSC
AB22 HPD10 HPD10 Z Open SBSC
AE23 HPD11 HPD11 z Open SBSC
AD23 HPD12 HPD12 4 Open SBSC
AC23 HPD13 HPD13 z Open SBSC
AE24 HPD14 HPD14 Z Open SBSC
AD24 HPD15 HPD15 4 Open SBSC
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AE14 HPD16 HPD16 Open SBSC
AD14 HPD17 HPD17 z Open SBSC
AC14 HPD18 HPD18 z Open SBSC
AE15 HPD19 HPD19 z Open SBSC
AD15 HPD20 HPD20 z Open SBSC
AB15 HPD21 HPD21 z Open SBSC
AC15 HPD22 HPD22 z Open SBSC
AE16 HPD23 HPD23 z Open SBSC
AD17 HPD24 HPD24 z Open SBSC
AC17 HPD25 HPD25 z Open SBSC
AB17 HPD26 HPD26 z Open SBSC
AE18 HPD27 HPD27 z Open SBSC
AD18 HPD28 HPD28 z Open SBSC
AB18 HPD29 HPD29 z Open SBSC
AC18 HPD30 HPD30 Z Open SBSC
AE19 HPD31 HPD31 z Open SBSC
AA24 HPCAS HPCAS 0 Open SBSC
AB24 HPCKE HPCKE 0 Open SBSC
AC24 HPCLK HPCLK o] Open SBSC
AC25 HPCLK HPCLK o) Open SBSC
Y23 HPCS HPCS o] Open SBSC
AC21 HPDQMO HPDQMO o Open SBSC
AE22 HPDQM1 HPDQM1 o] Open SBSC
AB16 HPDQM2 HPDQM2 o] Open SBSC
AC16 HPDQM3 HPDQM3 (0] Open SBSC
AD21 HPDQSO0 HPDQSO0 o] Open SBSC
AD22 HPDQS1 HPDQS1 (0] Open SBSC
AD16 HPDQS2 HPDQS2 o] Open SBSC
AE17 HPDQS3 HPDQS3 (0] Open SBSC
Y22 HPRAS HPRAS 0 Open SBSC
AA23 HPRDWR HPRDWR o] Open SBSC
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G25 PTMO/LCDDO/DV_DO PTMO z Open LCDC

G24 PTM1/LCDD1/DV_D1 PTM1 z Open LCDC

H23 PTM2/LCDD2/DV_D2 PTM2 z Open LCDC

J22 PTM3/LCDD3/DV_D3 PTM3 z Open LCDC

F25 PTM4/LCDD4/DV_D4 PTM4 z Open LCDC

F24 PTM5/LCDD5/DV_D5 PTM5 z Open LCDC

K22 PTM6/LCDD6/DV_D6 PTM6 z Open LCDC

G23 PTM7/LCDD7/DV_D7 PTM7 z Open LCDC

H22 PTLO/LCDD8/DV_D8 PTLO z Open LCDC

E25 PTL1/LCDD9/DV_D9 PTL1 z Open LCDC

E24 PTL2/LCDD10/ PTL2 z Open LCDC
DV_D10

F23 PTL3/LCDD11/ PTL3 z Open LCDC
DV_D11

G22 PTL4/LCDD12/ PTL4 Z Open LCDC
DV_D12

D24 PTL5/LCDD13/ PTL5 z Open LCDC
DV_D13

D25 PTL6/LCDD14/ PTL6 z Open LCDC
DV_D14

F22 PTL7/LCDD15 / PTL7 z Open LCDC
DV_D15

E23 PTNO/LCDD16/ PTNO z Open LCDC
DV_HSYNC

D23 PTN1/LCDD17/ PTN1 z Open LCDC
DV_VSYNC

C25 PTN2/LCDD18 / PTN2 z Open LCDC
SCIF4_TXD

C24 PTN3/LCDD19/ PTN3 z Open LCDC
SCIF4_RXD

E22  PTN4/LCDD20/ PTN4 z Open LCDC
SCIF4_SCK

B25 PTN5/LCDD21/ PTN5 z Open LCDC
SCIF5_TXD
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B23 PTN6 / LCDD22 / PTNG6 Z Open LCDC
SCIF5_RXD

A23 PTN7 / LCDD23/ PTN7 Z Open LCDC
SCIF5_SCK

A21 PTHO / LCDVEPWC PTHO Z Open LCDC

B21 PTH1 /LCDDCK / PTH1 V4 Open LCDC
LCDWR

C21 PTH2/LCDDON PTH2 Z Open LCDC

D20 PTH3/LCDHSYN/ PTH3 Open LCDC
LCDCS

D21 PTH4 /LCDDISP / PTH4 Z Open LCDC
LCDRS

A22 PTH5 / LCDVSYN / PTH5 Z Open LCDC
DV_CLK

B22 PTH6/LCDRD/ PTH6 z Open LCDC
DV_CLKI

C22 PTH7/LCDVCPWC PTH7 Z Open LCDC

L3 PTKO / SIUAMCK / PTKO Z Open SIU
MSIOF1_MCK

K2 PTK1 / SIUAOSLD / PTK1 Z Open SIU
MSIOF1_TXD

J1 PTK2 / SIUAOBT / PTK2 Z Open SIU
MSIOF1_TSCK

J2 PTK3 / SIUAOLR / PTK3 Z Open SIU
MSIOF1 _TSYNC

K3 PTK4 / SIUAISLD / PTK4 Z Open SIU
MSIOF1_RXD

H1 PTKS5 / SIUAIBT / PTK5 Z Open SIU
MSIOF1_SS1 /
MSIOF1_RSCK

H2 PTK6 / SIUAILR / PTK6 Z Open SIU
MSIOF1_SS2 /
MSIOF1_RSYNC

J3 PTK7 / SIUAFCK PTK7 Open SIU

Gl PTS0/SCIF3_TXD/ PTSO Open SCIF3
SDHIOCLK
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G2 PTS1/SCIF3_RXD / PTS1 Z Open SCIF3
SDHIOCMD

H3 PTS2/SCIF3_SCK/ PTS2 4 Open SCIF3
SDHIODO

J4 PTS3/SCIF3_RTS/ PTS3 4 Open SCIF3
SDHIOD1

F2 PTS4 / SCIF3_CTS/ PTS4 Z Open SCIF3
SDHIOD2

L4 PTS5/SCIF1 TXD/ PTS5 4 Open SCIF1
SDHIOD3

G3 PTS6/SCIF1_RXD / PTS6 Z Open SCIF1
SDHIOWP

H4 PTS7/SCIF1 _SCK/ PTS7 4 Open SCIF1
SDHIOCD

F4 PTTO/SCIF2_TXD / PTTO Z Open SCIF2
MSIOF0_SS2 /
MSIOFO_RSYNC

D1 PTT1/SCIF2_RXD / PTT1 Z Open SCIF2
MSIOF0_SS1/
MSIOF0_RSCK

F3 PTT2/SCIF2_SCK/ PTT2 z Open SCIF2
MSIOFO_TSYNC

G4 PTT3/SCIFO_TXD/ PTT3 z Open SCIFO
MSIOFO_TXD

E2 PTT4 / SCIFO_RXD / PTT4 Z Open SCIFO
MSIOF0_RXD

K4 PTT5/ SCIFO_SCK / PTT5 z Open SCIFO
MSIOF0_TSCK

N2 PTUO/FCE / PTUO Z Open FLCTL
SCIF2_TXD / VIO_HD2

N3 PTU1/FRB/ PTU1 4 Open FLCTL
SCIF2_RXD / VIO_CLK2

M1 PTU2 / FOE/ PTU2 Z Open FLCTL
SCIF2_SCK/ VIO _VD2

M2 PTU3/FWE/ PTU3 Z Open FLCTL
SCIFO_TXD
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M3 PTU4/FSC/ PTU4 z Open FLCTL
SCIFO_RXD

N4 PTUS5 / FCDE / PTU5 z Open FLCTL
SCIFO_SCK

N1 PTVO / NAFO / PTVO z Open FLCTL
SCIF3_TXD / VIO_D8

P2 PTV1/NAF1/ PTV1 z Open FLCTL
SCIF3_RXD / VIO_D9

P3 PTV2 / NAF2/ PTV2 z Open FLCTL
SCIF3_SCK/VIO_D10

P1 PTV3/NAF3/ PTV3 z Open FLCTL
SCIF3_RTS/VIO_D11

P4 PTV4 /| NAF4 / PTV4 z Open FLCTL
SCIF3_CTS /VIO_D12

R1 PTV5 / NAF5 / PTV5 z Open FLCTL
SCIF1_TXD/VIO_D13

R4 PTV6 / NAF6 / PTV6 z Open FLCTL
SCIF1_RXD/VIO_D14

R2 PTV7 /| NAF7 / PTV7 z Open FLCTL
SCIF1_SCK/VIO_D15

El SCL SCL z Pull up |[e:

F1 SDA SDA Pull up Ic

D3 PTWO /IRQO / PTWO VA Open Interrupt
SIUAOSPD

C3 PTW1/IRQ1/ PTW1 z Open Interrupt
SIUAISPD

B2 PTW2/IRQ2/BS/ PTW2 z Open Interrupt
VIO_CKO

D4 PTW3/IRQ3/ADTRG PTW3 Open Interrupt

B20 PTWA4/IRQ4/ PTW4 4 Open Interrupt
LCDLCLK

A20 PTW5/IRQ5 PTW5 z Open Interrupt

D19 PTW6 /IRQ6 PTW6 z Open Interrupt

C20 PTW7/IRQ7 PTW7 z Open Interrupt

D2 PTX0/TSO_SPSYNC PTXO0 z Open TS-DMUXO0
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E3 PTX1/TSO0_SDEN PTX1 z Open TS-DMUXO

Cc2 PTX2/TS0_SCK PTX2 Z Open TS-DMUXO

E4 PTX3/TSO_SDAT PTX3 z Open TS-DMUXO

Cc8 PTX4 / DREQO / PTX4 Zz Open DMAC
IRDA_IN

C9 PTX5 / DACKO / PTX5 Zz Open DMAC
IRDA_OUT

B8 PTX6 / DREQ1/ PTX6 Zz Open DMAC
MSIOFO0_MCK

D9 PTX7 / DACK1 PTX7 Z Open DMAC

A8 PTYO/VIO_DO PTYO Z Open VIO

D11 PTY1/VIO_D1 PTY1 Z Open VIO

C10 PTY2/VIO_D2 PTY2 4 Open VIO

B9 PTY3/VIO_D3 PTY3 Z Open VIO

D10 PTY4/VIO_D4 PTY4 Z Open VIO

A9 PTY5/VIO_D5 PTY5 Z Open VIO

Cll1 PTY6/VIO_D6 PTY6 Z Open VIO

B10 PTY7/VIO_D7 PTY7 Z Open VIO

A10 PTz0/VIO_CLK1/ PTZ0 Zz Open VIO
SIUBISLD

B11 PTZ1/VIO_VD1/ PTZ1 Zz Open VIO
SIUBIBT

Cl2 PTZ2/VIO_HD1/ PTZ2 Zz Open VIO
SIUBILR

A1l PTZ3/VIO_FLD/ PTZ3 Zz Open VIO
SIUBFCK

L1 PTZ4 / SIUBMCK PTZ4 z Open SIUB

M4 PTZ5 / SIUBOSLD PTZ5 Z Open SIUB

L2 PTZz6 / SIUBOBT PTZ6 Zz Open SIUB

K1 PTz7 / SIUBOLR PTZ7 4 Open SIUB

D18 MDO MDO I Use Mode

Cl19 MD1 MD1 I Use Mode

D17 MD2 MD2 I Use Mode
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B19 TSTMD TSTMD I Pull up Mode
D15 MD5 MD5 I Use Mode
C18 MDS8 MD8 | Pull up or pull  Mode
down
B18 RESETA RESETA I Pull up System
Al8 RCLK RCLK I Use Clock
B17 RESETP RESETP I Use System
C16 RESETOUT RESETOUT H Open System
Al19 PTJ7/STATUSO STATUSO O Open System
Ci17 BOOT BOOT I Pull down System
D16 PTJ5/PDSTATUS PDSTATUS O Open System
Al7 TST TST | Pull up Mode
B16 TCK TCK 9] Open H-UDI
Cil5 TMS TMS 9] Open H-UDI
Al16 TDI TDI 9] Open H-UDI
B15 TDO TDO Z/0 Open H-UDI
Al5 TRST TRST |V] Use H-UDI
C13 PTGO/AUDATAO/ PTGO z Open AUD
TPUTOO
D13 PTG1/AUDATAl/ PTG1 z Open AUD
TPUTO1
Al4 PTG2/AUDATA2/ PTG2 z Open AUD
TPUTO2
B14 PTG3/AUDATA3/ PTG3 z Open AUD
TPUTO3
Cl4 PTG4/AUDSYNC PTG4 z Open AUD
D14~ PTG5/AUDCK PTG5 Open AUD
D12 ASEBRK/BRKAK ASEBRK/ 1V] Open H-UDI
BRKAK
B13  MPMD MPMD 9] Pull up H-UDI
Al3 EXTAL EXTAL I Pull down Clock
Al12  XTAL XTAL O Open Clock
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B12 NMI NMI I Pull up Interrupt
AA7  V_Q V.Q — Use Power
AA8 V_Q V. Q — Use Power
AA1l V_Q V. Q — Use Power
AA12 V_Q V. Q — Use Power
AD13 V_Q V. Q — Use Power
E10 V. Q V. Q — Use Power
E1l V. 0Q V. Q — Use Power
E14 V_Q V. Q — Use Power
E1S V. Q V. Q — Use Power
E18 V_Q V. Q — Use Power
E19 V_Q V. Q — Use Power
G5 V..Q V. Q — Use Power
G21 V. Q V. Q — Use Power
H5 V..Q V. Q — Use Power
H21 V_Q V. Q — Use Power
K21 V. Q V. Q b — Use Power
L5 V..Q V.Q = Use Power
L21 V. Q V. Q — Use Power
M5 V..Q V.Q = Use Power
P21 V. Q V. Q — Use Power
R5 V..Q V.Q = Use Power
R21 V_Q V.Q — Use Power
T5 V..Q V.Q — Use Power
T24 V. Q V. Q = Use Power
W5 - V. Q V. Q — Use Power
Y5 V..Q V. Q = Use Power
AA15 V_Q DDR V..Q_DDR — Use Power
AA16 V. Q_DDR V..Q_DDR — Use Power
AA19 V_Q DDR V_Q_DDR — Use Power
AA20 V_Q_DDR V_Q_DDR — Use Power
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AB14 V_Q_DDR V_Q_DDR — Use Power
AD25 V_Q_DDR V_Q_DDR — Use Power
AE13 V_Q_DDR V.Q_DDR — Use Power
T25 V., Q _DDR V,_Q_DDR — Use Power
u22 V_Q_DDR V.Q_DDR — Use Power
V21 V_Q_DDR V_Q_DDR — Use Power
w21 V_Q_DDR V,_Q_DDR — Use Power
K10 Vv, A — Use Power
K11 Vv, Voo — Use Power
Ki2 Vv, A — Use Power
K13 V,, Voo — Use Power
K14 Vv, Voo — Use Power
K15 Vv, A = Use Power
K16 V,, Voo — Use Power
L10 Vv, A — Use Power
L11 Vv, Voo R Use Power
L15 Vv, A — Use Power
L6 Vv, Vi, — Use Power
M10 V_, Vi — Use Power
M16  V,, Voo = Use Power
N10 V,, Voo — Use Power
N16 V,, Voo = Use Power
P10 V,, Vo — Use Power
P16 V_, Vo — Use Power
R10 Vg Voo = Use Power
R11 'V, Voo — Use Power
R15 V_, Voo = Use Power
R16 V,, A/ — Use Power
T10 V,, Voo = Use Power
Tl  V,, A — Use Power
T12 V, \ — Use Power

o
o

9
o
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T3 V,, Voo = Use Power
T4 V_, Voo — Use Power
T15 V., A/ — Use Power
Ti6 V,, Voo — Use Power
B24 V_, DLL V,, DLL — Use Power
E20 V,, PLL1 V,, PLL1 — Use Power
AA22 VREF VREF — Use Power
Al s s o Use Power
A25 Vg Vo — Use Power
AA5  V Vo — Use Power
AA6 Vg Vo — Use Power
AA9  V Vo — Use Power
AA10 V Vo — Use Power
AA13 Vg Vo — Use Power
AAl14 V Vo = Use Power
AAL7 Vg Vo — Use Power
AA18 V Vo b — Use Power
AA21 V Ve — Use Power
AE1l Vg Vo — Use Power
AE25 V Vo o Use Power
C23 Vg Vg — Use Power
D8 Vo Vo o Use Power
D22 Vg Vo — Use Power
ES Ve Vo — Use Power
E8 Vo Vo o Use Power
E9 Vo Vo — Use Power
E12 V. Vo o Use Power
E13 Vg Vo — Use Power
E16 Vg Vo — Use Power
E17 Vg Vo — Use Power
F5 \Y \ — Use Power

(%)
»
(%]
4]
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F21 Vg Vo — Use Power
J5 Vo Vo — Use Power
J21 Vg Vo — Use Power
K5 Vo Vo — Use Power
L12 Vg Vo — Use Power
L13 Vg Vo — Use Power
L14 Vg Vo — Use Power
M11 Vg Vo — Use Power
M12 Vg Vo — Use Power
M13 Vg Vo — Use Power
M14 Vg Vo — Use Power
M15 Vg Vo — Use Power
M21 Vg Vo = Use Power
N5 Ve Vo — Use Power
N11 Vg Vo — Use Power
N12 Vg Vo N Use Power
N13 Vg Vo — Use Power
N14 Vg Vo — Use Power
N15 Vg Vg — Use Power
N21 Vg Vo — Use Power
P5 Ve Vo — Use Power
P11 Vg Vo — Use Power
P12 Vg Vo — Use Power
P13 Vg Vo — Use Power
P14 Vg Ve — Use Power
P15 Vg Vo — Use Power
R12 V. Vo o Use Power
R13  V Vo — Use Power
R14 Vg Vo — Use Power
T21 Vg Vo — Use Power
us \Y \ — Use Power

(%)
»
(%]
4]
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uz2r Vg Vg o Use Power
V5 Ve Vo — Use Power
Y21 Vg Vo — Use Power
A24 VvV DLL V. DLL — Use Power
E21 V. PLL1 V. PLL1 — Use Power
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