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companies. Therefore, although the old company name remains in this document, it is a valid
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Issued by: Renesas Electronics Corporation (http://www.renesas.com)
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12.

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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Technology Corp. product best suited to the customer's application; they do not convey any
under any intellectual property rights, or any other rights, belonging to Renesas Technology
a third party.

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

3. All information contained in these materials, including product data, diagrams, charts, progrz
algorithms represents information on products at the time of publication of these materials,
subject to change by Renesas Technology Corp. without notice due to product improvemen
other reasons. It is therefore recommended that customers contact Renesas Technology C
an authorized Renesas Technology Corp. product distributor for the latest product informatic
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss
from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by various
including the Renesas Technology Corp. Semiconductor home page (http://www.renesas.cc

4. When using any or all of the information contained in these materials, including product date
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a
system before making a final decision on the applicability of the information and products. F
Technology Corp. assumes no responsibility for any damage, liability or other loss resulting
information contained herein.

5. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a ¢
system that is used under circumstances in which human life is potentially at stake. Please
Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor
considering the use of a product contained herein for any specific purposes, such as appare
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater us

6. The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduc
whole or in part these materials.

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

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

8. Please contact Renesas Technology Corp. for further details on these materials or the prodi
contained therein.

Rev. 2.00, 03/05, page ii of xxxviii
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2. Treatment of Unused Input Pins

Note: Fix al unused input pinsto high or low level.
Generally, the input pins of CMOS products are high-impedance input pins. I
arein their open states, intermediate levels are induced by noise in the vicinity
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 throug
chip and alow level isinput onthereset pin. During the period where the sta
undefined, the register settings and the output state of each pin are also undefi
your system so that it does not malfunction because of processing whileit isil
undefined state. For those products which have areset function, reset the LS|
after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Addresses

Note: Access to undefined or reserved addresses is prohibited.
The undefined or reserved addresses may be used to expand functions, or test
may have been be allocated to these addresses. Do not access these registers;
operation is not guaranteed if they are accessed.

Rev. 2.00, 03/05, pac
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5. Overview

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

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

i) Feature

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

v) Usage Note

When designing an application system that includesthis LSl, take notes into account. |
section includes notes in relation to the descriptions given, and usage notes are given, &
asthefinal part of each section.

7. List of Registers

8. Electrical Characteristics

9. Appendix

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

Thelist of revisionsis asummary of pointsthat have been revised or added to earlier v
This does not include all of the revised contents. For details, see the actual locationsin
manual.

11. Index

Rev. 2.00, 03/05, page iv of xxxviii
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Objective:  This manual was written to explain the hardware functions and electricz
characteristics of this LS| to the above users.
Refer to the SH-1/SH-2/SH-DSP Software Manual for a detailed descri
instruction set.

Notes on reading this manual:

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

Product Classifications and Abbreviations

Basic Classification Product Code

SH7615 HD6417615

e Inorder to understand the overall functions of the chip

Read the manual according to the contents. This manual can be roughly categorize
on the CPU, system control functions, peripheral functions, and electrical characte

* |norder to understand the details of the CPU's functions
Read the SH-1/SH-2/SH-DSP Software Manual.

Rev. 2.00, 03/05, pa
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Related Manuals:  The latest versions of all related manuals are available from our w
Please ensure you have the latest versions of all documents you re
(http://www.renesas.com/)

SH7615 manuals:

Document Title Documer
SH7615 Hardware Manual This man
SH-1/SH-2/SH-DSP Software Manual REJ09BO

Users manuals for development tools:

Document Title Documet

SuperH RISC engine C/C++ Compiler, Assembler, Optimizing Linkage Editor REJ10B0
User's Manual

SuperH RISC engine High-performance Embedded Workshop User's Manual REJ10B0

SuperH RISC engine High-performance Embedded Workshop, Tutorial REJ10BO
SuperH RISC engine C/C++ Compiler Package Application Note REJO5B0

Rev. 2.00, 03/05, page vi of xxxviii
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BSC Bus State Controller

CCN Cache memory Controller

CMT Compare Match Timer

CPG Clock Pulse Generator

CPU Central Processing Unit

DMAC Direct Memory Access Controller
etu Elementary Time Unit

FIFO First-In First-Out

Hi-Z High Impedance

H-UDI  High-performance User Debugging Interface
INTC Interrupt Controller

IrDA Infrared Data Association

JTAG Joint Test Action Group

LQFP Low Profile QFP

LRU Least Recently Used

LSB Least Significant Bit

MMU Memory Management Unit

MPX Multiplex

MSB Mogt Significant Bit

PC Program Counter

PFC Pin Function Controller

PLL Phase Locked Loop

PWM Pulse Width Modulation

RAM Random Access Memory

RISC Reduced Instruction Set Computer
ROM Read Only Memory

RTC Real Time Clock

SCIF Serial Communication Interface with FIFO
SDRAM  Synchronous DRAM

Rev. 2.00, 03/05, pag
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WDT Watchdog Timer

Rev. 2.00, 03/05, page viii of xxxviii
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1.2 Block Diagram 13 Figure 1.1 amended

Figure 1.1 Block
Diagram of SH7615

16-bit internal X data bus
Internal Y address bus
16-bit internal Y data bus

Internal X address bus

1.3.1 Pin Arrangement 14 Description modified

Figure 1.2 shows the pin arrangement of the HD6¢
and HD6417615ARFYV, and figure 1.3 shows the p
arrangement of the HD6417615ARBP and
HD6417615ARBPV.

Rev. 2.00, 03/05, pac
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PVSS ] 169
PBO/TIOCDO/TCLKBWOL C—] 170
PA13/SRCKO0 C—] 171
PA12/SRS0 C—] 172
PAL1/SRXD0 C—] 173
PAL0/STCKO C—] 174

PA9/STSO C—] 175

PAB/STXDO C—] 176
PA7/WDTOVF ] 177

PAGIFTCI C—] 178

PAS/FTI C—] 180

PA4/FTOA ] 182
CKPO/FTOB C—] 183
PA2/ILNKSTA C—] 184
PAL/EXOUT C—] 185

Figure 1.3
HD6417615ARBP and
HD6417615ARBPV Pin
Arrangement (BP-240A,
BP-240AV)

1.3.2 Pin Functions

Table 1.2 Pin Functions

18 to

Figure 1.3 added

Table 1.2 amended

Function

Bus high
impedance

Signal used in combina
signal to place bus and
the high-impedance (Hi
ending the bus cycle

Transmit data
Oto3

Type Symbol [/[e)
Bus contro BUSHiZ Input
Ethernet ETXDOto  Output
controller ETXD3

(EtherC)

Serial RXD1, RXD2 Input
communi-

cation

interface with

FIFO (SCIF)

Receive data
input channel
1,2

SCIF channel 1 and 21
pins

1.3.3 Pin Multiplexing

Table 1.3 Pin
Multiplexing

22 to
27

Table 1.3 amended

The pin numbers for the BP-240A and BP-240AV p

are added.

Rev. 2.00, 03/05, page x of xxxviii
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LSI remains in the bus-released state (asserts
signal).

When the BRLS signal is negated in the bus-re
state during manual reset signal assertion, this
using the bus (negates the BGR signal).

2.2.5 DSP Type 49 Table 2.5 amended
Instructions and Data _ Re
Guard Bits [
Formats Register nstruction W2 3016
Table 2.5 Destination A0, Al Data transfer ~MOVS.W Sign extend 16-bit data
Register Data Formats for MOV S ] 32°bit data
. 0, X1, YO, W, -bil

DSP Instructions 61’ >l\(/|%)\l(\/|1 Data transfer mgxéw 16-bit data

MOVS.W

MOVS.L 32-bit data
2.6 Usage Notes 104 to 3. and 4. added

106

3.2.3 Connecting a 112 Note 1 amended
Crystal Resonator Note: 1. The CKIO pin is an output or high imped
Figure 3.2 Example of clock modes 0,1, and 2, and is high impedance in
Crystal Oscillator 3.
Connection
3.2.4 External Clock 113 Description amended
Input The CKIO pin is an output or high impedance in cl
Figure 3.3 External Clock 0, 1, and 2, and is high impedance in clock mode :
Input Method
3.2.7 Notes on Board 123 When Using an External Crystal Oscillator

Design

Description added

Figure 3.5 shows an example of the oscillator circt
sample oscillator circuit and in the actual system, 1
shown in the figure are affected by the environmer
noise, power supply characteristics, or wiring patte
values cannot be guaranteed and should be used
reference values. To determine the optimum oscill
constants for the user system, please consult with
resonator manufacturer.

Rev. 2.00, 03/05, pac
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124 Description added
2. Vss/Vcc pairs for BP-240A and BP-240AV
5.3.29 IRQ 189 Bits 15 to 8—IRQ Sense Select Bits (IRQ31S to IR(
Control/Status Register Bit table amended
(IRQCSR) Bits 15to 8: Bits 15to 8:
IRQn1S IRQNOS Description
0 0 Low-level detection
1 Falling-edge detection
1 0 Rising-edge detection
1 Both-edge detection
7.2.1 Bus Control 259 Bit 12—Endian Specification for Area 2 (A2ENDIAN
Register 1 (BCR1) Note added
Note: Data rearrangement into little-endian format |
extra processing time.
260 Bit 3—Endian Specification for Area 4 (A4ENDIAN)

Note: Data rearrangement into little-endian format |
extra processing time.

7.2.7 Individual Memory 271
Control Register (MCR)

* For DRAM interface
Bit table added

Bit1: TRP1 Bit 15: TRPO Description

0 0 1 cycle
1 2 cycles

1 0 Reserved (do not set)
1 Reserved (do not set)

» For synchronous DRAM interface
Bit table added

Bit 1: TRP1 Bit 15: TRPO Description
0 0 1 cycle

1 2 cycles
1 0 3 cycles

1 4 cycles

274

» For synchronous DRAM interface
Bit table replaced

Rev. 2.00, 03/05, page xii of xxxviii
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=AMt teCcyc-tFcyc -+
Figure 7.21 (a) Single
Read Timing (Auto-
Precharge) Except
tecycitreye 1:1

Figure 7.23 (a) Basic
Burst Write Timing (Auto-
Precharge) Except
tecycitpeye 1:1

Figure 7.24 (a) Burst
Read Timing (No
Precharge) Except
tecyeitpeye 1:1

Figure 7.25 (a) Burst
Read Timing (Bank
Active, Same Row
Address)

Except tecycitpeye 1:1

Figure 7.26 (a) Burst
Read Timing (Bank
Active, Different Row
Addresses)

Except tecycitpeye 1:1

7.5.11 64-Mbit 323
Synchronous DRAM (2

Mword x 32 Bit)

Connection

Figure 7.35 128-Mbit 324
Synchronous DRAM (4
Mwords x 32 Bits)

Connection Example

Synchronous DRAM Mode Settings
Description amended

Synchronous DRAM Mode Settings: To make moc
for the synchronous DRAM, write to address X + F
or X + H'FFFE8000 from the CPU. (X represents t
value.) Whether to use X + H'FFFF0000 or X + H'F
determines on the synchronous DRAM used.

« 128-Mbit Synchronous DRAM (4 Mwords x 32 B
Connection Example

Figure 7.35 added

Rev. 2.00, 03/05, page
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Synchronous DRAM (8
Mwords x 32 Bits)
Connection Example

- eJUTIVIMIL Dyt TUliUUo JTAVAIVE O TviIWWUTUO & ve DL

Connection Example
Figure 7.37 added

7.11.3 Preventing Wrong 358
Data Output to
Synchronous DRAM

8.2.1 Cache Control 361
Register (CCR)

Bit 4—Cache Purge Bit
(CP)

Section 7.11.3 added

Description added

... the CP bit reverts to 0. The CP bit always reads |
cache to check if initialization is completed.

9.2.1 EtherC Mode 384
Register (ECMR)

Bit 1—Duplex Mode (DM)
Note added

Note: When internal loopback mode is specified (IL
full-duplex transfer (DM = 1) must be used.

The duplex mode information (half-duplex or full-du
detected by the PHY-LSI must be set to the DM bit.
setting does not match the duplex mode in the PHY
transfer rate may be degraded or a data collision m:

9.2.8 PHY Interface 391
Status Register (PSR)

Note added

Note: The LMON bit is cleared to 0 when the LNKS
at a high level, and is set to 1 when the pinis at a Ic

9.3.1 Transmission 405 Description amended
4. After waiting for the frame interval time (9.6 s fc
or 0.96 ps for 100Base), the transmitter enters the i
and if there is more transmit data, continues transm
9.5 Usage Notes 416 Section 9.5 added

10.2.2 E-DMAC Transmit 422
Request Register
(EDTRR)

Note added

For details on writing to the register, see section 10
Notes.

10.2.3 E-DMAC Receive 423
Request Register
(EDRRR)

Note added

For details on writing to the register, see section 10
Notes.

Rev. 2.00, 03/05, page xiv of xxxviii
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Bit26: TABT Description

0 Transmit abort not detected

1 Transmit abort detected

Thisbit will be set when any one or more of the following bits are set.

EESR bit 12: lllegal Transmit Frame (ITF)
EESR bit 11: Carrier Not Detected (CND)
EESR bit 10: Detect Loss of Carrier (DLC)
EESRbit 9: 'Delayed Collision Detect (CD)

Bit 25— Receive abort detected (RABT): Indicates whether or not areceive abx

Bit 25: RABT Description

0 Receive abort not detected

1 Receive abort detected

This bit will be set when any one or more of the following bits are set.

EESR bit 4: Receive Residual-Bit Frame (RRF)
EESR hit 3: Receive Too-Long Frame (RTLF)
EESR hit 2: Receive Too-Short Frame (RTSF)
EESR bit 1: PHY-LSI Receive Error (PRE)

EESR bit 0: CRC Error on Received Frame (CERF)

Bit 9—Delayed Collision Detect (CD)

Description amended

Bit 9—Delayed Collision Detect (CD): Indicates that adelayed collision has be
frame transmission.

Bit9: CD Description
0 Delayed Collision not detected
1 Delayed Collision detected (interrupt source)

10.2.8 Transmit/Receive 437
Status Copy Enable
Register (TRSCER)

e General description of register modified
e Bits 12 to 8, and 4 to 0 amended to reserved b

e Bit 7 Multicast Address Frame Receive (RMAF
Enable (RMAFCE) added.

10.2.10 Transmit FIFO 440,
Threshold Register 441
(TFTR)

Restriction added

Rev. 2.00, 03/05, pag
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Transmit Descriptor O
(TDO)

Transmit Descriptor 2
(TD2)

Receive Descriptor

Receive Descriptor 2
(RD2)

aligned with a 16-byte boundary when SDRAM Is ci

Bit 27—Transmit Frame Error (TFE)
Description deleted

Indicates that one or other bit of the transmit frame
indicated by bits 26 to O is set. ...

‘Bits 26 to 0—Transmit Frame Status 26 to 0 (TFS2
» Descriptions of TFS26 to TFS5 replaced

» Description of TFS1 amended

Delayed Collision Detect in Transmission (corre
CD bitin EESR)

Note replaced

Notes replaced

454

Bit 27—Receive Frame Error (RFE)
Description amended

... indicated by bits 26 to 0 is set. Whether or not the
address frame receive information, which is part of
frame status, is copied into this bit is specified by th
transmit/receive status copy enable register.

Bits 26 to 0—Receive Frame Status 26 to 0 (RFS2¢
Description of RFS8 amended

455

Note replaced

10.4 Usage Notes

461

Newly added

11.2.4 DMA Channel
Control Registers 0 and 1
(CHCRO, CHCR1)

Bit 4—Transfer Bus Mode
Bit (TB)

473

Description amended

When 1 (burst mode) is set to bit TB, set 1 (edge de
the DREQ select bit (DS).

11.5 Usage Notes

520to Notes 12, 13, 14, 15, and 16 added

524

Rev. 2.00, 03/05, page xvi of xxxviii
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Circuit for System Reset Reset input RES
with WDTOVF Signal

Reset signal to

entire system WDTOVF
13.4.6 Internal Reset by Section 13.4.6 added
Watchdog Timer (WDT) in
Sleep Mode
14.2.6 Serial Control 574 Bit 6—Receive Interrupt Enable (RIE)

Register (SCSCR) Description amended

Bit 6—Receive Interrupt Enable (RIE): Enables or
generation of receive-FIFO-data full interrupt (RXI;
error interrupt (ERI), and break interrupt (BRI) reqt
after serial receive data is transferred from the rec
register (SCRSR) to the receive FIFO data registel
(SCFRDR), the number of data bytes in SCFRDR
exceeds the receive trigger set number, and the R
setto 1in SC1SSR.

14.2.9 Bit Rate Register 587, Table 14.3 amended
(SCBRR) 588

: P (MHz)

Table 14.3 Examples of : 12 : 30

Bit Rates and SCBRR Error Error

Settings in Asynchronous fn N (%) ‘n N (%)

Mode t'2 212 003 |3 132 013
i 2 155 016 3 97 035
b2 77 016 ! 2 194 0.6
i1 155 016 | 2 97 -0.35
i1 77 016 | 1 194 0.6
10 185 016 | 1 97 -0.35
0 77 016 ;0 194 016
{0 38 016 | 0 97 -035
10 19 2340 48 035
!0 11 000 :0 29 0.00
{0 9 2330 23 173

Rev. 2.00, 03/05, page
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(Asynchronous Mode) —
1 0 ‘ s 7-bit data ‘ P IsT

1 | s 7-bit data | P JsT

14.3.3 Multiprocessor 613 Figure 14.12 amended
Communication Function

Figure 14.12 Sample Yes
Multiprocessor Serial ‘
Transmission Flowchart ’ Read TEND bit in SC1SSR ‘

Figure 14.14 Sample 616 Figure 14.14 (1) amended
Multiprocessor Serial

Reception Flowchart (1)

BRK ODR OER OFER O
ORER =17

Read receive data from SCFRDR,
and clear RDF flag to 0 in SC1SSR

Read BRK, DR, ER, and FER bits
in SC1SSR, and ORER bit in SC2SSR

BRK ODR OEROFER 0——. Y&s|

14.3.4 Operation in 619 Description amended
Synchronous Mode

In synchronous mode, the SCIF receives data in
synchronization with the rising edge of the serial clc

Rev. 2.00, 03/05, page xviii of xxxviii
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«—>| SDDRH |
«—»| SDDRL |

Shift registe

T
17.1.4 Register 733 Table 17.2 amended
Configuration
. Register Abbreviation R/W*' Initial Value*?  Address

Table 17'2. Reglster Instruction register ~ SDIR R H'E000 H'FFFFFCE

Configuration Status register SDSR RIW H'0401 HFFFFFCE
Data register H SDDRH RW Undefined H'FFFFFCE
Data register L SDDRL RW Undefined H'FFFFFCE
ID code register SDDR  — | H0101000F  —

17.3.2 Status Register 737 Bit table amended

(SDSR) Bit: 15 14 13 12 11 10 ¢
(=T =T-T=-T=-T~-T1-
Initial value 0 0 0 0 0 1
R/W: R R R R R R F
17.3.6 1D Code Register 750 Description amended
(SDIDR) The ID code register (SDIDR) is a 32-bit register. |

IDCODE mode, SDIDR can output H'0101000F, w
fixed code, from TDO.

17.4.1 TAP Controller 751 Description amended

Figure 17.2 shows the internal states of TAP contr
transitions basically conform with the IEEE1149.1

Figure 17.2 TAP Figure 17.2 amended
Contrgl_ler State ( :)( Test-logic-reset
Transitions

Rev. 2.00, 03/05, page
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« The registers are not initialized in standby mode.
set to 0 in standby mode, IDCODE mode will be

18.1 Overview 762  Table 18.1 amended
Table 18.1 Multiplex Pins Function 1 [00]* Function 2 [01]* Function3[10]"  Fu
Signal Related Signal Related Signal Related Signe
Port Name /0 Module Name /0 Module Name /0 Module Name
B  PB3 IO Pot STCKL | S0l  TIOCAO 1O TPUD —
B PB2 /0 Port STS1 /0 sIo1 TIOCBO /O TPUQO —
B PB1 /0 Port STXD1 [e] SIo1 TIOCCO 1/1O TPUD —
B PBO 1/10  Port — - — TIOCDO /O TPUO WOL

21.2 DC Characteristics 794 Table 21.2 amended

Table 21.2 DC Item Symbol Min Typ Max Unit T
Characteristics Three-state All I/O and output Irsi — — 1.0 PA V
leakage pins (off status) V
current Y
P
Output high Both 3.3V and5V V,, PV,.-07 — — Voo
voltage Other output pins Ve—-05 — — A2
Ve-10 — — Voo
Output low Both3.3Vand5V V. — — 06 Voo
voltage Other output pins — — 04 \ 1,
21.3.1 Clock Timing 797 Table 21.5 amended
Table 21.5 Clock Timing tem  Symbol Min Max ur
CKPO clock output cycle time tekpeve 32 1000 ns
CKPO clock output low-level pulse width tckpoL 11 — ns
CKPO clock output high-level pulse width tckpoH 11 — ns
CKPO clock rise time tekpor — '5) ns
CKPO clock fall time tekport = 5 ns
Power-on oscillation stabilization time tosci 10 — m:
Standby recovery oscillation stabilization toscz 10 — m
time 1
Standby recovery oscillation stabilization toscs 10 — m:
time 2
PLL synchronization stabilization time teLL 1 — m

Figure 21.3 CKIO Clock 798 Figure 21.3 amended
Output Timing (Before) Viy — (After) Von

Figure 21.4 CKPO Clock 799 Figure 21.4 added
Output Timing
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\Pallh ALUVE, oadlllc RUVV
Access, Except teeyeitpeye 892
1:1) 854
Figure 21.45 Interrupt
Vector Fetch Cycle

(No Wait, Except tecyc:treye
1:1)

Figure 21.46 Interrupt
Vector Fetch Cycle
(External Wait Input,
Except tecyc:tpeye 1:1)
Figure 21.50 FRT
Input/Output Timing
(Except tecycitreye 1:1)
Figure 21.52 FRT Clock
Input Timing (Except
tecyeitreye 1:1)

Figure 21.57 TPU
Input/Output Timing
(Except tecycitreye 1:1)
Figure 21.60 Watchdog
Timer Output Timing
(Except teeycitreye 1:1)
Figure 21.69 1/O Port
Input/Output Timing
(Except teeycitreye 1:1)
Figure 21.70 MIl
Transmit Timing (Normal
Operation)

Figure 21.71 Ml
Transmit Timing (Case of

Conflict)

21.3.6 Serial 844 Table 21.10 amended
C_ommunlcatlon Interface (Before) tesoye — (After) taaye
Timing

Table 21.10 Serial
Communication Interface
Timing
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Qed.Jode JIMVTY, WL, (Adiv UJdV Tavie o L. 717 dlliviiaceu

BUSHiIZ Signal Timing Item Symbol  Min Typ Max
Table 21 17 STATS W STATS1 and STATSO output delay time tstatd — — 16
and BUSHiZ Signal
Timing
Figure 21.78 STATS 856 Figure 21.78 and Figure 21.79 amended
Output Timing (Before) G-DMAC -, (After) DMAC
Figure 21.79 BH Output
Timing
A.1 Addresses 859 SICTR2 amended
Register Bit Names
Address Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1

HFFFFFC24 SICTR2  — — — — — — —
HFFFFFC25 - ™ SE DL TIE RIE TE

862 SCSMR1 amended

Bit Names
Register
Address Name Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit1
H'FFFF FCCO |SCSMR1 C/A CHR/ICK3PE/ICK2 O/E/ICK1 STOP/ MP CKS1
ICKO
864 EESR amended
. Bit Names
Register
Address Name Bit 7 Bit6 Bit 5 Bit4 Bit 3 Bit2 Bit1
HFFFF FD14 EESR — — — — — TABT RABT
H'FFFF FD15 - ECI TC TDE TFUF FR RDE
H'FFFF FD16 — — — ITF CND bLC CcD
H'FFFF FD17 RMAF -_ - RRF RTLF RTSF PRE
TRSCER amended
Register Bit Names
Address Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit 2 Bit1
HFFFF FD1C TRSCER — — — — — — —
H'FFFF FD1D — — — — — — —
H'FFFF FD1E — — — = = = =
H'FFFF FD1F RMAFCE — — — — — —
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H'FFFFFE72 (Before) DCDR1 — (After) DRCR1

872 BBRC amended
Register Bit Names
Address  Name _ Bit7 _ Bite  Bits _Bit4  Bit3 Btz  Bitl |
HFFFFFF48  BBRC — — — — — — XYEC
H'FFFFFF49 CPC1 CPCO IDC1 IDCO RWC1 RWCO SzC1
876 MCR amended
Register Bit Names
Address  Name  Bit7 _ Bit6 __ BitS _ Bit4 Bit3 _ Bit2 Bl |
HFFFFFFEC MCR TRPO RCDO TRWLO TRAS1 TRASO BE RASD
H'FFFFFFED AMX2 sz AMX1 AMX0 RFSH RMODE TRP1
B.1 Pin Statesin Reset, 880 Table amended
Power-Down State, and Pin State
Bus-Released State Manual Reset Power-Down Sta
Power- Standby Standby
On Bus Bus Mode Mode S
PinType PinName Reset _Acquired Released (HIZ=0) (HIZ=1) M
EtherC  ETXD3toETXD0 O O O SR o ! 0
ERXDS3 to ERXD0O | | | | | |
Appendix C Product 881 Table amended
Lineup Operating
Abbreviation Voltage Frequency Mark Code
Table Cl SH7615 SH7615 Vee =PLLV, =33V 62.5 MHz HD6417615ARF
Product Lineup PV, =5.0V/3.3V HD6417615ARFV
HD6417615ARBP
HD6417615ARBPV
Appendix D Package 882 Description amended
Dimensions Figure D.1 shows the FP-208C and FP-208CV pacl
dimensions, and figure D.2 shows the BP-240A anc
240AV package dimensions.
Figure D.1 Package 882 Figure D.1 replaced
Dimensions (FP-208C,
FP-208CV)
Figure D.2 Package 883 Figure D.2 added

Dimensions (BP-240A,
BP-240AV)
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The CPU has a RISC (Reduced Instruction Set Computer) type instruction set. The Cl
operates at arate of one instruction per cycle, offering a great improvement in instruc
execution speed. In addition, the 32-bit internal architecture provides improved data p
power, and DSP functions have also been enhanced with the implementation of exten
architecture DSP data bus functions. With this CPU, it has become possible to assemt
high-performance/high-functionality systems even for applications such as realtime c
could not previously be handled by microcomputers because of their high-speed proce
requirements. The SH7615 a so includes a maximum 4-kbyte cache, for greater CPU |
power when accessing external memory.

The SH7615 is equipped with a media access controller (MAC) conforming to the | EI
standard, and an Ethernet controller that includes a media independent interface (MI1)
unit, enabling 10/100 Mbps LAN connection. Supporting functions necessary for syst
configuration are also provided, including RAM, timers, a serial communication inter
FIFO (SCIF), interrupt controller (INTC), and 1/O ports.
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* RISC (Reduced Instruction Set Computer) type instruction set

O
O

g

Fixed 16-bit instruction length for improved code efficiency
Load-store architecture (basic operations are executed bet
registers)

Delayed branch instructions reduce pipeline disruption duril
branches

C-oriented instruction set

» Instruction execution time: One instruction per cycle (16.0 ns/ir
62.5 MHz operation)

» Address space: Architecture supports 4 Gbytes

e On-chip multiplier: Multiply operations (32 bits x 32 bits - 64 b
multiply-and-accumulate operations (32 bits x 32 bits + 64 bits
executed in two to four cycles

* Five-stage pipeline
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O Single-cycle multiplier

DSP registers

O Two 40-bit data registers

Six 32-bit data registers

Modulo register (MOD, 32 bits) added to control registers
Repeat counter (RC) added to status register (SR)

O O oo

Repeat start register (RS, 32 bits) and repeat end register
added to control registers

DSP data bus

0 Extended Harvard architecture

O Simultaneous access to two data buses and one instructic
Parallel processing

0 Maximum of four parallel processes

O ALU operations, multiplication, and two loads or stores
Address processors

0 Two address processors

O Address operations to access two memories

DSP data addressing modes

O Increment and index

O Each with or without modulo addressing

Repeat control: Zero-overhead repeat (loop) control
Instruction set

O 16-bit length (in case of load or store only)

O 32-bit length (including ALU operations and multiplication)

0 Added SuperH microcomputer instructions for accessing [
registers

Fifth and last pipeline stage is DSP stage
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LRU replacement algorithm
Can also be used as 2-kbyte cache and 2-kbyte RAM (2-way c

Mixed instruction/data cache, instruction cache, or data cache
be set

1-cycle reads, 2-cycle writes (in write-back mode)

Interrupt controller
(INTC)

16 priority levels can be set

On-chip supporting module interrupt vector numbers can be se
41 internal interrupt sources

The E-DMAC interrupt (EINT) is input to the INTC as the OR o
and E-DMAC interrupt sources (max.). Thus, from the viewpoir
INTC, there is one EtherC/E-DMAC interrupt source.

Five external interrupt pins (NMI, 1RLO to TRL3)

15 external interrupt sources (encoded input) can also be selec
IRLO to IRL3 (IRL interrupts)

IRL interrupt vector number setting can also be selected (selec
vector or external vector)

Provision for IRQ interrupt setting (low-level, rising-edge, falling
both-edge detection)
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UsSEl DICdK ITerrdpt gerncerated O occurrerice Of preak COndit
Processing can be stopped before or after instruction executit
instruction fetch cycle

Break with specification of number of executions (channels C
Settable number of executions: max. 2'2 — 1 (4095)

PC trace function

Branch source/branch destination can be traced in branch ins
(max. 8 addresses (4 pairs))
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U
a
O

Walt state insertion control for each area
Control signal output for each area
Endian can be set for CS2 and CS4

* Cache

O
g

Cache area/cache-through area selection by access addre:
Selection of write-through or write-back mode

* Refresh functions

a
O

O

CAS-before-RAS refreshing (auto refreshing) or self-refresit

Refresh interval settable by means of refresh counter and c
setting

Concentrated refreshing according to refresh count setting
(1,2,4,6,8)

Refresh request output possible (REFOUT)

* Direct DRAM interface

g
a
a
O

Multiplexed row address/column address output
Fast page mode burst transfer and continuous access whel
EDO mode

TP cycle generation to secure RAS precharge time

» Direct synchronous DRAM interface

O
g
a

Multiplexed row address/column address output
Bank-active mode (valid for CS3 only)

Selection of burst read/single write mode or burst read/burs
mode

e Bus arbitration (BRLS, BGR)
* Refresh counter can be used as interval timer

O

Interrupt request generated on compare match (CMI interrt
signal)
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O When synchronous DRAM is connected, 16-byte continuc
continuous write transfer is available (dual)

O When synchronous DRAM is connected, single-address ti
available in a single clock cycle at maximum 31.25 MHz

Cycle stealing or burst transfer
Relative channel priorities can be set (fixed mode/round robin
DMA transfer is possible for the following devices:

O External memory, on-chip memory, on-chip supporting mc
(excluding DMAC, BSC, UBC, cache, E-DMAC, EtherC)

External requests, DMA transfer requests from on-chip suppo
modules, auto requests
Interrupt request (DEIn) can be issued to CPU at end of data

DACK used for DREQ sampling (however, there is always on
there is one acceptance before first DACK)

On-chip RAM

4-kbyte X-RAM
4-kbyte Y-RAM

Ethernet controller
direct memory
access controller
(E-DMAC),

2 channels

Transfer possible between EtherC and external memory/on-cl
16-byte burst transfer possible

Single address transfer

Chain block transfer

32-bit transfer data width

4-Gbyte address space
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O Transmitting and receiving short and long packets
Compatible with MIl (Media Independent Interface) standard
O Converts 8-bit stream data from MAC level to MII nibble str
0 Station management (STA) functions

O 18 TTL-level signals

O Variable transfer rate: 10/100 Mbps

Magic Packet™™ (with WOL (Wake On LAN) output)

Serial communi- .
cation interface

with FIFO (SCIF),

2 channels

Asynchronous mode

Data length: 7 or 8 bits

Stop bit length: 1 or 2

Parity: Even, odd, or none

Receive error detection: Parity errors, framing errors, overr

O 0O oOoo o

Break detection

Synchronous mode

O One serial communication format (8-bit data length)

O Receive error detection: Overrun errors

IrDA mode (conforming to IrDA 1.0)

Simultaneous transmission/reception (full-duplex) capability

O Half-duplex communication used for IrDA communication
Built-in dedicated baud rate generator allows selection of bit ra

Built-in 16-stage transmit and receive FIFOs enable high-speet
continuous communication

Internal or external (SCK) transmit/receive clock source

Note: * Magic Packet is a registered trademark of Advanced Micro Devices, Inc.
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of receive FIFO register transmit data errors
* Timeout error (DR) can be detected during reception

Serial I/O (SIO), * Full-duplex operation (independent transmit and receive regis
3 channels independent transmit and receive clocks)

» Transmit/receive ports with double-buffer structure (enabling
transmission/reception)

* Interval transfer mode and continuous transfer mode

* Choice of 8- or 16-bit data length

« Data transfer communication by means of polling or interrupts
« MSB-first transfer between SIO and data I/O

High-performance « Conforms to IEEE1149.1 standard

user debugging . . -
Five test Is (TCK, TDI, TDO, TMS, TRST

interface (H-UDI) Ive test signals (TCK, TDI, ' ' )
TAP controller

Instruction register

Data register

O O oo o

Bypass register

* Test mode that conforms to the IEEE1149.1 standard
0 Standard instructions: BYPASS, SAMPLE/PRELOAD, anc
O Optional instructions: CLAMP, HIGHZ, and IDCODE

e H-UDI interrupt
0 H-UDI interrupt request to INTC

* Resethold
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or Input capture

O Synchronous operation: Multiple timer counters (TCNT) cai
to simultaneously; simultaneous clearing by compare matcl
capture possible; simultaneous register input/output possib
counter synchronous operation

O PWM mode: Any PWM output duty can be set; maximum 7
PWM output possible by combination with synchronous ope

» Buffer operation settable for channel 0
O Input capture register double-buffering possible
O Automatic rewriting of output compare register possible

» Phase counting mode settable independently for channels 1 ar
0 Two-phase encoder pulse up/down-count possible

e 13 interrupt sources

O For channel 0, four compare match/input capture dual-func
interrupts and one overflow interrupt can be requested inde

O For channels 1 and 2, two compare match/input capture du
interrupts, one overflow interrupt, and one underflow interrt
requested independently
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O Counter value can be cleared by compare match A
Four interrupt sources

0 Two compare match sources (OCIA, OCIB)

O One input capture source (ICl)

O One overflow source (OVI)

Watchdog timer
(WDT), 1 channel

Clock pulse
generator (CPG)

Can be switched between watchdog timer mode and interval

Internal reset, external signal (WDTOVF), or interrupt generat
overflow

Used when standby mode is cleared or the clock frequency is
and in clock pause mode

Selection of eight counter input clocks

Built-in clock pulse generator

Selection of crystal or external clock as clock source

Built-in clock-multiplication PLL circuits

Built-in PLL circuit for phase synchronization between externe
internal clock

CPU/DSP core clock (l¢), peripheral module clock (P¢), and €
interface clock (Eg) frequencies can be scaled independently
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O Module standby function: Operation of FRT, SCIF, DMAC,
TPU, and SIO on-chip supporting modules is halted selecti

I/O ports e 29 input/output ports
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137
136 [/

PVSS

PB10/SRXD2/TIOCAL
PBY/STCK2/TIOCBL/TCLKC
PB8/STS2/TIOCA2
PB7/STXD2/TIOCB2/TCLKD
PB6/SRCK1/SCK2
PB5/SRS1/RXD2
PB4/SRXD1/TXD2
PB3/STCK1/TIOCAO
PB2/STS1/TIOCBO

PvCC
PB1/STXD1/TIOCCO/TCLKA
PVSS

PBO/TIOCDO/TCLKB/WOL
PA13/SRCKO

PA12/SRSO

PA11/SRXDO
PA10/STCKO

PA9/STSO

PAB/STXDO
PA7/WDTOVF

PA6/FTCI

b FP-208C, FP-208CV
(Top view)

PA4/FTOA
CKPO/FTOB
PA2/LNKSTA
PAL/EXOUT
PAO

RX-ER
RX-DV

coL

CRS

o
@
@

18

EXTAL ] 19
22

MD4 ] 13
MD3 ] 14
MD2 — 15
MD1[—] 16
MDO ] 17
VSS =] 20

XTALC] 21

vcc
CKIO —] 23

VSS /] 26

PLLVSS ] 9
PLLCAP2 —] 10
PLLCAP1 ] 11

PLLVCC ] 12

vCcC

CKPACK ] 25

IVECF ] 27

106 [/ A21
105 [—3 A20

D13 ] 51
VSS ] 52

CKPREQ/CKM ] 24

Body size

28 x 28 (mm)

Height

1.7 (mm)

Pin pitch

0.5 (mm)

Note: * When doing debugging using the E10A emulator, this pin is used for mode switching. It should be connected

when using the E10A emulator and connected to Vcc when using a normal user system.

Figure 1.2 HD6417615ARF and HD6417615ARFV Pin Arrangement

(FP-208C, FP-208CV)
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Figure 1.3 HD6417615ARBP and HD6417615ARBPV Pin Arrangeme

(BP-240A, BP-240AV)
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D

Vss pins to the system groun
will not operate if there are a

PVce Input I/O circuit power Power supply for the 1/O circ
PVss Input I/O circuit Ground for the 1/O circuits
ground
Clock XTAL Output  Crystal input/ For connection to a crystal re
EXTAL Input output pin For connection to a crystal re
used as external clock input
CKIO I/0 System clock Used as the external clock in
input/output internal clock output pin
pin
CKPREQ/  Input Clock pause Used as the clock pause req
CKM request input changing the frequency of th
from the CKIO pin, or halting
CKPACK  Output  Clock pause Indicates that the chip is in tt
acknowledge pause state (standby state) i
signal
CKPO Output  On-chip Outputs the on-chip peripher
peripheral clock
(Pg) output
PLLCAP1 Input PLL capacitance Connects capacitance for op
connection pins  PLL circuit 1
PLLCAP2 Input Connects capacitance for op
PLL circuit 2
PLLVcc Input PLL power PLL oscillator power supply
PLLVss Input PLL ground PLL oscillator ground

Rev. 2.00, 03/05, page 16 of 884
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Uul.pul uic vrikyY blullcll 1TUL
the bus has been acquired
receives the BGR signal

BRLS Input Bus release Driven low when an externs
requests release of the bus
Operating MDO to MD4 Input Mode setting The operating mode is spec
mode levels at these pins
Interrupts NMI Input Nonmaskable Inputs the nonmaskable int
interrupt signal
IRL3 to IRLO Input External These pins input maskable
interrupt request signals
request input
Oto3
IVECF Output  Interrupt Indicates an external vector
vector fetch
cycle
Bus control BS Output  Bus cycle Signal indicating the start of
start Asserted every data cycle it
transfer
CS41t0 CSO Output  Chip select Chip select signals indicatir
Oto 4 being accessed
WAIT Input Wait Wait state request signal
RD Output  Read Strobe signal indicating a re
RAS Output  Row address DRAM/synchronous DRAM

strobe

RENESAS
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DQMLUY/

D

Output  Third byte SRAM/synchronous DRAM t
WE1 access select signal
DQMLL/ Output  Lowest byte SRAM/synchronous DRAM |
WEO access select signal
CAS3 Output  Column address DRAM highest byte select si
strobe 3
CAS2 Output  Column address DRAM second byte select si
strobe 2
CAS1 Output  Column address DRAM third byte select signe
strobe 1
CASO Output  Column address DRAM lowest byte select sig
strobe 0
CKE Output  Clock enable Synchronous DRAM clock et
REFOUT Output  Refresh out Signal requesting refresh exe
when the bus is released
RD/WR Output  Read/write DRAM/synchronous DRAM \
BUSHiZ Input Bus high Signal used in combination v
impedance signal to place bus and strob
the high-impedance (HiZ) ste
ending the bus cycle
BH Output  Burst hint Asserted at the start of a DM
negated one bus cycle befor
the burst
STATSO, Output  Status CPU, DMAC, and E-DMAC ¢
STATS1 information

Rev. 2.00, 03/05, page 18 of 884
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TRST

Input Test reset

Test reset input signal

ASEMODE*! Input

ASE mode input

ASE mode/user mode selec

Ethernet
controller
(EtherC)

TX-CLK Input Transmitter TX-EN, ETXDO to ETXD3, -
clock reference signal
RX-CLK Input Receive clock RX-DV, ERXDO to ERXD3,
timing reference signal
TX-EN Output  Transmit enable Signal indicating that transr
ETXDO to ETXD3 is ready
ETXDO to Output  Transmit data 4-bit transmit data
ETXD3 Oto3
TX-ER Output  Transmit error Signal sending error status
port
RX-DV Input Receive data Indicates that enable receiv
enable ERXDO to ERXD3 exist
ERXDOto  Input Receive data 4-bit receive data
ERXD3 0to3
RX-ER Input Receive error Reports error state that occ
transfer of frame data
CRS Input Carrier sense Carrier detection notificatior
CoL Input Collision Collision detection signal
MDC Output Management Reference clock signal for i
data clock transfer by MDIO
MDIO 1/0 Management Bidirectional signal for exch

data input/output

management information be
and PHY

RENESAS

Rev. 2.00, 03/05, pe



controller

DREQO, Input DMAC Pins that input DMA transfer
(DMAC) DREQ1 channel 0, 1 from an external device
request
Serial TXD1, TXD2 Output  Transmit data SCIF channel 1 and 2 transn
communi- output channel output pins
cation 1,2
interface with RXD1, RXD2 Input Receive data SCIF channel 1 and 2 receiv
FIFO (SCIF) input channel pins
1,2
SCK1, SCK2 1/0 Serial clock SCIF clock input/output pins
input/output
channel 1, 2
RTS Output  Transmit SCIF channel 1 transmit req
request pin
CTS Input Transmit enable  SCIF channel 1 transmit ena
Timer pulse  TCLKA Input TPU timer clock  Pins that input an external cl
unit (TPU) TCLKB input A, B, C,D TPU counter
TCLKC
TCLKD
TIOCAO I/0 TPU input Channel 0 input capture inpu
TIOCBO capture/output output compare output/PWM
TIOCCO compare
TIOCDO (channel 0)
TIOCA1 I/0 TPU input Channel 1 input capture inpu
TIOCB1 capture/output output compare output/PWM
compare
(channel 1)

Rev. 2.00, 03/05, page 20 of 884
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FTOB Output  Output compare Output compare B output pi
B output
FTI Input Input capture Input capture input pin
input
Serial /10 SRXDO to Input Serial receive Serial receive data input po
(SlO) SRXD2 data input 0 to 2
SRCKO to Input Serial receive Serial receive clock ports
SRCK2 clock input O to 2
SRSO0 to Input Serial receive Serial receive synchronizati
SRS2 synchronization
input O to 2
STXDO to Output  Serial transmit Serial data output ports
STXD2 data O to 2
STCKO to Input Serial transmit Serial transmit clock ports
STCK2 clock input O to 2
STSO to I/0 Serial transmit Serial transmit synchronizat
STS2 synchronization  input/output ports
input/output 0 to 2
I/O ports PAO to I/0 General port General input/output port pi
*2
PA13 Input or output can be spec
PBO to PB15 I/O General port General input/output port pi
Input or output can be spec
Notes: 1. When carrying out debugging using the E10A emulator, this pin is used for

switching. It should be connected to Vss when using the E10A emulator an
to Vcc when using a normal user system. When a boundary scan test is pe
the H-UDI, user mode must be used. A boundary scan test cannot be perfc

mode.

PA3 cannot be used; CKPO is valid instead.

RENESAS
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FLLCUAFL

F1 10 PLLCAP2
H3 19 EXTAL

J1 21 XTAL

K2 23 CKIO

K3 24  CKPREQ/CKM
K4 25 CKPACK

D3 8 RES

Gl 13 MD4

G2 14 MD3

G3 15 MD2

G4 16 MD1

H1 17 MDO

c1 5 NMI

B2 1 IRL3

D2 2 IRL2

B1 3 IRLT

c2 4 IRLO

L3 27 IVECF
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JL/ 104 Lo

F19 148 BGR

G19 145 BRLS

R17 115 WAIT

L18 128 RD

P19 117 RAS

P18 118 CAS/OE

N19 119 DQMUU/WE3
N18 120 DQMUL/WE2
N17 121 DQMLU/WET
N16 122 DQMLL/WEO
M19 123 CAS3

M18 124 CAS2

M17 125 CAST

M16 126 CASO

L19 127 CKE

L16 129 REFOUT

K19 133 RD/WR

H17 139 BUSHiZ

H18 140 BH

RENESAS
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V1o 1VU4 AlY
w18 103 A18
vVi7 102 Al7
V1i5 100 Al6
uie 98 Al15
W15 97 Al4
uis 96 A13
wi4 95 Al12
Vi4 94 All
ui4 93 A10
T14 92 A9
Vi3 90 A8
wi2 88 A7
viz 87 A6
Uiz 86 A5
T12 85 A4
Wwi1lil 84 A3
Vil 83 A2
Uil 82 Al
T10 80 AO
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VwWo

i

vzo

u7 70 D25
w7 68 D24
V6 65 D23
W6 64 D22
us 63 D21
u3 62 D20
w4 59 D19
w3 57 D18
V3 56 D17
w2 55 D16
V4 54 D15
V2 53 D14
T2 51 D13
uz2 49 D12
ul 48 D11
R2 47 D10
T1 46 D9
R1 44 D8
R3 43 D7
P2 41 D6
P3 40 D5
P4 39 D4
N1 38 D3
N2 37 D2
N3 36 D1
M1 34 DO

RENESAS
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] AsSENIVUDE €
A5 201 TX-CLK [
A8 192 RX-CLK

A4 203 TX-EN L
A2 207 ETXD3 (
B3 206 ETXD2

A3 205 ETXD1

B5 204 ETXDO

B4 208 TX-ER

A9 188 RX-DV

C6 197 ERXD3

D6 196 ERXD2

A7 195 ERXD1

B7 194 ERXDO

B9 187 RX-ER

Cc8 190 CRS

D8 189 COL

A6 199 MDC

B6 198 MDIO i
G1l7 143 DACK1 [
G18 144 DACKO

H19 141 DREQ1

G16 142 DREQO y
Note: * When carrying out debugging using the E10A emulator, this pin is used for r

switching. It should be connected to Vss when using the E10A emulator (AS
When using the chip in the normal user system, and not using the E10A em
mode), connect this pin to Vcc. When a boundary scan test is performed witl
UDI, user mode must be used. A boundary scan test cannot be performed ir
mode.
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Cls 154 PB12 SRCK2 RIS STATS1
D18 156 PBi1 SRS2 CTS STATSO
B16 158 PB10 SRXD2 TIOCA1

Al8 159 PB9 STCK2 TIOCB1/TCLKC

B17 160 PBS8 STS2 TIOCA2

Al7 161 PB7 STXD2 TIOCB2/TCLKD

B15 162 PB6 SRCK1 SCK2

Al6 163 PB5 SRS1 RXD2

Cl6 164 PB4 SRXD1 TXD2

Al5 165 PB3 STCK1 TIOCAO

C17 166 PB2 STS1 TIOCBO

Al4 168 PB1 STXD1 TIOCCO/TCLKA

Cl4 170 PBO TIOCDO/TCLKB WOL
D14 171 PA13 SRCKO

Al3 172 PA12 SRS0

B13 173 PA1ll SRXDO

C13 174 PA10 STCKO

Al2 175 PA9 STSO

B12 176 PA8 STXDO

C12 177 WDTOVF PA7

D12 178 PA6 FTCI

B1l1 180 PA5 FTI

Cl1 182 PA4 FTOA

B10 183 CKPO FTOB

C10 184 PA2 LNKSTA

A10 185 PAl EXOUT

C9 186 PAO

RENESAS
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bus-released state, program execution state, and power-down state. Figure-1.4 shows tt
transitions.

From any state when
RES =0and NMI =1

From any state when
RES =0 and NMI =0

Interrupt or DMA
address error.

NMI interrupt

Bus request
cleared

Bus
request

End of
exception
handling

Exception

Bus request
cleared CKPREQ = 1*

Bus request
received

Program execution state

SBY bit set and
CKPREQ = 0*

Bus request
cleared

Bus request
received

SLEEP

) ; MSTP MSTP instruction
ggsuft(l)on bit bit set
( =0) cleared

Power-down state

Note: * clock pause function

Figure1.4 Processing State Transitions
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program counter (PC) from the exception vector table, and the initial value of the
(SP), stores these values, branches to the start address, and begins program execut
address.

In the case of an interrupt, etc., the CPU references the SP and saves the PC and st
(SR) in the stack area. It fetches the start address of the exception service routine f
exception vector table, branches to that address, and begins program execution.

Subsequently, the processing state is the program execution state.

Program Execution State
In the program execution state the CPU executes program instructionsin normal s

Power-Down State

In the power-down state the CPU stops operating to conserve power. The power-d
entered by executing a SLEEP instruction. The power-down state includes two mc
mode and standby mode—and a module standby function.

Bus-Released State
1. Inthe bus-released state, the CPU releases the bus to a device that has requeste
2. Bus-released state during manual reset signal assertion
While the manual reset signal is being asserted (RES = low and NMI = low), r
request (BRLS input) is accepted. If the BRLS signal continuesto be asserted,
remainsin the bus-released state (asserts the BGR signal).
When the BRLS signal is negated in the bus-released state during manual rese
assertion, this LSl starts using the bus (negates the BGR signal).

Power-Down State: In addition to the normal program execution state, another CPU
state called the power-down state is provided. In this state, CPU operation is halted ar
consumption is reduced. The power-down state includes two modes—sleep mode and
mode—and a module standby function.

Rev. 2.00, 03/05, pe
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When entering standby mode, the DMAC's DMA master enable bit should be clear
Also, the cache should be turned off before entering this mode. The contents of the
on-chip RAM are not retained in this mode.

Standby mode is exited by means of areset or an external NM| interrupt. When stai
is exited, the normal program execution state is entered via the exception handling
the elapse of the oscillation settling time.

If atransition is made to standby mode using the clock pause function, it is possible
the frequency of the CKIO pininput clock, or to stop the clock itself. When SBY ir
issetto 1 and alow level isapplied to the CKPREQ/CKM pin, atransition is made
mode and alow level is output from the CKPACK pin. The clock can then be stopy
frequency changed.

On-chip supporting module states and pin states are the same as in the normal stanc
entered by means of the SLEEP instruction. A transition to the program execution s
made by applying a high level to the CKPREQ/CKM pin.

In this mode the oscillator is halted, greatly reducing power consumption.

* Module Standby Function
A module standby function is provided for the following on-chip supporting modul
direct memory access controller (DMAC), DSP, 16-bit free-running timer (FRT), s
communication interface with FIFO (SCIF), seria /O (SIO), user break controller
timer pulse unit (TPU). A module standby function is not supported for the Etherne
(EtherC) or the Ethernet direct memory access controller (E-DMAC).
Setting one of module stop bits11to 3and 1 (MSTP11to MSTP3, MSTP1) to 1in
control register (SBY CR1/2) stops the clock supply to the corresponding on-chip st
module. Use of this function enables power consumption to be reduced.
The module standby function is cleared by clearing the corresponding MSTP bit to
DSP instructions must not be used when the DSP has been placed in the module ste
When using the DMAC module standby function, the direct memory access control
master enable bit should be cleared to 0.
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is cleared in

3. F
SBYCR1 4. N
Standby  Executing Halted Halted Halted and  Held Undefined 1. N
mode SLEEP initialized™* 2 F
instruction .
while SBY 3. N
bit is set in
SBYCR1
Module  Setting Operating  Operating Clock supply Held Held 1. C
standby  MSTP bit (DSP to specified b
function  corresponding halted) module F
to individual halted, '
module module - N

initialized™?

Notes: 1. Depends on individual supporting module or pin.
2. DMAC and DSP registers and specified module interrupt vectors retain the
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reason, Several regisiers riave Deer ataed to the previous superm microComputer regis
added registers are the three control registers: repeat start register (RS), repeat end reg
and modulo register (MOD), and the six system registers: DSP status register (DSR),
X0, X1, YO and Y1 among the DSP dataregisters.

The general registers are used in the same manner as the SH-1 or SH-2 with regard to
microcomputer-type instructions. With regard to DSP type instructions, they are used
and index registers for accessing memory.

211 General Registers

There are 16 general registers (Rn) numbered RO to R15, which are 32 bitsin length.
registers are used for data processing and address calculation.

With SuperH microcomputer type instructions, RO is also used as an index register. &
instructions are limited to use of RO only. R15 is used as the hardware stack pointer (S
and recovering the status register (SR) and program counter (PC) in exception process
accomplished by referencing the stack using R15.

With DSP type instructions, eight of the 16 general registers are used for the addressir
Y data memory and data memory (single data) using the | bus.

R4 and R5 are used as an X addressregister (Ax) for X memory accesses, and R8 isu
index register (Ix). R6 and R7 are used asa Y addressregister (Ay) for Y memory acc
R9isused asa index register (ly). R2, R3, R4, and R5 are used as asingle data add
(As) for accessing single data using the | bus, and R8 is used as a single dataindex re

DSP type instructions can simultaneously access X and Y data memory. There are twi
address pointers for designating X and Y data memory addresses.

Figure 2.1 shows the general registers.
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R/, IAYL ™
RS, [Ix, Is]"3
R9, [Iy]"3
R10

R11

R12

R13

R14

R15, SP *2

Notes: 1. RO also functions as an index register in the indirect indexed register
addressing mode and indirect indexed GBR addressing mode. In some
instructions, only the RO functions as a source register or destination re

2. R15 functions as a hardware stack pointer (SP) during exception proce
3. Used as memory address registers, memory index registers with DSP
instructions.

Figure2.1 General Register Configuration

With the assembler, symbol names are used for R2, R3 ... R9. If it iswished to use ane
makes clear the role of aregister for DSP type instructions, a different register name (a
used. Thisis written in the following manner for the assembler.

I X: . REG (R8)
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Asl: .REG (R5) definedwhen analiasisrequired for single data transfer
As2: . REG (R2) definedwhen analiasisrequired for single data transfer
As3: .REG (R3) definedwhen an dliasisrequired for single data transfer
I's: . REG (R8) defined when an aliasisrequired for single data transfer

212 Control Registers

The six 32-bit control registers consist of the status register (SR), repeat start register:
end register (RE), global base register (GBR), vector base register (VBR), and modul
(MOD).

The SR register indicates processing states.

The GBR register functions as a base address for the indirect GBR addressing mode,
for such as on-chip peripheral module register datatransfers.

The VBR register functions as the base address of the exception processing vector are
interrupts).

The RS and RE registers are used for program repeat (loop) control. The repeat count
designated in the SR register repeat counter (RC), the repeat start addressin the RSre
the repeat end address in the RE register. However, note that the address values storec
and RE registers are not necessarily always the same as the physical start and end add
of the repeat.

The MOD register is used for modulo addressing to buffer the repeat data. The modul
designation is made by DMX or DMY, the modulo end address (ME) is designated in
bits of the MOD register, and the modulo start address (MS) is designated in the lowe
Note that the DMX and DMY bits cannot simultaneously designate modulo addressin
addressing is possible with X and Y datatransfer ingtructions (MOV X, MOVY). Itis
with single datatransfer instructions (MOV'S).
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Repeat end register (RE)

31

| RE
Global base register (GBR)

31

| GBR
Vector base register (VBR)

31

| VBR
Modulo register (MOD)

31 16 15

| ME MS

ME: Modulo end address
MS: Modulo start address

Figure2.2 Control Register Configuration
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AT Lol Y Yyl iauuwtt

(DMX)

il )y WUl bIe pYititedy FVAATY Ty T

7t04

M bit
Q bit
Interrupt request mask (13
to 10)

Used by the DIVOS/U, DIV1 instructions
Used by the DIVOS/U, DIV1 instructions

Indicate the receive level of an interrupt r
15)

3to2

Repeat flags (RF1, RF0)

Used in zero overhead repeat (loop) cont
below for an SETRC instruction

For 1 step repeat 00 RE — RS = -4
For 2 step repeat 01 RE — RS = -2
For 3 step repeat 11 RE— RS =0
For 4 steps or more 10 RE— RS >0

Saturation arithmetic bit

()

Used with MAC instructions and DSP ins

1: Designates saturation arithmetic (prev
overflows)

T bit

For MOVT, CMP/cond, TAS, TST, BT, B’
BF/S, SETT, CLRT and DT instructions,

0: represents false
1: represents true

For ADDV/ADDC, SUBV/SUBC, DIVOUIL
NEGC, SHAR/SHAL, SHLR/SHLL, ROTF
ROTCR/ROTCL instructions,

1: represents occurrence of carry, borrow
underflow

31to 28
15to0 12

0 bit

0: 0 is always read out; write a 0
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LDRS @disp,PC; dispx2 + PC-RS
LDRE @disp, PC); dispx2 + PC-RE

The GBR register and VBR register are the same as the previous SuperH microprocess
An RC counter and four control bits (DMX bit, DMY bit, RF1 bit, RFO bit) have been
the SR register. The RS, RE and MOD registers are new registers.

213 System Registers

System registers consist of four 32-bit registers: high and low multiply and accumulate
(MACH and MACL), the procedure register (PR), and the program counter (PC). Thel
MACL store the results of multiplication or multiply and accumulate operations®. The
the return address from the subroutine procedure. The PC indicates the address of the
execution; it controls the flow of the processing. The PC indicates the fourth byte after
instruction currently being executed. These registers are the same as those in the Super
Mi Croprocessor.

Note: * These are used only when executing an instruction that was supported by St
SH-2. They are not used for newly added multiplication instructions (PM UL

sl 0 Multiply and accumulate
MACH register high (MACH)
MACL Multiply and accumulate
register low (MACL)
31 0
| PR Procedure register (PR)
31 0
| PC Program counter (PC)

Figure2.3 System Register Configuration
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The DSP data registers are comprised of the two 40-bit registers AO and A1, and the s
registersMO, M1, X0, X1, YOand Y1. The AO and A1 registers have the 8-bit guard |
A1G, respectively.

The DSP data registers are used for the transfer and processing of the DSP data of DS
operands. There are three types of instructions that access DSP dataregisters: those fc
processing, and thosefor X or Y datatransfer processing.

The control register isthe 32-bit DSP status register (DSR) that represents operation r
DSR register has bits that represent operation results, a signed greater than bit (GT), a
anegative value bit (N), an overflow bit (V), a DSP status bit (DC: DSP condition), a
selection bit (CS: condition select) for controlling DC bit setting.

The DC bit represents one status flag and is very similar to the SuperH microprocessc
T bit. For conditional DSP type instructions, DSP data processing execution is control
accordance with the DC bit. This control is related to execution in the DSP unit only,
DSP registers are updated. It bears no relation to address calculation or such SuperH
microprocessor CPU core execution instructions as |oad/store ingtructions. The contrc
(bits 2 to 0) designate the status for setting the DC bit.

DSP type instructions are comprised of unconditional DSP type instructions and cond
typeinstructions. The status and DC hits are updated in unconditional DSP type data |
with the exception of the PMULS, MOV X, MOVY and MOV Sinstructions. Conditic
type instructions are executed according to the status of the DC bit, but regardless of v
not they are executed, the DSR register is not updated.

Figure 2.4 shows the DSP registers. The DSR register bit functions are shown in table
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31 87 654 3210
——————————— IGTI ZIN | VICS[2:0] IDC| DSP status register

Figure2.4 DSP Register Configuration

Rev. 2.00, 03/05, page 40 of 884
RENESAS



Zero nit (£)

Negative bit (N)

Indicates that the operation result IS zero
operand 1 is equal to operand 2

1: Operation result is zero (0), or equivale

Indicates that the operation result is nege
operand 1 is smaller than operand 2

1: Operation result is negative, or operan
smaller

Overflow bit (V)

Indicates that the operation result has ovi
1: Operation result has overflowed

3tol

Status selection bits (CS)

DSP status bit (DC)

Designate the mode for selecting the ope
status set in the DC hit

Do not set either 110 or 111
000: Carry/borrow mode
001: Negative value mode
010: Zero mode

011: Overflow mode

100: Signed greater mode
101: Signed above mode

Sets the status of the operation result in t
designated by the CS bits

0: Designated mode status not realized (
1: Designated mode status realized
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bits are used, the N flag cannot indicate the correct status.

216 Initial Values of Registers

Table 2.3 lists the values of the registers after reset.

Table2.3 Initial Valuesof Registers

Classification Register Initial Value
General registers RO to R14 Undefined
R15 (SP) Value of the SP in the vector address table
Control registers SR Bits I3 to 10 are 1111 (H'F), the reserved b
DMY, and DMX are 0, and other bits are u
RS Undefined
RE
GBR Undefined
VBR H'00000000
MOD Undefined
System registers  MACH, MACL, PR Undefined

DSP registers

PC Value of the PC in the vector address table
AOQ, AOG, A1, A1G, MO, Undefined

M1, X0, X1, YO, Y1

DSR H'00000000

Rev. 2.00, 03/05, page 42 of 884

RENESAS



Longword

Figure2.5 Register Data Format

222 Data Formatsin Memory
These formats are classified into bytes, words, and longwords.

Place byte data in any address, word data from 2n addresses, and longword data from
addresses. An address error will occur if accesses are made from any other boundary.
cases, the access results cannot be guaranteed. In particular, the stack areareferred to
hardware stack pointer (SP, R15) stores the program counter (PC) and status register (
longwords, so establish the hardware stack pointer so that a 4n value will always resul

To enable sharing of the processor accessing memory in little-endian mode and memc
4 space (area 2, 4) has afunction that allows access in little-endian mode. The order o
differs between little-endian mode and normal big-endian mode.

Address m + 1 Address m + 3 Address m + 3 Address m + 1
Address m Address m + 2 Address m + 2 Address m
Ta1 23 15 l 7 o[ Ta1 23 l 15 7 l of
Byte | Byte Byte | Byte Byte | Byte Byte | Byte
Address 2n —»| Word Word Word Word <
Address 4n —p| Longword Longword
Big endian Little endian

Figure2.6 DataFormatsin Memory
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memory table Use an immediate data transfer instruction (MOV) to refer the memory
the PC relative addressing mode with displacement.

224 DSP Type Data Formats

This chip has three different types of dataformat that correspond to various instruction
the fixed-point data format, the integer data format, and the logical data format.

The DSP type fixed-point dataformat has a binary point fixed between bits 31 and 30.
three types. with guard bits, without guard bits, and multiplication input; each with diff
bit lengths and value ranges.

The DSP type integer data format has abinary point fixed between bits 16 and 15. The
types: with guard bits, without guard bits, and shift amount; each with different valid bi
and value ranges. The shift amount of the arithmetic shift (PSHA) has a 7-bit range anc
express values from —64 to +63, but the actual valid values are from —32 to +32. In the
manner, the shift amount of the logical shift has a 6-bit range, but the actual valid value
—16 to +16.

The DSP type logical dataformat does not have a decimal point.
The dataformat and valid data length are determined by the instructions and DSP regis

Figure 2.7 shows the three DSP type data formats and binary point positions. The Supe
dataformat is also shown for reference.
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DSP integer data

39 3231 16 15 0
With guard bits |s| | l —223
i
31 16 15 0
No guard bits | S | | —215-
A
31 22 16 15 0
Arithmetic shift (PSHA) | |s| | 32t
i
31 21 16 15 0
Logical shift (PSHL) | |s| | -16t
A
39 31 16 15 0
DSP logical data | | | (16b
31 0
SuperH integer (word) |S| —231.
(Reference) A
S :Sign bit

A :Binary decimal point
D : Unrelated to processing (ignored)

Figure2.7 DSP Type DataFormats
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registers, the guard bits (bits 39 to 32) are valid. When any registers other than AQ, A1
destination registers, bits 39 to 32 of the result data are disregarded.

Processing for DSP integer data is the same as the DSP fixed-point data processing. Hc
lower word (the lower 16 bits, bits 15 to 0) of the source register isdisregarded. The lo
of the destination register is cleared to O.

In DSP logical data processing, the upper word (the upper 16 bits, bits 31 to 16) of the
register isvalid. The lower word and the guard bits of the AO, Al registers are disregar
upper word of the destination register is valid. The lower word and the guard bits of the
registers are cleared to O.

X, Y Data Transfers: The MOVX.W and MOVY.W instructions access X, Y memory
16-bit X, Y data buses. The data loaded into registers and data stored from registersis:
upper word (the upper 16 bits, bits 31 to 16).

When loading, the MOV X.W instruction loads X memory, with the X0 and X1 register
destination registers. The MOVY .W instruction loads Y memory, withthe YO and Y11
the destination registers. Data is stored in the upper word of the register; the lower wor
toO.

The upper word data of the A0, A1 registers can be stored in X or Y memory with thes
transfer instructions, but storing is not possible from any other registers. The guard bits
lower word of the AO, Al registers are disregarded.

Single Data Transfers: The MOVSW and MOV S.L instructions can access any mem
data bus (CDB). All DSP registers are connected to the CDB bus, and they can become
destination registers during data transfers. The two data transfer modes are word and |c

In word mode, datais loaded to and stored in the upper word of the DSP register, with
exception of the AOG, A1G registers. In longword mode, datais loaded to and stored it
of the DSP register, with the exception of the AOG, A1G registers. The AOG, A1G regi
treated as independent registers during single datatransfers. The load/store data length
AOQG, A1G registersis 8 hits.
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SIgn 1S extended and storea in tne guard pits, tne iower wora 1s Clearea 1o U. vviner the
registers are the destination registers in word mode, the least significant 8 bits of the ¢
loaded into the registers; the AO, Al registers are not zero cleared but retain their prev

If the DSP registers are used as source registers in longword mode, when datais store
registers other than AOG, A1G, the 32 bits (data) of the register are transferred. When
registers are used as the source registers the guard bits are disregarded. When the AQC
registers are the source registersin longword mode, only 8 bits of the data are stored f
registers; the upper bits are sign-extended.

If the DSP registers are used as destination registers in longword mode, the load isto
the register, with the exception of AOG, A1G. In the case of the A0, Al registers, the
extended and stored in the guard bits. When the AOG, A1G registers are the destinatic
longword mode, the least significant 8 bits of the data are loaded into the registers; the
registers are not zero cleared but retain their previous values.

Tables 2.4 and 2.5 indicate the register data formats for DSP instructions. Some regist
be accessed by certain instructions. For example, the PMUL S instruction can designat
register as a source register but cannot designate AO as such. Refer to the instruction e
for details.

Figure 2.8 shows the relationship between the buses and the DSP registers during tran
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PMULS

Data MOVX.W,
transfer MOVY.W,
MOVS.W
MOVS.L 32-bit data
AO0G, A1G Data MOVS.W Data —
transfer MOVS.L
X0, X1, YO, DSP Fixed decimal, Sign® 32-bit data
Y1, MO, M1 operation PDMSB,
PSHA
Integer 16-bit data
Logic, PSHL, —
PMULS
Data MOVS.W
transfer MOVS.L 32-bit data

Note: * The sign is extended and stored in the ALU’s guard bits.
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Logic, PSHL  Clearto 0 16-bit result
Data transfer MOVS.W Sign extend 16-bit data
MOVS.L 32-bit data
AOG, A1G Data transfer MOVS.W Data Not updated
MOVS.L
X0, X1, YO, DSP Fixed — 32-bit result
Y1, MO, M1 operation decimal,
PSHA,
PMULS
Integer, logic, 16-bit result
PDMSB,
PSHL
Data transfer MOVX.W, 16-bit data
MOVY.W,
MOVS.W
MOVS.L 32-bit data

RENESAS
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AOG MO |
A1G M1 |
DSR

A4
x
o

Figure2.8 DSP Register-Bus Relationship during Data Transfers

2.3 CPU Core Instruction Features
The CPU core instructions are RISC type. The characteristics are as follows.
16-Bit Fixed Length: All instructions are 16 bits long, increasing program code efficie

Onelnstruction per Cycle: The microprocessor can execute basic instructionsin one
the pipeline system. One state equals 16.0 ns when operating at 62.5 MHz.

Data L ength: Longword isthe basic data length for al operations. Memory can be acc
bytes, words, or longwords. Byte or word data accessed from memory is sign-extended
handled as longword data. Immediate data is sign-extended for arithmetic operations or
extended for logic operations. It also is handled as longword data.
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Load-Store Architecture: Basic operations are executed between registers. For oper:
involve memory access, data isloaded to the registers and executed (load-store archite
However, Instructions such as AND manipulating bits, are executed directly in memo

Delayed Branches: Such instructions as unconditional branches are delayed branch i
In the case of delayed branch instructions, the branch occurs after execution of the ins
immediately following the delayed branch instruction (slot instruction). This reduces
disruption during branching.

The branching operation of the delayed branch occurs after execution of the slot instri
However, with the exception of such branch operations as register updating, executior
instructions is performed with the order of delayed branch instruction, then delayed sl
instruction.

For example, even if the contents of aregister storing a branch destination address are
adelayed dlot, the branch destination address will still be the contents of the register k
modification.

Table2.7 Delayed Branch Instructions

SH7615 CPU Description Example of Conventic
BRA TRGET Executes an ADD before ADD.W R1,RO
ADD R1,RO branching to TRGET BRA TRGET

Multiplication/M ultiply-Accumulate Operation: 16 x 16 — 32 multiplications exe
to three cycles, and 16 x 16 + 64 — 64 multiply-accumulate operations execute in twi
cycles. 32 x 32 - 64 multiplicationsand 32 x 32 + 64 -, 64 multiply-accumulate op
executein two to four cycles.
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BF TRGET1 The program branches to TRGET1 BLT TRGET1
when RO < R1

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

CMP/EQ #0,R0 is set when RO = 0. The program BEQ TRGET

branches when RO =0
BT TRGET

Immediate Data: Byte immediate data resides in instruction code. Word or longword |
datais not input in instruction codes but is stored in a memory table. An immediate dat
instruction (MQOV) accesses the memory table using the PC relative addressing mode w
displacement.

Table2.9 Immediate Data Accessing

Classification SH7615 CPU Example of Conventiona
8-bit immediate MOV #H'12,R0 MOV.B #H'12,R0
16-bitimmediate  MOV.W @(disp,PC),R0 MOV.W #H'1234,R0

.DATAW H'1234
32-bitimmediate MOV.L @(disp,PC),R0 MOV.L #H'12345678,R(

.DATA.L H'12345678
Note: @(disp, PC) accesses the immediate data.
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.DATA.L H'12345678

16-Bit/32-Bit Displacement: When datais accessed by 16-bit or 32-bit displacement
existing displacement value is placed in the memory table. Loading the immediate dat
instruction is executed transfers that value to the register and the datais accessed in th
indexed register addressing mode.

Table2.11 Displacement Accessing

Classification SH7615 CPU Example of Convention
16-bit displacement MOV.W @(disp,PC),R0 MOV.W @(H'1234,R1),
MOV.W @(RO,R1),R2

.DATA.W H'1234
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Mode Format

Effective Addresses Calculation Equatio

Direct register Rn
addressing

The effective address is register Rn —
(The operand is the contents of register Rn)

Indirect register @Rn
addressing

Post-increment @Rn+
indirect register
addressing

The effective address is the content of register  Rn
Rn

n n

H
H

The effective address is the content of register ~ Rn
Rn. A constant is added to the content of Rn after (After th
the instruction is executed. 1 is added for a byte

' : instructi
operation, 2 for a word operation, and 4 for a execute
longword operation
Byte: Rr
M word: R
° Longwo
- Rn
1/2/4

Pre-decrement @-Rn
indirect register
addressing

The effective address is the value obtained by Byte: Ri
subtracting a constant from Rn. 1 is subtracted Word: R
for a byte operation, 2 for a word operation, and g,

4 for a longword operation

Longwo
- Rn (I

Rn — 1/2/4 execute
after cal
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S| +disp x1/2/4

(zero-extlended)

Indirect indexed @(RO, Rn) The effective address is the Rn value plus RO Rn + R

register
addressing

G—sf Fnero |

Indirect GBR @(disp:8, The effective address is the GBR value plus an  Byte: C

addressing with GBR)
displacement

8-bit displacement (disp). The value of disp is

. Word:
zero-extended, and remains the same for a byte 5
operation, is doubled for a word operation, and
is quadrupled for a longword operation Longw
disp x

GBR
+ disp x 1/2/4

disp
(zero-extended)
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addressing
with
displacement

PC)

8-bit displacement (disp). The value of' disp is zero- x2
extended, is doubled for a word operation, and is ong

quadrupled for a longword operation. For a longword .-
operation, the lowest two bits of the PC value are
masked

disp

(for longword)

H'FFFFFFFC PC +disp x 2
or
: PC&HFFFFFFFC
disp + disp x 4
(zero-extended)
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Immediate
addressing

disp:12 The effective address is the PC value sign-extended PC
with a 12-bit displacement (disp), doubled, and added
to the PC value
disp PC + disp x 2
(sign-extended)

Rn PC
#imm:8 The 8-bit immediate data (imm) for the TST, AND, —
OR, and XOR instructions are zero-extended
#imm:8 The 8-bit immediate data (imm) for the MOV, ADD, —
and CMP/EQ instructions are sign-extended
#imm:8 The 8-bit immediate data (imm) for the TRAPA —

instruction is zero-extended and is quadrupled
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Classification (MOVX.W, MOVY.W) (MdVS.W, MOVS.L)
Address registers Ax: R4, R5; Ay: R6, R7 As: R2, R3, R4, R5
Index registers Ix: R8, ly: R9 Is: R8
Addressing Nop/Inc(+2)/index addition: post-  Nop/Inc(+2,+4)/index ad
update update
— Dec(-2,-4): pre-update
Modulo addressing Possible Not possible
Data bus XDB, YDB CDB
Data length 16 bits (word) 16 bits/32 bits (word/loni
Bus contention None Yes
Memory X, Y data memory All memory spaces
Source registers Dx, Dy: A0, A1 Ds: AO/A1, MO/M1, XO/X
AO0G, A1G
Destination registers Dx: X0/X1; Dy: YO/Y1 Ds: AO/A1, MO/M1, XO/X

AO0G, A1G

X, Y Data Addressing: Among the DSP ingtructions, the MOVX.W and MOVY.W in
can be used to simultaneously access X, Y data memory. The DSP instructions have tw
pointers for simultaneous accessing of X, Y data memory. Only pointer addressing is p
DSP instructions; there is no immediate addressing. The address registers are divided i
R4, R5 registers become the X memory address register (Ax), and the R6, R7 registers
Y memory addressregister (Ay). The following three types of addressing exist with X,

transfer instructions.

1. Non-updated address registers: The Ax, Ay registers are address pointers. They are

updated.

2. Addindex registers: The Ax, Ay registers are address pointers. The I, ly register v
added to them, respectively, after the data transfer (post-update).

3. Increment addressregisters: The Ax, Ay registers are address pointers. The value +

to each of them after the data transfer (post-update).
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Figure 2.9 showsthe X, Y datatransfer addressing. When X memory and Y memory
using the X, Y bus, the upper word of Ax (R4 or R5) and Ay (R6 or R7) isignored. T
@Ay+ and @Ay+ly is stored in the lower word of Ay, and the upper word retains its

value.

R8[IX]

RA[AX]

+2 (INC)

R5[AX]

+0 (No update) —|

ALU

RO[ly]

+2 (INC)

+0 (No update) —l

\4

AU*1

Notes: All three addressing methods (increment, index register addition (Ix, ly), a
no update) are post-updating methods. To decrement the address pointer.
the index register to -2 or —4.

1. Adder added for DSP addressing.

Figure2.9 X,Y DataTransfer Addressing
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3. Increment addressregisters: The As registers are address pointers. The value +2 or
after the data transfer (post-update).

4. Decrement addressregisters. The Asregisters are address pointers. The value -2 or
(+2 or +4 is subtracted) before the data transfer (pre-update).

The address pointer (As) uses the R8 register as an index register (19).

Figure 2.10 shows the single data transfer addressing.

31 0
R2[As]
R8][ls] R4[As]
—2/-4 (DEC) RS[As]
+2/+4 (INC)
+0 (No update) —|
ALU
31
MAB
—» CAB
0

Note: There are four addressing methods (no update, index register addition (
increment, and decrement). Index register addition and increment are
post-updating methods. Decrement is a pre-updating method.

Figure2.10 Single Data Transfer Addressing
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POtN MOAUlo aadresang maode d tne same tume. 1 nererore, do not simuitaneously set
and DMY . If they happen to be set at the sametime, only the DMY sideis valid.

The MOD register is used to designate the start and end addresses of the modulo addr
storesthe MS (modulo start) and ME (modulo end). An example of MOD register (M
usage isindicated below.

MOV. L ModAddr , Rn; Rn=MbdEnd, MbdStart

LDC Rn, MOD; ME=MbdEnd, MS=MbdSt art
ModAddr: . DATA W  nEnd; MbdEnd

.DATA W nftart; ModSt ar t

ModSt art: . DATA

ModEnd: . DATA

Designate the start and end addressesin MS and ME, and then set the DMX or DMY
contents of the address register are compared with ME. If they match ME, the start ad
stored in the address register. The lower 16 bits of the address register are compared v
maximum modulo size is 64 kbytes. Thisis sufficient for X, Y data memory accesses.
shows a block diagram of modulo addressing.
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ALU F | AU
CMP

| mx | | ME | ABy
5 | 11 1 15 1
XAB YAB

Figure2.11 Modulo Addressing
An example of modulo addressing is indicated below:

M5=H E008; MeE=H EOOC;, R4=H 1000EO00S;
DMX=1; DMY=0; (sets modulo addressing for address register Ax (R4, R5))

The R4 register changes as follows due to the above settings.
R4: H'1000E008

I nc. R4: H 1000E00A
I nc. R4: H 1000E00C

Inc. R4: H 1000E008 (becomes the modulo start address because the mo
address occurred)

Datais placed so that the upper 16 bits of the modulo start and end addresses become i
This is so because the modulo start address replaces only the lower 15 bits of the addre
excepting bit 0.

Note:  When using add index with DSP data addressing, there are cases where the vall
exceeded without the address pointer matching the ME. In such cases, the addr
does not return to the modulo start address. Bit 0 is disregarded not only for mc
addressing, but also during X, Y data addressing, so always write O to the O bit:
address pointer, index register, MS, and ME.
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if ( DMX==0 || ==1 && DWY==1 )} Ax=Ax+(+2 or R8[Ix} or -
/* Inc, | ndex, Not - Update */
else if (!not-update) Ax=nmodul o( Ax, (+2 or R8[IX]) );

/* Ay is one of R6,7 */
if ( DW==0 ) Ay=Ay+(+2 or RO[ly] or +0; /* Inc,|ndex, Not-L
else if (! not-update) Ay=nodul o( Ay, (+2 or RO[ly]) );
}
else if ( Operation is MWS Wor MOWS. L ) {
if ( Addressing is Nop, Inc, Add-index-reg ) {
MAB=As;

/* menmory access cycle uses MAB. The address to be used
been updated */

/* As is one of R2-5 */
As=As+(+2 or +4 or R8[Is] or +0); /* Inc.I|ndex, Not - Updat
else { /* Decrenment, Pre-update */
/* As is one of R2-5 */
As=As+(-2 or -4);
MAB=As;

/* menory access cycle uses MAB. The address to be used has
updated */

}

/* The value to be added to the address regi ster depends on ad
oper ati ons.

For exanple, (+2 or R8[I1x] or +0) means that

+2: if operation is increnent
R3[| x}: if operation is add-index-reg
+0: if operation is not-update

*/
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The instruction format of instructions executed by the CPU core and the meanings of t
and destination operands are indicated below. The meaning of the operand depends on

instruction code. The symbols are used asfollows:

XXXX: Instruction code
mmmm: Source register
nnnn: Destination register
iiii: Immediate data
dddd: Displacement

Table2.14 Instruction Formatsfor CPU | nstructions

Destination
Instruction Formats Source Operand Operand Exampl
0 format — — NOP
15 0
| XXXX  XXXX  XXXX  XXXX |
n format — nnnn: Direct MOVT |
15 0 register
| xxxx| nnnn | XXXX  XXXX | Control register or nnnn: Direct STS M
system register register
Control register or nnnn: Indirect pre- STC.L ¢
system register decrement register
m format nmmm Direct Control registeror LDC R
15 0 register system register
| XXXX |mmmm| XXXX  XXXX nmmm Indirect post- Control register or LDC.L (
increment register system register
mmm Indirect — IJMP @
register
nmmmm PC relative — BRAF |

using Rm
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nnnn: Indirect post-
increment register
(multiply/
accumulate)®

nmmmm Indirect post- nnnn: Direct MOV.L
increment register register
nmmm Direct nnnn: Indirect pre- MOV.L
register decrement register
nmmmm Direct nnnn: Indirect MOV.L
register indexed register Rm,@(
md format mmmdddd: indirect RO (Direct register) MOV.B
15 0 (rjggiTter with t @(disp
isplacemen
| XXXX  XXXX |mmmm| dddd | P
nd4 format RO (Direct register) nnnndddd: Indirect MOV.B
15 0 ngislter with t RO,@(
| XXXX  XXXX | nnnn | dddd | Isplacemen
nmd format nmmmm Direct nnnndddd: Indirect MOV.L
15 0 register register with Rm,@(
displacement
| XXXX | nnnn|mmmm| dddd | P
nmmmmdddd: Indirect nnnn: Direct MOV.L
register with register @(disp

displacement
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displacement

dddddddd: PC
relative

I\Uiop,l

BF lal

d12 format dddddddddddd: — BRA [
15 0 PC relative (label=d
| %0 | dddd dddd  dddd |
nd8 format dddddddd: PC nnnn: Direct MOV.L
15 0 relative with register @(disp,|
displacement
| xox | nnnn | dddd  dddd |
i format Piiiiiii: Indirect indexed AND.B
Immediate GBR #imm, @
15 0 piiiiiii: RO (Direct register) AND #
| XXXX  XXXX | Piiii diii | Immediate
Piiiiiiis: — TRAPA
Immediate
ni format Pidiiiii: nnnn: Direct ADD #
15 0 Immediate register

|xxxx | nnnn| Piii

Note: *
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15 0

CPU core 0000
instructions to
1110
15 10 9 0
Double data | | - |
transfer instructions 111100 A field
) 15 109 0
Single data -
transfer instructions | 111101 | A field |
) 31 26 25 16 15
Parallel processing - _
instructions | 111110 | A field | B field

Figure2.12 Instruction Formatsfor DSP I nstructions

Double, Single Data Transfer Instructions: Table 2.15 indicates the data formats fo
transfer instructions, and table 2.16 indicates the data formats for single data transfer i

Rev. 2.00, 03/05, pe
RENESAS



IVRIV 7\

« VYV A, W I A

Y memory NOPY 1 1 1 0 0
data transfers MOVY. W @y, Dy
MOVY. W @\y+, Dy
MOVY. W @\y+ly, Dy
MOVY. W Da, @y
MOVY. W Da, @\y+
MOVY. W Da, @\y+ly
Category Mnemonic 6 4 3 2
X memory NOPX 0 0 0
data transfers MOVX. W @x, Dx Dx 0 1
MOVX. W @\ +, Dx 1 0
MOVX. W @\x+| x, Dx 1 1
MOVX. W Da, @\« Da 0 1
MOVX. W Da, @\x+ 1 0
MOVX. W Da, @+l x 1 1
Y memory NOPY 0
data transfers MOVY. W @y, Dy Dy
MOVY. W  @\y+, Dy
MOVY. W  @\y+ly, Dy
MOVY. W Da, @y Da 1
MOVY. W Da, @\y+
MOVY. W Da, @y+ly

Ax: 0=R4, 1=R5 Ay: 0=R6, 1=R7 Dx: 0=X0, 1=X1 Dy: 0=Y0, 1=Y1
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MOVS. W Ds, @s+ls
MVS. L  @-As, Ds
MOVS. L @\s, Ds
MOVS. L  @As+, Ds
MOVS. L @\s+ls, Ds
MOVS.L Ds, @As
MOVS. L Ds, @s
MOVS. L Ds, @As+
MOVS. L Ds, @s+ls
Category Mnemonic 7 ‘ 6 ‘ 5 ’ 4 3 2
Single data MWVS. W @As, Ds Ds 0: (*) 0 0
transfer MOVS. W  @As, Ds 1:(*) 0 1
MOVS. W @As+, Ds 2: (%) 1 0
MOVS. W @As+l s, Ds 3: (%) 1 1
MOVS. W Ds, @ As 4: (%) 0 0
MOVS. W Ds, @s 5: Al 0 1
MOVS. W Ds, @As+ 6: (*) 1 0
MOVS. W Ds, @As+l s 7: AO 1 1
MOVS. L @-As, Ds 8: X0 0 0
MOVS. L  @bs, Ds 9: X1 0 1
MOVS. L  @As+, Ds A: YO 1 0
MOWVS.L @As+ls, Ds B: Y1 1 1
MVS. L Ds, @As C: MO 0 0
MOVS. L Ds, @s D: A1G 0 1
MOVS. L Ds, @As+ E: M1 1 0
MOVS. L Ds, @As+l s F: AOG 1 1

Note: * Systemreserved code

RENESAS
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anad muitpiication Instructions. A Tieias Insruction 1s thie same as aouoie Adala trans €' s
2.15.

Table2.17 A Fidld Paralld Data Transfer Instructions

Category Mnemonic 31 ] 30 ‘ 29 ‘ 28 \ 27 ] 26 | 25
X memory NOPX 1 1 1 1 1 0 0
dataf MOVX. W @, Dx Ax
transfers NOVX, W @\X+, Dx
MOVX. W @x+ x, Dx
MOVX. W  Da, @x
MOVX. W  Da, @x+
MOVX. W Da, @x+| x

Y memory  |NOPY

?rztr?sfers W@y, Dy
MOVY. W @+, Dy
MOVY. W @\y+ly, Dy
MOVY. W Da, @y
MOVY. W Da, @y +
MOVY. W Da, @y+ly
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data
transfers

@y, Dy
@y+, Dy
@y+ly, Dy

Dy

Da, @y
Da, @\y+
Da, @y+ly

Da

P O|lkrkro

RPOR|R,ROPR

Ax: 0=R4, 1=R5 Ay: 0=R6, 1=R7 Dx: 0=X0, 1=X1 Dy: 0=Y0, 1=Y1 Da: 0=A0, 1=Al

RENESAS
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|

instruction

PSUB Sx, Sy, Du
PMULS Se, Sf, Dg

PADD Sx, Sy, Du
PMULS Se, Sf, Dg

Three
operand
instructions

Reserved

2:Y0
3:Al

2:X0
3:A1

10

P P OO IRIRICIOIRIRIOIOIRIL OO

P O kR O |IFPIORFRIOIFPIOIFPIOIFL|IO kO

0 O

2:A0
3:A1

2:MC
3:M1

Rev. 2.00, 03/05, page 72 of 884

RENESAS



A At ~ =
| (if cc) PDEC Sy, Dz 10
" (ifcc) PINC'Sy, Dz 1t
[ (e PCLRDz "~ "o o[z 1 |MLPCF
" (if cc) PDMSB Sx, Dz o1
| ___Reserved ____ ___J]io
| (if cc) PDMSB Sy, Dz _ 11
| _(if cc) PNEG Sx, Dz _ 1.1]0°0[10
(if cc) PCOPY Sx, Dz 01
| "(if cc) PNEG Sy, Dz 77170
| (if cc) PCOPY Sy, Dz~ Tt
""" Reserved T 0 0
| (if cc) PSTS MACH, Dz ___10.0J1 1| ifec
| (if cc) PSTS MACL, Dz, ___Jo1
(if cc) PLDS Dz, MACH 10
| (if cc) PLDS Dz, MACL N Y
Reserved*? 0 0
0 *
Reserved 1

Notes: 1. System reserved code
2. (if cc): DCT (DC bit true), DCF (DC bit false), or none (unconditional instruc

25 I nstruction Set

The instructions are divided into three groups: CPU instructions executed by the CPU
data transfer instructions executed by the DSP unit, and DSP operation instructions. T
number of CPU instructions for supporting the DSP functions. The instruction set is e
below in terms of each of the three groups.
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MOVA

Effective address transfer

MOVT

T bit transfer

SWAP

Swap of upper and lower bytes

XTRCT

Arithmetic 21 ADD
operations ADDC

Extraction of the middle of registers connected
Binary addition

Binary addition with carry

ADDV

Binary addition with overflow

CMP/cond Comparison

DIV1

Division

DIVOS
DIVOU

Initialization of signed division

Initialization of unsigned division

DMULS

Signed double-length multiplication

DMULU

Unsigned double-length multiplication

DT

Decrement and test

EXTS
EXTU
MAC

Sign extension
Zero extension

Multiply/accumulate, double-length
multiply/accumulate operation

MUL

Double-length multiply operation

MULS
MULU
NEG

Signed multiplication
Unsigned multiplication

Negation

NEGC

Negation with borrow

SUB

Binary subtraction

SUBC

Binary subtraction with borrow

SUBV

Binary subtraction with underflow

Rev. 2.00, 03/05, page 74 of 884

RENESAS



Shift 10 ROTCL  One-bit left rotation with T bit
ROTCR  One-bit right rotation with T bit
ROTL One-hit left rotation
ROTR One-bit right rotation
SHAL One-bit arithmetic left shift
SHAR One-bit arithmetic right shift
SHLL One-bit logical left shift
SHLLn n-bit logical left shift
SHLR One-bit logical right shift
SHLRn n-bit logical right shift

Branch 9 BF Conditional branch, conditional branch with delay

(Branch when T = 0)

BT Conditional branch, conditional branch with delay
(Branch when T = 1)

BRA Unconditional branch

BRAF Unconditional branch

BSR Branch to subroutine procedure

BSRF Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure
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NOP

No operation

RTE

Return from exception processing

SETRC

Repeat count setting

SETT

T bit set

SLEEP
STC
STS

Shift into power-down mode
Storing control register data

Storing system register data

TRAPA

Trap exception handling

Total:65
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V.4 DNy, ULold . QUUILT 1 Tylotcld —, <. liadlloitcl uncoeuun

OFP: Operation code nnnn: Destination register (xx): Memory operand

Sz: Size .
. 0000: RO M/Q/T: Flag bits in the SR

SRC: Source 0001: R1

DEST: Destination ... &: Logical AND of each bit
Rm: Source register 1111: R15 |: Logical OR of each bit
Rn: Destination register iiii: Immediate data . Exclusive OR of each bit
imm: Immediate data ~ dddd: Displacement ~: Logical NOT of each bit
disp: Displacement™? <<n: n-bit left shift

>>n: n-bit right shift

Notes: 1. Instruction execution cycles: The execution cycles shown in the table are n
The actual number of cycles may be increased when (1) contention occurs
instruction fetches and data access, or (2) when the destination register of
instruction (memory - register) and the register used by the next instructio
same.

2. Depending on the instruction’s operand size, scaling is x1, x2, or x4. For d
the SH-1/SH-2/SH-DSP Programming Manual.
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MOV. W Rm @rn 0010nnnnmmMmOD001 Rm - (Rn)

MOV.L Rm @n 0010nnnnmmmmD010 Rm - (Rn)
MOV. B @Rm Rn 0110nnnnmmmD000 (Rm) - Sign extension —
Rn
MOV. W @m Rn 0110nnnnmmmO001 (Rm) - Sign extension —
Rn
MOV.L @Rm Rn 0110nnnnmmmmD010 (Rm) - Rn 1
MOV. B Rm @-Rn 0010nnnnmmmOD100 Rn-1 - Rn, Rm - (Rn) 1
MOV. W Rm @-Rn 0010nnnnmmmD101 Rn-2 - Rn, Rm - (Rn) 1
MOV.L Rm @Rn 0010nnnnmmm®D110 Rn—4 - Rn, Rm - (Rn) 1
MOV. B @Rm+, Rn 0110nnnnmmmO100 (Rm) - Sign extension - 1
Rn,Rm+1 - Rm
MOV. W @R+, Rn 0110nnnnmmm©0101 (Rm) - Sign extension —
Rn,Rm+2 - Rm
MOV.L @Rmt+, Rn 0110nnnnmmmO110 (Rm) - Rn,Rm+4 - Rm 1
MOV. B RO, @di sp, Rn) 10000000nnnndddd RO - (disp + Rn) 1
MOV. W RO, @di sp, Rn) 10000001nnnndddd RO - (disp x 2 + Rn) 1
MOV.L Rm @di sp, Rn) 0001lnnnnnmmmmdddd Rm - (disp x4 + Rn) 1
MOV.B @disp, R, R0 10000100nmmmdddd (disp + Rm) — Sign 1
extension - RO
MOV. W @disp, Rm), R0 10000101nmmmdddd (disp x 2 + Rm) - Sign 1
extension —» RO
MOV.L @disp, R, Rn 0101lnnnnnmmmmdddd (disp x4 + Rm) - Rn 1
MOV. B Rm @ RO, Rn) 0000NnnNNNMMMOD100 Rm - (RO + Rn) 1
MOV. W Rm @ RO, Rn) 0000nnNNMMMD101 Rm - (RO + Rn) 1
MWV.L Rm @RO, Rn) 0000nnnnmMMOD110 Rm - (RO + Rn) 1
MOV.B @ RO, Rm, Rn 0000nnnnMMMM1L100 (RO + Rm) - Sign 1

extension - Rn

MOV. W @ RO, Rm, Rn 0000nnnnmmmmM1101 (RO + Rm) — Sign
extension - Rn
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extension - U

MOV.L @disp, GBR), RO 11000110dddddddd (disp x4 + GBR) - RO 1

MOVA  @disp,PC), R0 11000111dddddddd disp x4+ PC - RO 1

MWVT  Rn 0000nnNnn00101001 T - Rn 1

SWAP. B Rm Rn 0110nnnnmmmi1000 Rm - Swap the bottom 1
two bytes -~ Rn

SWAP. WRm Rn 0110nnnnmMmmml001 Rm - Swap upper and 1
lower words — Rn

XTRCT Rm Rn 0010nnnnmmm1101 Rm: Middle 32 bits of Rn - 1
Rn
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CW/ EQ #imm RO 10001000iiiiiiii IfRO=imm,1 -5 T 1 Co
res
CW/ EQ Rm Rn 0011nnnnnmmmDO00 fRn=Rm,1 - T 1 Co
res
CMP/HS Rm Rn 0011nnnnmmm0010  If Rn = Rm with unsigned 1 Co
data,1 - T res
CW/ CGE Rm Rn 0011nnnnmmm©0011  If Rn = Rm with signed 1 Co
data,1 - T res
CVMP/H RmRn 0011lnnnnmmmD110 If Rn > Rm with unsigned 1 Co
data,1 - T res
CW/ GT Rm Rn 0011nnnnnmm©0111  If Rn > Rm with signed 1 Co
data,1 - T res
CWP/PL Rn 0100nnnn00010101 IfRn>0,1 T 1 Co
res
CWP/ PZ Rn 0100nnnn00010001 IfRN=0,1 T 1 Co
res
CWP/ STR Rm Rn 0010nnnnnmm100  If Rn and Rm contain 1 Co
an identical byte, res
1-T
Dl V1 Rm Rn 0011nnnnmmmmD100  Single-step division 1 Ca
(Rn/Rm) res
DIVOS RmRn 0010nnnnmmm0111 MSBofRn - Q,MSB 1 Ca
of Rm - M,M*"Q - T res
DI VOU 0000000000011001 O - M/Q/T 1 0
DMULS. L Rm Rn 0011nnnnmmmmill01  Signed operation of Rn x 2 to 4* —
Rm - MACH, MACL
32 x32 - 64 bits
DMULU. L Rm Rn 0011nnnnnmm0101  Unsigned operation of 2 to 4* —

Rn x Rm - MACH,
MACL 32 x 32 -
64 bits
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EXTU. W Rm Rn

0110nnnnnmml100

0110nnnnnmmmill101

A byte in Rm is zero-
extended - Rn

A word in Rm is zero-
extended - Rn

1

MAC.L @Rm+, @Rn+

0000NnnNnnnMMML111

Signed operation of
(Rn) x (Rm) + MAC -
MAC 32 x 32 + 64 -
64 bits

3/(2 to 4)"

MAC. W @Rm+, @Rn+

0100nnnnnmml111

Signed operation of
(Rn) x (Rm) + MAC -
MAC 16 x 16 + 64 -
64 bits

3/(2)*

MJUL.L RmRn

MULS. W Rm Rn

0000NnNnnnMMO111

0010nnnnnmmmmll111

Rn x Rm - MACL,
32 x 32 - 32 bits

Signed operation of
Rn x Rm - MAC 16 x
16 - 32 bits

2to 4"

1to 3"

MJLU. W Rm Rn

0010nnnnnmml110

Unsigned operation of
Rn x Rm - MAC 16 x
16 - 32 bits

1to 3"

NEG Rm Rn

0110nnnnnmml011

0-Rm - Rn

NEGC Rm Rn

SUB Rm Rn

0110nnnnnmmml010

0011nnnnmml000

0-Rm-T - Rn,
Borrow - T

Rn—-Rm - Rn

SUBC Rm Rn

0011nnnnmml010

Rn-Rm-T - Rn,
Borrow - T

SUBV Rm Rn

0011nnnnnmmml011

Rn-Rm - Rn,
Underflow - T

Note: * The normal number of execution cycles. The number in parentheses is the

execution cycles in the case of contention with preceding or following instrt
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#i mm RO

RO |imm - RO

OR 1100102%iiiiiiii

CR B #imm @RO, GBR) 1100111%iiiiiiii (RO + GBR) | imm -
(RO + GBR)

TAS. B @rn 0100nnnn00011011 If(Rn)is0,1 - T,
1 - MSB of (Rn)

TST Rm Rn 0010nnnnmmmML000 Rn & Rm, if the result
is0,1-T

TST #i mm RO 11001000iiiiiiii RO & imm, if the result
is0,1 T

TST.B #imm @RO, GBBR) 11001100iiiiiiii (RO + GBR) & imm,
iftheresultis0,1 - T

XOR Rm Rn 0010nnnnmmMmM010 Rn”~"Rm - Rn

XOR #i mm RO 11001010iiiiiiii RO A imm - RO

XOR B #imm @RO, GBBR) 110012110iiiiiiii (RO + GBR) ~imm -
(RO + GBR)
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n \CERVAVIRIRIRIRAVAV ERVAVAVAV S VoD — NIl — | L
SHLL Rn 0100nnnn00000000 T<Rn<O0 1
SHLR Rn 0100nnnn00000001 0O-Rn-T 1
SHLL2 Rn 0100nnnn00001000 Rn<<2 - Rn 1
SHLR2 Rn 0100nnnn00001001 Rn>>2 - Rn 1
SHLL8 Rn 0100nnnn00011000 Rn<<8 - Rn 1
SHLR8 Rn 0100nnnn00011001 Rn>>8 - Rn 1
SHLL16 Rn 0100nnnn00101000 Rn<<16 - Rn 1
SHLR16 Rn 0100nnnn00101001 Rn>>16 - Rn 1

RENESAS
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BT/S | abel 10001101daaaaadd Delayed branch, 2117
ifT=1,dispx2+PC - PC,
if T=0, nop

BRA | abel 1010dddddddddddd Delayed branch, 2
dispx2+PC - PC

BRAF Rm 0000mMmMMD0100011 Delayed branch, Rm + PC - PC 2

BSR | abel 1011dddddddddddd Delayed branch, PC - PR, 2
dispx 2+ PC - PC

BSRF Rm 0000mMmMMDO0000011 Delayed branch, 2
PC - PR,Rm+PC - PC

JMP @m 0100mmmMD0101011 Delayed branch, Rm - PC 2

JSR @Rm 0100mmMmMD0001011 Delayed branch,
PC - PR,Rm - PC

RTS 0000000000001011 Delayed branch, PR - PC 2

Note: * One state when it does not branch.
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LA Ny vl vivviiiniviviiiiv nil - Iivuy L
LDC Rm RE 010001111110 Rm - RE 1
LDC Rm RS 0100nmMmM®D1101110 Rm - RS 1
LDC. L @Rm+, SR 0100nmMmMD0000111 (Rm) - SR, Rm+4 - Rm 3
LDC. L @m+, GBR 0100mmMMD0010111 (Rm) - GBR, Rm+4 - Rm 3
LDC. L @Rm+, VBR 0100mmMmMD0100111 (Rm) - VBR, Rm+4 - Rm 3
LDC. L @Rm+, MOD 0100mmMmD1010111 (Rm) - MOD, Rm+4 - Rm 3
LDC. L @Rm+, RE 0100mmMmMD1110111 (Rm) - RE, Rm+4 - Rm 3
LDC. L @Rm+, RS 0100nmMmM®D1100111 (Rm) - RS, Rm+4 - Rm 3
LDRE @disp, PC) 10001110dddddddd dispx2+ PC - RE 1
LDRS @disp, PC) 10001100dddddddd disp x2 + PC - RS 1
LDS Rm MACH 0100mmMMD0001010 Rm - MACH 1
LDS Rm MACL 0100nmmMmMD0011010 Rm - MACL 1
LDS Rm PR 0100nmMm™D0101010 Rm - PR 1
LDS Rm DSR 0100nmMmMD1101010 Rm - DSR 1
LDS Rm A0 0100mmMMD1111010 Rm - A0 1
LDS Rm X0 0100mmmML 0001010 Rm - X0 1
LDS Rm X1 0100mmMmML0011010 Rm - X1 1
LDS Rm YO 0100nmMM0101010 Rm - YO 1
LDS Rm Y1 0100nmM10111010 Rm - Y1 1
LDS. L @m+, MACH 0100mmm©D0000110 (Rm) - MACH, 1
Rm+4 - Rm
LDS. L @m+, MACL 0100mmm©00010110 (Rm) - MACL, 1
Rm+4 - Rm
LDS. L @m+, PR 0100nmMMmMD0100110 (Rm) - PR,Rm+4 - Rm 1
LDS. L @Rm+, DSR 0100mmMMD1100110 (Rm) - DSR, Rm+4 - Rm 1
LDS. L @ m+, A0 0100nMmMM®D1110110 (Rm) - A0, Rm+4 - Rm 1
LDS. L @ m+, X0 0100nMmMML0000110 (Rm) — X0, Rm+4 - Rm 1
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(repeat status) - Rrl, RFU
Rm[11:0] — RC (SR[27:16])

SETRC #i mm 10000010iiiiiiii RE-RS operation result 1

(repeat status) -» RF1, RFO

imm - RC (SR[23:16]),

0 - SR[27:24]
SETT 0000000000011000 1 - T 1
SLEEP 0000000000011011  Sleep 3*
STC SR, Rn 0000nNNN00000010 SR - Rn 1
STC GBR, Rn 0000nnNNn00010010 GBR - Rn 1
STC VBR, Rn 0000nnnNN00100010 VBR - Rn 1
STC MOD, Rn 0000nnnNn01010010 MOD - Rn 1
STC RE, Rn 0000nnNnNn01110010 RE - Rn 1
STC RS, Rn 0000nnNnNNn01100010 RS - Rn 1
STC.L SR @Rn 0100nnnn00000011 Rn-4 - Rn, SR - (Rn) 2
STC. L GBR, @-Rn 0100nnnn00010011 Rn-4 - Rn, GBR - (Rn) 2
STC. L VBR, @-Rn 0100nnnn00100011 Rn-4 - Rn, VBR - (Rn) 2
STC.L MOD, @Rn  0100nnnn01010011 Rn—-4 - Rn, MOD - (Rn) 2
STC.L RE, @Rn 0100nnnn01110011 Rn-4 - Rn, RE - (Rn) 2
STC.L RS, @Rn 0100nnnn01100011 Rn-4 - Rn, RS - (Rn) 2
STS MACH, Rn 0000nnNnNn00001010 MACH - Rn 1
STS MACL, Rn 0000nnnNn00011010 MACL - Rn 1
STS PR, Rn 0000nnNnNn00101010 PR - Rn 1
STS DSR, Rn 0000nnnNn01101010 DSR - Rn 1
STS A0, Rn 0000nnNnNn01111010 A0 - Rn 1
STS X0, Rn 0000nnNnNn10001010 X0 - Rn 1
STS X1, Rn 0000nnnn10011010 X1 - Rn 1
STS YO0, Rn 0000nnnNn10101010 YO - Rn 1
STS Y1, Rn 0000nnNNNn10111010 Y1 - Rn 1
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STS.L YO0, @Rn 0100nnnNn10100010 Rn-4 - Rn, YO - (Rn) 1

STS.L VY1l, @Rn 0100nnnn10110010 Rn-4 - Rn, Y1 - (Rn) 1
TRAPA #i nm 1100002 %iiiiiiii PC/SR - stack area, (imm x4 8
+VBR) - PC

Note: * The number of execution cycles before the chip enters sleep mode.

Precautions Concer ning the Number of Instruction Execution Cycles: The execut
listed in the tables are minimum values. In practice, the number of execution cyclesin
under such conditions as 1) when the instruction fetch is in contention with a data acc
the destination register of aload instruction (memory - register) isthe same asthere
by the next instruction, 3) when the branch destination address of a branch instruction
address.

CPU Instructions That Support DSP Functions: A number of system control instri
been added to the CPU core instructions to support DSP functions. The RS, RE and M
registers have been added to support repeat control and modulo addressing, and the re
(RC) has been added to the status register (SR). The LDC and STC instructions have |
in order to access the aforementioned. The LDS and ST S instructions have been adde
accessthe DSP registers DSR, AQ, X0, X1, YOand Y1.

The SETRC ingtruction has been added to set the repeat counter (RC, bits 27 to 16) ar
flags (RF1, RFO, bits 3 and 2) of the SR register. When the SETRC instruction operar
immediate, the 8-bit immediate dataiis stored in bits 23 to 16 of the SR register and bi
are cleared to 0. When the operand is aregister, bits 11 to 0 (12 bits) of the register ari
bits 27 to 16 of the SR register. Additionally, the status of 1 instruction repeat (00), 2

repeat (01), 3 instruction repeat (11) or 4 instruction or greater repeat (10) is set from:
RE set values.

In addition to the LDC instruction, the LDRS and LDRE instructions have been adde
establishing the repeat start and repeat end addresses in the RS and RE registers.

The added instructions are listed in table 2.26.

Rev. 2.00, 03/05, pe
RENESAS



LA

L W, RO

vivvliiimniviivuvulll

R - o, X4 — XTI

9
STC MOD, Rn 0000nnNnNn01010010 MOD-Rn 1
STC RE, Rn 0000nnnn01110010 RE-RnN 1
STC RS, Rn 0000nnNnNn01100010 RS-Rn 1
STC. L MOD, @ Rn 0100nnnn01010011 Rn—4-Rn,MOD - (Rn) 2
STC. L RE, @ Rn 0100nnnn01110011 Rn—4-Rn,RE-(RN) 2
STC. L RS, @ Rn 0100nnnn01100011 Rn—4-Rn,RS-(RN) 2
LDS Rm DSR 0100nmMmmMmD1101010 Rm-DSR 1
LDS. L @m+, DSR  0100nmmMm01100110 (Rm)-DSR,Rm+4-Rm 1
LDS Rm AO 0100mmMmD1111010 Rm-A0 1
LDS. L @mt, A0 0100mMmMm®D1110110 (Rm)-AO0,Rm+4-Rm 1
LDS Rm X0 0100mmmM0001010 Rm- X0 1
LDS. L @Rmt, X0 0100mmmL0000110 (Rm)- X0,Rm+4 - Rm 1
LDS Rm X1 0100nMmmMmM10011010 Rm-X1 1
LDS. L @Rmt, X1 0100mMmmMm10010110 (Rm)-X1,Rm+4-Rm 1
LDS Rm YO 0100mMmmMmL0101010 Rm-YO 1
LDS. L @mt, YO 0100mMmmMM10100110 (Rm)-YO,Rm+4-Rm 1
LDS Rm Y1 0100nMmmMm10111010 Rm-Y1 1
LDS. L @Rmt, Y1 0100mmm0110110 (RmM)-Y1,Rm+4_Rm 1
STS DSR, Rn 0000nnnn01101010 DSR-RnN 1
STS. L DSR, @ Rn 0100nnnn01100010 Rn—4-Rn,DSR - (RN) 1
STS A0, Rn 0000nnnn01111010 AO-Rn 1
STS. L A0, @ Rn 0100nnnn01110010 Rn—4-Rn,A0-(Rn) 1
STS X0, Rn 0000nnNnNn10001010 XO0-Rn 1
STS. L X0, @ Rn 0100nnnn10000010 Rn—4-Rn,X0- (Rn) 1
STS X1, Rn 0000nnnn10011010 X1-Rn 1
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0 SR[27:24]
LDRS  @disp, PC) 10001100dddddddd  disp x 2+PC RS 1
LDRE  @disp, PC) 10001110dddddddd  disp x 2+PC - RE 1

252 DSP Data Transfer Instruction Set
Table 2.27 liststhe DSP datatransfer instructions by classification.

Table2.27 Classfication of DSP Data Transfer | nstructions

Operation N
Classification Types Code Function In
Double data 4 NOPX X memory no operation 1¢
transfer MOVX X memory data transfer
instructions :

NOPY Y memory no operation

MOVY Y memory data transfer
Single data 1 MOVS Single data transfer 1¢
transfer
instructions

Total: 5 Tc

The datatransfer instructions are divided into two groups, double datatransfersand si
transfers. Double data transfers can be combined with DSP operation instructions to p
parallel processing. The parallel processing instructions are 32 bitsin length, and the
transfer instructions are incorporated into their A fields. Double data transfersthat are
processing instructions are 16 bitsin length, as are the single data transfer instructions

The X memory and Y memory can be accessed simultaneously in parallel in doubled
One instruction each is designated from among the X and Y memory data accesses. T
pointer is used to access X memory; the Ay pointer is used to access Y memory. Doul
transfers can only access X, Y memory.
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AXTZ - AX

MOVX. W @\ +] x, Dx (AX) - MSW of Dx,0-LSW of Dx, 111100A*D*0*11** 1
AX+IX - AX

MOVX. W Da, @\x MSW of Da - (Ax) 111100A*D*1*01**

MOVX. W Da, @+ MSW of Da - (Ax),Ax+2 - AX 111100A*D*1*10**

MOVX. W Da, @A+l x  MSW of Da - (AX),Ax+Ix - AX 111100A*D*1*11**

Table2.29 Double Data Transfer Instructions (Y Memory Data)

Instruction Operation Code Cycl

NOPY No Operation 111100*0*0*0**00 1

MOVY. W @y, Dy (Ay) - MSW of Dy,0~LSW of Dy 111100*A*D*0**01 1

MOVY. W @\y+, Dy (Ay) - MSW of Dy,0 - LSW of Dy, 111100*A*D*0**10 1
Ay+2 - Ay

MOVY. W @\y+ly, Dy (Ay)—-MSW of Dy,0LSW of Dy, 111100*A*D*0**11 1
Ay+ly - Ay

MOVY. W Da, @y MSW of Da - (Ay) 111100* A*D*1**01

MOVY. W Da, @\y+ MSW of Da - (Ay),Ay+2 - Ay 111100* A* D* 1** 10

MOVY. W Da, @y+ly MSW of Da - (Ay),Ay+ly — Ay 111100* A*D*1** 11
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MOVS. W @As+] X, Ds  (As)-MSW or Ds,0-LSW or 111101AADDDD1100
Ds, As+Ix - As

MOVS. W Ds, @ As As—2 . As,MSW of Ds - (As)" 111101AADDDD0001 1
MOVS. W Ds, @A\s MSW of Ds - (As)* 111101AADDDD0101 1
MOVS. W Ds, @As+ MSW of Ds - (As)*,As+2 ~As 111101AADDDD1001 1
MOVS. W Ds, @\s+ls MSW of Ds— (As)*,As+ls~As 111101AADDDD1101 1
MWVS. L @ As, Ds As—4_ As,(As) - Ds 111101AADDDD0010 1
MOVS. L @\s, Ds (As) - Ds 111101AADDDD0110 1
MOVS. L @\s+, Ds (As) - Ds,As+4 - As 111101AADDDD1010 1
MOVS. L @\s+ls,Ds (As)-Ds,As+ls-As 111101AADDDD1110 1
MOVS. L Ds, @ As As—4 - As,Ds - (As)* 111101AADDDD0011 1
MOVS. L Ds, @\s Ds - (As)* 111101AADDDDO111 1
MOVS. L Ds, @\s+ Ds - (As)" ,As+4 _ As 111101AADDDD1011 1
MOVS. L Ds, @\s+ls Ds—(As)*,As+ls—As 111101AADDDD1111 1
Note: * When guard bit registers AOG and A1G are specified for the source operan

sign-extended before being transferred.
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Ix (Is)
Dx
Ay

Yes

Dy

Da

As
Ds

Oper-
and

DSP Registers

M1

AX

Ix (Is)

Dx

Ay

ly
Dy

Da

Yes

Yes

As

Ds

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Note:
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The B field data operation instructions are divided into three groups: double data oper
instructions, conditional single data operation instructions, and unconditional single d
instructions. Table 2.32 lists the instruction formats of the DSP operation instructions.
operands can be independently selected from the DSP registers. Table 2.33 shows the
correspondence between the DSP operation instruction operands and registers.

Table2.32 DSP Operation Instruction Formats

Classification Instruction Forms Instructior
Double data operation instructions ALUop. Sx, Sy, Du PADD PMJ
(6 operands) M.Top. Se, Sf, Dy PSUB PMU
Conditional single data 3 operands ALUop. Sx, Sy, Dz PADD, PAl
operation instructions DCT ALUop. Sx, Sy, Dz PSHA, PS
' ' ' PXOR
DCF ALUop. Sx, Sy, Dz
2 operands ALUop. Sx, Dz PCOPY, PI
DCT ALUop. Sx, Dz PDVEB, Pl
PLDS, PS
DCF ALUop. Sx, Dz
ALUop. Sy, Dz
DCT ALUop. Sy, Dz
DCF ALUop. Sy, Dz
1 operand ALUop. Dz PCLR, PSI
DCT ALUop. Dz PSHL #i m
DCF ALUop. Dz
Unconditional single data 3 operands ALUop. Sx, Sy, Du PADDC, P
operation instructions M.Top. Se, Sf, Dg PMULS
2 operands ALUop. Sx, Dz PCVP, PA
ALUop. Sy, Dz
ALUop. Sx, Sy
1 operand ALUop. Dz PSHA #i m
PSHL #i m

RENESAS
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1Tes - TeS TeS 1Tes Tes

X1 Yes — Yes — Yes —
YO — Yes Yes Yes Yes Yes
Y1 — Yes Yes — — Yes

When writing parallel instructions, write the B field instructions first, then writethe A -
instructions:

PADD A0, MD, AO PMULS X0, YO, M  MOVX. W @R4+, X0 MOVY. W @
DCF PI NC X1, Al MOVX. W A0, @R5+R8  MOVY. W @
PCMP X1, MD MOVX. W @R4+R8 [NOPY] [;]

Text in brackets ([]) can be omitted. The no operation instructions NOPX and NOPY c
omitted. Semicolons (;) are used to demarcate instruction lines, but can be omitted. If s
are used, the space after the semicolon can be used for comments.

Theindividual status codes (DC, N, Z, V, GT) of the DSR register are always updated
unconditional ALU operation instructions and shift operation instructions. Conditional
do not update the status codes, even if the conditions have been met. Multiplication ins
also do not update the status codes. DC hit definitions are determined by the specificati
CShitsin the DSR register.

Table 2.34 lists the DSP operation instructions by classification.
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Adaition with carry
PCLR Clear
PCMP Compare
PCOPY Copy

PNEG Invert sign
PSUB Subtraction
PSUB Subtraction and

PMULS signed multiplication
PSUBC Subtraction with

borrow
ALU integer operation 2 PDEC Decrement
Instructions PINC Increment
MSB detection 1 PDMSB MSB detection
instruction
Rounding operation 1 PRND Rounding
instruction
ALU logical operation instructions 3 PAND Logical AND
POR Logical OR
PXOR Logical exclusive OR
Fixed decimal point multiplication 1 PMULS Signed multiplication
instruction
Shift Arithmetic shift 1 PSHA Arithmetic shift
operation instruction
Logical shift operation 1 PSHL Logical shift
instruction
System control instructions 2 PLDS System register load
PSTS Store from system
register

Total 23
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PABS Sy, Dz 1T oy=20,5y - Dz 11111007 FF*xxxxx*x=x
If Sy<0,0-Sy - Dz 1010100000yyzzzz

PADD Sx, Sy, Dz Sx+Sy - Dz 111110%****xx%%%
10110001xxyyzzzz

DCT PADD Sx, Sy, Dz if DC=1,Sx+Sy Dz if 0,nop 111110%*******xx
10110010xxyyzzzz

DCF PADD Sx, Sy, Dz if DC=0,Sx+Sy ~Dz if 1,nop 111110%******%%*
10110011xxyyzzzz

PADD Sx, Sy, Du Sx+Sy - Du 111110 *****xxxx*

PMILS Se, Sf, Dy

MSW of Se x MSW of
Sf-Dg

0111leef f xxyygguu

PADDC Sx, Sy, Dz Sx+Sy+DC - Dz 111720%*****xxxx
10110000xxyyzzzz

PCLR Dz H'00000000 - Dz 111720%*****xxxx
100011010000zzzz

DCT PCLR Dz if DC=1,H'00000000 - Dz 111720%*****xxxx
if 0,nop 100011100000zzzz

DCF PCLR Dz if DC=0,H'00000000 - Dz 111720%*****xxxx
if 1,nop 100011110000zzzz

PCWVP Sx, Sy Sx-Sy 111110*****%%%%%
10000100xxyy0000

PCOPY Sx, Dz Sx - Dz 111110*******%%%
11011001xx00zzzz

PCOPY Sy, Dz Sy-Dz 111110********x%
1111100100yyzzzz

DCT PCOPY Sx, Dz if DC=1,Sx- Dz if 0,nop 111720%*****xxxx
11011010xx00zzzz
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11001001xx00zzzz

PNEG Sy, Dz 0-Sy-Dz L111L0****H%xx%%
1110100100yyzzzz

DCT PNEG Sx, Dz if DC=1,0-Sx - Dz 111210%****xxxxx
if O,nop 11001010xx00zzzz

DCT PNEG Sy, Dz if DC=1,0-Sy - Dz 111210%****xxxxx
if 0,nop 1110101000yyzzzz

DCF PNEG Sx, Dz if DC=0,0-Sx - Dz 111210%****xxxxx
if 1,nop 11001011xx00zzzz

DCF PNEG Sy, Dz if DC=0,0-Sy - Dz 111210%****xxxxx
if 1,nop 1110101100yyzzzz

PSUB Sx, Sy, Dz Sx-Sy - Dz L111L0****H%xx%%
10100001xxyyzzzz

DCT PSUB Sx, Sy, Dz if DC=1,Sx-Sy Dz if O,nop 111110%*********
10100010xxyyzzzz

DCF PSUB Sx, Sy, Dz if DC=0,Sx-Sy-Dz if 1,nop 111110*******x**
10100011xxyyzzzz

PSUB Sx, Sy, Du Sx-Sy - Du L11110%*#%xxnkx
PMULS Se, Sf, Dg MSW of Se x MSW of Sf- Dg 0110eef f xxyygguu
PSUBC Sx, Sy, Dz Sx-Sy-DC - Dz 111220%****xxxxx
10100000xxyyzzzz
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if 0, nop

AVUVUUVALULUAAUVUUL L L L

DCT PDEC Sy,Dz IfDC=1, MSW of Sy -1 - 111110 ****xk*x*
MSW of Dz, clear LSW of Dz; 1010101000yyzz27
if 0, nop

DCF PDEC Sx, Dz If DC=0, MSW of Sx—1 - 111110*******%%%
MSW of Dz, clear LSW of Dz;  15001011xx00z2z2z
if 1, nop

DCF PDEC Sy,Dz IfDC=0, MSW of Sy—-1 - 111110%*****x%x*
MSW of Dz, clear LSW of Dz; 1010101100yyzz22
if 1, nop

PI NC Sx, Dz MSW of Sx +1 - MSW of Dz, 111110Q*********%
clear LSW of Dz 10011001xx00zzzz

PINC Sy, Dz MSW of Sy + 1 - MSW of Dz, 111110%******x**
clear LSW of Dz 1011100100yyzzzz

DCT PI NC Sx, Dz If DC=1, MSW of Sx + 1 — 111110 ****xk®x*
MSW of Dz, clear LSW of Dz, 14011010xx002222
if 0, nop

DCT PI NC Sy, Dz If DC=1, MSW of Sy + 1 — 111110%*****x%%%
MSW of Dz, clear LSW of Dz; 1011101000yyz722
if 0, nop

DCF PI NC Sx, Dz If DC=0, MSW of Sx+1 - 111110*******%%%
MSW of Dz, clear LSW of Dz;  15011011xx00z2z2z
if 1, nop

DCF PINC Sy,Dz IfDC=0, MSW of Sy +1 - T1LLLO*****%xkkx
MSW of Dz, clear LSW of Dz; 1011101100yyzz22

if 1, nop
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LAVUVLLALAILUYUAAUVLLLL

Dz; if 0, nop

DCT PDMBB Sy, Dz If DC=1, Sy data MSB position 111110********xx ]
[—)»Z!\/iIfS(\)/’Vn(:)prz, clear LSW of 1011111000yyzzzz

DCF PDVBB Sx, Dz If DC=0, Sx data MSB position 111110* ******xxx 7]
SZ!\?fSXVn(ngZ’ clear LSW of  19011111xx00z222

DCF PDVBB Sy, Dz If DC=0, Sy data MSB position 111110********x* 7]
Szﬂfsl’,\’n‘gp')z’ clear LSWof 1011111100yy2222

Table2.38 Rounding Operation Instructions

Instruction Operation Code Cycle

PRND Sx, Dz Sx+H'00008000 - Dz 111110****xxxxxx ]
clear LSW of Dz 10011000xx00zzzz

PRND Sy, Dz Sy+H'00008000 - Dz 111110******xx*x 1
clear LSW of Dz 1011100000yyzzzz
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POR Sx, Sy, Dz SX| Sy - Dz, clear LSW of 111110Q********xx ]
Dz 10110101xxyyzzzz

DCT POR Sx, Sy, Dz If DC=1, Sx|Sy - Dz, clear 111110********xx ]
LSW of Dz; if 0, nop 10110110xxyyzzzz

DCF POR Sx, Sy, Dz If DC=0, Sx | Sy — Dz, clear 111110*******%xx ]
LSW of Dz;if 1, nop 10110111xxyyzzzz

PXCR Sx, Sy, Dz SX" Sy - Dz, clear LSW of 111110Q********xx ]
Dz 10100101xxyyzzzz

DCT PXCR Sx, Sy, Dz IfDC=1, Sx* Sy - Dz, 1121110****x*xrxs ]
clear LSW of Dz; if 0, nop 10100110xxyyzz22

DCF PXCR Sx, Sy, Dz If DC=0, Sx* Sy - Dz, 1121110****x*xrxs ]
clear LSW of Dz; if 1, nop 10100111xxyyzz22

Table2.40 Fixed Point Multiplication I nstructions

Instruction Operation Code Cycle:s

PMULS Se, Sf, Dg MSW of Se x MSW of 111110% ****xxxksx
Sf-Dg

0100eef f 0000gg00
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AL TN OA, Iy, Uo

HNUL=U XL IYyUyOAR™Iy - UL

44 1L4d4V

if DC=0 & Sy<0,Sx>>Sy Dz 10010011xxyyzzzz

if DC=1,nop

PSHA #i nm Dz

if imm=>0,Dz<<imm - Dz

if imm<0,Dz>>imm - Dz

111110**********

Table2.42 Logical Shift Operation Instructions

Instruction

Operation

Code

Cycle

PSHL Sx, Sy, Dz

if Sy=0,Sx<<Sy - Dz, clear
LSW of Dz

if Sy<0,Sx>>Sy -, Dz, clear
LSW of Dz

111110**********
10000001xxyyzzzz

DCT PSHL Sx, Sy, Dz

if DC=1 &
Sy=0,Sx<<Sy - Dz, clear
LSW of Dz

if DC=1 &

Sy<0,Sx>>Sy - Dz, clear
LSW of Dz

if DC=0,nop

111110**********
10000010xxyyzzzz

DCF PSHL Sx, Sy, Dz

if DC=0 &

Sy=0,Sx<<Sy - Dz, clear
LSW of Dz

if DC=0 &

Sy<0,Sx>>Sy - Dz, clear
LSW of Dz

if DC=1,nop

111110**********
10000011xxyyzzzz

PSHL #i nm Dz

if imm=>0,Dz<<imm - Dz,
clear LSW of Dz

if imm<0,Dz>>imm - Dz,
clear LSW of Dz

111110**********
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nuv,livpy

4 1L1lVLLILUVUUVUUVULLLL

DCT PLDS Dz, MACL if DC=1,Dz - MACL 111720%*****xxxx
if 0,nop 111111100000zzzz

DCF PLDS Dz, MACH if DC=0,Dz -~ MACH 111720%*****xxxx
if 1,nop 111011110000zzzz

DCF PLDS Dz, MACL if DC=0,Dz -~ MACL 111720%*****xxxx
if 1,nop 111111110000zzzz

PSTS MACH, Dz MACH - Dz 111720%*****xxxx
110011010000zzzz

PSTS MACL, Dz MACL - Dz 111720%*****xxxx
110111010000zzzz

DCT PSTS MACH, Dz if DC=1,MACH-Dz 111720%*****xxxx
if 0,nop 110011100000zzzz

DCT PSTS MACL, Dz if DC=1,MACL-Dz 111720%*****xxxx
if 0,nop 110111100000zzzz

DCF PSTS MACH, Dz if DC=0,MACH - Dz 111720%*****xxxx
if 1,nop 110011110000zzzz

DCF PSTS MACL, Dz if DC=0,MACL-Dz 111720%*****xxxx
if 1,nop 110111110000zzzz
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1011000100

PADD X0, YO, A0 NOPX MOVY. W @R6+R9, YO 1111100000
1011000100

PADD X0, YO, A0 NOPX NOPY 1111100000
1011000100

PADD X0, YO, A0 NOPX 1111100000
1011000100

PADD X0, YO, A0 1111100000
1011000100

MOVX. W @4+, X0 MOVY. W @R6+R9, YO 1111000000

MOVX. W @4+, X0 NOPY 1111000000

MOVS. W @4+, XO 1111010010

NOPX MOVY. W @6+R9, YO 1111000000

MOVY. W @6+R9, YO 1111000000

NOPX NOPY 1111000000

NOP 0000000000
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2. When the Shit of SR is changed after the DSP instructions are executed, pipeline is
executed exactly.

Execute the processing as described in either A or B below.
A. After the DSP instructions are executed, don’t change the S bit of SR register.
B. Insert the NOP instruction before the LDC Rn, SR instruction.

Example:

PSHA #1, AO

PINC X0, AO MOVX. W Al, @5

NOP

LDC RO, SR

3. When adouble-length multiply instruction (MUL.L, DMULU.L, or DMULSL.L) or
length multiply-and-accumulate instruction (MAC.L) is executed in combination w
operation instruction, a malfunction may occur. See the following conditions and
countermeasures.

Conditions:
When the following A and B conditions are both satisfied, the instruction shown in
below may be executed incorrectly.
A. Aninstruction in the on-chip memory or the cache is executed.
B. Thefollowing instructions are executed in the order of & b, and c.
a. Double-length multiply instruction (MUL.L, DMULU.L, or DMULS.L) or ¢
length multiply-and-accumulate instruction (MAC.L)
b. DSP operation instruction other than PMULS, PSTS, and PLDS

Note: The following instructions are DSP operation instructions other than |
PSTS, and PLDS:
PABS, PADD, PADDC, PAND, PCLR, PCMP, PCOPY, PDEC, PDI
PINC, PNEG, POR, PRND, PSHA, PSHL, PSUB, PSUBC, and PXC

c. PMULS, PSTS, or PLDS

Rev. 2.00, 03/05, page 104 of 884
RENESAS



Countermeasures:

This problem is avoided by any of the following countermeasures.

A. Do not execute the instruction sequence shown in B above.

B. Replaceinstructions b and c above if the program code includes the instructior
shown in B above and replacing instructions b and ¢ does not affect the execut

C. Insert one or more NOP instructions or instructions that are not related to the n

between ingtructions aand b if the program code includes the instruction seque
in B above and replacing instructions b and ¢ does affect the execution resuilts.

Supplementary information:

This usage note is also applicable when adelayed branch instruction comes immex
before instruction ain B above, the ainstruction is placed in the delay slot, and in:
and c in B are executed in sequence at the branch destination.

. This section presents examples of and methods for preventing the instruction exec
phenomenon due to multiplier contention caused by multiply and multiply-and-ac
instructions.

If the SR (dtatus register) Sbit (saturated arithmetic bit) is changed immediately a
multiply or multiply-and-accumulate instruction in the state where multiplier conts
occurred due to multiply and/or multiply-and-accumulate instructions and instruct
execution has stalled, the instruction execution order will be reversed. As aresult,
instruction that should have been executed before the S bit was changed will be ex
the Shit has changed. This can result in an incorrect arithmetic result being produ

Ingtructions affected by S bit modification:
Multiply-and-accumulate instructions: MAC.W and MAC.L

Conditions:
The following shows an example of error conditions.
A. Multiply instruction and multiply-and-accumulate instruction
a DMULU.L R4,R10 MUL.L, DMULS.L, DMULUL.L, or MAC.L cant
a
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Countermeasures:

This problem is avoided by any of the following countermeasures.

A. Do not access SR immediately after the multiply-and-accumulate instruction.
B. Insert aNOP ingruction before the LDC Rn,SR instruction.

C. Prevent multiplier access conflict (not to produce stall cycles).
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3.2 On-Chip Clock Pulse Generator and Operating Modes

321 Clock Pulse Generator

A block diagram of the on-chip clock pulse generator circuit is shown in figure 3.1.

CAP1

CKIO

CAP2

EXTAL

XTAL

CKPREQ/CKM

MD2

MD1

MDO

A DALY

CKPACK

» PLL circuit 1

On/Off

Oscillator PLL circuit 2
x1, X2, x4 |

» () System
DIVE
L1 11 » EQ
1/2 External ir
14 clock
DIVM
i e
CPU/DSP
1/4
clock
DIVP
| [ 11 P
1/2 g :
Periphera
1/4
clock

Clock mode control circuit

Note: * See section 20.4.4, Clock Pause Function.

The relationship between
internal clock frequencies
lp= EQ= Pao.

Maximum frequencies are
lp, Ep<62.5 MHz, Pp< 3

RENESAS

Figure3.1 Block Diagram of Clock Pulse Generator Cir cuit
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using FLL CIrcuit £

CAP1 Input  Connects to capacitance for operating PLL circuit 1
CAP2 Input  Connects to capacitance for operating PLL circuit 2
MDO Input  The level applied to these pins specifies the clock mode
MD1 Input

MD2 Input

CKPREQ/CKM  Input Used as the clock pause request pin, or specifies operation c
crystal resonator

CKPACK Output Clock pause function

PLL Circuit 1: PLL circuit 1 eliminates phase differences between external clocks anc
supplied internally within the chip. In high-speed operation, the phase difference betwe
reference clocks and operating clocks in the chip directly affects the interface margin w
peripheral devices. On-chip PLL circuit 1 is provided to eliminate this effect.

PLL Circuit 2: PLL circuit 2 either leaves unchanged, doubles, or quadruples the freqg
clocks provided from the crystal resonator or the EXTAL pin external clock input for tl
operating frequency. The frequency modification register sets the clock frequency muilt
factor.
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PLL circuits 1 and 2 can be switched between the operating
and halted states by means of control bits in the frequency
modification register (FMR). The CKIO pin can also be placed
in the high-impedance state

Normally, mode 0 should be used.

PLL circuits 1 and 2 operate. A clock (with the same
frequency as Eq) 1/4 @ cycle in advance of the chip's internal
system clock @is output from the CKIO pin.

PLL circuits 1 and 2 can be switched between the operating
and halted states by means of control bits in the frequency
modification register (FMR). The CKIO pin can also be placed
in the high-impedance state. However, clock phase shifting is
not performed when PLL circuit 1 is halted.

Normally, mode 0 should be used.

Only PLL circuit 2 operates. The clock from PLL circuit 2 is
output from the CKIO pin (having the same frequency as the
E@). As PLL circuit 1 does not operate, phases are not
matched in this mode

PLL circuit 2 can be switched between the operating and
halted states by means of a control bit in the frequency
modification register (FMR). The CKIO pin can also be placed
in the high-impedance state

Only PLL circuit 2 operates. The CKIO pin is high-impedance

PLL circuit 2 can be switched between the operating and
halted states by means of a control bit in the frequency
modification register (FMR)

Only PLL circuit 1 operates. Operate PLL circuit 1 when Externa
operating with synchronization of the phases of the clock

input from the CKIO pin and the internal clocks (Ig, Eg, P).

PLL circuit 2 does not operate in this mode

PLL circuit 1 can be switched between the operating and
halted states by means of a control bit in the frequency
modification register (FMR)
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mNuUlnifican y, 1nivue = alivuiv ve uotvu.

6 PLL circuits 1 and 2 do not operate. Set this mode when a
clock having a frequency equal to that of clocks the clock
input from the CKIO pin is used

The internal clock frequency can be changed in each clock mode (see section 3.2.5, Op
Frequency Selection by Register).

In clock modes 4 to 6, the frequency of the clock input from the CKI10O pin can be chan
clock can be stopped (see section 20.4.4, Clock Pause Function).

Table 3.3 lists the relationship between pins MD2 to MDO and the clock operating moc
switch the MD2 to MDO pins while they are operating. Switching will cause operating
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imp!

Crystal Crystal
oscillation oscillation
2 0 1 0 Clock input Open Out
Crystal Crystal Imp
oscillation oscillation
3 0 1 1 Clock input Open Higl
Crystal Crystal imp
oscillation oscillation
4 1 0 0 Open Open Clo
5 1 0 Open Open Clo
6 1 1 0 Open Open Cloc

Notes: Do not use in combinations other than those listed.
In clock modes 4, 5, and 6, CKPREQ/CKM functions as the clock pause re

*
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HILCHTTHTY WILTT LUTTCLL Vot all Ul

—¢— High level

CKPREQ/CKM
CKIO Qutput or high
impedance
o
EXTAL _L i f /J7
= cL2
XTAL M\ {1
R s

Notes: 1. The CKIO pin is an output or high impedance in clock modes 0, 1, and 2,
and is high impedance in clock mode 3.
2. The values for CL1, CL2, and the damping resistance should be determin
consultation with the crystal resonator manufacturer.

Figure 3.2 Exampleof Crystal Oscillator Connection
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UV, 4, AllU 4, Allu 1o IIIHII
Output or in clock mode 3.
high-impedance

EXTAL |[¢— | | | | | | External Clock Input

XTAL —— Open

CKIO |—

Figure 3.3 External Clock Input Method

Clock Input from CKI1O Pin: This method can be used in clock modes 4, 5, and 6.

CKPREQ/CKM l«—— The CKPREQ/CKM pin is the clock
pause request input pin.

CKIO |¢— | | | | | | External Clock |

EXTAL —— Open

XTAL —— Open

Figure3.4 External Clock Input Method
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register.

Table3.4 Relationship between Clock Mode Pin Settingsand I nitial Value of F

M odification Register

Clock Mode MD2 MD1 MDO Initial Value
Mode 0 0 0 0 H'00

Mode 1 0 0 1

Mode 2 0 1 0 H'40

Mode 3 0 1 1 H'60

Mode 4 1 0 0 H'A6

Mode 5 1 0 1

Mode 6 1 1 0 H'EO

The register configuration is shown in table 3.5.

Table3.5 Register Configuration

Name Abbreviation R/W Initial Value

Addre

Frequency modification register FMR R/W See table 3.4*

H'FFF

Note: * The initial value depends on the clock mode.
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0 PLL circuit 2 used

1 PLL circuit 2 not used

Bit 6—PLL1ST: Switching is possible in modes 0, 1, 4, and 5. In modes 2, 3, and 6, F
cannot be used. In these modes, this bit always reads 1.

Bit 6: PLL1ST Description

0 PLL circuit 1 is used
1 PLL circuit 1 is not used

Bit 5—CKIOST: Setting is possiblein modes 0 to 3. In modes 4 to 6, the CKIO pinis
pin. In these modes, this bit always reads 1.

Bit 5: CKIOST Description

0 The CKIO pin outputs E@

1 The CKIO pin is in the high-impedance state (Do not place CKIO il
impedance state when PLL circuit 1 is operating)

Bit 4—Reserved: This bit is always read as 0. The write value should always be 0.

Bits 3 to 0—FR3 to FRO: Theinternal clock frequency and CKIO output frequency (r
can be set by frequency setting bits FR3 to FRO. The values that can be set in bits FR:
depend on the mode and whether PLL circuit 1 and PLL circuit 2 are operating or half
following tables show the valuesthat can be set in FR3 to FRO, and the internal clock
output frequency ratios, taking the external input clock frequency as 1.
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Y 1 1 v
1 0 0 0 x4 x4 x1 x1
1 0 0 1 x4 x4 x2 x1
1 0 1 0 x4 x4 x2 x2
1 1 0 0 x4 x4 x4 x1
1 1 1 0 x4 x4 x4 x2

Note: Do not use combinations other than those shown above.
e Modes0Oto3

PLL circuit 1 halted, PLL circuit 2 operating

EXTAL input or crystal resonator used
FR3 FR2 FR1 FRO 0] I E@ P
0 0 0 0 x1 x1 x1 x1
0 1 0 1 x2 x2 x2 x1
0 1 1 0 x2 x2 x2 x2
1 1 0 0 x4 x4 x4 x1
1 1 1 0 x4 x4 x4 x2

Note: Do not use combinations other than those shown above.
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Note: Do not use combinations other than those shown above.

* Modes4and 5
PLL circuit 1 operating, PLL circuit 2 halted

CKIO input
FR3 FR2 FR1 FRO [ 1) Eg Po
0 1 0 1 x2 x1 x1 x1/2
0 1 1 0 x2 x1 x1 x1
1 0 0 1 x2 x2 x1 x1/2
1 0 1 0 x2 x2 x1 x1

Note: Do not use combinations other than those shown above.
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v 1 v 4 X1l/Z X1l/Z X1l/&4
0 1 1 0 x1 x1/2 x1/2 x1/2
1 0 0 0 x1 x1 x1/4 x1/4
1 0 0 1 x1 x1 x1/2 x1/4
1 0 1 0 x1 x1 x1/2 x1/2
1 1 0 0 x1 x1 x1 x1/4
1 1 1 0 x1 x1 x1 x1/2
1 1 1 1 x1 x1 x1 x1

Note: Do not use combinations other than those shown above.

Frequency Change: When PLL circuit 1 or PLL circuit 2 becomes operational after
the frequency modification register (including modification the frequency modificatior
the operating state), access the frequency modification register using the following pro
noting the cautions listed below.

Frequency change procedure

Set the on-chip watchdog timer (WDT) overflow time to secure the PLL circuit osc
settling time (CKS2 to CKS0 bitsin WTCSR).

Clear the WT/IT and TME bit to 0 in WTCSR.

Perform aread anywhere in an external memory area 0 to 4 cache-through area.
Change the frequency modification register to the target frequency, or change the
operating/halted state of the PLL circuits 1 and 2 (the clocks will stop temporarily i
chip).

The oscillation circuits operate, and the clock is supplied to the WDT. This clock ir
the WDT.

On WDT overflow, supply of a clock with the frequency set in frequency setting bif
FRO begins. In this case, the OVF bit in WTSCR and the WOVF bit in RSTCSR ar
interval timer interrupt (1T1) isnot requested, and the WDTOVF signal is not assert

Sample code for changing the frequency is shown below.
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XRAM .equ h'1000e000

.export _init_FMR

_init_FMR
mov.|l #XRAM 1
mov.l rl,r5

mov. |  #FREQUENCY, r 2
nmov. | #FREQUENCY_END, r 3

progr am nove:
mv.w @2,r0
mv.w r0, @1

add #2,r1

add #2,r2
cnmp/eqr2,r3

bf pr ogram nove
nop

mov.| #PACR r1
mov. w #h' 0008, r0
mv.w r0, @1

MOV. L #WICSR, R1

MOV. W #H A51F, R2
MOV.L #H 26200000, R3
MOV.L #FMR R4
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nop

nop

nop

nop
; Main portion of frequency change code.
; First copy thisto XRAM and then run it in XRAM.
FREQUENCY:

<Watchdog timer control and status register setting>

;  Clear TME hit.

; Clock input to WTCNT is ¢/16384

;i (Overflow frequency = 262.144 ms)

MOV. W R2, @Rl

<External cache through area read>
;  Cache through area of external member space 3: H'26200000
MOV.L @R3, RO

;  <Frequency change register setting>

; PLL circuit 1 —» Disabled.

; PLL circuit 2 — Enabled.

;1@ (x4) = 62.5 MHz, E@ (x4) = 62.5 MHz,

;P (x2) =31.25 MHz, CKIO (E@) = 62.5 MHz,
;o MoV #H 4E, RO

; PLL circuits1 and 2 — Enabled.

;1@ (x4) =62.5MHz, E@ (x2) = 31.25 MHz,

; P@(x2)=31.25MHz, CKIO (Eg) = 31.25 MHz,
MoV #H 0A, RO
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nop
FREQUENCY_END:
NOP

. END
Cautions

e Theread from the external memory space 0—4 cache-through area and the write to
frequency modification register should be performed in on-chip X/Y memory. Aft
from the external memory space 04 cache-through area, do not perform any write
in external memory spaces 0—4 until the write to the frequency modification regist

»  When the write access to the frequency modification register is executed, the WD
automatically.

» Do not turn off the CKIO output when PLL circuit 1 isin the operating state.
* The CKIO output will be unstable until the PLL circuit stabilizes.

»  When afrequency is modified, halt the on-chip DMAC (E-DMAC and DMAC) o
before the frequency modification.

If PLL circuit 1 or PLL circuit 2 does not become operational after modifying the frec
modification register (including modification in the operating state), it means that the
procedure or cautions have not been properly observed. In this case, the WDT will ho
even though the frequency modification register is modified.
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0,1 EXTAL or crystal o—15.025 o— o— o—
resonator** 625 625 31.25
Off On 8— 8- 8—
62.5 625 31.25
On Off 8— 8- 8—
62.5 15.62515.625
1-31.25 Off Off 1- 1- 1-
31.25 31.25 31.25
2 8-15.625 Off On 8— 8- 8—
625 625 31.25
1-31.25 Off 1- 1- 1-
31.25 31.25 31.25
3 8-15.625 On 8— 8- 8—
625 625 31.25
1-31.25 Off 1- 1- 1-
31.25 31.25 31.25
4,5 CKIO 16-31.25 On Off 16— 16— 16—
62.5 31.25 31.25
1-31.25 Off 1- 1- 1-
31.25 31.25 31.25
6 1-31.25 Off 1- 1- 1-
31.25 31.25 31.25

Notes: 1. When a crystal resonator is used, set the frequency in the range of 8 to 15.6
2. Set the frequency modification register so that the frequency of all internal cl

MHz or higher.

3. Use internal clock frequencies such that 19> E@ = Pq.
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as reference values. To determine the optimum oscillator circuit constants for the user
please consult with the crystal resonator manufacturer.

Avoid crossing

signal lines

fffffffffffffff [ CL1,CL2=20t022p

R=0Q

Oscillation frequency:
15.625 MHz

Crystal resonator:
HC-49/u manufact
KYUSHU DENTSI

Note: The values for CL1, CL2, and the damping resistance should be determined a
consultation with the crystal resonator manufacturer.

Figure3.5 Pointsfor Attention when Using Crystal Resonator

Bypass Capacitors: Asfar aspossible, insert alaminated ceramic capacitor of 0.01 t
bypass capacitor for each Vsg/Vcc pair. Mount the bypass capacitors as close as possi|
LSl power supply pins, and use components with afrequency characteristic suitable f
operating frequency, as well as a suitable capacitance value.

1. Vso/Vcc pairsfor FP-208C and FP-208CV
a PLL system: 9-12
b. 3V digital system: 20-18, 26-22, 35-33, 45-42, 52-50, 60-58, 61-67, 69-66,
79-81, 91-89, 101-99, 112-109, 113-110, 114-116, 130-1
150-147
c. 5V digital system: 157-155, 169-167, 181-179, 191-193, 202-200
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inductance éomponent. Ground the oscillation stabilization capacitors C1 and C2to V S
and Vss (PLL2), respectively. Place C1 and C2 close to the CAP1 and CAP2 pins and ¢
locate awiring pattern in the vicinity.

Avoid crossing

signal lines
___________ | Power supply
Vee (PLL) — Vec
|
CAP1 :
: Reference valu
CAP2 : C1 =470 pF
—]ct ! C2 = 470 pF
I
“TTT.
VSS (PLL) - : VSS
___________ I

Figure3.6 Pointsfor Attention when Using PLL Oscillator Circuit

33 Bus Width of the CSO Area

Pins MD3 and MD4 are used to specify the bus width of the CS0 area. The pin combin
functions are listed in table 3.6. Do not switch the MD4 and MD3 pins while they are c
Switching them will cause operating errors.

Table3.6 BusWidth of the CS0 Area

Pin
MD4 MD3 Function
0 0 8-bit bus width selected
0 1 16-bit bus width selected
1 0 32-bit bus width selected
1 1 Setting prohibited
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according to the priority order shown in table 4.1.
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UsStl UiCank

High-performance user debugging interface (H-UDI)

External interrupts (IRL1 to IRL15, IRQO to IRQ3 (set with IRL3, IRL2,

IRL1, IRLO pins))

On-chip peripheral modules

Instructions Trap instruction (TRAPA)

Direct memory access controller (DMAC)

Watchdog timer (WDT)

Compare match interrupt (part of the bus
state controller)

Ethernet controller (EtherC) and Ethernet
controller direct memory access controlle
(E-DMAC)

16-hit free-running timer (FRT)

Serial communication interface with FIFO
(SCIF)

16-bit timer pulse unit (TPU)
Serial /0 (SIO)

General illegal instructions (undefined code)

lllegal slot instructions (undefined code placed directly following a delayed
branch instruction** or instructions that rewrite the PC*Z)

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

BRAF

2. Instructions that rewrite the PC: JMP, JSR, BRA, BSR, RTS, RTE, BT, BF, T

BF/S, BT/S, BSRF, BRAF
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Manual reset Starts when the NMI pin is low and the RES pin che
low to high

Address error Detected when instruction is decoded and starts wr
previous executing instruction finishes executing

Interrupts Detected when instruction is decoded and starts wrt
previous executing instruction finishes executing

Instructions  Trap instruction Starts from the execution of a TRAPA instruction

General illegal Starts from the decoding of undefined code anytime
instructions a delayed branch instruction (delay slot)

lllegal slot Starts from the decoding of undefined code placed
instructions following a delayed branch instruction (delay slot) o

instruction that rewrites the PC

When exception handling starts, the CPU operates as follows:

1. Exception handling triggered by reset
Theinitial values of the program counter (PC) and stack pointer (SP) are fetched f
exception vector table (PC and SP are respectively addresses H'00000000 and H'0
a power-on reset and addresses H'00000008 and H'0000000C addresses for a man
See section 4.1.3, Exception Vector Table, for more information. O is then written
base register (VBR) and 1111 is written to the interrupt mask bits (13 to 10) of the
register (SR). The program begins running from the PC address fetched from the e
vector table.

2. Exception handling triggered by address errors, interrupts, and instructions
SR and PC are saved to the stack address indicated by R15. For interrupt exceptiol
the interrupt priority level iswritten to the SR’s interrupt mask bits (13 to 10). For:
and instruction exception handling, the I3 to 10 bits are not affected. The start add
fetched from the exception vector table and the program begins running from that

Rev. 2.00, 03/05, pac
RENESAS



alul ©oo.

Table 4.3 lists the vector numbers and vector table address offsets. Table 4.4 shows ve

address calculations.

Table4.3 (a) Exception Vector Table

Vector Vector Table Address
Exception Source Number  Offset Vector A
Power-on reset PC 0 H'00000000—-H'00000003 Vector nt
SP 1 H'00000004—H'00000007
Manual reset PC 2 H'00000008—H'0000000B
SP 3 H'0000000C-H'0000000F
General illegal instruction 4 H'00000010-H'00000013 VBR + (V
(Reserved by system) 5 H'00000014-H'00000017 ~ "umber:
Slot illegal instruction 6 H'00000018-H'0000001B
(Reserved by system) 7 H'0000001C—-H'0000001F
8 H'00000020-H'00000023
CPU address error 9 H'00000024—-H'00000027
DMA address error (DMAC and 10*° H'00000028—-H'0000002B
E-DMAC)
Interrupt NMI 11 H'0000002C—-H'0000002F
User break 12 H'00000030-H'00000033
H-UDI 13 H'00000034-H'00000037
(Reserved by system) 14 H'00000038—-H'0000003B
31 H'0000007C-H'0000007F
Trap instruction (user vector) 32 H'00000080—-H'00000083
63 H'000000FC—H'000000FF
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periphéral
module*® 4 '
127 H'000001FC—-H'000001FF

Table4.3(c) Exception Processing Vector Table (IRL Mode)

Vector Vector Table Address

Exception Source Number  Offset Vector
Interrupt IRL1*! 642 H'00000100-H'00000103  VBR +

IRL2* 65*2 H'00000104-H'00000107  number

IRL3*!

IRL4*? 66*2 H'00000108-H'0000010B

IRL5*?

IRL6*? 67*2 H'0000010C—H'0000010F

IRL7*?

IRL8*? 68*2 H'00000110-H'00000113

IRLO*?

IRL10*? 69*2 H'00000114—H'00000117

IRL11*?

IRL12*? 70*2 H'00000118-H'0000011B

IRL13*!

IRL14** 71*2 H'0000011C—H'0000011F

IRL15*?

On-chip 0** H'00000000—H'00000003

peripheral

module™® o '

127 H'000001FC—~H'000001FF

Notes: 1. When 1110 is input to the IRL3, IRL2, IRL1, and IRLO pins, an IRL1 interru
When 0000 is input, an IRL15 interrupt results.

2. External vector number fetches can be performed without using the auto-ve
numbers in this table.
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(EDOCR) must theretore be read In the exception service routine to aetermil
DMA address error has occurred.

Table4.4 Calculating Exception Vector Table Addresses

Exception Source Vector Table Address Calculation

Power-on reset (Vector table address) = (vector table address offset)
Manual reset = (vector number) x 4

Other exception handling (Vector table address) = VBR + (vector table address c

=VBR + (vector number) x 4

Note: VBR: Vector base register
Vector table address offset: See table 4.3.
Vector number: See table 4.3.
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(FMR) are initialized.‘ (Uselfﬁe power-on reset when ‘turnilrig the poWa 0;1.)

Table45 Typesof Resets

Conditions for

Transition to Reset Status Internal Status
Type NMI Pin RES Pin CPU On-Chip Peripheral
Power-on reset  High Low Initialized  Initialized
Manual reset Low Low Initialized  Initialized except for |

PFC, and frequency
register (FMR)

4.2.2 Power-On Reset

When the NMI pin is high and the RES pin is driven low, the device performs a powe
For areliable reset, the RES pin should be kept low for at least the duration of the osc
settling time (when the PLL circuit is halted) or for 20t (when the PLL circuit isru
During a power-on reset, the CPU’ sinternal state and all on-chip peripheral module r
initialized. See Appendix B, Pin States, for the state of individual pinsin the power-ot

In a power-on reset, power-on reset exception handling starts when the NMI pin is ke
the RES pinisfirst driven low for aset period of time and then returned to high. The (
then operate as follows:

1

Theinitial value (execution start address) of the program counter (PC) isfetched f
exception vector table.

Theinitial value of the stack pointer (SP) is fetched from the exception vector tabl
The vector baseregister (VBR) is cleared to H'00000000 and the interrupt mask bi
of the status register (SR) are set to H'F (1111).

The values fetched from the exception vector table are set in the program counter |
stack pointer (SP), and the program begins executing.
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state or Individual pins in the manual reset state.
In amanual reset, manual reset exception handling starts when the NMI pin is kept low

RES pinisfirst kept low for aset period of time and then returned to high. The CPU w
operate in the same way as for a power-on reset.

4.3 AddressErrors

43.1 Sourcesof AddressErrors

Address errors occur when instructions are fetched or dataread or written, as shown in
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module space

Instruction fetched from on-chip peripheral module Addr

space occul
Data CPUor  Word data accessed from even address None
read/write. DMAC, Word data accessed from odd address Addre

E-DMAC
occul

Longword data accessed from a longword boundary None

Longword data accessed from other than a longword Addr

boundary occul

Access of cache purge space, address array read/write  Addr

space, on-chip peripheral module space, or occul

synchronous DRAM mode setting space by PC-relative

addressing

Access of cache purge space, address array read/write  Addr

space, data array read/write space, on-chip peripheral  occul

module space, or synchronous DRAM mode setting

space by a TAS.B instruction

Byte, word, or longword data accessed in on-chip None

peripheral module space at addresses H'FFFFFCOO to

H'FFFFFCFF

Longword data accessed in on-chip peripheral module  Addr

space at addresses H'FFFFFEOQO to H'FFFFFEFF occul

Word or byte data accessed in on-chip peripheral None

module space at addresses H'FFFFFEQO to

H'FFFFFEFF

Byte data accessed in on-chip peripheral module space Addre

at addresses H'FFFF0000 to H'FFFFFOFF or occul

H'FFFFFFO0 to H'FFFFFFFF

Word or longword data accessed in on-chip peripheral ~ None

module space at addresses H'FFFF0000 to
H'FFFFFOFF or H'FFFFFFO0 to H'FFFFFFFF

Notes: 1. Address errors do not occur during the synchronous DRAM mode register
2. 16-byte DMAC transfers use longword accesses.
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3. The exception service routine start addressis fetched from the exception vector tabl
corresponds to the address error that occurred, and the program starts executing fro
address. The jump that occurs is not a delayed branch.

Note: The same vector number, 10, is generated for aDMAC DMA address error anc
DMAC DMA address error. (Seetable 4.3 (a).)

Both the address error flag (AE) in the DMAC’'s DMA operation register (DM,
the address error control hit (AEC) in the E-DMAC’s E-DMAC operation cont
(EDOCR) must therefore be read in the exception service routine to determine
DMA address error has occurred.
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Iypce necyucotr ovudicc Nuliuct
NMI NMI pin (external input) 1
User break User break controller (UBC) 1
H-UDI High-performance user debugging interface 1
(H-uDI)
IRL IRL1 to IRL15 (external input) 15
IRQ IRQO to IRQ3 (external input) 4
On-chip peripheral module  Direct memory access controller (DMAC) 2
Ethernet controller (EtherC) and Ethernet 1
controller direct memory access controller
(E-DMAC)
16-bit free-running timer (FRT) 3
Watchdog timer (WDT) 1
Bus state controller (BSC) 1
Serial /0 (SIO) 4
Serial communication interface with FIFO 4
(SCIF)
16-bit timer pulse unit (TPU) 13

Each interrupt source is allocated a different vector number and vector table address
table 5.4, Interrupt Exception Vectors and Priority Order, in section 5, Interrupt Contr

more information.
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interrupt priority level setting registers A to E (IPRA to IPRE) as shown in table 4.8. Tl
levels that can be set are 0 to 15. Level 16 cannot be set. For more information on | PR/
see sections 5.3.1, Interrupt Priority Level Setting Register A (IPRA), to 5.3.5, Interrug
Level Setting Register E (IPRE).

Table4.8 Interrupt Priority Order

Type Priority Level Comment

NMI 16 Fixed priority level. Cannot be masked

User break 15 Fixed priority level

H-UDI 15 Fixed priority level

IRL 1to 15 Set with TRL3 to IRLO pins

IRQ 0to 15 Set with interrupt priority level setting regi:
(IPRC)

On-chip peripheral module 0 to 15 Set with interrupt priority level setting regi:

D, and E (IPRA, IPRB, IPRD, IPRE)

4.4.3 Interrupt Exception Handling

When an interrupt occurs, its priority level is ascertained by the interrupt controller (IN
is aways accepted, but other interrupts are only accepted if they have a priority level hi
the priority level set inthe interrupt mask bits (13 to 10) of the status register (SR).

When an interrupt is accepted, exception handling begins. In interrupt exception handli
CPU saves SR and the program counter (PC) to the stack. The priority level value of th
interrupt is written to SR bits 13 to 10. For NMI, however, the priority level is 16, but tf
in13to 10isH'F (level 15). Next, the start address of the exception service routineis fe
the exception vector table for the accepted interrupt, that addressis jumped to and exec
begins. For more information about interrupt exception handling, see section 5.4, Interr
Operation.
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Trap instruction

TRAPA

lllegal slot
instruction

Undefined code placed Delayed branch instructions: JMF
immediately after a delayed BRA, BSR, RTS, RTE, BF/S, BT/
branch instruction (delay slot) BRAF

and instructions that rewrite the

PC

Instructions that rewrite the PC: J
BRA, BSR, RTS, RTE, BT, BF, T
BF/S, BT/S, BSRF, BRAF

General illegal
instruction

Undefined code anywhere —

besides in a delay slot

452 Trap Instructions

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

1. The gatusregister (SR) is saved to the stack.

2. The program counter (PC) is saved to the stack. The PC value saved is the start ad
instruction to be executed after the TRAPA instruction.

3. The exception service routine start address is fetched from the exception vector tal
corresponds to the vector number specified by the TRAPA instruction. That addre
to and the program starts executing. The jump that occurs is not a delayed branch.
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2. The program counter (PC) is saved to the stack. The PC value saved is the jump ad
delayed branch instruction immediately before the undefined code or the instructior
rewrites the PC.

3. The exception service routine start addressis fetched from the exception vector tabl
corresponds to the exception that occurred. That addressis jumped to and the progr
executing. The jump that occursis not adelayed branch.

454 General Illegal Instructions

When undefined code placed anywhere other than immediately after a delayed branch |
(i.e., inadelay slot) is decoded, general illegal instruction exception handling starts. Tt
handles general illegal instructionsin the same way asillegal slot instructions. Unlike
of illegal slot instructions, however, the program counter value saved is the start addres
undefined code.
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Exception Sot

Point of Occurrence Address Error Int
Immediately after a delayed branch instruction** Not accepted NG
Immediately after an interrupt-disabled instruction*? Accepted NCc
A repeat loop comprising up to three instructions (instruction Not accepted NC

fetch cycle not generated)

First instruction or last three instructions in a repeat loop
containing four or more instructions

Fourth from last instruction in a repeat loop containing four or Accepted NC
more instructions

Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S
BRAF
2. Interrupt-disabled instructions: LDC, LDC.L, STC, STC.L, LDS, LDS.L, ST

46.1 Immediately after a Delayed Branch Instruction

When an ingtruction placed immediately after a delayed branch instruction (delay slot
neither address errors nor interrupts are accepted. The delayed branch instruction and
instruction located immediately after it (delay slot) are aways executed consecutively
exception handling occurs between the two.

4.6.2 Immediately after an Interrupt-Disabled I nstruction

When an instruction immediately following an interrupt-disabled instruction is decods
are not accepted. Address errors are accepted.
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A. All interrupts and address errors are accepted.
B. Address errors only are accepted.
C. No interrupts or address errors are accepted.

When RC =1
(1) One instruction (2) Two instructions (3) Three instruc
] < A ) < A )
instrO B instrO B instr
Start (End):instrl C Start:instrl C Start:instr:
instr2 End: instr2 i nstr:
- A instra " End:  instr:
instr nd: instr.
~ A )
i nstr:
(4) Four or more instructions
instro © 0
instr .
. ~ A or C(onreturn from instr n)
Start:instrl
< A
 nst 37 A
instr n-
i nst 2~ B
instr n-
i nst 17 C
instr n-
End: i nst - ¢
nd: instr n
i nst B
instr n+
< A
When RC =0

All interrupts and address errors are accepted.

Figure4.1 Interrupt Acceptance Restrictionsin Repeat Mode
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Trap instruction SP - Address of instruction arter I RAPA Instruction
SR

General illegal instruction SP - Start address of illegal instruction
SR

Interrupt SP - Address of instruction after executed instruction
SR

lllegal slot instruction SP - Jump destination address of delayed branch instrus
SR
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The value of the vector base register must always be a multiple of four, otherwise an &
will occur when the vector table is accessed during exception handling.

4.8.3 Address Errors Caused by Stacking of Address Error Exception Handlil

If the stack pointer value is not amultiple of four, an address error will occur during st
the exception handling (interrupts, etc.). Address error exception handling will begin &
original exception handling ends, but address errors will continue to occur. To ensureft
error exception handling does not go into an endless loop, no address errors are accepte
point. This allows program control to be shifted to the address error exception servicer
enables error handling to be carried out.

When an address error occurs during exception handling stacking, the stacking bus cyc
executed. In stacking of the status register (SR) and program counter (PC), the SP is de
by 4 for both, so the value of SP will not be a multiple of four after the stacking either.
address value output during stacking is the SP value, so the address where the error occ
itself output. This means that the write data stacked will be undefined.

484 Manual Reset during Register Access

Do not initiate a manual reset during access of a bus state controller (BSC), user break
(UBCQ), or pin function controller (PFC) register, or the frequency modification register
otherwise awrite error may resullt.
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511 Features
The INTC has the following features:

e Sixteen interrupt priority levels can be set
By setting the five interrupt priority registers, the priorities of on-chip peripheral r
interrupts can be selected at 16 levels for different request sources.

» Vector numbers for on-chip peripheral module interrupt can be set
By setting the 24 vector number setting registers, the vector numbers of on-chip p
module interrupts can be set to values from 0 to 127 for different request sources.

e ThelRL interrupt vector number setting method can be selected: Either of two ma
selected by aregister setting: auto-vector mode in which vector numbers are deter
internally, and external vector mode in which vector numbers are set externally.

* |IRQ interrupt settings can be made (low level, rising-, falling-, or both-edge detec
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| J . | Interrupt request
| |
: A Priority : SR
decision
i(lnterru t request) logic : .m
UBC T it pt ] 0| |
H-UDI : (Interrupt request) _ : 0
DMAC : (:n:errup: reques:) > :
ERT : (Interrupt request) > :
WDT : (:n:errup: reques:) > :
REE : (Interrupt request) > :
SCIF : (Interrupt request) N |
|
TPU I (Interrupt request) N !
S0 — (Interrupt request) N :
E-DMAC : (Interrupt request) _ :
(Including EtherC | :
interrupt) | |
|
| 4 |
| |
|
| =) |
| |
| IRQCSR IPRA-IPRE !
| (3
| | ©
! Bus o
| Module bus interface @ s
| | @
' Q D
| |
I I "
| 1 (2 ——
| VCRWDTI a
| _Il Vector |> = < Vector
: _I number | GE) number DMAC
: VCRWDT, VCRA-VCRU 1| € —
L E
- INTC-
UBC: User break controller E-DMAC: Ethernet controller direct men
H-UDI: High-performance user debugging interface access controller
DMAC: Direct memory access controller EtherC: Ethernet controller
FRT:  16-bit free-running timer ICR: Interrupt control register
WDT: Watchdog timer IRQCSR: IRQ control/status register
REF: Refresh request within bus state controller IPRA-IPRE: Interrupt priority level setting
SCIF:  Serial communication interface with FIFO registers A—E
TPU:  16-bit timer pulse unit VCRWDT: Vector number setting registe|
SIO:  Serial I/O VCRA-VCRU: Vector number setting registe
SR: Status register

Figure5.1 INTC Block Diagram
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= el Tt ittt s g i i

A L

i R i

signals

D il

Interrupt acceptance level output
pins

External vector fetch pin

A3 to A0

IVECF

Output In external vector mode, o0
interrupt level signal when
interrupt is accepted

Output Indicates external vector r

External vector number input pins

D7 to DO

Input  Input external vector numt

514 Register Configuration

The INTC hasthe 31 registers shown in table 5.2. These registers perform various IN
including setting interrupt priority, and controlling external interrupt input signal dete

Table5.2 Register Configuration

Initial

Name Abbr. R/W  Value Address

Interrupt priority register setting register A IPRA R/W  H'0000 H'FFFFFE
Interrupt priority register setting register B IPRB R/W  H'0000 H'FFFFFE
Interrupt priority register setting register C IPRC R/W  H'0000 H'FFFFFE
Interrupt priority register setting register D IPRD R/W  H'0000 H'FFFFFE
Interrupt priority register setting register E  IPRE R/W  H'0000 H'FFFFFE
Vector number setting register A VCRA R/W  H'0000 H'FFFFFE
Vector number setting register B** VCRB R/W  H'0000 H'FFFFFE
Vector number setting register C VCRC R/W  H'0000 H'FFFFFE
Vector number setting register D VCRD R/W  H'0000 H'FFFFFE
Vector number setting register E VCRE R/W  H'0000 H'FFFFFE
Vector number setting register F VCRF R/W  H'0000 H'FFFFFE
Vector number setting register G VCRG R/W  H'0000 H'FFFFFE
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Vector number setting register N VCRN R/W  H'0000 H'FFFFFES5
Vector number setting register O VCRO R/W  H'0000 H'FFFFFES5
Vector number setting register P VCRP R/W  H'0000 H'FFFFFEC
Vector number setting register Q VCRQ R/W  H'0000 H'FFFFFEC
Vector number setting register R VCRR R/W  H'0000 H'FFFFFEC
Vector number setting register S VCRS R/W  H'0000 H'FFFFFEC
Vector number setting register T VCRT R/W  H'0000 H'FFFFFEC
Vector number setting register U VCRU R/W  H'0000 H'FFFFFEC
Vector number setting register WDT VCRWDT R/W  H'0000 H'FFFFFEE
Vector number setting register DMAO** VCRDMAO R/W  Undefined H'FFFFFFA
Vector number setting register DMAL1** VCRDMA1 R/W  Undefined H'FFFFFFA
Interrupt control register ICR R/W  H8000/ HFFFFFEE
H'0000™*
IRQ control/status register IRQCSR  RMW  *? H'FFFFFEE

Notes: 1. The value when the NMI pin is high is H'8000; when the NMI pin is low, it is

2. When pins IRL3 to IRLO are high, bits 7 to 4 in IRQCSR are setto 1. When |
IRLO are low, bits 7 to 4 in IRQCSR are cleared to 0. The initial value of bits

7t04is0.

3. Inthe SH7615, VCRB is a reserved register and must not be accessed.
4. See section 11, Direct Memory Access Controller (DMAC), for more informa

VCRDMAO, and VCRDMAL.

52 Interrupt Sources

There are five types of interrupt sources: NMI, user breaks, H-UDI, IRL/IRQ and on-cl
peripheral modules. Each interrupt has a priority expressed as apriority level (0 to 16,
lowest and 16 the highest). Giving an interrupt a priority level of 0 masksit.
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A user break interrupt has priority level 15 and occurs when the break condition set ir
break controller (UBC) is satisfied. User break interrupt exception handling setsthe ir
level bits (13to 10) in the status register (SR) to level 15. For more information about
break interrupt, see section 6, User Break Controller.

5.2.3 H-UDI Interrupt

The H-UDI interrupt has a priority level of 15, and is generated when an H-UDI inter!
instruction is serially input. H-UDI interrupt exception processing sets the interrupt m
to 10) inthe status register (SR) to level 15. See section 17, High-Performance User D
Interface (H-UDI), for details of the H-UDI interrupt.

524 IRL Interrupts

IRL interrupts are requested by input from pinsIRL3 to IRLO. Fifteen interrupts, IRL:
can be input externally via pins IRL3 to IRLO. The priority levels of interrupts IRL15
15to 1, respectively, and their vector numbers are 71 to 64. Set the vector numbers w
interrupt vector mode select (VECMD) bit of the interrupt control register (ICR) to er
input. External input of vector numbers consists of vector numbers 0 to 127 from the
vector input pins (D7 to DO). When an external vector is used, O isinput to D7. Intern
are called auto-vectors and vectors input externally are called external vectors. Table!
priority levels and auto vector numbers.

When an IRL interrupt is accepted in external vector mode, the IRL interrupt level is
the interrupt acceptance level output pins (A3 to A0). The external vector fetch pin (I
also asserted. The external vector number is read from pins D7 to DO at thistime.

IRL interrupt exception processing sets the interrupt mask level bits (13 to 10) in the &
(SR) to the priority level value of the IRL interrupt that was accepted.
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External vector numbers are O to 127, and are input to the external vector input pins (D
during the interrupt vector fetch bus cycle. When an external vector isused, O isinput t

When an IRQ interrupt is accepted in external vector mode, the IRQ interrupt priority |
output from the interrupt acceptance level output pins (A3 to A0). The external vector 1
(IVECF) is also asserted. The external vector number isread from signals D7 to DO at |

IRQ interrupt exception processing sets the interrupt mask bits (13 to 10) in the status re
to the priority level value of the IRQ interrupt that was accepted.

Table5.3 IRL Interrupt Priority Levelsand Auto-Vector Numbers

— _ Pin— Priority Vect
IRL3 IRL2 IRLA1 IRLO Level Num
0 0 0 0 15 71
1 14
1 0 13 70
1 12
1 0 0 11 69
1 10
1 0 9 68
1 8
1 0 0 0 7 67
1 6
1 0 5 66
1 4
1 0 0 3 65
1 2
1 0 1 64
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Vector number <: AO—A3
generator | IVECF
circuit

<
%

UDO—D?

<

S
o
?
o
\I

Figure5.2 Example of Connectionsfor External Vector ModelInterru

Chip
> 4
Interrupt ———> Priority Y P——
requests —5, encoder > IRLO-IRL3
— IRLO-IRL3

Figure5.3 Exampleof Connectionsfor Auto-Vector Mode Interrupt

Figures 5.4 to 5.7 show the interrupt vector fetch cycle for the external vector mode. [

cycle, CS0 to CS4 stay high. A24 to A4 output undefined values. The WAIT pinis sa
programmable waits are not valid.
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» Ethernet controller direct memory access controller (E-DMAC) (Including EtherC i
e 16-bit timer pulse unit (TPU)

e Serial communication interface with FIFO (SCIF)

e Seria 1/0 (SIO)

A different interrupt vector is assigned to each interrupt source, so the exception servic
does not have to decide which interrupt has occurred. Priority levels between 0 and 15
assigned to individual on-chip peripheral modulesin interrupt priority registers A, B, C
(IPRA, IPRB, IPRD, IPRE). On-chip peripheral module interrupt exception handling s
interrupt mask level bits (13 to 10) in the status register (SR) to the priority level value ¢
chip peripheral module interrupt that was accepted.

5.2.7 Interrupt Exception Vectorsand Priority Order

Table 5.4 lists interrupt sources and their vector numbers, vector table address offsets
priorities.

Each interrupt source is allocated a different vector number and vector table address of
table addresses are cal culated from vector numbers and vector table address offsets. In
exception handling, the exception service routine start address is fetched from the vectc
entry indicated by the vector table address. Seetable 4.4, Calculating Exception Vector
Addresses, in section 4, Exception Handling, for more information on this calculation.

IRL interrupts IRL15 to IRL1 have interrupt priority levels of 15 to 1, respectively. IRC
and on-chip peripheral module interrupt priorities can be set freely between 0 and 15 fc
module by setting interrupt priority registers A to E (IPRA to IPRE). The ranking of in
sources for IPRA to IPRE, however, must be the order listed under Priority within IPR
Unit in table 5.4 and cannot be changed. A reset assigns priority level 0 to on-chip peri
module interrupts. If the same priority level is assigned to two or more interrupt source
interrupts from those sources occur simultaneously, their priority order isthe default pr
indicated at the right in table 5.4.

Rev. 2.00, 03/05, page 152 of 884
RENESAS



i ~ I - -

IRL15** 71%t 15 — — —

IRL14** 14 _ _ _
IRL13** 70** 13 — — —
IRL12** 12 — — —
IRL11** 69*! 11 — — —
IRL10** 10 — — —
IRLO** 68** 9 — — —
IRL8** 8 — — —
IRL7** 67+ 7 — — —
IRL6** 6 — — —
IRL5** 66** 5 — — —
IRL4** 4 — — —
IRL3** 65*1 3 — — —
IRL2** 2 — — —
IRL1** 64*! 1 — — —
DMACO Transfer 0-127*2 15-0 (0) IPRA High VCRDMAO
end (11-8) I (6-0)
Low
DMAC1 Transfer 0-127*2 15-0 (0) High  VCRDMAL1
end (6-0)
Low
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REF*®  cMI

0-127*2

E-DMAC EINT*® 0-127*?

Reserved

FRT ICl 0-127*2
ocClI 0-127*2
oVl 0-127*2

TPUO  TGIOA 0-127*2
TGIOB  0-127*2
TGIOC  0-127*2
TGIOD  0-127*?
TCIOV ~ 0-127*?

TPUL  TGIlIA 0-127*2
TGIIB  0-127*?
TCIlV  0-127*2
TCIIU  0-127*?

TPU2  TGI2A 0-127*?
TGI2B  0-127*2
TCI2V  0-127*2
TCI2U  0-127*2

15-0 (0) High  VCRWDT
I (6-0)
Low
15-0 (0) IPRB High  VCRA (14-¢
(15-12)
I 'VCRB (14
Low
15-0 (0) IPRB High  VCRC (14-¢
(11-8) I VCRC (6-0)
VCRD (14-¢
Low
15-0 (0) IPRD High  VCRE (14-¢
(15-12) VCRE (6-0)
VCRF (14-8
VCRF (6-0)
Low  VCRG (14-¢
15-0 (0) IPRD High  VCRH (14—
(11-8) VCRH (6-0)
I VCRI (14-8)
Low  VCRI (6-0)
15-0 (0) IPRD High  VCRJ (14-8
(7-4) VCRJ (6-0)
I VCRK (14-8
Low VCRK (6-0)
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SCIF2  ERI2  0-127*? 15-0 (0) IPRE High  VCRN (14-
RXI2  0-127*2 (15-12) VCRN (6-C
BRI2  0-127*? VCRO (14-
TXI2 0-127*2 Low  VCRO (6
SI00 RERIO  0-127*? 15-0 (0) IPRE High  VCRP (14-
TERIO  0-127*° (11-8) VCRP (6-C
RDFI0  0-127*2 VCRQ (14-
TDEIO  0-127*2 Low  VCRQ (6
slo1 RERI1 0-127*? 15-0 (0) IPRE High  VCRR (14-
TERIL  0-127*° (7-4) VCRR (6
RDFI1  0-127*? VCRS (14-
TDEIlL  0-127*? Low  VCRS (6-C
SI02 RERI2 0-127*? 15-0 (0) IPRE High  VCRT (14-
TERI2 0-127*° (3-0) VCRT (60
RDFI2  0-127*? VCRU (14-
TDEI2  0-127*? Low  VCRU (6-C
Reserved 128-255 — — — — —
Notes: 1. An external vector number fetch can be performed without using the auto-v
numbers shown in this table. The external vector numbers are 0 to 127.
2. Vector numbers are set in the on-chip vector number register.
3. REF is the refresh control unit within the bus state controller.
4. Setto IRL1 to IRL15 or IRQO to IRQ3 by the EXIMD bit in ICR.
5. Inthe SH7615, VCRB is a reserved register and must not be accessed.
6. The E-DMAC interrupt (EINT) is the OR of those of the 19 interrupt source:

EtherC/E-DMAC status register (EESR) that are enabled by the EtherC/E-I
interrupt permission register (EESIPR). As the three status bits in the Ether
register (ECSR) can be copied into the ECI bit in EESR as an interrupt sou
input to the INTC as the OR of a maximum of 22 interrupt sources.
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A ]

IRQO**

IRQ1** 65™"

IRQ2** 66**

IRQ3** 67+

DMACO Transfer 0-127*2
end

DMAC1 Transfer 0-127*2
end

WDT ITI 0-127*2

*3 * 2
REF CMI 0-127

15-0 (0) IPRC — —
(15-12)
15-0 (0) IPRC — —
(11-8)
15-0 (0) IPRC — —
(7-4)
15-0 (0) IPRC — —
(3-0)
15-0 (0) IPRA High VCRDMAQO
(11-8) I (6-0)
Low
15-0 (0) High VCRDMAL1
I (6-0)
Low
15-0 (0) IPRA High VCRWDT
(7-4) I (14-8)
Low
15-0 (0) High VCRWDT
(6-0)
Low
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FRT ICI 0-127*2
OCIA/B  0-127*2
oVl 0-127*2
TPUO  TGIOA 0-127*2
TGIOB  0-127*2
TGIOC  0-127*2
TGIOD  0-127*2
TCIOV ~ 0-127*?
TPUL  TGIlIA 0-127*2
TGIIB  0-127*?
TCIlV ~ 0-127*?
TCIIU  0-127*2
TPU2  TGI2A 0-127*?
TGI2B  0-127*2
TCI2V  0-127*2
TCI2U  0-127*2
SCIF1 ERI1  0-127*?
RXI1 0-127*2
BRIL  0-127*?
TXI1 0-127*2
SCIF2 ERI2  0-127*?
RXI2 0-127*2
BRI2Z  0-127*2
TXI2 0-127*2

150 (0) IPRB High  VCRC (L
(11-8) VCRC (6-
I VCRD (1
Low
150(0) IPRD High  VCRE (14
(15-12) VCRE (6-
VCRF (12
VCRF (6-
Low  VCRG (1
15-0(0) IPRD High  VCRH (L
(11-8) VCRH (6-
I VCRI (14
Low  VCRI (6—
150(0) IPRD High  VCRJ (14
(7-4) VCRJ (6-
I VCRK (1
Low  VCRK (6-
150(0) IPRD High  VCRL (14
(3-0) VCRL (6-
I VCRM (L
Low  VCRM (6
15-0(0) IPRE High  VCRN (L
(15-12) VCRN (6-
I VCRO (1.
Low  VCRO (6
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slo1 RERI1  0-127*? 15-0 (0) IPRE High  VCRR (14-
TERIL  0-127*? (7-4) VCRR (6
RDFI1  0-127*? I VCRS (14-
TDEIL  0-127*? Low VCRS (6

SI02 RERI2 0-127*? 15-0 (0) IPRE High  VCRT (14-
TERI2 0-127*° (3-0) VCRT (6-C
RDFI2  0-127*? I VCRU (14-
TDEI2  0-127*2 Low VCRU (6

Reserved 128-255 — — — — —

Notes: 1. An external vector number fetch can be performed without using the auto-ve
numbers shown in this table. The external vector numbers are 0 to 127.

o0~ wN

Vector numbers are set in the on-chip vector number register.

REF is the refresh control unit within the bus state controller.

Set to IRL1 to IRL15 or IRQO to IRQ3 by the EXIMD bit in ICR.

In the SH7615, VCRB is a reserved register and must not be accessed.
The E-DMAC interrupt (EINT) is the OR of those of the 19 interrupt sources

EtherC/E-DMAC status register (EESR) that are enabled by the EtherC/E-D|
interrupt permission register (EESIPR). As the three status bits in the EtherC
register (ECSR) can be copied into the ECI bit in EESR as an interrupt sourc
input to the INTC as the OR of a maximum of 22 interrupt sources.
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Bit:

Initial value:

R/W:

Bit:

Initial value:
R/W:

15 14 13 12 11 10 9
— — — — | DMAC DMAC | DMA
IP3 P2 IP1
0 0 0 0 0 0 0
RW  RW  RM
7 6 5 4 3 2 1
WDT | WDT | WDT | WDT — — —
IP3 P2 IP1 IPO
0 0 0 0 0 0 0
RW RW RW  RW R

Bits 15 to 12—Reserved: These bits are always read as 0. The write value should alw:

Bits 11 to 8—Direct Memory Access Controller (DMAC) Interrupt Priority Level 3 tc
(DMACIP3 to DMACIPO): These bits set the direct memory access controller (DMAU
priority level. There are four bits, so levels 0 to 15 can be set. The same level is set fol
DMAC channels. When interrupts occur simultaneously, channel 0 has priority.

Bits 7 to 4—Watchdog Timer (WDT) Interrupt Priority Level 3to 0 (WDTIP3 to WD
These hits set the watchdog timer (WDT) interrupt priority level and bus state control!
interrupt priority level. There are four bits, so levels 0 to 15 can be set. When WDT ar
interrupts occur simultaneously, the WDT interrupt has priority.

Bits 3 to 0—Reserved: These bits are always read as 0. The write value should always

RENESAS
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Initial value: 0] 0] 0 0 0] 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1

-l -1 -1T-1T-=-7T-=-1=

Initial value: 0 0 0 0 0 0 0
R/W:

Bits 15 to 12—Ethernet Controller Direct Memory Access Controller (E-DMAC) Inter
Priority Level 3to 0 (E-DMACIP3to E-DMACIPO): These bits set the Ethernet contro
memory access controller (E-DMAC) interrupt priority level. There are four bits, so lex
can be set.

Bits 11 to 8—16-Bit Free-Running Timer (FRT) Interrupt Priority Level 3to O (FRTIP
FRTIPO): These bits set the 16-bit free-running timer (FRT) interrupt priority level. Th
bits, so levels 0 to 15 can be set.

Bits 7 to 0—Reserved: These bits are always read as 0. The write value should always
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RW: R/W R/W R/W R/W R/W R/W RM

Bitt 7 6 5 4 3 2 1
\ IRQ2IP3 \ IRQ2IP2 \ IRQ2IP1 \ IRQ2IPO \ IRQ3IP3 \ IRQ3IP2 \ IRQ3I
Initial value: 0 0 0 0 0 0 0

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

Bits 15 to 0—IRQO to IRQ3 Priority Level 3to 0 (IRQnIP3to IRQNIPO, n=010 3):
the IRQO to IRQ3 priority levels. There are four bitsfor each interrupt, so the value c:
between 0 and 15.
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RW: R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1
‘TPUZIPS‘TPUZIPZ‘TPUZIPl‘TPUZIPO‘SCFlIPS‘SCFlIPz‘SCFllF
Initial value: 0 0 0 0 0 0 0

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

Bits 15 to 4—16-Bit Timer Pulse Unit 0 to 2 (TPUO to TPU2) Interrupt Priority Level !
(TPUNIP3 to TPUNIPO, n = 0to 2): These bits set the 16-bit timer pulse unit 0to 2 (TP
TPU2) interrupt priority levels. There are four bitsfor each interrupt, so the value can
between 0 and 15.

Bits 3 to 0—Serial Communication Interface with FIFO 1 (SCIF1) Interrupt Priority Le
(SCF1IP3 to SCF11P0): These hits set the serial communication interface with FIFO 1
interrupt priority level. There are four bits, so the value can be set between 0 and 15.
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RW: R/W R/W R/W R/W R/W R/W RM

Bit: 7 6 5 4 3 2 1
\ SI01IP3 \ SI01IP2 \ SIO1IP1 \ SI011PO \ SI021P3 \ SI021P2 \ slo2l
Initial value: 0 0 0 0 0 0 0

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

Bits 15 to 12—Serial Communication Interface with FIFO 2 (SCIF2) Interrupt Priorit
0 (SCF2IP3 to SCF2IP0): These bits set the serial communication interface with FIFC
interrupt priority level. There are four bits, so the value can be set between 0 and 15.

Bits 11 to 0—Serial 1/00to 2 (SI00 to SIO2) Interrupt Priority Level 3to 0 (SIOnlP
SIOnIPO, n= 0to 2): These hits set the serial 1/0 0to 2 (SIO0 to SIO2) interrupt priot
There are four bits for each interrupt, so the value can be set between 0 and 15.

Table 5.5 shows the relationship between on-chip peripheral module interrupts and ini
priority level setting registers.

Table5.5 Interrupt Request Sourcesand IPRA to|PRE

Register Bits 15to 12 Bits 11to 8 Bits 7to 4 Bit
Interrupt priority level setting Reserved DMACO, WDT, REF Re:
register A DMAC1

Interrupt priority level setting E-DMAC FRT Reserved Re:
register B

Interrupt priority level setting IRQO IRQ1 IRQ2 IRC
register C

Interrupt priority level setting TPUO TPU1 TPU2 SC
register D

Interrupt priority level setting SCIF2 SIO0 SIo1 SIC
register E
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Vector number setting register WDT (VCRWDT) is a 16-bit read/write register that st
interval interrupt and BSC compare match interrupt vector numbers (0 to 127). VCRW
initialized to H'0000 by areset. It is not initialized in standby mode.

Bitt 15 14 13 12 11 10 9
] — \ WITV6 \ WITV5 \ WITV4 \ WITV3 \ WITV2 \ WITV:

Initial value: 0 0 0 0 0 0 0
RW: R RW RW RW RW RW  RMW

Bit. 7 6 5 4 3 2 1
— \ BCMV6 \ BCMV5 \ BCMV4 \ BCMV3 \ BCMV2 \ BCMV

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

Bits 15 and 7—Reserved: These hits are aways read as 0. The write value should alwa

Bits 14 to 8—Watchdog Timer (WDT) Interval Interrupt Vector Number 6to O (WITV
WITVO0): These bits set the vector number for the interval interrupt (1T1) of the watchd
(WDT). There are seven bits, so the value can be set between 0 and 127.

Bits 6 to 0—Bus State Controller (BSC) Compare Match Interrupt Vector Number 6 tc
(BCMV6 to BCMVO0): These bits set the vector number for the compare match interruy
the bus state controller (BSC). There are seven hits, so the value can be set between 0 ¢
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R/W: R R/W R/W R/W R/W R/W RM

Bit: 7 6 5 4 3 2 1

T -1 -1 -T-T-1-

Initial value: 0 0 0 0 0 0 0
R/W: R

Bits 15 and 7 to 0—Reserved: These bits are always read as 0. The write value shoulc
0.

Bits 14 to 8—Ethernet Controller Direct Memory Access Controller (E-DMAC) Inter
Number 6to O (EINV6 to EINV0): These bits set the vector number for Ethernet cont
memory access controller (E-DMAC) interrupt (EINT). There are seven bits, so the v:
Set between 0 and 127.

5.3.8 Vector Number Setting Register B (VCRB)

Vector number setting register B (VCRB) is a 16-bit reserved register. Accessto this
prohibited. VCRB isinitialized to H'0000 by areset. It isnot initialized in standby mc

Bit: 15 14 13 12 11 10 9

T -1 -1 -T-T-1-

Initial value: 0 0 0 0 0 0 0
R/W:

Bit: 7 6 5 4 3 2 1

- -[T-[T-T-1T-1T=

Initial value: 0 0 0 0 0 0 0
R/W:

Rev. 2.00, 03/05, pac
RENESAS



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

Bitt 7 6 5 4 3 2 1
\ — \ FOCV6 \ FOCV5 \ FOCV4 \ FOCV3 \ FOCV2 \ FOCV

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

Bits 15 and 7—Reserved: These bits are aways read as 0. The write value should alwa

Bits 14 to 8—16-Bit Free-Running Timer (FRT) Input-Capture Interrupt Vector Numb
(FICV6 to FICV0): These hits set the vector number for the 16-bit free-running timer (
capture interrupt (1Cl). There are seven bits, so the value can be set between 0 and 127.

Bits 6 to 0—16-Bit Free-Running Timer (FRT) Output-Compare Interrupt Vector Nunr
(FOCV6 to FOCVO0): These hits set the vector number for the 16-bit free-running timer
output-compare interrupt (OCI). There are seven bits, so the value can be set between (
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R/W: R R/W R/W R/W R/W R/W RM

Bit: 7 6 5 4 3 2 1

-l -1 -1-1T=-1T=-1=

Initial value: 0 0 0 0 0 0 0
R/W:

Bits 15 and 7 to 0—Reserved: These bits are always read as 0. The write value shoulc
0.

Bits 14 to 8—16-Bit Free-Running Timer (FRT) Overflow Interrupt Vector Number ¢
(FOVV6 to FOVVO0): These hits set the vector number for the 16-bit free-running tim
overflow interrupt (OVI). There are seven bits, so the value can be set between 0 and

Rev. 2.00, 03/05, pac
RENESAS



- ‘ |\JUI"\VU‘ I\JUI"\V\J‘ I\JUI"\VH“ I\JUI"\VO‘ I\JUI"\VL‘ 1 OUMYV

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

Bitt 7 6 5 4 3 2 1
\ — \ TGOBV6 \ TGOBV5 \ TGOBV4 \ TGOBV3 \ TGOBV2 \ TGOBV

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

Bits 15 and 7—Reserved: These bits are aways read as 0. The write value should alwa

Bits 14 to 8—16-Bit Timer pulse unit 0 (TPUO) TGROA Input Capture/Compare Matcl
Vector Number 6 to 0 (TGOAV6 to TGOAV0): These hits set the vector number for the
timer pulse unit 0 (TPUO) TGROA input capture/compare match interrupt. There are se
the value can be set between 0 and 127.

Bits 6 to 0—16-Bit Timer pulse unit 0 (TPUO) TGROB Input Capture/ Compare Match
Vector Number 6 to 0 (TGOBV6 to TGOBV0): These hits set the vector number for the
timer pulse unit 0 (TPUQ) TGROB input capture/compare match interrupt. There are se
the value can be set between 0 and 127.
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‘ - ‘ I\JU\/VU‘ I\JU\/V'\J‘ I\JU\/V‘P‘ I\JU\/V\)‘ I\JU\/VL‘ L et

Initial value: 0 0 0 0 0 0 0
RW: R RW RW RW RW RW  RM

Bitt 7 6 5 4 3 2 1
\ — \ TGODV6 \ TGODV5 \ TGODVA4 \ TGODV3 \ TGODV2 \ TGOD

Initial value: 0 0 0 0 0 0 0
RW: R RW RW RW RW RW  RM

Bits 15 and 7—Reserved: These bits are always read as 0. The write value should alw

Bits 14 to 8—16-Bit Timer pulse unit 0 (TPUO) TGROC Input Capture/ Compare Mat
Vector Number 6 to 0 (TGOCV6 to TGOCV0): These hits set the vector number for th
timer pulse unit 0 (TPUO) TGROC input capture/compare match interrupt. There are s
the value can be set between 0 and 127.

Bits 6 to 0—16-Bit Timer pulse unit 0 (TPUQO) TGROD | nput Capture/Compare Matcl
Vector Number 6 to 0 (TGODV6 to TGODV0): These bits set the vector number for tt
timer pulse unit 0 (TPUQ) TGROD input capture/compare match interrupt. There are s
the value can be set between 0 and 127.

Rev. 2.00, 03/05, pac
RENESAS



INnitial value: v v v v v v v

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

Bit: 7 6 5 4 3 2 1

- -[T-[T-T-1T-1T=

Initial value: 0 0 0 0 0 0 0
R/W:

Bits 15 and 7 to 0—Reserved: These bits are always read as 0. The write value should :
0.

Bits 14 to 8—16-Bit Timer pulse unit 0 (TPUO) TCNTO Overflow Interrupt Vector Nu
(TCOVV6 to TVOVVO0): These hits set the vector number for the 16-bit timer pulse uni
TCNTO overflow interrupt. There are seven bits, so the value can be set between 0 and
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- ‘ I\JLI"\VU‘ I\JLI"\V\J‘ I\JLI"\VH“ I\JLI"\VO‘ I\JLI"\VL‘ 1 I LM

Initial value: 0 0 0 0 0 0 0
RW: R RW RW RW RW RW  RM

Bitt 7 6 5 4 3 2 1
\ — \ TG1BV6 \ TG1BV5 \ TG1BV4 \ TG1BV3 \ TG1BV2 \ TG1B

Initial value: 0 0 0 0 0 0 0
RW: R RW RW RW RW RW  RM

Bits 15 and 7—Reserved: These bits are always read as 0. The write value should alw

Bits 14 to 8—16-Bit Timer pulse unit 1 (TPU1) TGR1A Input Capture/Compare Mat
Vector Number 6 to 0 (TG1AV6 to TG1AVO0): These bits set the vector number for tt
timer pulse unit 1 (TPU1) TGR1A input capture/compare match interrupt. There are s
the value can be set between 0 and 127.

Bits 6 to 0—16-Bit Timer pulse unit 1 (TPU1) TGR1B Input Capture/ Compare Matct
Vector Number 6 to 0 (TG1BV6 to TG1BVO0): These hits set the vector number for th
timer pulse unit 1 (TPUL) TGR1B input capture/compare match interrupt. There are s
the value can be set between 0 and 127.
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INnitial value: v v v v v v v

RW: R RW RW RW RW RW RW

Bitt 7 6 5 4 3 2 1
] — \ TC1UV6 \ TC1UV5 \ TC1UV4 \ TC1UV3 \ TC1UV2 \ TC1UV

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

Bits 15 and 7—Reserved: These bits are aways read as 0. The write value should alwa

Bits 14 to 8—16-Bit Timer pulse unit 1 (TPU1) TCNT1 Overflow Interrupt Vector Nu
(TC1LVV6 to TC1VVO): These bits set the vector number for the 16-bit timer pulse unit
TCNT1 overflow interrupt. There are seven bits, so the value can be set between 0 and

Bits 6 to 0—16-Bit Timer pulse unit 1 (TPU1) TCNT1 Underflow Interrupt Vector Nu
(TCLUV6 to TC1UVO0): These bits set the vector number for the 16-bit timer pulse unit
TCNT21 underflow interrupt. There are seven hits, so the value can be set between 0 an
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- ‘ I\JLI"\VU‘ I\JLI"\V\J‘ I\JLI"\VH“ I\JLI"\VO‘ I\JLI"\VL‘ 1 I LM

Initial value: 0 0 0 0 0 0 0
RW: R RW RW RW RW RW  RM

Bitt 7 6 5 4 3 2 1
\ — \ TG2BV6 \ TG2BV5 \ TG2BV4 \ TG2BV3 \ TG2BV2 \ TG2B

Initial value: 0 0 0 0 0 0 0
RW: R RW RW RW RW RW  RM

Bits 15 and 7—Reserved: These bits are always read as 0. The write value should alw

Bits 14 to 8—16-Bit Timer pulse unit 2 (TPU2) TGR2A |nput Capture/Compare Mat
Vector Number 6 to 0 (TG2AV6 to TG2AV0): These bits set the vector number for tt
timer pulse unit 2 (TPU2) TGR2A input capture/compare match interrupt. There are s
the value can be set between 0 and 127.

Bits 6 to 0—16-Bit Timer pulse unit 2 (TPU2) TGR2B Input Capture/ Compare Matct
Vector Number 6 to 0 (TG2BV6 to TG2BV0): These hits set the vector number for th
timer pulse unit 2 (TPU2) TGR2B input capture/compare match interrupt. There are s
the value can be set between 0 and 127.
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INnitial value: v v v v v v v

RW: R RW RW RW RW RW RW

Bitt 7 6 5 4 3 2 1
] — \ TC2UV6 \ TC2UV5 \ TC2UV4 \ TC2UV3 \ TC2UV2 \ TC2UV

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

Bits 15 and 7—Reserved: These bits are aways read as 0. The write value should alwa

Bits 14 to 8—16-Bit Timer pulse unit 2 (TPU2) TCNT2 Overflow Interrupt Vector Nu
(TC2VV6 to TC2VV0): These bits set the vector number for the 16-bit timer pulse unit
TCNT2 overflow interrupt. There are seven bits, so the value can be set between 0 and

Bits 6 to 0—16-Bit Timer pulse unit 2 (TPU2) TCNT2 Underflow Interrupt Vector Nu
(TC2UV6 to TC2UV0): These bits set the vector number for the 16-bit timer pulse unif
TCNT2 underflow interrupt. There are seven hits, so the value can be set between 0 an
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‘ - ‘QI:F\J_VU‘QI:F\J_V\J‘QI:F\J_VH-‘QI:F\J_VO‘QI:F\J_VL‘QI:F\J_

Initial value: 0 0 0 0 0 0 0
RW: R RW RW RW RW RW  RM

Bitt 7 6 5 4 3 2 1
\ — \ SRX1V6 \ SRX1V5 \ SRX1V4 \ SRX1V3 \ SRX1V2 \ SRX1

Initial value: 0 0 0 0 0 0 0
RW: R RW RW RW RW RW  RM

Bits 15 and 7—Reserved: These bits are always read as 0. The write value should alw

Bits 14 to 8—Serial Communication Interface with FIFO 1 (SCIF1) Receive-Error In
Vector Number 6 to 0 (SER1V6 to SER1V0): These bits set the vector number for the
communication interface with FIFO 1 (SCIF1) receive-error interrupt. There are sevel
value can be set between 0 and 127.

Bits 6 to 0—Serial Communication Interface with FIFO 1 (SCIF1) Receive-Data-Full
Interrupt Vector Number 6 to 0 (SRX1V6 to SRX1V0): These hits set the vector num
serial communication interface with FIFO 1 (SCIFL) receive-data-full/data-ready inte
are seven bits, so the value can be set between 0 and 127.
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‘ - ‘QUF\J_VU‘QUF\J_V\J‘QUF\J_VH-‘QUF\J_VO‘QUF\J_VL‘QUF\J_V

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

Bitt 7 6 5 4 3 2 1
\ — \ STX1V6 \ STX1V5 \ STX1V4 \ STX1V3 \ STX1V2 \ STX1V

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

Bits 15 and 7—Reserved: These bits are aways read as 0. The write value should alwa

Bits 14 to 8—Serial Communication Interface with FIFO 1 (SCIF1) Break Interrupt Ve
Number 6 to 0 (SBR1V6 to SBR1V0): These hits set the vector number for the serial
communication interface with FIFO 1 (SCIF1) break interrupt. There are seven bits, so
can be set between 0 and 127.

Bits 6 to 0—Serial Communication Interface with FIFO 1 (SCIF1) Transmit-Data-Emy
Vector Number 6to 0 (STELV6 to STE1VO0): These bits set the vector number for the
communication interface with FIFO 1 (SCIF1) transmit-data-empty interrupt. There are
so the value can be set between 0 and 127.
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‘ - ‘QI:F\LVU‘QI:F\LV\J‘QI:F\LVH-‘QI:F\LVO‘QI:F\LVL‘QI:F\L

Initial value: 0 0 0 0 0 0 0
RW: R RW RW RW RW RW  RM

Bitt 7 6 5 4 3 2 1
\ — \ SRX2V6 \ SRX2V5 \ SRX2V4 \ SRX2V3 \ SRX2V2 \ SRX2

Initial value: 0 0 0 0 0 0 0
RW: R RW RW RW RW RW  RM

Bits 15 and 7—Reserved: These bits are always read as 0. The write value should alw

Bits 14 to 8—Serial Communication Interface with FIFO 2 (SCIF2) Receive-Error In
Vector Number 6 to 0 (SER2V6 to SER2V0): These bits set the vector number for the
communication interface with FIFO 2 (SCIF2) receive-error interrupt. There are sevel
value can be set between 0 and 127.

Bits 6 to 0—Serial Communication Interface with FIFO 2 (SCIF2) Receive-Data-Full
Interrupt Vector Number 6 to 0 (SRX2V6 to SRX2V0): These hits set the vector num
serial communication interface with FIFO 2 (SCIF2) receive-data-full/data-ready inte
are seven bits, so the value can be set between 0 and 127.
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‘ - ‘QUF\LVU‘QUF\LV\J‘QUF\LVH“QUF\LVO‘QUF\LVL‘QUF\LV

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

Bitt 7 6 5 4 3 2 1
\ — \ STX2V6 \ STX2V5 \ STX2V4 \ STX2V3 \ STX2V2 \ STX2V

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

Bits 15 and 7—Reserved: These bits are aways read as 0. The write value should alwa

Bits 14 to 8—Serial Communication Interface with FIFO 2 (SCIF2) Break Interrupt Ve
Number 6 to 0 (SBR2V6 to SBR2V0): These hits set the vector number for the serial
communication interface with FIFO 2 (SCIF2) break interrupt. There are seven bits, so
can be set between 0 and 127.

Bits 6 to 0—Serial Communication Interface with FIFO 2 (SCIF2) Transmit-Data-Emy
Vector Number 6 to 0 (STE2V6 to STE2V0): These bits set the vector number for the
communication interface with FIFO 2 (SCIF2) transmit-data-empty interrupt. There are
so the value can be set between 0 and 127.

Rev. 2.00, 03/05, page 178 of 884
RENESAS



‘ - ‘r\cr\uvu‘r\cr\uvu‘r\cr\uvsr‘r\cr\uvo‘r\cr\UVL‘r\cr\u

Initial value: 0 0 0 0 0 0 0
RW: R RW RW RW RW RW  RM

Bitt 7 6 5 4 3 2 1
\ — \ TEROV6 \ TEROV5 \ TEROV4 \ TEROV3 \ TEROV2 \ TERO

Initial value: 0 0 0 0 0 0 0
RW: R RW RW RW RW RW  RM

Bits 15 and 7—Reserved: These bits are always read as 0. The write value should alw

Bits 14 to 8—Serial 1/0 0 (SIO0) Receive Overrun Error Interrupt Vector Number 6t
(REROV6 to REROV0): These bits set the vector number for the serial 1/0 0 (SIOO0) re
overrun error interrupt. There are seven bits, so the value can be set between 0 and 12

Bits 6 to 0—Seria 1/0 0 (SIO0) Transmit Underrun Error Interrupt Vector Number 6
(TEROV6 to TEROVO0): These bits set the vector number for the seria 1/0 0 (SIO0) tr:
underrun error interrupt. There are seven bits, so the value can be set between 0 and 1
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INnitial value: v v v v v v v

RW: R RW RW RW RW RW RW

Bitt 7 6 5 4 3 2 1
] — \ TDEOV6 \ TDEOV5 \ TDEOV4 \ TDEOV3 \ TDEOV2 \ TDEOV

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

Bits 15 and 7—Reserved: These bits are aways read as 0. The write value should alwa

Bits 14 to 8—Serial 1/0 0 (SIO0) Receive-Data-Full Interrupt Vector Number 6to O (F
RDFOV0): These bits set the vector number for the serial 1/0 0 (SIO0) receive-data-full
There are seven bits, so the value can be set between 0 and 127.

Bits 6 to 0—Serial 1/0 0 (SIO0) Transmit-Data-Empty Interrupt VVector Number 6to 0
to TDEOVO0): These bits set the vector number for the serial 1/0 0 (SIO0) transmit-data
interrupt. There are seven bits, so the value can be set between 0 and 127.
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‘ - ‘r\cr\J_vu‘r\cr\J_vu‘r\cr\J_VH»‘r\cr\J_vo‘r\cr\J_VL‘r\cr\J_

Initial value: 0 0 0 0 0 0 0
RW: R RW RW RW RW RW  RM

Bitt 7 6 5 4 3 2 1
\ — \ TER1V6 \ TER1V5 \ TER1V4 \ TER1V3 \ TER1V2 \ TER1

Initial value: 0 0 0 0 0 0 0
RW: R RW RW RW RW RW  RM

Bits 15 and 7—Reserved: These bits are always read as 0. The write value should alw

Bits 14 to 8—Serial 1/0 1 (SIO1) Receive Overrun Error Interrupt Vector Number 6t
(RER1V6 to RER1V0): These bits set the vector number for the serial 1/0 1 (SIO1) re
overrun error interrupt. There are seven bits, so the value can be set between 0 and 12

Bits 6 to 0—Seria 1/0 1 (SIO1) Transmit Underrun Error Interrupt Vector Number 6
(TER1V6 to TER1VO): These hits set the vector number for the seria 1/0 1 (SIO1) tr:
underrun error interrupt. There are seven bits, so the value can be set between 0 and 1
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INnitial value: v v v v v v v

RW: R RW RW RW RW RW RW

Bitt 7 6 5 4 3 2 1
] — \ TDE1V6 \ TDE1V5 \ TDE1V4 \ TDE1V3 \ TDE1V2 \ TDE1V

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

Bits 15 and 7—Reserved: These bits are aways read as 0. The write value should alwa

Bits 14 to 8—Serial 1/0 1 (SIO1) Receive-Data-Full Interrupt Vector Number 6to O (F
RDF1V0): These bits set the vector number for the serial 1/0 1 (SIO1) receive-data-full
There are seven bits, so the value can be set between 0 and 127.

Bits 6 to 0—Seria 1/0 1 (SIO1) Transmit-Data-Empty Interrupt VVector Number 6to 0
to TDELVO): These bits set the vector number for the serial 1/0 1 (SIO1) transmit-data
interrupt. There are seven bits, so the value can be set between 0 and 127.
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‘ - ‘r\cr\Lvu‘r\cr\Lvu‘r\cr\LVH»‘r\cr\Lvo‘r\cr\LVL‘r\cr\L

Initial value: 0 0 0 0 0 0 0
RW: R RW RW RW RW RW  RM

Bitt 7 6 5 4 3 2 1
\ — \ TER2V6 \ TER2V5 \ TER2V4 \ TER2V3 \ TER2V2 \ TER2

Initial value: 0 0 0 0 0 0 0
RW: R RW RW RW RW RW  RM

Bits 15 and 7—Reserved: These bits are always read as 0. The write value should alw

Bits 14 to 8—Serial 1/0 2 (SIO2) Receive Overrun Error Interrupt Vector Number 6t
(RER2V6 to RER2V0): These bits set the vector number for the serial 1/0 2 (SIO2) re
overrun error interrupt. There are seven bits, so the value can be set between 0 and 12

Bits 6 to 0—Seria 1/0 2 (SI02) Transmit Underrun Error Interrupt Vector Number 6
(TER2V6 to TER2V0): These hits set the vector number for the seria 1/0 2 (SI02) tr:
underrun error interrupt. There are seven bits, so the value can be set between 0 and 1
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INnitial value: v v v v v v v

RW: R RW RW RW RW RW RW

Bitt 7 6 5 4 3 2 1
] — \ TDE2V6 \ TDE2V5 \ TDE2V4 \ TDE2V3 \ TDE2V2 \ TDE2V

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

Bits 15 and 7—Reserved. These bits are aways read as 0. The write value should alwa

Bits 14 to 8—Serial 1/0 2 (SI02) Receive-Data-Full Interrupt Vector Number 6to 0 (R
RDF2V0): These bits set the vector number for the serial 1/0 2 (SIO2) receive-data-full
There are seven bits, so the value can be set between 0 and 127.

Bits 6 to 0—Seria 1/0 2 (SI02) Transmit-Data-Empty Interrupt VVector Number 6to 0
to TDE2VO0): These bits set the vector number for the serial 1/0 2 (SIO2) transmit-data
interrupt. There are seven bits, so the value can be set between 0 and 127.

Tables 5.6 and 5.7 show the relationship between on-chip peripheral module interrupts
interrupt vector number setting registers.
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DL D 4

(FRT)

Vector number setting register D

Overflow interrupt (FRT)

Reserved

Vector number setting register E

Vector number setting register F

Input capture/compare match
interrupt (TPUO/TGROA)

Input capture/compare match
interrupt (TPUO/TGROC)

Input capture/com
interrupt (TPUO/T(

Input capture/com
interrupt (TPUO/T(

Vector number setting register G

Overflow interrupt
(TPUO/TCNTO)

Reserved

Vector number setting register H

Input capture/compare match
interrupt (TPUL/TGR1A)

Input capture/com
interrupt (TPUL1/T(

Vector number setting register |

Overflow interrupt
(TPUL/TCNT1)

Underflow interrug
(TPUL/TCNTYL)

Vector number setting register J

Input capture/compare match
interrupt (TPU2/TGR2A)

Input capture/com
interrupt (TPU2/T(

Vector number setting register K

Overflow interrupt
(TPU2/TCNT2)

Underflow interrug
(TPU2/TCNT2)

Vector number setting register L

Receive-error interrupt (SCIF1)

Receive-data-full/
interrupt (SCIF1)

Vector number setting register M

Break interrupt (SCIF1)

Transmit-data-em|
(SCIF1)

Vector number setting register N

Vector number setting register O

Receive-error interrupt (SCIF2)

Break interrupt (SCIF2)

Receive-data-full/
interrupt (SCIF2)

Transmit-data-em|
(SCIF2)

Vector number setting register P

Vector number setting register Q

Receive overrun error interrupt
(S100)

Receive-data-full interrupt
(S100)

Transmit underrur
interrupt (SIO0)

Transmit-data-em|
(SI00)
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Astable 5.6 shows, two on-chip peripheral module interrupts are assigned to each regis
vector numbers by setting the corresponding 7-bit groups (bits 14 to 8 and bits 6 to 0) v
in the range of H'00 (0000000) to H'7F (1111111). H'00 is vector number O (the lowest
vector number 127 (the highest). The vector table address is calculated by the followin

Vector table address = VBR + (vector number x 4)

A reset initializes a vector number setting register to H'0000. They are not initialized ir
mode.

Table5.7 Interrupt Request Sourcesand Vector Number Setting Registers(2)

Register Setting Function

Vector number setting register DMAO Channel 0 transfer end interrupt for D
(VCRDMAO)

Vector number setting register DMA1 Channel 1 transfer end interrupt for D
(VCRDMA1)

As shown in table 5.7 the vector numbers for direct memory access controller transfer-
interrupts are set in VCRDMAOQ and VCRDMA1. See sections 11, Direct Memory Acc
Controller (DMAC), for more details.
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DIt 49 L5 490 1L 44 41U 7

T e e O I

Initial value: ~ 0/1% 0 0 0 0 0 0
R/W: R

Bit: 7 6 5 4 3 2 1

— — — — — — ‘EXII\/

Initial value: 0 0 0 0 0 0 0

RIW: R R R R R R R/

Note: * When NMI input is high: 1; when NMI input is low: O

Bit 15—NMI Input Level (NMIL): Setsthe level of the signal input a the NMI pin. T
be read to determine the NMI pin level. This bit cannot be modified.

Bit 15: NMIL Description
0 NMI input level is low
1 NMI input level is high

Bits 14 to 9—Reserved: These bits are always read as 0. The write value should alway

Bit 8—NMI Edge Select (NMIE): Selects whether the falling or rising edge of the int
request signal to the NMI pin is detected.

Bit 8: NMIE Description
0 Interrupt request is detected on falling edge of NMI input
1 Interrupt request is detected on rising edge of NMI input

Bits 7 to 2—Reserved: These bits are always read as 0. The write value should always

Rev. 2.00, 03/05, pac
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vector mode for IRL/IRQ interrupt vector number setting. In auto-vector mode, an inte
determined vector number is set. The IRL15 and IRL 14 interrupt vector numbers are s
the IRL1 vector number is set to 64. In external vector mode, a value between 0 and 12
input as the vector number from the external vector number input pins (D7 to DO).

Bit 0: VECMD Description

0 Auto vector mode, vector number automatically set internall
(I

1 External vector mode, vector number set by external input

5329 IRQ Control/Status Register (IRQCSR)

The IRQ control/status register (IRQCSR) is a 16-bit register that sets the IRLO to IRL.
signa detection mode, indicates the input signal levels at pinsIRLO to IRL3, and also i
IRQ interrupt status. IRQCSR isinitialized by areset. It isnot initialized in standby mc

Bit. 15 14 13 12 11 10 9
] IRQ31S \ IRQ30S \ IRQ21S \ IRQ20S \ IRQ11S \ IRQ10S \ IRQOL
Initial value: 0 0 0 0 0 0 0

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

Bitt 7 6 5 4 3 2 1
] IRL3PS \ IRL2PS \ IRL1PS \ IRLOPS \ IRQ3F \ IRQ2F \ IRQLF

Initial value: 0/1 0/1 0/1 0/1 0 0 0
RIW: R R R R RI(W)*  RI(W)*  RI(W)

Note: * Only 0 can be written, to clear the flag (in case of edge detection).
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Note: n=0to 3

Bits 7 to 4—IRL Pin Status Bits (IRL3PS to IRLOPS): These bitsindicate the IRL3 tc
status. The IRL3 to IRLO pin levels can be ascertained by reading these bits. These bi
modified.

Bits 7 to 4: IRLnPS Description
0 Low level is being input to pin IRLn
1 High level is being input to pin IRLn

Note: n=0to 3

Bits 3to 0—IRQ3 to IRQO Flags (IRQ3F to IRQOF): These hits indicate the IRQ3 to
interrupt request status.

Rev. 2.00, 03/05, pac
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* When an IRQn interrupt is accepted

1 Level detection There is an IRQn interrupt request
[Setting condition]
When IRLn input is low

Edge detection An IRQn interrupt request has been detectec
[Setting condition]
When an IRLn input edge is detected

Note: n=0to 3
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IPRE). Lower-priority interrupts are held pending. If two or more of these interruy
same priority level or if multiple interrupts occur within a single module, the inter
highest default priority or the highest priority within its IPR setting unit (asindica
5.4) is selected.

. Theinterrupt controller comparesthe priority level of the selected interrupt reques
interrupt mask bits (13 to 10) in the CPU’ s status register (SR). If the request priori
equal to or lessthan the level set in 13to 10, the request is held pending. If the requ
level is higher than the level in bits13 to 10, the interrupt controller accepts the int:
sends an interrupt request signal to the CPU.

. The CPU detects the interrupt request sent from the interrupt controller when it de
next instruction to be executed. Instead of executing the decoded instruction, the C
interrupt exception handling.

. Statusregister (SR) and program counter (PC) are saved onto the stack.

. The priority level of the accepted interrupt is copied to the interrupt mask level bit
the status register (SR).

. When external vector mode is specified for the IRL/IRQ interrupt, the vector num|
from the external vector number input pins (D7 to DO).

. The CPU reads the start address of the exception service routine from the exceptic
table entry for the accepted interrupt, jumps to that address, and starts executing tt
there. This jump is not a delayed branch.
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Yes
User break?

H-UDI
interrupt?

Y
| Save SR to stack |

v

| Save PC to stack |

v

Copy accepted

Level 15

1I3to 10 <
level 147

interrupt?

Leve

13 to
level

interrupt level to 13-10

v

| Read vector number*

v

Read exception
vector table

v

Branch to exception
service routine

I13-10: Status register interrupt mask bits.

interrupt?

114

interru

10<
13?

Note: * The vector number is only read from an external source when an external vect
specified for the IRL/IRQ interrupt vector number.

Figure5.8 Interrupt Sequence Flowchart
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PC: Start address of return destination instruction (instruction after executing instruct

Figure5.9 Stack Stateafter Interrupt Exception Handling

55 Interrupt Response Time

Table 5.8 shows the interrupt response time, which is the time from the occurrence of
request until interrupt exception handling starts and fetching of the first instruction of
service routine begins.
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executed by CPU

interrup

error ex
handlin
Icyc + n
m3+m
interrup
instructi
howeve
may be
during r
instructi
executi
Time from interrupt 5.0 x Icyc 5.0 x Icyc 5.0 x Icyc 5.0 x Icyc
exception handling (SR +ml+m2 +ml+m2 +ml+m2 +ml+m2
and PC saves and vector +m3 +m3 +m3 +m3
address fetch) until fetch of
first instruction of exception
service routine starts
Response time Total: X+ 7.0xlcyc X+55xIcyc X+5.5xIcyc X+ 5.0%Icyc
+ml+m2 +1.0xEcyc +1.0xPcyc +1.0xPcyc
+m3 +1.5xPcyc +ml+m2 +ml+m2
+ml+m2 +m3 +m3
+m3
Minimum: 10 11 9.5 9 IgE@P
Maximum: 11+2 (m1 195+2(ml1 135+2(ml1 13.0+2(ml1 IgE@P
+m2+m3) +m2+m3) +m2+m3) +m2+m3)
+ m4 +m4 +m4 + m4

Note:

ml: SR save (longword write)
m2: PC save (longword write)
m3: Vector address read (longword read)
m4: Fetch of first instruction of interrupt service routine

Icyc: lg cycle time

Ecyc: Eg@cycle time
Pcyc: P@cycle time
Peripheral modules A: DMAC, REF (BSC)
Peripheral modules B: WDT, FRT, TPU, SCIF, SIO, E-DMAC
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vector fetch cycleis detected.

Interrupt
IRLO — > request
IRL1 —» Noise > Interrupt
R CPU
IRL2 » canceler > controller
IRL3 > > ‘Interrupt
f accepted
1011 for
1 clock
IRL3-IRLO due to
pin level noise Level 2 interrupt Level €

1101 1

11 X X 1mn

Noise canceler &
output Cleared when interrupt is accepted

X
X
1111 X 1101
\
/

a— e <
=

Interrupt request
to CPU

\ /

Interrupt acceptance /

signal from CPU / \

Figure5.10 IRL3 toIRLO Pin Sampling
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instruction will be executed before completion of the write operation because of
buffer. To ensure that the write operation is completed before the next instructic
executed, synchronization is achieved when aread is performed from the same
following the write.

a. When returning from interrupt handling by means of RTE instruction

When the RTE instruction is used to return from interrupt handling, as show
5.11, consider the cyclesto be inserted between the read instruction for sync
and the RTE instruction, according to the set clock ratio (1¢:E@:P@) and exte
cycle.

IRL3—IRLO should be negated at least 0.5 Icyc + 1.0 Ecyc + 1.5 Pcyc befor
interrupt acceptance becomes possible.

For example, if clock ratio |@:E@:P@is4:2:2, at least 5.5 Icyc should be inse

b. When changing level during interrupt handling

When the SR value is changed by means of an LDC instruction and multiple
implementation of other interruptsis enabled, also, consider the cyclesto be
between the synchronization instruction and the LDC instruction as shown il
5.12, according to the set clock ratio (1¢:E@:Pg) and externa bus cycle.
IRL3to IRLO should be negated at least 0.5 Icyc + 1.0 Ecyc + 1.5 Pcyc befc
interrupt acceptance becomes possible.

For example, if clock ratio |@:E@:P@is4:2:2, at least 5.5 Icyc should be inse
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L 0.5lcyc + 1.0Ecyc + 1.5Pcyc

<+

TRL3-IRLO /
F: Instruction fetch ............... Instruction is fetched from memory in which program |
D: Instruction decode ........... Fetched instruction is decoded
E: Instruction execution ........ Data operation or address operation is performed in a

with result of decoding
M: Memory access ................ Memory data access is performed
W: Write-back ...........ccooee Data read from memory is written to register

Figure5.11 Pipeline Operation when Returning by M eans of RTE I nstru

| Write completed | | Next interrupt can be
Interrupt clear instruction | D | E | M | ..... (I:E;(é(leernal write  /
Synchronization instruction | D | E | M | o w] (I:E;(t:?ernal read

LDC instruction EE

Interrupt disable instruction D|E
Normal instruction @E

RL3-IRLO /

y 0.5lcyc + 1.0Ecyc + 1.:5Pcyc

Figure5.12 Pipeine Operation when Interrupts are Enabled by Means of SR N

When an interrupt source is cleared by the program, pipeline operation must be
to ensure that the same interrupt is not implemented again.
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5.13, consider the cycles to be inserted between the read instruction for sync
and the RTE instruction, according to the set clock ratio (I@:E@:Pq).

The on-chip peripheral interrupt signal should be negated at least 0.5 Icyc +
before next interrupt acceptance becomes possible.

For example, if clock ratio |@:E@:P@is4:2:2, at least 2.5 Icyc should be inse

b. When changing level during interrupt handling

When the SR value is changed by means of an LDC instruction and multiple
implementation of other interruptsis enabled, consider the cyclesto be inser
between the synchronization instruction and the LDC instruction as shown il
5.14, according to the set clock ratio (1¢:Eq:Pg).

The on-chip peripheral interrupt signal should be negated at least 0.5 Icyc +
before next interrupt acceptance becomes possible.

For example, if clock ratio |@:E@:P@is4:2:2, at least 2.5 Icyc should be inse

| Write completed | | Next interrupt can be ac
. . On-chip peripheral
Interrupt clear instruction | D | E [ M| |rite, ib 1F|)cyc

On-chip peripheral

Synchronization instruction | D | E | M | W |read, min. 1 lcyc

RTE instruction | D |E | M | M|

Delay slot instruction EEI

Interrupt return destination instruction E a"
v 0.5lcyc + 1.0Pcyc

On-chip peripheral interrupt /

Figure5.13 Pipeine Operation when Returning by M eans of RTE Instruc
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Normal instruction 5| E |

0.5Icyc + 1.0Pcyc
B .

On-chip peripheral interrupt /

Figure5.14 Pipeline Operation when Interrupts are Enabled by Means of SR N

In the above figure, the stage in which the instruction fetch occurs cannot be g
because of the mix of DSP instructions in this chip, so ingtruction fetch Fis on
cases during pipeline operation.
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to be debugged with the chip alone, without using an in-circuit emulator.

6.1.1

Features

The UBC has the following features:

» Thefollowing can be set as break conditions:

d

o 0~ w

Number of break channels: Four (channels A, B, C, and D)

User break interrupts can be generated on independent or sequential conditions
channels A, B, C, and D.

Sequential break settings

e Channel A - channel B - channel C - channel D

e Channel B - channel C - channel D

e Channel C - channel D

Address: 32-hit masking capability, individual address setting possible (cache
internal bus (DMAC, E-DMAC), X/Y bus)

Data (channels C and D only,): 32-bit masking capability, individual address s
possible (cache bus (CPU), internal bus (DMAC, E-DMAC), X/Y bus)

Bus master: CPU cycle/on-chip DMAC (DMAC, E-DMAC) cycle
Bus cycle: Instruction fetch/data access

Read/write

Operand cycle: Byte/word/longword

» User break interrupt generation on occurrence of break condition
A user-written user break interrupt exception routine can be executed.
» Processing can be stopped before or after instruction execution in an instruction fe
» Break with specification of number of executions (channels C and D only)
Settable number of executions: maximum 2% — 1 (4095)
e PCtracefunction

The branch source/branch destination can be traced when a branch instruction is fe
(maximum 8 addresses (4 pairs)).
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Address
I_l_l_’_ BAMRBH|BAMRBLK >
Access BBRB
ol |2 -¢— Channel B
P 2| |2
2l |2 2 |8 |2
FIREIREIREsE sl
(NN RS = e e e
. é gl s E ‘—;—g Addrese BARCH | BARCL K
3l sl (5] I12] |§] |eme
sl gl 12| =] I5] 2] |= [BAMRCH[BAMRCLK
<| |o] |&] [R] |o] |E] R ,—’—
A BDRCH | BDRCL K%
Data P
LLTITTTT T BDMRCH[BDMRCLK &
2
3
Access BBRC g
«— Channel C[*——1 BETRC K
BARDH | BARDL K____ >
Address
N — BAMRDH|BAMRDLK >
LT T T TTTTT BDRDH | BDRDL K >
Data
LLTTTITT T BDMRDH|[BDMRDLK >
Access BBRD
U U U U U «—{Channel DJ*— [ BETRD K
BRSRH | BRSRL K
— | PCtrace BRDRH | BRDRL K>
BRFR
L—» Control BRCRH [ BRCRL K___ >
\—> Internal interrupt signal
BARAH/L:  Break address register AH/L BETRC: Break execution times register C
BAMRAH/L: Break address mask register AH/L BARDH/L:  Break address register DH/L
BBRA: Break bus cycle register A BAMRDHY/L: Break address mask register DH/L
BARBH/L:  Break address register BH/L BDRDH/L:  Break data register DH/L
BAMRBH/L: Break address mask register BH/L BDMRDH/L: Break data mask register DH/L
BBRB: Break bus cycle register B BBRD: Break bus cycle register D
BARCH/L:  Break address register CH/L BETRD: Break execution times register D
BAMRCHI/L: Break address mask register CH/L BRCRH/L:  Break control register H/L
BDRCH/L:  Break data register CH/L BRFR: Branch flag register
BDMRCHY/L: Break data mask register CH/L BRSRH/L:  Branch source register H/L
BBRC: Break bus cycle register C BRDRH/L:  Branch destination register H/L

Figure6.1 Block Diagram of User Break Controller
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Break address mask register AL  BAMRAL R/W  H'0000 H'FFFFFFO6 16
Break bus cycle register A BBRA R/W  H'0000 H'FFFFFFO8 16
Break address register BH BARBH R/W  H'0000 H'FFFFFF20 16
Break address register BL BARBL R/W  H'0000 H'FFFFFF22 16
Break address mask register BH BAMRBH R/W  H'0000 H'FFFFFF24 16
Break address mask register BL BAMRBL R/W  H'0000 H'FFFFFF26 16
Break bus cycle register B BBRB R/W  H'0000 H'FFFFFF28 16
Break address register CH BARCH R/W  H'0000 H'FFFFFF40 16
Break address register CL BARCL R/W  H'0000 H'FFFFFF42 16
Break address mask register CH BAMRCH R/W H'0000 H'FFFFFF44 16
Break address mask register CL BAMRCL R/W  H'0000 H'FFFFFF46 16
Break data register CH BDRCH R/W  H'0000 H'FFFFFF50 16
Break data register CL BDRCL R/W  H'0000 H'FFFFFF52 16
Break data mask register CH BDMRCH R/W  H'0000 H'FFFFFF54 16
Break data mask register CL BDMRCL R/W  H'0000 H'FFFFFF56 16
Break bus cycle register C BBRC R/W  H'0000 H'FFFFFF48 16
Break execution times register C BETRC R/W  H'0000 H'FFFFFF58 16
Break address register DH BARDH R/W  H'0000 H'FFFFFF60 16
Break address register DL BARDL R/W  H'0000 H'FFFFFF62 16
Break address mask register DH BAMRDH R/W  H'0000 H'FFFFFF64 16
Break address mask register DL BAMRDL R/W  H'0000 H'FFFFFF66 16
Break data register DH BDRDH R/W  H'0000 H'FFFFFF70 16
Break data register DL BDRDL R/W  H'0000 H'FFFFFF72 16
Break data mask register DH BDMRDH R/W  H'0000 H'FFFFFF74 16
Break data mask register DL BDMRDL R/W  H'0000 H'FFFFFF76 16

RENESAS
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Branch source register L BRSRL R Undefined H'FFFFFF16 16
Branch destination register H BRDRH R Undefined H'FFFFFF18 16
Branch destination register L BRDRL R Undefined H'FFFFFF1A 16
Notes: 1. Initialized by a power-on reset. Value is retained in standby mode, and is un
after a manual reset.
2. Byte access cannot be used.

3. Bits SVF and DVF in BRFR are initialized by a power-on reset; the other bits
are not initialized.
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R/W:

Bit:

Initial value:
R/W:

BARAL

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

RIW RIW RIW RIW RIW RIW RIW
7 6 5 4 3 2 1
‘ BAA23 ‘ BAA22 ‘ BAA21 ‘ BAA20 ‘ BAA19 ‘ BAA18 ‘ BAAL
0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W RIW

15 14 13 12 11 10 9
\ BAAL5 \ BAAL4 \ BAA13 \ BAAL2 \ BAAL1 \ BAALO \ BAA
0 0 0 0 0 0 0
RW RW RW RW RW RW  RW
7 6 5 4 3 2 1
\ BAA7 \ BAAG \ BAAS \ BAA4 \ BAA3 ] BAA2 \ BAA:
0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W RIW

Break addressregister A (BARA) consists of two 16-bit readable/writable registers: b
register AH (BARAH) and break addressregister AL (BARAL). BARAH specifiestt
(bits 31 to 16) of the address used as a channel A break condition, and BARAL specif
half (bits 15 to 0). BARAH and BARAL areinitialized to H'0000 by a power-on reset
manual reset, their values are undefined.

BARAH Bits 15 to 0—Break Address A31 to A16 (BAA31 to BAA16): These hits st
half (bits 31 to 16) of the address used as a channel A break condition.

BARAL Bits 15 to 0—Break Address A15 to A0 (BAA15 to BAAO): These bits store
half (bits 15 to 0) of the address used as a channel A break condition.
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Bit. 7 ¢} <) 4 3 2
‘BAMAZS‘BAMAZZ‘BAMAZl‘BAMAZO‘BAMAlQ‘BAMAlS‘BAMAI

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

BAMRAL
Bit. 15 14 13 12 11 10 9
‘BAMAlS‘BAMAl4‘BAMA13‘BAMAlZ‘BAMAll‘BAMAlO‘BAMAE
Initial value: 0 0 0 0 0 0 0
RW: RMW  RMW RW  RMW RIW RIW RIW
Bit: 7 6 5 4 3 2 1
‘BAMA?‘BAMAG‘BAMAS‘BAMA4‘BAMA3‘BAMAZ‘BAMA]
Initial value: 0 0 0 0 0 0 0

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

Break address mask register A (BAMRA) consists of two 16-hit readable/writable regi
address mask register AH (BAMRAH) and break address mask register AL (BAMRAL
BAMRAH specifies which bits of the break address set in BARAH are to be masked, €
BAMRAL specifies which bits of the break address set in BARAL are to be masked. B
and BAMRAL are initialized to H'0000 by a power-on reset; after a manual reset, their
undefined.

BAMRAH Bits 15 to 0—Break Address Mask A31 to A16 (BAMA31 to BAMA16): T
specify whether or not corresponding channel A break address bits 31to 16 (BAA31 tc
set in BARAH are to be masked.

BAMRAL Bits 15 to 0—Break Address Mask A15 to A0 (BAMA15 to BAMAOQ): The
specify whether or not corresponding channel A break address bits 15to 0 (BAA15to |
in BARAL areto be masked.
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Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

15 14 13 12 11 10 9
- -] -1 =-T-=-T=171T=
0 0 0 0 0 0 0

R
7 6 5 4 3 2 1
\ CPA1L \ CPAO \ IDAL \ IDAO \ RWAL \ RWAQ \ SZA
0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W RIW

Break bus cycleregister A (BBRA) is a 16-hit readable/writable register that sets four
break conditions. (1) CPU cycle/on-chip DMAC (DMAC, E-DMAC) cycle, (2) instru
fetch/data access, (3) read/write, and (4) operand size. BBRA isinitialized to H'0000 |
on reset; after amanual reset, its value is undefined.

Bits 15 to 8—Reserved: These bits are aways read as 0. The write value should alway

Bits 7 and 6—CPU/DMAC, E-DMAC Cycle Select A (CPAL, CPAO): These bits spe
aCPU cycle, or aDMAC or E-DMAC cycle, isto be selected as the bus cycle used a

break condition.

Bit 7: Bit 6:

CPA1l CPAO Description

0 0 Channel A user break interrupt is not generated (
1 CPU cycle is selected as user break condition

1 0 DMAC or E-DMAC cycle is selected as user break condition
1 CPU, DMAC, or E-DMAC cycle is selected as user break condit
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1 Instruction fetch cycle or data access cycle is selected as break ¢

Bits 3 and 2—Read/Write Select A (RWA1, RWAOQ): These hits specify whether a rea
write cycle isto be selected as the bus cycle used as achannel A break condition.

Bit 3: Bit 2:

RWA1 RWAO Description

0 0 Channel A user break interrupt is not generated (Ir
1 Read cycle is selected as break condition

1 0 Write cycle is selected as break condition
1 Read cycle or write cycle is selected as break condition

Bits 1 and 0—Operand Size Select A (SZA1, SZAQ0): These bits select the operand size
cycle used as a channel A break condition.

Bit 1: Bit O:

SZAl SZAO Description

0 0 Operand size is not included in break conditions (Ir
1 Byte access is selected as break condition

1 0 Word access is selected as break condition
1 Longword access is selected as break condition

Notes: When a break is to be executed on an instruction fetch, clear the SZAO bit to 0. /

instructions are regarded as being accessed using word size (instruction fetches
performed as longword).

In the case of an instruction, the operand size is word; in the case of a CPU/DM;
DMAC data access, it is determined by the specified operand size. Note that the
size is not determined by the bus width of the space accessed.
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Bit. 7 ¢} <) 4 3 2

\ BABZS‘ BABZZ‘ BABZl‘ BABZO‘ BABlQ‘ BABlS‘ BAB1

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

BARBL
Bitt 15 14 13 12 11 10 9
‘ BABl5‘ BABl4‘ BABl3‘ BABlZ‘ BABll‘ BABlO‘ BAB:
Initial value: 0 0 0 0 0 0 0
RW: RMW  RMW RW  RMW RIW RIW RIW
Bit: 7 6 5 4 3 2 1
\ BAB7 \ BAB6 \ BABS5 \ BAB4 \ BAB3 \ BAB2 \ BAB:
Initial value: 0 0 0 0 0 0 0

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

Break addressregister B (BARB) consists of two 16-bit readable/writable registers: b
register BH (BARBH) and bresk addressregister BL (BARBL). BARBH specifies the
(bits 31 to 16) of the address used as a channel B break condition, and BARBL specif
half (bits 15 to 0). BARBH and BARBL are initialized to H'0000 by a power-on reset
manual reset, their values are undefined.

BARBH Bits 15 to 0—Break Address B31 to B16 (BAB31 to BAB16): These hits stc
half (bits 31 to 16) of the address used as a channel B break condition.

BARBL Bits 15 to 0—Break Address B15 to BO (BAB15 to BABO): These bits store
half (bits 15 to 0) of the address used as a channel B break condition.
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Bit. 7 ¢} <) 4 3 2
\ BAMB23 \ BAMB22 \ BAMB21 \ BAMB20 \ BAMB19 \ BAMB18 \ BAMB1
Initial value: 0 0 0 0 0 0 0
RW: RW RW  RW  RW RW  RW  RW

BAMRBL
Bit. 15 14 13 12 11 10 9

‘ BAMB15 ‘ BAMB14 ‘ BAMB13 ‘ BAMB12 ‘ BAMB11 ‘ BAMB10 ‘ BAMBC
Initial value: 0 0 0 0 0 0 0

RW: RMW  RMW RW  RMW RIW RIW RIW

Bit: 7 6 5 4 3 2 1

\ BAMB7 \ BAMB6 \ BAMB5S \ BAMB4 \ BAMB3 \ BAMB2 \ BAMB1
Initial value: 0 0 0 0 0 0 0

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

Break address mask register B (BAMRB) consists of two 16-bit readable/writable regis
address mask register BH (BAMRBH) and break address mask register BL (BAMRBL
BAMRBH specifies which bits of the break address set in BARBH are to be masked, a
BAMRBL specifies which bits of the break address set in BARBL are to be masked. B.
and BAMRBL areinitialized to H'0000 by a power-on reset; after amanual reset, their
undefined.

BAMRBH Bits 15 to 0—Break Address Mask B31 to B16 (BAMB31 to BAMB16): T
specify whether or not corresponding channel B break address bits 31 to 16 (BAB31 to
set in BARBH are to be masked.

BAMRBL Bits 15 to 0—Break Address Mask B15 to BO (BAMB15 to BAMBO): Thes
specify whether or not corresponding channel B break address bits 15to 0 (BAB15to |
in BARBL are to be masked.
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Bit: 15 14 13 12 11 10 9

Initial value: 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1
\ CPB1 \ CPBO \ IDB1 \ IDBO \ RWB1 \ RWBO \ SZB:
Initial value: 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W RIW

Break bus cycle register B (BBRB) is a 16-bit readable/writable register that sets four
break conditions. (1) CPU cycle/on-chip DMAC (DMAC, E-DMAC) cycle, (2) instru
fetch/data access, (3) read/write, and (4) operand size. BBRB isinitialized to H'0000 |
on reset; after amanual reset, its value is undefined.

Bits 15 to 8—Reserved: These bits are aways read as 0. The write value should alway

Bits 7 and 6—CPU/DMAC, E-DMAC Cycle Select B (CPB1, CPBO0): These bits spe
aCPU cycle, or aDMAC or E-DMAC cycle, isto be selected as the bus cycle used a
break condition.

Bit 7: Bit 6:

CPB1 CPBO Description

0 0 Channel B user break interrupt is not generated (
1 CPU cycle is selected as user break condition

1 0 DMAC or E-DMAC cycle is selected as user break condition
1 CPU, DMAC, or E-DMAC cycle is selected as user break condit
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1 Instruction fetch cycle or data access cycle is selected as break ¢

Bits 3 and 2—Read/Write Select B (RWB1, RWBO): These bits specify whether areac
write cycle isto be selected as the bus cycle used as a channel B break condition.

Bit 3: Bit 2:

RwWB1 RWBO Description

0 0 Channel B user break interrupt is not generated (Ir
1 Read cycle is selected as break condition

1 0 Write cycle is selected as break condition
1 Read cycle or write cycle is selected as break condition

Bits 1 and 0—Operand Size Select B (SZB1, SZB0): These bits select the operand size
cycle used as a channel B break condition.

Bit 1: Bit O:

SZB1 SZBO Description

0 0 Operand size is not included in break conditions (Ir
1 Byte access is selected as break condition

1 0 Word access is selected as break condition
1 Longword access is selected as break condition

Notes: When a break is to be executed on an instruction fetch, clear the SZBO bit to 0. /

instructions are regarded as being accessed using word size (instruction fetches
performed as longword).

In the case of an instruction, the operand size is word; in the case of a CPU/DM;
DMAC data access, it is determined by the specified operand size. Note that the
size is not determined by the bus width of the space accessed.
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Bit. 7 ¢} <) 4 3 2

\ BACZS‘ BAC22‘ BAC21‘ BACZO‘ BAClQ‘ BAClS‘ BACL1

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

BARCL
Bitt 15 14 13 12 11 10 9
‘BAClS‘ BAC14‘ BACl3‘ BAClZ‘ BACll‘ BAClO‘ BAC!
Initial value: 0 0 0 0 0 0 0
RW: RMW  RMW RW  RMW RIW RIW RIW
Bit: 7 6 5 4 3 2 1
\ BAC7 \ BAC6 \ BAC5 \ BAC4 \ BAC3 \ BAC2 \ BAC:
Initial value: 0 0 0 0 0 0 0

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

Break addressregister C (BARC) consists of two 16-bit readable/writable registers: b
register CH (BARCH) and bresk addressregister CL (BARCL). BARCH specifies the
(bits 31 to 16) of the address used as a channel C break condition, and BARCL specif
half (bits 15 to 0). The address bus connected to the X/Y memory can also be specifie
condition by making a setting in the XY EC bit/XY SC bit in break bus cycle register C
When XYEC =0, BAC31 to BACO specify the address. When XY EC = 1, the upper :
(BAC31to BAC16) of BARC specify the X address bus, and the lower 16 bits (BAC:
specify the Y address bus. BARCH and BARCL areinitialized to H'0000 by a power-
after amanual reset, their values are undefined.
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Note: * Asan X/Y bus access is always a word access, the values of XABO and YA
included in the break condition.

6.2.8 Break AddressMask Register C (BAMRC)

BAMRCH
Bitt 15 14 13 12 11 10 9
\ BAMC31 \ BAMCBO‘ BAMC29 \ BAMC28 \ BAMC27 \ BAMC26 \ BAMC2
Initial value: 0 0 0 0 0 0 0
RW: RW  RMW RW  RMW RIW RIW RIW
Bit; 7 6 5 4 3 2 1
\ BAlvlczs\ BAMC22 \ BAMCZl‘ BAMC20 \ BAMClQ’ BAMC18 \ BAMC1
Initial value: 0 0 0 0 0 0 0
RW: RMW  RMW RW  RMW RIW RIW RIW
BAMRCL
Bit. 15 14 13 12 11 10 9
\ BAMClS‘ BAMC14‘ BAMClB‘ BAMC12 \ BAMCll’ BAMC10 \ BAMCS
Initial value: 0 0 0 0 0 0 0
RW: RMW  RMW RW  RMW RIW RIW RIW
Bit: 7 6 5 4 3 2 1
‘ BAMC7 ‘ BAMC6 ‘ BAMC5 ‘ BAMC4 ‘ BAMC3 ‘ BAMC?2 ‘ BAMC
Initial value: 0 0 0 0 0 0 0

RW: R/W R/W R/W R/W R/W R/W R/W
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XYEC =0 Address Upper 16 bits maskable Lower 16 bits ma

XYEC =1 X address Maskable —
(when XYSC =0)

Y address — Maskable
(when XYSC =1

Bit 31 to O:

BAMCn Description

0 Channel C break address bit BACn is included in break condition (
1 Channel C break address bit BACn is masked, and not included in

Note: n=31to0
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Bit. 7 ¢} <) 4 3 2
\ BDCZS‘ BDCZZ‘ BDCZl‘ BDCZO‘ BDC19‘ BDClB‘ BDC17

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

BDRCL
Bit. 15 14 13 12 11 10 9
‘ BDClS‘ BDC14‘ BDClS‘ BDClZ‘ BDCll‘ BDClO‘ BDC9
Initial value: 0 0 0 0 0 0 0
RW: RMW  RMW RW  RMW RIW RIW RIW
Bit: 7 6 5 4 3 2 1
\ BDC?‘ BDCG‘ BDCS‘ BDC4‘ BDC3‘ BDCZ‘ BDC1
Initial value: 0 0 0 0 0 0 0

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

Break dataregister C (BDRC) consists of two 16-bit readable/writable registers: break
register CH (BDRCH) and break dataregister CL (BDRCL). BDRCH specifies the upy
(bits 31 to 16) of the data used as a channel C break condition, and BDRCL specifiestt
half (bits 15 to 0). The data bus connected to the X/Y memory can also be specified as
condition by making a setting in the XY EC bit/XY SC bit in break bus cycle register C
When XY EC = 1, the upper 16 bits (BDC31 to BDC16) of BDRC specify the X data b
lower 16 hits (BDC15 to BDCO) specify the Y data bus.
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6.2.10 Break DataMask Register C (BDMRC)

BDMRCH
Bit:
Initial value:
R/W:
Bit:
Initial value:
R/W:
BDMRCL
Bit:
Initial value:
R/W:
Bit:
Initial value:
R/W:

15 14 13 12 11 10 9
\ BDMC31 \ BDMC30 \ BDMC29 \ BDMC28 \ BDMC27 \ BDMC26 \ BDMC

0 0 0 0 0 0 0
RW RW RW  RW RW  RW  RMW

7 6 5 4 3 2 1
\ BDMC23 \ BDMC22 \ BDMC21 \ BDMC20 \ BDMC19 \ BDMC18 \ BDMC

0 0 0 0 0 0 0
RW RW RW  RW RW  RW  RMW

15 14 13 12 11 10 9
‘BDMClS‘BDMCl4‘BDMClS‘BDMClZ‘BDMCll‘BDMClO‘ BDMC

0 0 0 0 0 0 0
RW RW RW  RW RW  RW  RMW

7 6 5 4 3 2 1
‘BDMC7‘BDMC6‘BDMC5‘BDMC4‘BDMCS‘BDMCZ‘BDMC

0 0 0 0 0 0 0
RW RW RW  RW RW  RW  RMW

Break data mask register C (BDMRC) consists of two 16-bit readable/writable registe
data mask register CH (BDMRCH) and break data mask register CL (BDMRCL). BD
specifies which bits of the break data set in BDRCH are to be masked, and BDMRCL
which bits of the break data set in BDRCL are to be masked. Operation also depends
XYEC and XY SC in BBRC as shown below. BDMRCH and BDMRCL are initializex
by a power-on reset; after amanual reset, their values are undefined.
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Bits 31 to O:

BDMCn Description
0 Channel C break data bit BDCn is included in break condition  (Ir
1 Channel C break data bit BDCn is masked, and not included in con

Notes: 1. n=31t00
2. When including the data bus value in the break condition, specify the operar
3. When specifying byte size, and using odd-address data as a break conditior
value in bits 7 to 0 of BDRC and BDMRC. When using even-address data a:
condition, set the value in bits 15 to 8. The unused 8 bits of these registers |
effect on the break condition.
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\ CcPC1 \ CPCO \ IDC1 \ IDCO \ RWC1 \ RWCO \ SZC:
Initial value: 0 0 0 0 0 0 0
RW: R RIW RIW RIW RIW RIW RIW

Break bus cycle register C (BBRC) is a 16-hit readable/writable register that setsfive
break conditions: (1) internal bus (C-bus, I-bus)/X memory bus’Y memory bus), (2) C
cycle/on-chip DMAC (DMAC, E-DMAC) cycle, (3) ingtruction fetch/data access, (4)
and (5) operand size. BBRC is initialized to H'0000 by a power-on reset; after a manu
value is undefined.

Bits 15 to 10—Reserved: These bits are always read as 0. The write value should alw:

Bit 9—X/Y Memory Bus Enable C (XY EC): Selects whether the X/Y busisused as
break condition.

Bit 9: XYEC Description

0 Cache bus or internal bus is selected as condition for channel C at
(

1 X/Y bus is selected as condition for channel C address/data

Bit 8—X Bug/'Y Bus Select C (XY SC): Selects whether the X bus or the Y bus is use
channel C break condition. This bit isvalid only when bit XYEC = 1.

Bit 8: XYSC Description
0 X bus is selected as channel C break condition (
1 Y bus is selected as channel C break condition

The configuration of bits 7 to 0 isthe same asfor BBRA.
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‘ ETRC/ ‘ ETRCo ‘ ETRCS ‘ ETRC4 ‘ ETRC3 ‘ ETRC2 ‘ ETRCI
Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W

When a channel C execution-times break condition is enabled (by setting the ETBEC &
BRCR), this 16-bit register specifies the number of times a channel C break condition
before a user break interrupt is requested. The maximum value is 2*2 — 1 times. Each til
channel C break condition occurs, the value in BETRC is decremented by 1. After the |
value reaches H'0001, an interrupt is requested when a break condition next occurs.

As exceptions and interrupts cannot be accepted for instructions in arepeat |oop compr
more than three instructions, BETRC is not decremented by the occurrence of a break c
for an ingtruction in such arepeat loop (see 4.6, When Exception Sources Are Not Acc

Bits 15to 12 are always read as O, and should only be written with O.

BETRC isinitialized to H'0000 by a power-on reset.
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Bit 7 6 5 4 3 2 1

‘ BAD23‘ BAD22‘ BAD21‘ BADZO‘ BAD19‘ BADlS‘ BAD1

Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W

BARDL
Bit 15 14 13 12 11 10 9

‘BADlS‘ BAD14‘ BADlS‘ BAD12‘ BADll‘ BADlO‘ BAD!

Initial value 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W

Bit 7 6 5 4 3 2 1
\ BAD7 \ BAD6 \ BAD5 \ BAD4 \ BAD3 ] BAD2 \ BAD:
Initial value 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W

Break addressregister D (BARD) consists of two 16-bit readable/writable registers: b
register DH (BARDH) and break addressregister DL (BARDL). BARDH specifiestt
(bits 31 to 16) of the address used as a channel D break condition, and BARDL specif
half (bits 15 to 0). The address bus connected to the X/Y memory can aso be specifie
condition by making a setting in the XY ED bit/XY SD bit in break bus cycle register [
When XYED =0, BAD31 to BADO specify the address. When XYED = 1, the upper
(BAD31 to BAD16) of BARD specify the X address bus, and the lower 16 bits (BAD
specify the Y address bus. BARDH and BARDL areinitialized to H'0000 by a power-
after amanual reset, their values are undefined.
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Note: * Asan X/Y bus access is always a word access, the values of XABO and YA
included in the break condition.

6.2.14 Break AddressMask Register D (BAMRD)

BAMRDH
Bitt 15 14 13 12 11 10 9
\ BAMD31 \ BAMDBO‘ BAMD29 \ BAMD28 \ BAMD27 \ BAMD26 \ BAMD?2
Initial value: 0 0 0 0 0 0 0
RW: RW  RMW RW  RMW RIW RIW RIW
Bit; 7 6 5 4 3 2 1
\ BAMD23‘ BAMD22 \ BAMDZl‘ BAMD20 \ BAMD19] BAMD18 \ BAMD1
Initial value: 0 0 0 0 0 0 0
RW: RMW  RMW RW  RMW RIW RIW RIW
BAMRDL
Bit. 15 14 13 12 11 10 9
\ BAMDlS‘ BAMD14‘ BAMDlS‘ BAMD12 \ BAMDll’ BAMD10 \ BAMDS
Initial value: 0 0 0 0 0 0 0
RW: RMW  RMW RW  RMW RIW RIW RIW
Bit: 7 6 5 4 3 2 1
‘ BAMD7 ‘ BAMD6 ‘ BAMDS5 ‘ BAMDA4 ‘ BAMD3 ‘ BAMD?2 ‘ BAMD!
Initial value: 0 0 0 0 0 0 0

RW: R/W R/W R/W R/W R/W R/W R/W
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XYED =0  Address Upper 16 bits maskable Lower 16 bits mas

XYED =1 X address Maskable —
(when XYSD = 0)

Y address — Maskable
(when XYSD =1)

Bits 31 to O:
BAMDnN Description
0 Channel D break address bit BADn is included in break condition
l
1 Channel D break address bit BADn is masked, and not included in

Note: n=31to0

Rev. 2.00, 03/05, pac
RENESAS



Bit. 7 ¢} <) 4 3 2
\ 50023\ BDDZZ‘ BDD21‘ BDDZO‘ BDD19‘ BDD18‘ BDD17

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

BDRDL
Bit. 15 14 13 12 11 10 9
‘ BDDlS‘ BDD14‘ BDDlS‘ BDDlZ‘ BDDll‘ BDDlO‘ BDD9
Initial value: 0 0 0 0 0 0 0
RW: RMW  RMW RW  RMW RIW RIW RIW
Bit: 7 6 5 4 3 2 1
\ BDD7‘ BDDG‘ BDDS‘ BDD4‘ BDD3‘ BDDZ‘ BDD1
Initial value: 0 0 0 0 0 0 0

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

Break dataregister D (BDRD) consists of two 16-bit readable/writable registers: break
register DH (BDRDH) and break dataregister DL (BDRDL). BDRDH specifiesthe up
(bits 31 to 16) of the data used as achannel D break condition, and BDRDL specifiestt
half (bits 15 to 0). The data bus connected to the X/Y memory can also be specified as
condition by making a setting in the XY ED bit/XY SD bit in break bus cycle register D
When XYED = 1, the upper 16 bits (BDD31 to BDD16) of BDRD specify the X datak
lower 16 hits (BDD15 to BDDO) specify the Y data bus.
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6.2.16 Break Data Mask Register D (BDMRD)

BDMRDH

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

BDMRDL

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

15 14 13 12 11 10 9
‘BDMD31‘BDMDSO‘BDMD29‘BDMDZS‘BDMDZ?’BDMDZG‘BDMD

0 0 0 0 0 0 0
RW RW RW  RW RW  RW  RMW

7 6 5 4 3 2 1
‘BDMD23‘BDMDZZ‘BDMDZl‘BDMDZO‘BDMDlQ‘BDMDlB‘BDMD

0 0 0 0 0 0 0
RW RW RW  RW RW  RW  RMW

15 14 13 12 11 10 9
‘BDMDlS‘BDMDM‘BDMDlB‘BDMDlZ‘BDMDll‘BDMDlO‘ BDMLC

0 0 0 0 0 0 0
RW RW RW  RW RW  RW  RMW

7 6 5 4 3 2 1
‘ BDMD?7 ‘ BDMD6 ‘ BDMDS5 ‘ BDMD4 ‘ BDMD3 ‘ BDMD?2 ‘ BDME

0 0 0 0 0 0 0
RW RW RW  RW RW  RW  RMW

Break data mask register D (BDMRD) consists of two 16-bit readable/writable registe
datamask register DH (BDMRDH) and break data mask register DL (BDMRDL). BL
specifies which bits of the break data set in BDRDH are to be masked, and BDMRDL
which bits of the break data set in BDRDL are to be masked. Operation also depends
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Y data — Maskable
(when XYSD =1)

Bits 31 to O:

BDMDn Description

0 Channel D break data bit BDDn is included in break condition  (Ir
1 Channel D break data bit BDDn is masked, and not included in con

Notes: 1. n=31t00
2. When including the data bus value in the break condition, specify the operar
3. When specifying byte size, and using odd-address data as a break conditior
value in bits 7 to 0 of BDRD and BDMRD. When using even-address data a:
condition, set the value in bits 15 to 8. The unused 8 bits of these registers f
effect on the break condition.
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‘ CPD1 ‘ CPDO ‘ IDD1 ‘ IDDO ‘ RWD1 ‘ RWDO ‘ SZD!
Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W

Break bus cycleregister D (BBRD) is a 16-hit readable/writable register that setsfive
break conditions: (1) internal bus (C-bus, I-bus)/X memory bus/Y memory bus), (2) C
cycle/on-chip DMAC (DMAC, E-DMAC) cycle, (3) ingtruction fetch/data access, (4)
and (5) operand size. BBRD isinitialized to H'0000 by a power-on reset; after a manu
value is undefined.

Bits 15 to 10—Reserved: These bits are always read as 0. The write value should alw:

Bit 9—X/Y Memory Bus Enable D (XY ED): Selects whether the X/Y busis used as
break condition.

Bit 9: XYED Description

0 Cache bus or internal bus is selected as condition for channel D a
(

1 X/Y bus is selected as condition for channel D address/data

Bit 8—X Bug'Y Bus Select D (XY SD): Selects whether the X bus or the Y busisuse
channel D break condition. This bit is valid only when bit XYED = 1.

Bit 8: XYSD Description
0 X bus is selected as channel D break condition (
1 Y bus is selected as channel D break condition

The configuration of bits 7 to 0 isthe same asfor BBRA.
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‘ ETRD7 ‘ ETRDo ‘ ETRDS ‘ ETRD4 ‘ ETRD3 ‘ ETRD2 ‘ ETRDI1
Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W

When a channel D execution-times break condition is enabled (by setting the ETBED |
BRCR), this 16-bit register specifies the number of times a channel D break condition ¢
before a user break interrupt is requested. The maximum value is 2*2 — 1 times. Each til
channel D break condition occurs, the value in BETRD is decremented by 1. After the
value reaches H'0001, an interrupt is requested when a break condition next occurs.

As exceptions and interrupts cannot be accepted for instructions in arepeat |oop compr
more than three instructions, BETRD is not decremented by the occurrence of a break
for an ingtruction in such arepeat loop (see section 4.6, When Exception Sources Are |
Accepted).

Bits 15 to 12 are always read as 0, and should only be written with 0.

BETRD isinitialized to H'0000 by a power-on reset.
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Bit. 7 ¢} <) 4 3
‘CMFCB‘CMFPB‘ — \ SEQl‘ SEQO‘ PCBB \ —
Initial value: 0 0 0 0 0 0 0
RW: RW RW  RW  RW RW  RW  RMW

BRCRL
Bitt 15 14 13 12 11 10 9
‘CMFCC‘CMFPC‘ETBEC‘ — ‘ DBEC ‘PCBC ‘ —
Initial value: 0 0 0 0 0 0 0
RW: RMW  RMW RW  RMW RIW RIW RIW
Bit: 7 6 5 4 3 2 1
‘CMFCD‘CMFPD‘ETBED‘ — \ DBED‘ PCBD \ —
Initial value: 0 0 0 0 0 0 0

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

The break control register (BRCR) is used to make the following settings:

4,
5.

Setting of independent channel mode or sequential condition mode for channels A
Selection of pre- or post-instruction-execution break in case of an instruction fetct

Selection of whether the data busisto be included in the comparison conditions fc
and D

Selection of whether an execution-times break is to be set for channels C and D
Selection of whether a PC trace isto be executed

BRCR also contains flags that are set when a condition is satisfied. BRCR is initialize
H'00000000 by a power-on reset; after a manual reset, its value is undefined.
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Bit 30—DMAC Condition Match Flag A (CMFPA): Thisflag is set to 1 when an on-cl
bus cycle condition, among the break conditions set for channel A, is satisfied. Thisfla
cleared to O (if the flag setting is to be checked again after it has once been set, the flag
cleared by awrite).

Bit 30: CMFPA Description

0 User break interrupt has not been generated by a channel A on-chij
cycle condition (Ir

1 User break interrupt has been generated by a channel A on-chip DI
condition

Bits 29 and 28—Reserved: These bits are always read as 0. The write value should alw

Bit 27—PC Trace Enable (PCTE): Selects whether aPC traceis to be executed.

Bit 27: PCTE Description
0 PC trace is not executed (Ir
1 PC trace is executed

Bit 26—PC Break Select A (PCBA): Selects whether achannel A instruction fetch cyc
effected before or after execution of the instruction.

Bit 26: PCBA Description

0 Channel A instruction fetch cycle break is effected before instructior

(Ir

1 Channel A instruction fetch cycle break is effected after instruction ¢

Bits 25 and 24—Reserved: These bits are always read as 0. The write value should alw

Rev. 2.00, 03/05, page 230 of 884
RENESAS



Bit 22—DMAC Condition Match Flag B (CMFPB): Thisflag is set to 1 when an on-
bus cycle condition, among the break conditions set for channel B, is satisfied. Thisfl
cleared to O (if the flag setting is to be checked again after it has once been set, thefla
cleared by awrite).

Bit 22: CMFPB Description

0 User break interrupt has not been generated by a channel B on-ch
cycle condition (

1 User break interrupt has been generated by a channel B on-chip C
condition

Bit 21—Reserved: Thisbit is always read as 0. The write value should always be 0.

Bits 20 and 19—Sequence Condition Select (SEQ1, SEQOQ): These bits select indepen
sequential conditions for channels A, B, C, and D.

Bit 20: Bit 19:
SEQ1 SEQO Description

0 0 Comparison based on independent conditions for channels A, B

(

Channel C - D sequential condition; channels A and B indeper

1 0 Channel B - C - D sequential condition; channel A independe

Channel A ~ B - C - D sequential condition

Bit 18—PC Break Select B (PCBB): Selects whether achannel B instruction fetch cy
effected before or after execution of the instruction.

Bit 18: PCBB Description

0 Channel B instruction fetch cycle break is effected before instructic

(

1 Channel B instruction fetch cycle break is effected after instruction
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1 User break interrupt has been generated by a channel C CPU cycle

Bit 14—DMAC Condition Match Flag C (CMFPC): Thisflagis set to 1 when an on-ct
bus cycle condition, among the break conditions set for channel C, is satisfied. Thisfla
cleared to O (if the flag setting is to be checked again after it has once been set, the flag
cleared by awrite).

Bit 14: CMFPC  Description

0 User break interrupt has not been generated by a channel C on-chi
cycle condition (Ir

1 User break interrupt has been generated by a channel C on-chip DI
condition

Bit 13—Execution-Times Bresk Enable C (ETBEC): Enables a channel C execution-til
condition. When this bit is 1, a user break interrupt is generated when the number of br
conditions that have occurred equals the number of executions specified by the break e
times register (BETRC).

Bit 13: ETBEC Description

0 Channel C execution-times break condition is disabled (Ir

1 Channel C execution-times break condition is enabled

Bit 12—Reserved: This bit is always read as 0. The write value should always be 0.

Bit 11—Data Break Enable C (DBEC): Selects whether a data bus condition isto bein
the channel C break conditions.

Bit 11: DBEC Description

0 Data bus condition is not included in channel C conditions (Ir

1 Data bus condition is included in channel C conditions
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Bit 7—CPU Condition Match Flag D (CMFCD): Thisflagis set to 1 when a CPU bu:
condition, among the break conditions set for channel D, is satisfied. Thisflagis not ¢
(if the flag setting is to be checked again after it has once been set, the flag must be cl
write).

Bit 7: CMFCD Description

0 User break interrupt has not been generated by a channel D CPU
condition (
1 User break interrupt has been generated by a channel D CPU cycl

Bit 6—DMAC Condition Match Flag D (CMFPD): Thisflag is set to 1 when a DMA
condition, among the break conditions set for channel D, is satisfied. Thisflagis not ¢
(if the flag setting is to be checked again after it has once been set, the flag must be cl
write).

Bit 6: CMFPD Description

0 User break interrupt has not been generated by a channel D on-cf
cycle condition (

1 User break interrupt has been generated by a channel D on-chip L
condition

Bit 5—Execution-Times Break Enable D (ETBED): Enables a channel D execution-ti
condition. When this bit is 1, a user break interrupt is generated when the number of t
conditions that have occurred equals the number of executions specified by the break
times register (BETRD).

Bit 5: ETBED Description

0 Channel D execution-times break condition is disabled (

1 Channel D execution-times break condition is enabled

Bit 4—Reserved: This bit is always read as 0. The write value should always be 0.
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Bit 2. PCBD Description

0 Channel D instruction fetch cycle break is effected before instructior

(Ir

1 Channel D instruction fetch cycle break is effected after instruction ¢

Bits 1 and 0—Reserved: These bits are always read as 0. The write value should alway!

6.2.20 Branch Flag Registers (BRFR)

Bit: 15 14 13 12 11 10 9
\ SVF \ PID2 \ PID1 \ PIDO \ — \ — \ —
Initial value: 0 Undefined Undefined Undefined 0 0 0
R/W: R R R R
Bit: 7 6 5 4 3 2 1
(e [ = [ - [ — [ - -1-
Initial value: 0 0 0 0 0 0 0
R/W: R R

The branch flag registers (BRFR) comprise a set of four 16-bit read-only registers. The
registers contain flags indicating whether the actual branch addresses (in a branch instr
repedt, interrupt, etc.) have been saved in BRSR and BRDR, and a 3-bit pointer indicat
number of cycles from fetch to execution of the last instruction executed. The BRFR re
form aFIFO (first-in first-out) queue for PC trace use. The queue is shifted at each bra

Bits SVF and DVF are initialized by a power-on reset, but bits PID2 to PIDO are not.

Bit 15—Source Verify Flag (SVF): Indicates whether the address and pointer that enab
branch source address to be cal culated have been stored in BRSR. Thisflag is set wher
instruction at the branch destination address is fetched, and reset when BRSR is read.
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Odd PID indicates instruction buffer number (

Even PID+2 indicates instruction buffer number

Bits 11 to 8, 6 to 0—Reserved: These bits are always read as 0. The write value shoul
0.

Bit 7—Dedtination Verify Flag (DVF): Indicates whether the branch source address h
stored in BRDR. Thisflag is set when the instruction at the branch destination addres:
and reset when BRDR isread.

Bit 7: DVF Description
0 BRDR value is invalid (
1 BRDR value is valid

See the PC trace description for the method of executing a PC trace using the branch s
registers (BRSR), branch destination registers (BRDR), and branch flag registers (BR

6.2.21 Branch Source Registers (BRSR)

BRSRH
Bit. 15 14 13 12 11 10 9
\ BSASl‘ BSAso\ BSA29\ BSAZS‘ BSA27\ BSAze\ BSA2!
Initial value: Undefined Undefined Undefined Undefined Undefined Undefined Undefin
RIW: R R R R R R R

Bit: 7 6 5 4 3 2 1

\ BSAZS‘ BSA22‘ BSA21‘ BSAZO‘ BSA19‘ BSAlS‘ BSAL

Initial value: Undefined Undefined Undefined Undefined Undefined Undefined Undefin
RIW: R R R R R R R
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Initial value: Undefined Undefined Undefined Undefined Undefined Undefined Undefine
R/W: R R R R R R R

The branch source registers (BRSR) comprise a set of four 32-bit read-only registers. T
in these registers are used to calculate the address of the last instruction executed befor
when performing a PC trace. The BRSR registers form a FIFO (first-in first-out) queue
trace use. The queueis shifted at each branch.

The BRSR registers are not initialized by areset.

6.2.22 Branch Destination Registers (BRDR)

BRDRH
Bitt 15 14 13 12 11 10 9

‘ BDA31‘ BDA30‘ BDA29‘ BDA28‘ BDAZY‘ BDAZG‘ BDA25

Initial value: Undefined Undefined Undefined Undefined Undefined Undefined Undefine
RIW: R R R R R R R

Bit: 7 6 5 4 3 2 1

\ BDA23‘ BDAZZ‘ BDA21‘ BDAZO‘ BDA19‘ BDAlS‘ BDA17

Initial value: Undefined Undefined Undefined Undefined Undefined Undefined Undefine
RIW: R R R R R R R
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Initial value: Undefined Undefined Undefined Undefined Undefined Undefined Undefin
R/W: R R R R R R R

The branch destination registers (BRDR) comprise a set of four 32-bit read-only regis
registers store the branch destination fetch addresses used when performing a PC trac
BRDR registers form a FIFO (first-in first-out) queue for PC trace use. The queueis s
each branch.

The BRDR registers are not initialized by areset.
6.3 Operation

6.3.1 User Break Operation Sequence

The sequence of operations from setting of break conditionsto user break interrupt ex
handling is described below.

1. Set the break addressin the break address register (BARA/BARB/BARC/BARD),
be masked in the break address mask register (BAMRA/BAMRB/BAMRC/BAMH
break bitsin the break dataregister (BDRC/BDRD), and the data to be masked in
data mask register (BDMRC/BDMRD).

Set the break bus conditions in the break bus cycle register (BBRA/BBRB/BBRC
Make three settings—CPU cycle/on-chip DMAC cycle select, instruction fetch/da
select, and read/write select—for each of BBRA, BBRB, BBRC, and BBRD. A us
interrupt will not be generated for achannel for which any one of these settingsis

Set the respective conditions in the corresponding BRCR register bits.

2. When aset condition is satisfied, the UBC sends a user break interrupt request to t
controller (INTC). The CPU condition match flag (CMFCA/CMFCB/CMFCC/CN
DMAC condition match flag (CMFPA/CMFPB/CM FPC/CMFPD) is also set for t
condition for the respective channel.
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match flag (CMFCA, CMFPA, CMFCB, CMFPB, CMFCC, CMFPC, CMFCD, or
These flags are set by a match with the set condition, but are not reset. Therefore, if
of aparticular flag is to be checked again, the flag must be cleared by writing 0.
When an execution-times break is specified for channel C or D, the CMFCC, CMF
CMFCD, or CMFPD flag is set when the number of executions matches the numbe
executions specified by BETRC or BETRD.

6.3.2 Instruction Fetch Cycle Break

1

If a CPU/ingtruction fetch/read/word setting is made in the break bus cycle register
BBRB, BBRC, or BBRD), a CPU instruction fetch cycle can be selected as a break
In this case, it is possible to specify whether the break is to be effected before or aft
execution of the relevant instruction by means of the PCBA/PCBB/PCBC/PCBD b
break control register (BRCR).

In the case of an instruction for which pre-execution is set as the break condition, th
performed when it has been confirmed that the instruction has been fetched and is t
executed. Consequently, a break cannot be set for an overrun-fetched instruction (a
instruction fetched but not executed in the event of a branch or interrupt transition).
is set for the delay dlot of a delayed branch instruction, or for the instruction followi
instruction for which interrupts are prohibited, such as LCD, an interrupt is generat
execution of the next instruction at which interrupts are accepted.

With the post-execution condition, an interrupt is generated after execution of the ir
set as the break condition, and before execution of the following instruction. Asin?
break cannot be set for an overrun-fetched instruction. If abreak is set for a delayec
instruction, or for an instruction for which interrupts are prohibited, such as LCD, &
is generated before execution of the next instruction at which interrupts are accepte

When an ingtruction fetch cycleis set for channel C or D, break dataregister C (BC
break dataregister D (BDRD) isignored. Therefore, break data need not be set for
instruction fetch cycle break.
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burst write of a synchronous DRAM, or for adummy access cycle of asingle read

2. Table 6.2 shows the hits of the break address register and the address bus that are
each operand size to determine whether a break condition has been matched.

Table6.2 Data Access Cycle Addressand Operand Size Comparison Conditio

Access Size Compared Address Bits

Longword Bits 31 to 2 of break address register compared with bits 31 to 2 o
Word Bits 31 to 1 of break address register compared with bits 31 to 1 o
Byte Bits 31 to O of break address register compared with bits 31 to 0 o

This means, for example, that if address H'00001003 is set without specifying a si:
bus cyclesthat satisfy the break conditions are as follows (assuming that all other
are satisfied):

Longword access at address H'00001000
Word access at address H'00001002
Byte access at address H'00001003

3. When datavaue isincluded in break condition in channel C

When the data value is included in the break conditions, specify longword, word, «
operand size in break bus cycle register C (BBRC). When the data value is include
break conditions, a break interrupt is generated on a match of the address conditio
data condition.

When byte datais specified, set the same data in the two bytes comprising bits 15
7to 0in break dataregister C (BDRC) and break data mask register C (BDMRC).
byte is designated, bits 31 to 16 of BDRC and BDMRC are ignored.

Similar conditions apply when the data value isincluded in the break conditions f
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2. When instruction fetch (post-instruction-execution) is set as break condition

The program counter (PC) value saved to the stack in user break interrupt exceptior
is the address of the next instruction to be executed after the instruction for which tl
condition matched. In this case, the fetched instruction is executed, and a user break
is generated before execution of the next instruction. However, if asetting is made
instruction for which interrupts are prohibited, the break is effected before executio
next instruction a which interrupts are accepted, so that the saved PC value isthe a
which the break occurs.

3. When data access (CPU/on-chip DMAC) is set as break condition
The value saved is the start address of the next instruction after the instruction for w
execution has been completed when user break exception handling is initiated.
When data access (CPU/on-chip DMAC) is set as abreak condition, the point at wt
break is to be made cannot be specified. A break is effected before execution of the
about to be fetched around the time of the break data access.

6.3.5 X Memory Busor Y Memory Bus Cycle Break

A break condition for an X buscycle or Y bus cycle can only be specified for channel
When XYEC in BBRC or XYED in BBRD is set to 1, break addresses and break data
memory bus or Y memory bus are selected. Either the X memory bus or the Y memory
be selected with the XY SC bit in BBRC or the XY SD bit in BBRD; the X and Y memc
cannot both be included in the break conditions at the same time. The break conditions
to X memory bus cycles or Y memory bus cycles by setting the CPU bus master, data ¢
cycle, read or write access, and word operand size or no operand size specification.

When an X memory addressis selected as a break condition, specify the X memory ad
upper 16 bits of BARC and BAMRC or BARD and BAMRD; when aY memory addre
selected, specify the Y memory address in the lower 16 bits of BARC and BAMRC or

BAMRD. The same method is used to specify X memory dataor Y memory datafor B
BDMRC or BDRD and BMRD.
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time, the conditions for channel D are considered to be met and a break occurs.

Channel B to Channd C to Channd D: When SEQ1 in BRCR is set to 1 and SEQO
sequential break occurs when the conditions are met for channel B, channel C, and the
D, inthat order. This causes the BRCR condition match flag for each channel to be se

If the break conditions for channels B and C are met a the sametime, and the conditi
aready been met for channel B, the conditions are considered to be met for channel B
conditions for channel B have already been met when the break conditions for channe
are met at the same time, the conditions for channel C are considered to be met.

If the break conditions for channels C and D are met at the same time, and the conditi
already been met for channel C, the conditions are considered to be met for channel C
conditions for channel C have aready been met when the break conditions for channe
are met at the same time, the conditions for channel D are considered to be met and a
OCCUIS.

Channel A to Channd B to Channe C to Channel D: When SEQ1 in BRCR is set
SEQOisset to 1, asequential break occurs when the conditions are met for channel A
channel C, and then channel D, in that order. This causes the BRCR condition match 1
channel to be set to 1.

If the break conditions for channels A and B are met at the same time, and the conditi
already been met for channel A, the conditions are considered to be met for channel A
conditions for channel A have already been met when the break conditions for channe
are met at the same time, the conditions for channel B are considered to be met.

If the break conditions for channels B and C are met at the same time, and the conditi
already been met for channel B, the conditions are considered to be met for channel B
conditions for channel B have already been met when the break conditions for channe
are met at the same time, the conditions for channel C are considered to be met.

If the break conditions for channels C and D are met at the same time, and the conditi
already been met for channel C, the conditions are considered to be met for channel C
conditions for channel C have already been met when the break conditions for channe
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number of executions as a brake condition. For example, if an execution-times break is
channels C and D, a user break interrupt will be issued if, after the execution-times set
set in BETRC has occurred, the execution-times condition set in BETRD for channel C

6.3.7 PC Traces

1. A PCtraceisstarted by setting the PC trace enable bit (PCTE) to 1 in BRCR. Whe
(branch instruction, repeat, or interrupt) occurs the address that enables the branch
address to be calculated and the branch destination address are stored in the branch
register (BRSR) and branch destination register (BRDR). The address stored in BR
branch destination instruction fetch address. The address stored in BRSR is the last
fetch address prior to the branch. A pointer indicating the relationship to the instruc
executed immediately before the branch is stored in the branch flag register (BRFR

2. Theaddress of the instruction executed immediately before the branch occurred car
calculated from the address stored in BRSR and the pointer stored in BRFR. Desigr
address stored in BRSR as BSA, the pointer stored in BRFR as PID, and the addres
the branch as 1A, then | A is found from the following equation:

IA=BSA-2xPID

Caution is necessary if an interrupt (branch) occurs before the instruction at the brai
destination is executed. In the caseillustrated in figure 6.2., the address of instructic
executed immediately before the branch, is calculated from the equation 1A = BSA
However, if branch “branch” isadelayed branch instruction with a delay slot and tt
destination is a 4n+2 address, branch destination address “Dest” specified by the br
instruction is stored directly in BRSR. In this case, therefore, equation IA = BSA —
not applied, and PID isinvalid. BSA is at a4n+2 boundary in this case only, catego
shown in table 6.3.
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Figure6.2 When Interrupt Occurs before Branch Instruction |s Execu

Table6.3 BSA Values Stored in Exception Handling befor e Execution of Bran
Destination I nstruction

Branch Destination Branch Source Address Calculabl
Branch (Dest) BSA of BRSR and BRFR
Delay 4n 4n Exec =IA=BSA-2xPID

4n + 2 4n+2 Dest = BSA
No delay 4nordn+2 4n Exec=IA=BSA-2 xPID

If PID is an odd number, the value incremented by 2 indicates the instruction buffi
eguations in the table do not take this into account. Therefore, the calculation can’
using the values of BSA stored in BRSR and PID stored in BRFR.

3. Thelocation indicated by the address before branch occurrence, |A, differs accord
kind of branch.

a. Branchinstruction: Branch instruction address
b. Repeat loop: 2nd instruction from last in repeat |oop
Repeat _Start: inst (1); - BRDR
inst(2);

inst (n-1); - Addresscaculated from BRSR and
Repeat End: inst (n);

c. Interrupt: Instruction executed immediately before interrupt
The address of the first instruction in the interrupt routine is stored in BRDR.

In arepeat loop consisting of no more than three instructions, an instruction fetch
generated. As the branch destination address is unknown, a PC trace cannot be pet
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A. Register settings. BARA = H'00000404 / BAMRA = H'00000000/ BBRA = H'OO
BARB = H'00003080 / BAMRB = H'0000007F / BBRB = H'0C¢
BARC = H'00008010 / BAMRC = H'00000006 / BBRC = H'00-
BDRC = H'00000000 / BDMRC = H'00000000
BARD =H'0000FF04 / BAMRD = H'00000000 / BBRD = H'00-
BDRD = H'00000000 / BDMRD = H'00000000

BRCR = H'04000400

Set conditions:  All channels independent

Channel A: Address:
Buscycle:

Channel B: Address:
Buscycle:

Channel C: Address:
Data:
Buscycle:

Channel D: Address:
Data
Bus cycle:

H'00000404; address mask: H'0000000
CPU, ingruction fetch (post-execution)
read (operand size not included in cond

H'00003080; address mask: H'0000007
CPU, ingruction fetch (pre-execution),
read (operand size not included in cond

H'00008010; address mask: H'0000000
H'00000000; data mask: H'00000000

CPU, ingruction fetch (post-execution)
read (operand size not included in cond

H'0000FF04; address mask: H'0000000
H'00000000; data mask: H'00000000

CPU, ingtruction fetch (pre-execution),
read (operand size not included in cond

A user break interrupt is generated after execution of the instruction at address H'0C
before execution of instructions at addresses H'00003080 to H'000030FF, after exe
instructions at addresses H'00008010 to H'00008016, or before execution of the ins

address H'0000FF04.
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Channel A: Address:  H'00027128; address mask: H'000000
Buscycle: CPU, ingtruction fetch (pre-execution)

Channel B: Address:  H'00031415; address mask: H'000000
Buscycle: CPU, ingtruction fetch (pre-execution)
read (operand size not included in con

Channel C: Address:  H'00037226; address mask: H'000000
Data: H'00000000; data mask: H'00000000
Buscycle: CPU, ingtruction fetch (pre-execution)

Channel D: Address: H'0003722E; address mask: H'000000
Data: H'00000000; data mask: H'00000000
Buscycle: CPU, ingtruction fetch (pre-execution)

On channel A, auser break interrupt is not generated as an instruction fetch is not
cycle.

On channel B, auser break interrupt is not generated as an instruction fetch is perf
even address.

A user break interrupt is generated by a channel C and D sequentia condition mat
execution of the instruction at address H'0003722E following execution of the ing
address H'00037226.
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Channel A: Not used
Channel B: Not used

Channel C: Address: H'00037226; address mask: H'0000000
Data: H'00000000; data mask: H'00000000
Buscycle: CPU, ingtruction fetch (pre-execution),

Channel D: Address:  H'0003722E; address mask: H'0000000
Data: H'00000000; data mask: H'00000000
Buscycle: CPU, instruction fetch (pre-execution),

Asthe channel C break condition is awrite cycle, the condition is not matched, and
sequential conditions are not satisfied, a user break interrupt is not generated.

D. Register settings: BBRA = H'0000
BARB = H'00000500 / BAMRB = H'00000000 / BBRB = H'00%
BARC = H'00000A00 / BAMRC = H'00000000 / BBRC = H'00!
BDRC = H'00000000 / BDMRC = H'00000000
BARD = H'00001000 / BAMRD = H'00000000 / BBRD = H'00!
BDRD = H'00000000 / BDMRD = H'00000000
BRCR = H'00102020 / BETRC = H'0005 / BETRD = H'000A

Channel A: Not used

Channel B: Address:  H'00000500; address mask: H'0000000
Data: H'00000000; data mask: H'00000000
Buscycle: CPU, instruction fetch (pre-execution),

Channel C: Address.  H'00000A0Q0; address mask: H'000000C
Data: H'00000000; data mask: H'00000000
Buscycle: CPU, ingtruction fetch (pre-execution),
Execution-times break enabled (5 times)
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Register settings: BARA = H'00123456 / BAMRA = H'00000000/ BBRA = H'0(
BARB = H'01000000 / BAMRB = H'00000000 / BBRB = H'0C
BARC = H'000ABCDE / BAMRC = H'000000FF / BBRC = H
BDRC = H'0000A512 / BDMRC = H'00000000
BARD = H'1001E000/ BAMRD = H'FFFF0000 / BBRD = H'(
BDRD = H'00004567 / BDMRD = H'00000000
BRCR = H'00000808

Set conditions.  All channels independent

Channel A: Address:  H'00123456; address mask: H'000000
Buscycle: CPU, data access, read (operand size r
in conditions)

Channel B: Address.  H'01000000; address mask: H'000000
Buscycle: CPU, data access, read, word

Channel C: Address: H'000ABCDE; address mask: H'000000(
Data H'0000A512; data mask: H'00000000
Bus cycle: CPU, data access, write, word

Channel D: Y address: H'1001E000; address mask: H'FFFFOC
Data: H'00004567; data mask: H'00000000
Buscycle: CPU, data access, write, word

On channel A, auser break interrupt is generated by alongword read at address H
word read at address H'00123456, or a byte read at address H'00123456.

On channel B, a user break interrupt is generated by aword read at address H'010(

On channel C, auser break interrupt is generated when H'A512 is written by word
address from H'000ABCO00 to H'000ABCFE.

On channel D, a user break interrupt is generated when H'4567 is written by word
address H'1001E000 in Y memory space.
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Channel A: Address. H'00314156; address mask: H'0000000
Buscycle: DMAC, instruction fetch, read (operan
included in conditions)

Channel B: Not used
Channel C: Not used

Channel D: Address:  H'00055555; address mask: H'0000000
Data: H'00007878; data mask: H'00000FOF
Buscycle: DMAC, data access, write, byte

On channel A, auser break interrupt is not generated as an instruction fetch is not p
aDMAC cycle.

On channel D, a user break interrupt is generated when the DMAC writes H'7* (*: |
iswritten by byte access to address H'00055555.
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congtituting the first break conditions of adjacent channels are specified as a pr
break (PCB hit cleared to 0 in BRCR) and an instruction fetch (designated by t
cycle register), note that when the bus cycle conditions for the two channels ar
simultaneously, a break is effected and the BRCR condition match flags are se

3. When changing aregister setting, the written value normally becomes effectivein
In an on-chip memory fetch, two instructions are fetched simultaneoudly. If the fe
second ingtruction has been set as a break condition, even if the break condition is
modifying the relevant UBC registers immediately after the fetch of thefirst instr
break interrupt will still be generated prior to the second instruction. To fix atimir
the setting is definitely changed, the last register value written should be read with
access. The changed setting will be valid from this point on.

4. If auser break interrupt is generated by an instruction fetch condition match, and t
is matched again in the UBC during execution of the exception service routine, ex
handling for that break will be executed when the interrupt request mask valuein
14 or below. Therefore, when masking addresses and setting an instruction fetch/;
execution condition to perform step-execution, ensure that an address match does
during execution of the UBC'’ s exception service routine.

5. Note the following when specifying an instruction in arepeat loop that includes a
instruction as a break condition.

When an ingtruction in arepeat loop is specified as a break condition:

a. A break will not occur during execution of arepeat loop comprising no moret
instructions.

b. When an execution-times break is set, an instruction fetch from memory will n
during execution of arepeat loop comprising no more than three instructions.
Consequently, the value in the break execution times register (BETRC or BET
be decremented.

6. Do not execute abranch instruction immediately after reading a PC trace register |
BRSR, or BRDR).
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711 Features

The BSC hasthe following features:

Address space is managed as five spaces
O Maximum linear 32 Mbytes for each of the address spaces CS0 to CHA
O Memory type (DRAM, synchronous DRAM, burst ROM, etc.) can be specifie

space.

O Buswidth (8, 16, or 32 hits) can be selected for each space.

0 Wait state insertion can be controlled for each space.

0 Control signals are output for each space.

Cache

0 Cache area and cache-through area can be selected by access address.

O In cache access, in the event of acache access miss 16 bytes are read consecuti
byte unitsto fill the cache. Write-through mode/write-back mode can be select

writes.

O In cache-through access, access is performed according to access size.

Refresh

O Supports CAS-before-RAS refresh (auto-refresh) and self-refresh.
O Refreshinterval can be set by the refresh counter and clock selection.
O Intensive refreshing by means of refresh count setting (1, 2, 4, 6, or 8)

Direct interface to DRAM

0 Row/column address multiplex output.
O Burst transfer during reads, fast page mode for consecutive accesses.

O TP cycle generation to secure RAS precharge time.

0 EDO mode

Direct interface to synchronous DRAM
O Row/column address multiplex output.
O Selection of burst read, single write mode or burst read, burst write mode

O Bank active mode

RENESAS
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WCR: Wait control register
BCR: Bus control register
MCR:

Individual memory control register

RTCSR:
RTCNT:
RTCOR:

Refresh timer control/statu:
Refresh timer counter
Refresh time constant regi

RENESAS

Figure7.1 BSC Block Diagram
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D31toDO 1/O Hi-Z 32-bit data bus. When reading or writing a 16-bit wi
use D15 to DO; when reading or writing a 8-bit widtt
D7 to DO. With 8-bit accesses that read or write a 3
area, input and output the data via the byte position
by the lower address bits of the 32-bit bus

BS Output Hi-Z Indicates start of bus cycle or monitor. With the bas
(device interfaces except for DRAM, synchronous C
signal is asserted for a single clock cycle simultanet
address output. The start of the bus cycle can be de
by this signal

CS0to CS4 Output Hi-Z Chip select. CS3 is not asserted when the CS3 spa
space

RD/WR Output  Hi-Z Read/write signal. Signal that indicates access cycl
(read/write). Connected to WE pin when DRAM/syn
DRAM is connected

RAS Output Hi-Z RAS pin for DRAM/synchronous DRAM

CAS/OE Output Hi-Z Open when using DRAM
Connected to OE pin when using EDO RAM
Connected to CAS pin when using synchronous DR

RD Output Hi-Z Read pulse signal (read data output enable signal).
connected to the device’s OE pin; when there is an
data buffer, the read cycle data can only be output \
signal is low

WAIT Input Don’t care Hardware wait input

BRLS Input Input Bus release request input

BGR Output  Output Bus grant output

CKE Output  Output Synchronous DRAM clock enable control. Signal fol
synchronous DRAM self-refresh

IVECF Output  Output Interrupt vector fetch

DREQO Input Input DMA request O

DACKO Output  Output DMA acknowledge O
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WE2

the second byte (D23 to D16). For ordinary space,
writing to the second byte

DQMLU/ Output Hi-Z When synchronous DRAM is used, connected to L
WE1 the third byte (D15 to D8). For ordinary space, indi
to the third byte
DQMLL/ Output Hi-Z When synchronous DRAM is used, connected to L
WEO the least significant byte (D7 to DO). For ordinary s

indicates writing to the least significant byte
CAS3 Output  Hi-Z When DRAM is used, connected to CAS pin for th
significant byte (D31 to D24)
CAS2 Output Hi-Z When DRAM is used, connected to CAS pin for th
byte (D23 to D16)
CAS1 Output  Hi-Z When DRAM is used, connected to CAS pin for th
(D15 to D8)
CASO Output Hi-Z When DRAM is used, connected to CAS pin for th
significant byte (D7 to DO)
STATSO, Output  Output Bus master identification 00: CPU
STATS1 01: DMAC
10: E-DMAC
11: Other
BUSHIZ Input Input Signal used in combination with WAIT signal to ple

strobe signals in the high-impedance state without
bus cycle.

Note: Hi-Z: High impedance
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Initialization Procedure: Do not access a space other than CSO until the settings for tt

to memory are completed.

Table7.2 Register Configuration

Abbre- Initial
Name viation R/W  Value  Address*! A
Bus control register 1 BCR1 R/W H'03FO0 H'FFFFFFEO 1
Bus control register 2 BCR2 R/W H'OOFC H'FFFFFFE4 1
Bus control register 3 BCR3 R/W H'OFO0 H'FFFFFFFC 1
Wait control register 1 WCR1 R/W H'AAFF HFFFFFFE8 1
Wait control register 2 WCR2 R/W H'000B H'FFFFFFCO 1
Wait control register 3 WCR3 R/W H'0000 H'FFFFFFC4 1
Individual memory control register MCR R/W H'0000 H'FFFFFFEC 1
Refresh timer control/status register RTCSR R/W H'0000 H'FFFFFFFO 1
Refresh timer counter RTCNT R/W H'0000 H'FFFFFFF4 1
Refresh time constant register RTCOR R/W H'0000 H'FFFFFFF8 1

Notes: 1. This address is for 32-bit accesses; for 16-bit accesses add 2.
2. 16-bit access is for read only.
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The chip has 16-kbyte RAM as on-chip memory. The on-chip RAM is divided into ar
aY area, which can be accessed in parallel with the DSP instruction. See the SH-1/SF
Programming Manual for more information.

There are several spaces for cache control. These include the associative purge space
purges, address array read/write space for reading and writing addresses (address tags
array read/write space for forced reads and writes of data arrays.

Table7.3 AddressMap

Address Space Memory

H'00000000-H'01FFFFFF CSO space, cache area Ordinary space or burst
ROM

H'02000000-H'03FFFFFF  CS1 space, cache area Ordinary space

H'04000000-H'05FFFFFF  CS2 space, cache area Ordinary space or
synchronous DRAM*?

H'06000000-H'07FFFFFF  CS3 space, cache area Ordinary space,
synchronous DRAM*?, or
DRAM

H'08000000-H'09FFFFFF  CS4 space, cache area Ordinary space (I/O
device)

H'0A000000-H'OFFFFFFF  Reserved™!

H'10000000-H'1000DFFF  Reserved*!

H'1000EO000-H'1000EFFF On-chip X RAM area

H'1000F000—H'1001DFFF Reserved*!

H'1001E000-H'1001EFFF On-chip Y RAM area

H'1001F000-H'1FFFFFFF Reserved*!

H'20000000-H21FFFFFF CSO space, cache-through  Ordinary space or burst

area ROM
H'22000000-H'23FFFFFF CS1 space, cache-through  Ordinary space
area
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H'40000000-H'49FFFFFF

Associative purge space

H'4A000000-H'5FFFFFFF

Reserved*?

H'60000000-H'7FFFFFFF

Address array, read/write
space

H'80000000—-H'BFFFFFFF

Reserved”™!

H'C0000000—-H'CO000FFF

Data array, read/write space

H'C0001000—H'DFFFFFFF

Reserved*?

H'E0000000-H'FFFEFFFF
H'FFFF0000—HFFFFOFFF

Reserved*!

For setting synchronous
DRAM mode

H'FFFF1000-H'FFFF7FFF

Reserved™!

H'FFFF8000—H'FFFF8FFF

H'FFFFC000—H FFFFBFFF

For setting synchronous
DRAM mode

Reserved™!

H'FFFFFCO0-H'FFFFFFFF

On-chip peripheral modules

Notes: 1. Do not access reserved spaces, as operation cannot be guaranteed.

2. Bank-active mode is not supported for CS2 space synchronous DRAM acce
precharge mode is always used.

Bank-active mode is supported for CS3 space synchronous DRAM access.
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R/W: R R/W R/W R/W R/W R R/

Bit: 7 6 5 4 3 2 1
AlLW1 | A1ILWO | AOLW1 | AOLWO | A4EN | DRAM2 | DRAN
DIAN
Initial value: 1 1 1 1 0 0 0

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

Initialize the ENDIAN, BSTROM, PSHR, and DRAM2 to DRAMO bits after a power
and do not change their values thereafter. To change other bits by writing to them, wri
value as they are initialized to. Do not access any space other than CS0 until the regis
initialization ends.

Bit 15—Reserved: Thishit is always read as 0. The write value should always be 0.

Bits 14 and 13—Long Wait Specification for Area4 (A4LW1, A4LWO0): From 3 to 1:
areinserted in C$4 space accesses when the wait control bits (W41, W40) in wait cor
2 (WCR2) are set aslong wait (i.e., are set to 11) (seetable 7.4).

Bit 12—Endian Specification for Area2 (A2ENDIAN): In big-endian format, the M S
dataisthe lowest byte address and byte data goes in order toward the LSB. For little-e
format, the LSB of byte datais the lowest byte address and byte data goes in order tov
MSB. When this bit is 1, the datais rearranged into little-endian format before transfe
CS2 spaceisread or written to. It is used when handling data with little-endian proces
running programs written with conscious use of little-endian format.

Note: Datarearrangement into little-endian format requires no extra processing time

Bit 12: A2ENDIAN Description
0 Big-endian
1 Little-endian
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memory interface s-netting is made for CS2 and CS3, from 3 to 14 wait cycles areinserte
CS3 accesses when the bits specifying the respective area waits in the wait control bits
W20 or W31, W30) in wait control register 1 (WCR1) are set aslong waits (i.e., are se
table 7.4).

Bits 7 and 6—Long Wait Specification for Area 1l (A1LW1, A1LWO): From 3 to 14 w:
areinserted in area 1 accesses when the wait control bits (W11, W10) in wait control re
(WCRL) are set aslong wait (i.e., are set to 11) (seetable 7.4).

Bits 5 and 4—Long Wait Specification for Area 0 (AOLW1, AOLWO): When the basic
interface setting is made for CS0, from 3 to 14 wait cycles are inserted in CSO accesses
wait control bits (W01, WO0O0) in wait control register 1 (WCR1) are set as long wait (i.¢
11) (seetable 7.4).

Bit 3—Endian Specification for Area4 (A4ENDIAN): In big-endian mode, the most si
byte (MSB) is the lowest byte address, and byte data is aligned in order toward the |eas
byte (LSB). In little-endian mode, the LSB is the lowest byte address, and byte datais:
order toward the MSB. When thisbit is set to 1, datain read/write accesses to the CS4
rearranged into little endian order before being transferred. Thisis used for data exchar
little-endian processor or when executing a program written with awareness of little-en

Note: Datarearrangement into little-endian format requires no extra processing time.

Bit 3: A4ENDIAN Description
0 Big endian (
1 Little endian
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1 CoSZ and Cos are synchronous DRAM spaces

1 0 Reserved (do not set)

1 Reserved (do not set)

Table7.4 Wait Values Corresponding to BCR1 and BCR3 Register Settings (/

BCR3 BCR1

AnLW2 AnLW1 AnLWO Wait Value
0 0

3 cycles inserted

4 cycles inserted

5 cycles inserted

6 cycles inserted

8 cycles inserted

10 cycles inserted

12 cycles inserted

H
o
P Ol Ok O | O

14 cycles inserted (

Note: n=0to4
AHLW?2, AHLW1, and AHLWO are common to CS2 and CS3.
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\ A3SZ1 \ A3SZ0 \ A2S71 \ A2SZ0 \ A1SZ1 \ A1SZ0 \ —
Initial value: 1 1 1 1 1 1 0
RW: RW RIW RIW RIW RIW RIW

Initialize BCR2 after a power-on reset and do not write to it thereafter. When writing tc
the same values as those the bits are initialized to. Do not access any space other than (
the register initialization ends.

The CS0 space bus size specification is set with pins MD4 and MD3. See section 3.3, (
Bus Width of the CS0 Area, for details.

Bits 15 to 10—Reserved: These bits are always read as 0. The write value should alway
Bits 9 and 8—Bus Size Specification for Area4 (C$4) (A4SZ1, A4SZ0)

Bit 9: A4SZ1 Bit 8: A4SZ0 Description

0 0 Longword (32-bit) size (Ir
1 Byte (8-bit) size

1 0 Word (16-bit) size
1 Longword (32-bit) size

Bits 7 and 6—Bus Size Specification for Area 3 (CS3) (A3SZ1, A3SZ0). Effective onl:
ordinary space is set.

Bit 7: A3Sz1 Bit 6: A3SZ0 Description

0 0 Reserved (do not set)
1 Byte (8-bit) size
1 0 Word (16-bit) size
1 Longword (32-bit) size (Ir
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Bits 3 and 2—Bus Size Specification for Area 1 (CS1) (A1SZ1, A1SZ0)

Bit 3: A1SZ1 Bit 2: A1SZ0

Description

0 0 Reserved (do not set)
1 Byte (8-bit) size
1 0 Word (16-bit) size
1 Longword (32-bit) size (

Bits 1 and 0—Reserved: These bits are always read as 0. The write value should alwa

7.2.3 Bus Control Register 3 (BCR3)

Bitt 15 14 13 12 11 10 9

\ — \ — \ — \ — \ AALW2 \ AHLW?2 \ ALV

Initial value: 0 0 0 0 1 1 1
RW: R R RW  RW  RM

Bitt 7 6 5 4 3 2 1
‘DSWWl‘DSWWO‘ — \ — \ — \ BASEL \ EDC

Initial value: 0 0 0 0 0 0 0
RW: RW  RMW RW  RM

Initialize the BASEL, EDO, and BWE bits after a power-on reset and do not write to
thereafter. To change other bits by writing to them, write the same value asthey areir
Do not access any space other than CS0 until the register initialization ends.

Bits 15 to 12—Reserved bits: These bits are always read as 0. The write value should

Bits 11 to 8—Long Wait Specification for Areas 0to 4 (AnLW2): When the basic me
interface setting is made for CS n, from 3 to 14 wait cycles are inserted in CS n acces
according to the combination with the long wait specification bits (AnLW1 and AnLV

RENESAS

Rev. 2.00, 03/05, pac



1 wait
1 0 2 waits
Reserved (do not set)

Bits 5 to 3—Reserved bits: These bits are aways read as 0. The write value should alw

Bit 2—Number of Banks Specification when Using 64M Synchronous DRAM (BASE!
64M synchronous DRAM is specified by AMX2 to AMX0 in MCR, the number of bar
specified.

Bit 2: BASEL Description

0 4 banks (Ir
1 2 banks

Bit 1—EDO Mode Specification (EDO): Enables EDO mode to be specified when DR,
specified for CS3 space.

Bit 1: EDO Description
0 High-speed page mode (Ir
1 EDO mode

Bit 0—Synchronous DRAM Burst Write Specification (BWE): Enables burst write mo
specified when synchronous DRAM is specified for CS2 or CS3 space.

Bit 0: BWE Description
0 Single write mode (I
1 Burst write mode
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‘ W31 ‘ W30 ‘ W21 ‘ W20 ‘ W11l ‘ w10 ‘
Initial value: 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/M

Do not access a space other than CS0 until the settings for register initialization are cc

Bits 15 to 8—Idles between Cycles for Areas 3 to 0 (IW31 to IW00): These bits speci
cycles inserted between consecutive accesses to different CS spaces. Idles are used to
conflict between ROM or the like, which is slow to turn the read buffer off, and fast n
I/O interfaces. Even when access isto the same space, idle cycles must be inserted wh
access isfollowed immediately by a write access. Theidle cyclesto be inserted comp!
specification for the previously accessed space. The set values below show the minim
of idle cycles; more cycles than indicated by the Idles between Cycles setting may act
inserted.

IW31, IW21, w11, IW01 IW30, IW20, IW10, IW00 Description

0 0 No idle cycle
1 One idle cycle inserted

1 0 Two idle cycles inserted  (
1 Four idle cycles inserted
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1 Complies with the long wait speci
bus control register 1, 3 (BCR1, E
External wait input is enabled (Ir

*  When CS3is DRAM, the number of CAS assert cyclesis specified by wait control
and W30

Bit 7: W31 Bit 6: W30 Description
0 0 1 cycle
1 2 cycles
1 0 3 cycles
1 Reserved (do not set)

When external wait mask bit ASWM in WCR2 is 0 and the number of CAS assert ¢
to 2 or more, external wait input is enabled.

e When CS2 or CS3is synchronous DRAM, CAS latency is specified by wait control
and W30, and W21 and W20, respectively

W31, W21 W30, W20 Description
0 0 1 cycle
1 2 cycles
1 0 3 cycles
1 4 cycles (I

With synchronous DRAM, external wait input is ignored regardless of any setting.
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‘ —_ —_ —_ —_ ‘ IW41 ‘ W40 ‘ W4
Initial value: 0 0 0 0 1 0 1
R/W: R R R R R/W R/W R/M

Bits 15 and 14—Number of External Waits Specification for Area4 (A4WD1, AAWL
bits specify the number of cycles between acceptance of CS4 space external wait nege
or WEn negation.

Bit 15: A4WD1 Bit 14: A4WDO Description

0 0 1 cycle (
1 2 cycles

1 0 4 cycles
1 Reserved (do not set)

Bit 13—Reserved bit. This bit is always read as 0. The write value should always be (

Bits 12 to 8—External Wait Mask Specification for Areas 0 to 4 (A4WM to AOWM):
enable waits to be masked for CS spaces 0 to 4. When a value other than 00 is set in t
control bits for CS spaces 0 to 4 (W41 to W00), external wait input can be enabled, bt
input can be masked by setting these bitsto 1. With synchronous DRAM, external wa
ignored regardless of the settings.
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1 Don’'t care Don't care

External wait input ignored

Bits 7 to 4—Reserved bits: These bits are always read as 0. The write value should alw

Bits 3 and 2—Idles between Cycles for Area4 (IW41, IW40): These bits specify idle
inserted between cyclesin C$4 in the same way asfor CS 0 to 3. The set values below
minimum number of idle cycles, more cycles than indicated by the I dles between Cycle

may actually be inserted.

Bit 3: w41 Bit 2: W40 Description

0 0 No idle cycle
1 One idle cycle inserted

1 0 Two idle cycles inserted (I
1 Four idle cycles inserted

Bits 1 and 0—Wait Control for Area4 (W41, W40): These bits specify waits for C4 il

way asfor areas 0to 3.

Description

No wait. External wait input disabled without we

One wait. External wait input enabled with one:

Two waits. External wait input enabled with two

Bit 1: W41l Bit 0: W40
0 0

1
1 0

1

Complies with the long wait specification of bus
registers 1 and 3 (BCR1, BCR3). External wait
enabled (I
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‘ASSHWl ‘ASSHWO‘AZSHWl ‘AZSHWO‘AlSHWl ‘AlSHWO‘AOSH\
Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/M

Bits 15 and 14—Reserved hits: These bits are always read as 0. The write value shoul
0.

Bits 13 to 11—CS4 Address/CS4 to RD/WEn Assertion (A4SW2 to A4SWO): These
the number of cycles from address/CS4 output to RD/WEn assertion for the CS4 spac

Bit 13: A4SW2 Bit 12: A4SW1 Bit 11: A4SWO Description

0 0 0 0.5 cycles (
1 1.5 cycle
1 0 3.5 cycles
1 5.5 cycles
1 0 0 7.5 cycles
1 Reserved (do not set)
1 0 Reserved (do not set)
1 Reserved (do not set)

Bit 10—Reserved bit: This bit is always read as 0. The write value should always be (

Bits 9 and 8—Area 4 RD/WEn Negation to Address/CS4 Hold (A4HW1, A4HWO): T
specify the number of cycles from RD/WEn negation to address/CS4 hold for the C

Bit 9: A4HW1 Bit 8: A4HWO Description

0 0 0.5 cycle, CS4 hold cycle = 0 cycles (
1 1.5 cycle, CS4 hold cycle = 1 cycle

1 0 3.5 cycle, CS4 hold cycle = 3 cycles
1 5.5 cycle, CS4 hold cycle = 5 cycles

Rev. 2.00, 03/05, pac
RENESAS



4 4.9 LyLIC, Loll TIUIU LyLIT = L LyLIT

1 0 2.5 cycle, CSn™ hold cycle = 2 cycles
1 Reserved (do not set)

Note: * n=0to3

7.2.7 Individual Memory Control Register (M CR)

Bit: 15 14 13 12 11 10 9
\ TRPO \ RCDO ‘TRWLO \ TRAS1 \ TRASO \ BE \ RASC
Initial value: 0 0 0 0 0 0 0

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

Bitt 7 6 5 4 3 2 1
\ AMX2 \ sz \ AMX1 \ AMXO0 \ RFSH ‘RMODE‘ TRP1
Initial value: 0 0 0 0 0 0 0

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

The TRP1, TRPO, RCD1, RCDO, TRWL1, TRWLO, TRASL, TRASO, BE, RASD, AM
AMXO0 and SZ hits are initialized after a power-on reset. Do not write to them thereafte
writing to them, write the same values asthey are initialized to. Do not access CS2 or (
register initialization is completed.

Bits 1 and 15—RAS Precharge Time (TRP1, TRPQ): When DRAM is connected, Speci
minimum number of cycles after RAS is negated before the next assert. When synchro
DRAM is connected, specifies the minimum number of cycles after precharge until ab
command is output. See section 7.5, Synchronous DRAM Interface, for details.
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e For synchronous DRAM Intertace

Bit 1: TRP1 Bit 15: TRPO Description

0 0 1 cycle (
1 2 cycles

1 0 3 cycles
1 4 cycles

Bits 0 and 14—RAS-CAS Delay (RCD1, RCD0): When DRAM is connected, specifi
number of cycles after RAS is asserted before CAS is asserted. When synchronous DI
connected, specifies the number of cycles after abank active (ACTV) command isiss
read or write command (READ, READA, WRIT, WRITA) is issued.

Bit 0: RCD1 Bit 14: RCDO Description

0 0 1 cycle (
1 2 cycles

1 0 3 cycles
1 Reserved (do not set)

Bits 8 and 13—Write-Precharge Delay (TRWL1, TRWLO): When the synchronous D
in the bank active mode, this bit specifies the number of cycles after the write cycle b
start-up of the auto-precharge. Based on this number of cycles, the timing at which th
command can be issued is calculated within the bus controller. In bank active mode, t
specifies the number of cycles before the precharge command is issued after the write
issued. This bit isignored when memory other than synchronous DRAM is connected

Bit 8: TRWL1 Bit 13: TRWLO Description

0 0 1 cycle (
1 2 cycles

1 0 3 cycles
1 Reserved (do not set)
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1 5 cycles

After an auto-refresh command isissued, a bank active command is not issued for TRA
regardless of the TRP bit setting. For synchronous DRAM, there is no RAS assertion p
thereisalimit for the time from the issue of arefresh command until the next access. T
set to observe this limit. Commands are not issued for TRAS cycles when self-refresh i

» For synchronous DRAM interface

Bit 12: TRAS1 Bit 11: TRASO Description

0 0 3 cycles (I
1 4 cycles

1 0 6 cycles
1 9 cycles

Bit 10—Burst Enable (BE)

Bit 10: BE Description
0 Burst disabled (Ir
1 High-speed page mode during DRAM and EDO interfacing is enable

Burst access conditions are as follows:

« Longword access, cache fill access, or DMAC 16-byte transfer,
bus width
e Cache fill access or DMAC 16-byte transfer, with 32-bit bus widt

During synchronous DRAM access, burst operation is always enabl
regardless of this bit
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For synchronous DRAM, access ends in the bank active state. Thi
valid for area 3. When area 2 is synchronous DRAM, the mode is
precharge

Bits 7, 5, and 4—Address Multiplex (AM X2 to AMX0)
* For DRAM interface

Bit 7. AMX2 Bit5: AMX1 Bit4: AMX0 Description

0 0 0 8-bit column address DRAM
9-bit column address DRAM
10-bit column address DRAM
11-bit column address DRAM

Reserved (do not set)

Reserved (do not set)

Reserved (do not set)

A
o
PO, Ok O|F

Reserved (do not set)
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- o~ ~ o~ VIR RS RS A AT I b B

A
SDRAM (4M x 32 hits)**

1 64-Mbit SDRAM (8M x 8 bits)**, 128-
SDRAM (8M x 16 bits)****, 256-Mbit -
(8M x 32 bits)*™*°

1 0 Reserved (do not set)
1 2-Mbit SDRAM (128k x 16 hits)
Notes: 1. When SZ bitin MCR is 0 (16-bit bus width), these settings are reserved and
be made.

2. See figure 7.34, 64-Mbit Synchronous DRAM (2 Mwords x 32 Bits) Connect
Example, for the method of connection to a 64-Mbit SDRAM (2M x 32 hits).

3. See figure 7.35 for the method of connection to a 128-Mbit SDRAM (4M x 3:

4. Connect a 128-Mbit SDRAM with (8M x 16 bits) through a 32-bit bus as sho
7.36.

5. See figure 7.37 for the method of connection to a 256-Mbit SDRAM (8M x 3

Bit 6—Memory Data Size (S2): For synchronous DRAM and DRAM space, the data k
BCR2 isignored in favor of the specification of this bit.

Bit 6: SZ Description
0 Word (16 bits) (Ir
1 Longword (32 bits)
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mode is entered immediately after the RMODE bit is set to 1. When the RFSH bit is 1
is0, aCAS-before-RAS refresh or auto-refresh is performed at the interval set in the ¢
timer. When arefresh request occurs during an external area access, the refresh is per
the access cycle is completed. When set for self-refresh, self-refresh mode is entered i
unless the chip isin the middle of a synchronous DRAM area access, in which case s
mode is entered when the access ends. Refresh requests from the interval timer areigr
self-refresh.

Bit 2. RMODE Description

0 Normal refresh (
1 Self-refresh
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\ CMF \ CMIE \ CKS2 \ CKS1 \ CKSO0 \ RRC2 \ RRC1
Initial value: 0 0 0 0 0 0 0
RW: R RIW RIW RIW RIW RIW RIW

Bits 15 to 8—Reserved: These bits are always read as 0. The write value should always

Bit 7—Compare Match Flag (CMF): This status flag, which indicates that the values of
and RTCOR match, is set/cleared under the following conditions:

Bit 7. CMF Description
0 [Clearing condition]

After RTCSR is read when CMF is 1, 0 is written in CMF
1 [Setting condition]

RTCNT = RTCOR

Bit 6—Compare Match Interrupt Enable (CMIE): Enables or disables an interrupt requ
by the CMF bit of RTCSR when CMFissetto 1.

Bit 6: CMIE Description
0 Interrupt request caused by CMF is disabled (Ir
1 Interrupt request caused by CMF is enabled
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Bits 2 to 0—Refresh Count (RRC2 to RRCO): These bits specify the number of conse
refreshes to be performed when the refresh timer counter (RTCNT) and refresh time
register (RTCOR) values match and arefresh request is issued.

Bit 2. RRC2 Bit 1: RRC1 Bit 0: RRCO Description

0 0 0 1 refresh
1 2 refreshes
1 0 4 refreshes
1 6 refreshes
1 0 0 8 refreshes
1 Reserved (do not set)
1 0 Reserved (do not set)
1 Reserved (do not set)

7.29 Refresh Timer Counter (RTCNT)

Bit: 15 14 13 12 11 10 9
A Ml - T R s

R/W:

Bit: 7 6 5 4 3 2 1
Initial value: ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0

R/W: R/W R/W R/W R/W R/W R/W RM
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Initial value: 0 0 0 0 0 0 0

R/W:
Bit: 7 6 5 4 3 2 1
| | | | | | |
Initial value: 0 0 0 0 0 0 0

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

RTCOR is an 8-hit read/write register. The values of RTCOR and RTCNT are constan
compared. When the values correspond, the compare match flag (CMF) in RTCSR is s
RTCNT iscleared to 0. When the refresh bit (RFSH) in the individual memory control

(MCR) isset to 1, arefresh request signal occurs. The refresh request signal is held unt
operation is actually performed. If the refresh request is not processed before the next r
previous request becomes ineffective.

When the CMIE bit in RTCSR is set to 1, an interrupt request is sent to the controller b
match signal. The interrupt request is output continuously until the CMF bit in RTCSR
When the CMF bit clears, it only affects the interrupt; the refresh request is not cleared
operation. When arefresh is performed and refresh requests are counted using interrupi
can be set simultaneously with the interval timer interrupt.

Bits 15 to 8—Reserved: These hits are aways read as 0. The write value should alway:
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width of devices connected to the respective spaces is specified statically, and the dat:
cannot be changed for each access cycle. Figures 7.2 to 7.4 show the relationship betv
data widths and access units.

32-bit external device (ordinary)

A24-A0 :DSl ,D23 ,D15 ,D7 DO: Data input/output pin

000000 7 0 Byte read/write of addre
000001 7 0 Byte read/write of addre!
000002 7 0 Byte read/write of addre!
000003 7 0 Byte read/write of addre:
000000 15 8,7 0 Word read/write of addre
000002 15 8,7 0 Word read/write of addre
000000 31 24 | 23 16, 15 8,7 0 Longword read/write of ¢

Figure 7.2 32-Bit External Devicesand Their Access Units

16-bit external device (ordinary)

A24-A0 :D15 ,D7 DO: Data input/output pin

000000 7 0 Byte read/write of address 0
000001 7 0 Byte read/write of address 1
000002 7 0 Byte read/write of address 2
000003 7 0 Byte read/write of address 3
000000 15 0 Word read/write of address 0
000002 15 0 Word read/write of address 2
000000 31 16

000002 15 0 / Longword read/write of address 0

Figure 7.3 16-Bit External Devicesand Their Access Units
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000003 7 0 ) Word read/write of address 2
000000 31 24
000001 23 16
000002 15 8
000003 7

o

Longword read/write of address O

Figure 7.4 8-Bit External Devicesand Their Access Units

7.3.2 Connection to Little-Endian Devices

The chip provides a conversion function in CS2, C34 space for connection to and to m:
compatibility with devices that use little-endian format (in which the LSB is the O posit
byte data lineup). When the endian specification bit of BCR1 isset to 1, CS2, C4 spa
endian. The relationship between device datawidth and access unit for little-endian for
shown in figures 7.5, 7.6, and 7.7. When sharing memory or the like with alittle-endia
master, the SH7615 connects D31 to D24 to the least significant byte (LSB) of the othe
master and D7 to DO to the most significant byte (M SB), when the bus width is 32 bits.
width is 16 bits, the SH7615 connects D15 to D8 to the least significant byte of the oth
master and D7 to DO to the most significant byte.

Only data conversion is supported by this function. For this reason, be careful not to pl:
program code or constants in the CS2, C4 space. When this function is used, make sul
access unit is the same for writing and reading. For example, data written by longword
should be read by longword access. If the read access unit is different from the write ac
an incorrect value will be read.

Rev. 2.00, 03/05, page 280 of 884
RENESAS



(01010,0,0.0 By} v, 1o O, £o 10, ol <4 Longword read/write or ¢

Figure 7.5 32-Bit External Devicesand Their Access Units

16-bit external device (little-endian)

A24-A0 =D15 ,D7 DO: Data input/output pin
000000 7 0 Byte read/write of address 0
000001 7 0 Byte read/write of address 1
000002 7 0 Byte read/write of address 2
000003 7 0 Byte read/write of address 3
000000 7 0,15 8 Word read/write of address O
000002 7 0,15 8 Word read/write of address 2
000000 7 0,15

8
000002 23 16 , 31 24) Longword read/write of address 0

Figure 7.6 16-Bit External Devicesand Their Access Units

8-bit external device (little-endian)

A24-A0 |D7—DO| Data input/output pin

000000 7 0 Byte read/write of address 0
000001 7 0 Byte read/write of address 1
000002 7 0 Byte read/write of address 2
000003 7 0 Byte read/write of address 3
000000 7 0 .

000001 15 8 ) Word read/write of address 0
000002 7 0 .

000003 15 8 ) Word read/write of address 2
000000 7 0

000001 15 8

000002 ﬂ Longword read/write of address 0

000003 31 24

Figure7.7 8-Bit External Devicesand Their AccessUnits
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The access size is not specified during aread. The correct access start address will be 0
L SB of the address, but since no access size is specified, the read will always be 32 bit:
devices and 16 bits for 16-bit devices. For writes, only the WE signal of the byte that w
written is asserted. For 32-bit devices, WE3 specifies writing to a 4n address and WEO
writing to a4n+3 address. For 16-bit devices, WE1 specifies writing to a 2n address an
specifies writing to a 2n+1 address. For 8-bit devices, only WEQ is used.

When data buses are provided with buffers, the RD signal must be used for data output
direction. When RD/WR signals do not perform accesses, the chip stays in read status,
danger of conflicts occurring with output when thisis used to control the external data
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RD/WR

&l
O

Read

D31-D0

|

=
=

Write
D31-DO0

DACKn*

Note: * DACKn waveform when active-low is specified.

Figure 7.8 Basic Timing of Ordinary Space Access

When making a word or longword access with an 8-bit bus width, or alongword acce
bit bus width, the bus state controller performs multiple accesses.

When clock ratio except | @:E@= 1:1, the basic timing shown in figure 7.8 is repeated,
clock ratio |g:Eq@is 1:1, burst access with no CSn negate period is performed as show

7.9.

RENESAS
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|

|

|
RD/WR X

I

|

— [ [
Read : I : I : I : |
| | | | | |
| | ' | T
| | ' | [ | ' |
| [ : | | [ : |
WEn N TN
| | |
Write ' ' | | : ! | |
| : | : | : | :
D15-D0 ! , ! A ! |
| | [ | [ | [ |
| | : | ' | : |
' | ' |
| ' |

Note: * DACKn waveform when active-low is specified.

Figure 7.9 Timing of Longword Accessin Ordinary Space Using 16-Bit Bus
(Clock Ratio l@:E@=1:1)

Figure 7.10 shows an example of 32-bit data width SRAM connection, figure 7.11 an €
16-bit data width SRAM connection, and figure 7.12 an example of 8-bit data width SF
connection.
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DQMUU/WE3 WE
D23 I
D16 | PO
DQMUL/WE2 A:lﬁ
P15 %0
o0 &
DQMLU/WET o7
D7 :
DQMLL/WEO [
Al6
AO
cs
OE
1107
liely
WE
A16
AO
cs
OE
1107
liely
WE

Figure7.10 Example of 32-Bit Data Width SRAM Connection
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DQMLU/WE1 WE
D7
DO
DQMLL/WEO . A:16
AO
cs
OE
1107
/00
WE

Figure7.11 Example of 16-Bit Data Width SRAM Connection

_ 128 k x ¢
This LSI SRAN
Al6 Al6
AO AQ
csn cs
RD OE
D7 1107
DO 100
DQMLL/WED WE

Figure7.12 Example of 8-Bit Data Width SRAM Connection
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wait timing for ordinary access space shown in figure 7.13. The names of the control |

and BCRS3, a Tw cycleisinserted as await cycle as long as the number of specified c)
specify Tw for each CS space are shown in table 7.5.

ed.

W.T | |

CKIO
A24-A0
n
RD/WR
DACKn*

I
—T—>

I I
| I
I I
| |
I |
! I
X
! I
I I
I
I\ I
| |
| T
| |
| |

I
X
I I
| |
1
| |
I I
| |
I I
| |
T I
| |
I I
I I
| |
I I
. | |
| L
D31-D0 —H I
| +
I I
! |
I
| |

I
| |
I
| |
T\
| T

Note: * DACKn waveform when active—low is specifi

Rev. 2.00, 03/05, pac

RENESAS

Figure7.13 Wait Timing of Ordinary Space Access (Software Wait Or




When await is specified by software using WCR1 and WCR2 (Wn1, Wn0), and the ex
mask bit (AnWM) is cleared to 0 in WCR2, the wait input WAIT signal from outside i
Figure 7.14 shows WAIT signal sampling. A 2-cycle wait is specified as a software wa
sampling is performed when the Tw state shiftsto the T, state, so thereis no effect eve
WAIT signal is asserted in the T, cycle or thefirst Tw cycle. The WAIT signal is samp
clock fall.
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Note: * DACKn waveform when active-low is specified.

Figure7.14 Wait State Timing of Ordinary Space Access
(Wait Statesfrom WAIT Signal)
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Note: * DACKn waveform when active-low is specified.

Figure7.15 Wait State Timing of Ordinary Spacein C$4 Space
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Address

Data
WEn

Data

Read <

Write <

RD/WR

DACKn*

Note: * DACKn waveform when active-low is specified.

Figure7.16 CS Assertion Period Extension Function
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751 Synchronous DRAM Direct Connection

Seven kinds of synchronous DRAM can be connected: 2-Mbit (128k x 16), 4-Mbit (25
16-Mbit (1M x 16, 2M x 8, and 4M x 4), and 64-Mbit (4M x 16 and 8M x 8). This chij
64-Mbit synchronous DRAMs internally divided into two or four banks, and other sync
DRAMSs internally divided into two banks. Since synchronous DRAM can be selected |
signal, CS2 and CS3 spaces can be connected using a common RAS or other control si
the memory enable bitsfor DRAM and other memory (DRAM2 to DRAMO) in BCR1
001, CS2isordinary space and CS3 is synchronous DRAM space. When the DRAM2
bits are set to 100, CS2 is synchronous DRAM space and CS3 is ordinary space. When
set to 101, both CS2 and CS3 are synchronous DRAM spaces.

Supported synchronous DRAM operating modes are burst read/single write mode (initi
and burst read/burst write mode. The burst length depends on the data bus width, comp
burstsfor a 16-bit width, and 4 bursts for a 32-bit width. The data bus width is specifie
bit in MCR. Burst operation is always performed, so the burst enable (BE) bit in MCR
Switching to burst write mode is performed by means of the BWE bhit in BCR3.

Control signals for directly connecting synchronous DRAM are the RAS, CAS/OE, RL
or CS3, DQMUU, DQMUL, DQMLU, DQMLL, and CKE signals. Signals other than ¢
CS3 are common to every area, and signals other than CKE are valid and fetched only
or CS3 istrue. Therefore, synchronous DRAM can be connected in parallel in multiple
is negated (to the low level) only when a self-refresh is performed; otherwiseit is awa
(to the high level).

Commands can be specified for synchronous DRAM using the RAS, CAS/OE, RD/WF
certain address signals. These commands are NOP, auto-refresh (REF), self-refresh (SE
bank precharge (PALL), specific bank precharge (PRE), row address strobe/bank activi
read (READ), read with precharge (READA), write (WRIT), write with precharge (WF
mode register write (MRS).

Bytes are specified using DQMUU, DQMUL, DOMLU, and DQMLL. The read/write
performed on the byte whose DQM is low. For 32-bit data, DQMUU specifies 4n addr
and DQMLL specifies 4n + 3 address access. For 16-bit data, only DOMLU and DQM
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CKIO CLK
CKE CKE
CSn Ccs
RAS RAS
CAS/OE CAS
RD/WR WE
D31 11015
D16 1/00
DQMUU/WE3 DQMU
DQMUL/WE2 DQML
D15
DO : A:9
DQMLU/WET a0
DQMLL/WEO CLK
CKE
CS
RAS
CAS
WE
11015
1/00
DQMU
DQML

Figure 7.17 Synchronous DRAM 32-bit Device Connection
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CAS/OE CAS
RD/WR WE
D15 11015
DO 1/00
DQMLU/WET DQMU
DQMLL/WEO DQML

Figure7.18 Synchronous DRAM 16-bit Device Connection

752 Address M ultiplexing

Addresses are multiplexed according to the MCR’s address multiplex specification hits
AMXO0 and size specification bit SZ so that synchronous DRAMs can be connected to
directly without an external multiplex circuit. Table 7.6 shows the relationship betweer
multiplex specification bits and bit output to the address pins.

A24 to A16 always output the original value regardless of multiplexing.

When SZ = 0, the data width on the synchronous DRAM sideis 16 bits and the LSB of
device's address pins (AQ) specifies word address. The A0 pin of the synchronous DR/
connected to the A1 pin of the SH7615, the rest of the connection proceeding in the sar
beginning with the Al pin to the A2 pin.

When SZ = 1, the data width on the synchronous DRAM sideis 32 bits and the LSB of
device's address pins (A0) specifies longword address. The AO pin of the synchronous
thus connected to the A2 pin of the SH7615, the rest of the connection proceeding in tf
order, beginning with the A1 pin to the A3 pin.
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address

Row A10-A17 A18 Al19 A20 A21 A22*?
address

Column Al1-A8 A9 Al0 All L/H*' A23*2
address

Row A11-A18 A19 A20 A21 A22 A23*?
address

Column A1-A8 A9  L/H*' A19*2 A12 A13
address

Row A9-A16 Al7 Al8 A19*2 A20 A21
address

Column A1-A8 A9 A10 A1l L/H*! A13
address

Row A9-A16 Al7 Al18 Al19 A20 A21
address

Column A1-A8 A9 A10 A1l L/H*! A13
address

Row A10-Al17 A18 Al19 A20 A21 A22
address

Column Al1-A8 A9  L/H*' A18*2 A12 A13
address

Row A9-A16 Al7 Al7 A18"% A20 A21
address

Column A1-A8 A9 A10 L/H*' A20*2 A13
address

Row A9-A16 Al7 Al8 A19 A20"% A21
address
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address

0 1 1 1 Column A1-A8 L/H*' A17*? A1l Al12 Al13 A
address
Row A9-A16 Al6 Al17*2 A19 A20 A21 A
address

Notes: AMX2 to AMXO setting 110 is reserved and must not be used. When SZ = 0, AN
AMXO settings 001, 010, and 101 are also reserved and must not be used.

1. L/His a bit used to specify commands. It is fixed at L or H according to the &
mode.

2. Bank address specification.
3. Bank address specification when using four banks.

75.3 Burst Reads

Figure 7.19 (a) and (b) show the timing charts for burst reads. In the following example
synchronous DRAMs of 256k x 16 bits are connected, the data width is 32 bits and the
lengthis 4. After aTr cycle that performs ACTV command output, a READA commar
inthe Tc cycle, read datais accepted in cycles Td1 to Td4, and the end of the read sequ
waited for inthe Tde cycle. One Tde cycle isissued when [@:E@# 1:1, and two cycles)
= 1:1. Tapisacyclefor waiting for the completion of the auto-precharge based on the
command within the synchronous DRAM. During this period, no new access commanc
issued to the same bank. Accesses of the other bank of the synchronous DRAM by ano
space are possible. Depending on the TRP1, TRPO specification in MCR, the chip dete
number of Tap cycles and does not issue acommand to the same bank during that peric

Figure 7.19 (a) and (b) show examples of the basic cycle. Because a slower synchronot
connected, setting WCR1 and MCR bits can extend the cycle. The number of cyclesfre
ACTV command output cycle Tr to the READA command output cycle Tc can be spe
bits RCD1 and RCDO in MCR. 00 specifies 1 cycle, 01 specifies 2 cycles, and 10 speci
cycles. For 2 or 3 cycles, a NOP command issue cycle Trw for the synchronous DRAN
between the Tr cycle and the Tc cycle. The number of cycles between the READA con
output cycle Tc and the initial read datafetch cycle Td1 can be specified between 1 cyc
cycles using the W21/W20 and W31/W30 bitsin WCR1. The number of cycles at this
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fetch cycle goesfrom Td1 to Td8.

Synchronous DRAM CAS latency is up to 3 cycles, but the CAS latency of the bus st

can be specified up to 4. Thisis so that circuits containing latches can be installed bet

synchronous DRAMs and the chip.

Td1l Td2 Td3 | Td4 | Tde
I I I | I | I

Tc
I

Tr
T

CKIO

)

Note: * DACKn waveform when active-low is specified.

Figure7.19 (a) Basic Burst Read Timing (Auto-Precharge) Except teec:tr
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Note: * DACKn waveform when active-low is specified.
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Figure7.19 (b) Basic Burst Read Timing (Auto-Precharge) | g:E@
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CS2 or CS3

L\

RAS
CAS
D31-D0
DACKn*
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Figure7.20 (@) Burst Read Wait Specification Timing (Auto-Prechar

Note: * DACKn waveform when active-low is specified.




=

m

D>
||||||| m||||

-

D31-D0
DACKn*

Note: * DACKn waveform when active-low is specified.

Figure 7.20 (b) Burst Read Wait Specification Timing (Auto-Precharge) | ¢:E
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the required data Is received. To avoid data conflict, an empty read cycle Is performec
Td4 after the required datais read in Td1 and the device waits for the end of synchror
operation.

When the data width is 16 bits, the number of burst transfers during aread is 8. Data i
cache-through and other DMA read cycles only in the Td1 and Td2 cycles (of the 8 cy
Td1 to Td8) for longword accesses, and only in the Td1 cycle for word or byte access

Empty cycles tend to increase the memory access time, lower the program execution ¢
lower the DMA transfer speed, so it isimportant to avoid accessing unnecessary cach
areas and to use data structures that enable 16-byte unit transfers by placing data on 1
boundaries when performing DMA transfers that specify synchronous DRAM as the s
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D31-D0
DACKn*

Note: * DACKn waveform when active-low is specified.

Figure7.21 (a) Single Read Timing (Auto-Precharge) Except teeyc: treyc 1
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D31-D0
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DACKn*
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Note: * DACKn waveform when active-low is specified.

Figure7.21 (b) Single Read Timing (Auto-Precharge) IQE@=1:1

755 Single Writes

Synchronous DRAM writes are executed as single writes or burst writes according to
specification by the BWE bit in BCR3. Figure 7.22 shows the basic timing chart for s
accesses. After the ACTV command Tr, aWRITA command isissued in Tc to perfor
precharge. In the write cycle, the write data is output simultaneously with the write co
When writing with an auto-precharge, the bank is precharged after the completion of
command within the synchronous DRAM, so no command can be issued to that bank
precharge is completed. For that reason, besides a Tap cycle to wait for the precharge
accesses, aTrwl cycleis added to wait until the precharge is started, and the issuing ¢
commands to the same bank is delayed during this period. The number of cyclesin thy
can be specified using the TRWL1 and TRWLO bitsin MCR.
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Note: * DACKn waveform when active-low is specified.

Figure7.22 Basic Single Write Cycle Timing (Auto-Prechar ge)

7.5.6 Burst Write Mode

Burst write mode can be selected by setting the BWE bit to 1 in BCR3. The basic timir
burst write access is shown in figure 7.23 (a) and (b). This example assumes a 32-bit bt
and aburst length of 4. In the burst write cycle, the WRITA command that performs a
prechargeisissued in Tcl following the ACTV command Tr cycle. Thefirst 4 bytes of
are output simultaneously with the WRITA command in Tcl, and the remaining 12 byt
are output consecutively in Tc2, Tc3, and Tc4. In awrite with auto-precharge, as with :
write, aTrwl cycle that provides the waiting time until precharge is started isinserted
of the write data, followed by a Tap cycle for the precharge wait in awrite access. The
Tap cycles can be set respectively in MCR by bits TRWL1 and TRWLO, and bits TRP:
TRPO.
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A24-A11

A10

A9-Al

DQMxx

Note: * DACKn waveform when active-low is specified.

Figure7.23 (a) Basic Burst Write Timing (Auto-Precharge) Except teqc:t;
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Note: * DACKn waveform when active-low is specified.
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Figure7.23 (b) Basic Burst Write Timing (Auto-Precharge) | g:E@
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high-speed page mode. Synchronous DRAM 1s divided into two banks, so one row ad
can stay active. When the next access is to a different row address, a PRE command i
to precharge the bank, and accessis performed by an ACTV command and READ or
command in order, after the precharge is completed. With successive accesses to diffe
addresses, the precharge is performed after the access request occurs, so the accesstin
When writing, performing an auto-precharge means that no command can be called fc
tAP cycles after aWRITA command is called. When the bank active mode is used, R
WRIT commands can be issued consecutively if the row address isthe same. This shc
number of cycles by tRWL + tAP for each write. The number of cycles between theis:
precharge command and the row address strobe command is determined by the TRPL.
MCR.

Whether execution is faster when the bank active mode is used or when basic accessi
determined by the proportion of accesses to the same row address (P1) and the averag
cycles from the end of one access to the next access (tA). When tA islonger than tAP,
waiting for the precharge during a read becomes invisible. If tA islonger than tRWL +
delay waiting for the precharge also becomesinvisible during writes. The difference k
bank active mode and basic access speeds in these cases is the number of cycles betw
of access and the issue of the read/write command: (tRP + tRCD) x (1 —P1) and tRCD

respectively.

The time that abank can be kept active, tRAS, islimited. When the period will be pro
program execution, and it is not assured that another row address will be accessed wit
the cache, the synchronous DRAM must be set to auto-refresh and the refresh cycle r
the maximum value tRAS or less. This enables the limit on the maximum active perio
bank to be ensured. When auto-refresh is not being used, some measure must be taker
program to ensure that the bank does not stay active for longer than the prescribed per

Figure 7.24 (a) and (b) show burst read cyclesthat is not an auto-precharge cycle, fig
and (b) show burst read cyclesto a same row address, figure 7.26 (a) and (b) show bu
cyclesto different row addresses, figure 7.27 shows a write cycle without auto-preche
7.28 shows awrite cycle to a same row address, and figure 7.29 shows a write cycle t
row addresses.
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while the bank is active, figure 7.26 or figure 7.29 will be substituted for figures 7.25 a
after thisis detected. Both banks will become inactive even in the bank active mode aft

during this period do not affect this operation. When an access occurs to a different rov
refresh cycle ends or after the busis released by bus arbitration.
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Figure7.24 (a) Burst Read Timing (No Precharge) Except teeyc:tpeyc 1:

Note: * DACKn waveform when active-low is specified.
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Note: * DACKn waveform when active-low is specified.
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Figure7.24 (b) Burst Read Timing (No Precharge) | @:E¢

Rev. 2.00, 03/05, pac

RENESAS



DQMxx

Note: * DACKn waveform when active-low is specified.

Figure7.25(a) Burst Read Timing (Bank Active, Same Row Addr ess)

Except tegycitpee 101
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Note: * DACKn waveform when active-low is specified.

Figure7.25 (b) Burst Read Timing (Bank Active, Same Row Address) | @:E
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DACKn*

Note: * DACKn waveform when active-low is specified.

Figure7.26 (a) Burst Read Timing (Bank Active, Different Row Address

Except tegycitpee 101
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Figure7.26 (b) Burst Read Timing (Bank Active, Different Row Addresses) |

Note: * DACKn waveform when active-low is specified.




A9-Al

DQMxx

D31-D0
DACKn*

Note: * DACKn waveform when active-low is specified.

Figure7.27 Single Write Mode Timing (No Precharge)
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Note: * DACKn waveform when active-low is specified.

Figure7.28 Single Write Mode Timing (Bank Active, Same Row Addr
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DACKn*

Note: * DACKn waveform when active-low is specified.

Figure7.29 SingleWriteMode Timing (Bank Active, Different Row Addre
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value set in RTCOR. Set the CKS2 to CKS0 bits and RTCOR so that the refresh inter
specifications of the synchronous DRAM being used are satisfied. First , set RTCOR,
and the RMODE and RFSH bitsin MCR, then set the CKS2 to CKS0 and RRC2to R
RTCSR. When aclock is selected with the CKS2 to CKS0 bits, RTCNT starts countir
the value at that time. The RTCNT valueis constantly compared to the RTCOR value
the two values match, arefresh request is made, and the number of auto-refreshes set |
RRCO are performed. RTCNT iscleared to O at that time and the count up starts again
shows the timing for the auto-refresh cycle.

First, aPALL command isissued during the Tp cycle to change all the banks from act
precharge states. Then number of idle cycles equal to one less than the value set in TR
TRPO are inserted, and a REF command isissued in the Trr cycle. After the Trr cycle
commands are output for the number of cycles specified in the TRAS bit in MCR. Th
must be set to satisfy the refresh cycle time specifications (active/active command del
the synchronous DRAM. When the set value of the TRP1 and TRPO bitsin MCR is 2
NOP cycle isinserted between the Tp cycle and Trr cycle.

During amanual reset, no refresh request is issued, since thereisno RTCNT count-u
arefresh properly, make the manual reset period shorter than the refresh cycle interva
RTCNT to (RTCOR — 1) so that the refresh is performed immediately after the manue
cleared.
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Figure 7.30 Auto-Refresh Timing

Self-Refreshes: The self-refresh mode is atype of standby mode that produces refresh
refresh addresses within the synchronous DRAM. It is started up by setting the RMOD
RFSH bitsto 1. The synchronous DRAM isin self-refresh mode when the CKE signal

low. During the self-refresh, the synchronous DRAM cannot be accessed. To clear the
set the RMODE bit to 0. After self-refresh modeis cleared, issuing of commandsis prc
the number of cycles specified in the TRASL and TRASO bitsin MCR. Figure 7.31 shc
refresh timing. Settings must be made so that self-refresh clearing and data retention ar
performed correctly, and auto-refreshing is performed without delay at the correct inter
self-refresh mode is entered while the synchronous DRAM s set for auto-refresh or wt
the standby mode with a manual reset or NMI, auto-refresh can be re-started if RFSH i
RMODE is 0 when the self-refresh mode is cleared. When time is required between cle
self-refresh mode and starting the auto-refresh mode, thistime must be reflected in the
RTCNT setting. When the RTCNT value is set to RTCOR — 1, the refresh can be starte
immediately.

If the standby function of the chip is used to enter the standby mode after the self-refre
set, the self-refresh state continues; the self-refresh state will also be maintained after re
from astandby using an NMI. A manual reset cannot be used to exit the self-refresh st

During a power-on reset, the bus state controller register is initialized, so the self-refres
ended.

Rev. 2.00, 03/05, page 318 of 884
RENESAS



IT abUSs aroitration request OCCUrs auring a seir-rerresn, the DUs 1S NOot reieased untli t

is cleared.

Trc

Trc

Trc

Trc

Trc

Trr

Tp

CKIO

CKE

Al10

DQMxx

Figure7.31 Sdf-Refresh Timing
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overlap that occurs when memory spaces CS2 and CS3 are connected to SDRAM (tabl
3).

Table7.7 Casesof Overlap Between Tap Cycle and Next Access

No. First Access Second Access
1 Space CS3, auto precharge  Access to different space among CS0, CS1, CS2,
2 mode Access to different bank in CS3
3 Space CS2, auto precharge  Access to different space among CS0, CS1, CS2,
4 mode Access to different bank in CS2
[F()iré?zczzsa“z . ot te f tar f ta2 J tas ) T4 [ Tde Tap | Tap
Si d
a((:acCeO:S to Tr X Tc TcC
CS3 space _ N
Overlap

Figure 7.32 Conceptual Diagram of Overlap (Conditions: SDRAM Connected to
(RAS Precharge Time Set to 2 Cycles) and SDRAM Connected to CS3 Spe
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H'FFFFO000 or X + H'FFFF8000 Is used depends on the specifications of the synchro
DRAM. Use avauein the range H'000 to H'FFF for X. Dataisignored at thistime, b
iswritten using word as the size.

Write any datain word size to the following addresses to select the burst read single w
supported by the chip, a CASlatency of 1 to 3, a sequential wrap type, and a burst len
(depending on whether the width is 16 bits or 32 bits).

e Burst Read/Single Write

For 16 bits. ~ CASlatency 1 HFFFF0426  (H'FFFF8426)
CASlatency 2 H'FFFF0446  (H'FFFF8446)
CASlatency 3 H'FFFFO466  (H'FFFF8466)
For 32bits. ~ CASlatency 1 HFFFF0848  (H'FFFF8848)
CASlatency 2 H'FFFFO888  (H'FFFF8888)
CASlatency 3 H'FFFFOSC8  (H'FFFF88CS)

To set burst read, burst write, CAS latency 1 to 3, wrap-type sequential, and burst
(depending on whether the width is 16 bits or 32 bits), arbitrary datais writtento t

addresses, using the word size.

¢ Burst Read/Burst Write

16-bit width:  CASlatency 1 H'FFFFO026  (H'FFFF8026)
CASlatency 2 H'FFFFO046  (H'FFFF8046)
CASlatency 3 H'FFFFO066  (H'FFFF8066)
32-bit width: ~ CASlatency 1 H'FFFFO048  (H'FFFF8048)
CASlatency 2 H'FFFFO088  (H'FFFF8088)
CASlatency 3 H'FFFFOOC8  (H'FFFF80CS)

Figure 7.33 shows the mode register setting timing.

Writing to address X + H'FFFF0000 or X + H'FFFF8000 first issues an all-bank prect
command (PALL), then issues eight dummy auto-refresh commands (REF) required f
synchronous DRAM power-on sequence. Lastly, a mode register write command (MF
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the pulse width of the reset signal is longer than the idle time, the mode register may be
immediately without problem. However, careisrequired if the pulse width of the reset
shorter than theidle time.

w T

o TS
o ST
oo TTTTTTT

Figure7.33 Synchronous DRAM M ode Write Timing
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RZLL RAlLlZ
Al13 All
Al2 A10
A2 A0
CKIO CLK
CKE CKE
CSn CS
RAS RAS
CASIOE CAS
RD/WR WE
D31 11031
DO 1/00
DQMUU/WES3 DQMU
DQMUL/WE2 DQMU
DQMLU/WET DQML
DQMLL/WEO DQML

Figure7.34 64-Mbit Synchronous DRAM (2 Mwords x 32 Bits) Connection

Bus Status Controller (BSC) Register Settings. Set the individua bitsin the memor
register (MCR) asfollows.

MCR (bit6) SZ =1

MCR (bit 7) AMX2=0
MCR (bit 5) AMX1=0
MCR (bit 4) AMX0=0

Synchronous DRAM M ode Settings: To make mode settings for the synchronous D
to address X + H'FFFF0000 or X + H'FFFF8000 from the CPU. (X represents the sett
Whether to use X + H'FFFF0000 or X + H'FFFF8000 determines on the synchronous
used.
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CAIVU CLIN
CKE CKE
CSn CS
RAS RAS
CAS CAS
RD/WR WE
D31 /031
DO 1/00
DQMUU/WE3 DQMUU
DQMUL/WE2 DQMUL
DQMLU/WET DQMLU
DQMLL/WEOQ DQMLL

Figure 7.35 128-Mbit Synchronous DRAM (4 Mwor ds x 32 Bits) Connection E
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OV LN
CKE CKE
CSn CS
RAS RAS
CAS CAS
RD/WR WE
D31 11015
D16 1/00
DQMUU/WE3 DQMU
DQMUL/WE2 DQML
D15
DO
DQMLU/WET BAl
DQMLL/WEDQ BAO
All
A0
CLK
CKE
CS
RAS
CAS
WE
11015
1/00
DQMU
DQML

Figure7.36 128-Mbit Synchronous DRAM (8 Mwords x 16 Bits) Connection
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CAIVU CLIN
CKE CKE
CSn CS
RAS RAS
CAS CAS
RD/WR WE
D31 /031
DO 1/00
DQMUU/WE3 DQMUU
DQMUL/WE2 DQMUL
DQMLU/WET DQMLU
DQMLL/WEOQ DQMLL

Figure 7.37 256-Mbit Synchronous DRAM (8 Mwords x 32 Bits) Connection E
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DRAMSs can be connected, since CAS is used to control byte access. The RAS, CAS3
and RD/WR signals are used to connect the DRAM. When the data width is 16 bits, C
CAS2 are not used. In addition to ordinary read and write access, burst access using h

page mode is also supported.

256Kk x 16-bit
This LSI DRAM
A10 A8
A2 AO
RAS RAS
_ OE
RD/WR WE
D31 1015
D16 1100
CAS3 UCAS
CAS2 LCAS
D15
DO A8
CAS1 :
CASO AO
RAS
OE
WE
1015
1100
UCAS
LCAS

777

Figure 7.38 Example of DRAM Connection (32-Bit Data Width)
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RD/WR WE
D15 - — 11015

DO |- | 1100
CAST UCAS
CASO LCAS

Figure 7.39 Example of DRAM Connection (16-Bit Data Width)

7.6.2 Address M ultiplexing

When the CS3 spaceis set to DRAM, addresses are always multiplexed. Thisalows D
require multiplexing of row and column addresses to be connected directly without adc
address multiplexing circuits. There are four ways of multiplexing, which can be select
the AMX1 and AMXO0 bitsin MCR. Table 7.8 illustrates the relationship between the £
AMXO bits and address multiplexing. Address multiplexing is performed on address ot
A15to Al. The original addresses are output to pins A24 to A16. During DRAM acces
isreserved, so setitto 0.

Table7.8 Relationship between AM X1 and AM X0 and Address M ultiplexing

No. of Column Row Column
AMX1 AMXO0 Address Bits Address Output Address Out|
0 0 8 bits A23 to A9 Al5to Al
1 9 bits A24 to A10 Al5to Al
1 0 10 bits A24 to A11™* A15 to Al
1 11 bits A24 to A12*? A15 to Al

Notes: 1. Address output pin A15 is high.
2. Address output pins A15 and Al4 are high.
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Figure 7.40 Basic Access Timing

Note: * DACKn waveform when active-low is specified.
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to the end of access can be extended from 1 cycle to 3 cycles by setting the W31/W30 |
WCRL1. When external wait mask bit A3WM in WCR2 is cleared to 0 and bits W31 an
WCRL are set to a value other than 00, the external wait pinis also sampled, so the nur
cycles can be further increased. When bit ABWM in WCR2 is set to 1, external wait in|
ignored regardless of the setting of W31 and W30 in WCR1. Figure 7.42 shows the tin
state control using the WAIT pin.

In either case, when consecutive accesses occur, the Tp cycle access overlapsthe Tc2 ¢
previous access. In DRAM access, BS is not asserted, and so RAS, CASn, RD, etc., sh
used for WAIT pin control.
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Note: * DACKn waveform when active-low is specified

Figure7.41 Wait State Timing
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Note: * DACKn waveform when active-low is specified

Figure7.42 External Wait State Timing

7.6.5 Burst Access

In addition to the ordinary mode of DRAM access, in which row addresses are outplt ¢
access and data is then accessed, DRAM also has a high-speed page mode for use wher
continuously accessing the same row that enables fast access of data by changing only
address after the row address is output. Select ordinary access or high-speed page mode
the burst enable bit (BE) in MCR. Figure 7.43 shows the timing of burst accessin high
mode. When performing burst access, cycles can be inserted using the wait state contrc
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Note: * DACKn waveform when active-low is specified

Figure7.43 Burst Access Timing
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CASn

DACKn*

Note: * DACKn waveform when active-low is specified

Figure 7.44 RAS Down M ode Same Row Access Timing
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RAS A N N A S O N SN N
| | | | | | | | | |
L L L L L L L L | |
| | | | | | | | | |
CASn I I I I I I I I
[ [ | | | | | | [ [
| | | | | | | | | |
[ [ [ [ [ [ [ [ [ [
" RD/WR I I I I I I I I I I
| | | | | | |
| | | | | | | | | |
: : : : : : : : | |
Read { BD | | | | | | | | | |
| | | | | |
| | | | | | | | | |
T
\. D31-D0 T T T T T T I
—_ | | | | | —
| | | | | | | | | |
Ve = t t t t t | | | | |
RD/WR
R N7/ N W O S
! ! ! ' ! ! ! ! ! !
Write { RD | VAR | I I I | i |
| | | | | | | |
| | | | | | | | | |
——h
\D31-D0 | | T\ | |
[ | [ | | | | | [ |
| | | | | | | | | |
x | | | | | | |
DACKn | ; \ | | | | | | /
L L L L L L 1 1
| | | | | | |
| | | | | | |
| | | | | | |

Note: * DACKn waveform when active-low is specified

Figure7.45 RAS Down M ode Different Row Access Timing

7.6.6 EDO Mode

In addition to the kind of DRAM in which datais output to the data bus only while th
signal is asserted in a data read cycle, there is another kind provided with an EDO mo
while both RAS and OE are asserted, once the CASn signal is asserted data is output t
bus until CASn is next asserted, even though CASn is negated during thistime.
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This LSI

A10
A2
RAS

RD/WR
D31

D16
CAS3
CAS2

D15

256 k x 1
DRAI

A8

AO

RAS
OE

WE

1015

100
UCAS

LCAS

A8

AO

RAS
OE

WE

/015

1100

UCAS
LCAS

Figure7.46 Example of EDO DRAM Connection (32-Bit Data Width)
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D15 —{uo1s
DO |- 1100
CAS1 UCAS
CASO [CAS
CAS/OE

Figure7.47 Example of EDO DRAM Connection (16-Bit Data Widtt
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Note: * DACKn waveform when active-low is specified

Figure 748 DRAM EDO Mode Ordinary Access Timing
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Note: * DACKn waveform when active-low is specified

Figure7.49 DRAM EDO ModeBurst Access Timing

7.6.7 DRAM Single Transfer

Wait states equivalent to the value set in bits DSWW1 and DSWWO in BCR3 can be |
between DACKn assertion and CASn assertion in awrite in DMA single address tran:
Inserting wait states allows the data setup time for external device memory. Figure 7.t
write cycle timing in DMA single transfer mode when DSWW1/DSWWO0 = 01 and R
The DMA single transfer mode read cycle is the same asa CPU or DMA dua transfe
cycle.
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Note: * DACKn waveform when active-low is specified

Figure7.50 DMA Single Transfer Mode Write Cycle Timing
(RAS Down M ode, Same Row Addr ess)

7.6.8 Refreshing

The bus state controller includes a function for controlling DRAM refreshing. Distribuf
refreshing using a CAS-before-RAS refresh cycle can be performed by clearing the RN
0 and setting the RFSH bit to 1 in MCR. Consecutive refreshes can be generated by set
RRC2 to RRCO in RTCSR. If DRAM is not accessed for along period, self-refresh mc
uses little power consumption for data retention, can be activated by setting both the RI
RFSH hitsto 1.

CAS-Before-RAS Refreshing: Refreshing is performed at intervals determined by the
selected by bits CKS2 to CKS0 in RTCSR, and the value set in RTCOR. The RTCOR
the value of bits CKS2 to CKS0 in RTCSR should be set so as to satisfy the refresh int
specification for the DRAM used. First make the settings for RTCOR, RTCNT, and the
and RFSH bitsin MCR, then make the CKS2 to CKS0 and RRC2 to RRCO settings in
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Figure7.51 DRAM CAS-before-RAS Refresh Cycle Timing

Self-Refreshing: A self-refresh is started by setting both the RMODE bit and the RFS
During the self-refresh, DRAM cannot be accessed. Self-refreshing is cleared by cleal
RMODE bit to 0. Self-refresh timing is shown in figure 7.52. Settings must be made <
refresh clearing and data retention are performed correctly, and CAS-before-RAS refr
immediately performed at the correct intervals. When self-refreshing is started from t
which CAS-before-RAS refreshing is set, or when exiting standby mode by means of
reset or NMI, auto-refreshing isrestarted if RFSH is set to 1 and RMODE is cleared t
self-refresh mode is cleared. If the transition from clearing of self-refresh mode to sta
refresh takes time, thistime should be taken into consideration when setting the initial
RTCNT. When the RTCNT valueis set to RTCOR-1, the refresh can be started imme

After self-refreshing has been set, the self-refresh state continues even if the chip stan
entered using the chip’s standby function. The self-refresh state is also maintained eve
recovery from standby mode by means of NMI inpui.
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Figure7.52 DRAM Sdlf-Refresh Cycle Timing

7.6.9 Power-On Sequence

When DRAM is used after the power isturned on, thereis arequirement for awaiting |
during which accesses cannot be performed (100 s or 200 ps minimum) followed by
prescribed number of dummy CAS-before-RAS refresh cycles (usually 8). The bus stat
(BSC) does not perform any special operations for the power-on reset, so the required |
sequence must be implemented by the initialization program executed after a power-on

7.7 Burst ROM Interface

Set the BSTROM bit in BCRL1 to set the CS0 space for connection to burst ROM. Thel
interface is used to permit fast access to ROMsthat have the nibble access function. Fi
shows the timing of nibble accessesto burst ROM. Set for two wait cycles. The access
the same as an ordinary access, but when the first cycle ends, only the address is chang
CS0 signal is not negated, enabling the next access to be conducted without the T1 cyc
for ordinary space access. From the second time on, the T1 cycle is omitted, so access |
faster than ordinary accesses. Currently, the nibble access can only be used on 4-addres
This function can only be utilized for word or longword reads to 8-bit ROM and longw
16-bit ROM. Mask ROMs have slow access speeds and require 4 instruction fetches fo
widths and 16 accesses for cache filling. Limited support of nibble access was thus add
aleviate this problem. When connecting to an 8-bit width ROM, a maximum of 4 cons
accesses are performed; when connecting to a 16-bit width ROM, a maximum of 2 con
accesses are performed. Figure 7.53 shows the relationship between data width and acc
For cache filling and DMAC 16-byte transfers, longword accesses are repeated 4 times
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8-bit bus-width byte access

‘ T1 \ Tw \ T2 \ Tw \ T2 \
16-bit bus-width longword access
ST Tw | T2
16-bit bus-width word access

‘ T1 ‘ Tw ‘ T2

16-bit bus-width byte access

\ T1 \ Tw \ T2 \
32-bit bus-width longword access
\ T1 \ Tw \ T2

32-bit bus-width word access

\ T1 \ Tw \ T2
32-bit bus-width byte access

Figure7.53 Data Width and Burst ROM Access (1 Wait State)
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Note: * DACKn waveform when active-low is specified.

Figure7.54 Burst ROM Nibble Access (2 Wait States)
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Note: * DACKn waveform when active-low is specified.

Figure7.55 Burst ROM Nibble Access (No Wait States)
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iImmediately by a write from the chip. When the chip I1s writing continuously, the data
always from the chip to other memory, and there are no particular problems. Neither is
particular problem if the following read access isto the same CS space, since datais oL
the same data buffer. The number of idle cycles to be inserted into the access cycle wh
from another CS space, or performing awrite, after aread from the CS3 space, is speci
IW31 and IW30 bitsin WCR1. Likewise, IW21 and W20 specify the number of idle ¢
CS2 reads, IW11 and W10 specify the number after CS1 reads, and 1WO01 and 1WO0O s
number after CS0 reads. The number of idle cycles after a C4 read is specified by the
IW40 bitsin WCR2. From 0, 1, 2, or 4 cycles can be specified. When thereis already ¢
between accesses, the number of empty cycles is subtracted from the number of idle cy
insertion. When awrite cycleis performed immediately after aread access, 1 idle cycle
even when O is specified for waits between access cycles.

When the chip shiftsto aread cycle immediately after a write, the write data becomes t
impedance when the clock rises, but the RD signal, which indicates read cycle data out
is not asserted until the clock falls. Theresult is that no idles are inserted into the cycle

When bus arbitration is being performed, an empty cycleisinserted for arbitration, so 1
inserted between cycles.
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(reading different spaces) (read followed by write)

Figure 7.56 |dlesbetween Cycles
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The chip hasthree internal bus masters, the CPU, the DMAC and the E-DMAC. When
synchronous DRAM or DRAM is connected and refresh control is performed, the refre
becomes afourth master. In addition to these, there are also bus requests from external
The priority for bus requests when they occur simultaneously is as follows.

Refresh request —m External device—w E-DMAC—»DMAC—» CPU

!

However, only one E-DMAC channel can hold the bus during one bus-mastership cycl:

The E-DMAC has two channels to handle both transmission and reception. Arbitration
the channels is performed automatically within the E-DMAC module, with bus masters
alternating between the transmit channel and the receive channel. For arbitration betwe
DMAC channels, either fixed priority mode or round robin mode can be selected by mq
priority mode bit (PR) in the DMA operation register (DMAOR).

When the bus is being passed between slave and master, all bus control signals are neg
the busis released to prevent erroneous operation of the connected devices. When the
transferred, aso, the bus control signals begin bus driving from the negated state. The
slave passing the bus between them drive the same signal values, so output buffer conf|
avoided. A pull-up resistance isrequired for the bus control signals to prevent malfunct
by external noise when they are at high impedance.

Bus permission is granted at the end of the bus cycle. When the bus is requested, the bt
released immediately if thereis no ongoing bus cycle. If there is acurrent bus cycle, th
released until the bus cycle ends. Even when a bus cycle does not appear to be in progr
viewed from off-chip, it is not possible to determine immediately whether the bus has
released by looking at CSn or other control signals, since a bus cycle (such as wait inse
between access cycles) may have been started internally. The bus cannot be released d
transfers for cache filling, DMAC 16-byte block transfers (16 + 16 = 32-byte transfers
address mode), or E-DMAC 16-byte block transfers. Likewise, the bus cannot be relea
the read and write cycles of aTAS instruction. Arbitration is also not performed betwe
bus cycles produced by a data width smaller than the access size, such as alongword &
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Figures 7.57 (8) and 7.57 (b) show the timing charts in the cases that bus requests occl
simultaneously from the E-DMAC, DMAC, and CPU. These cases are based on the fc
settings:

The CS2 and CS3 spaces are set for synchronous DRAM.

The CAS latency is one cycle.

The E-DMAC is enabled at both the transmitter and receiver (the buffer and descri
CS3 space).

The DMAC isenabled in only one channel that is set to auto-request mode, cycle-
and 16-byte dual-address transmission (CS2 space).

Burst read and single write are set to synchronous DRAM.
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Figure7.57 (@) BusArbitration Timing
(E-DMAC Read - DMAC 16-Byte Transmission - CPU Read)
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Figure 7.57 (b) BusArbitration Timing
(E-DMAC Write - DMAC 16-Byte Transmission - CPU Read)
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signals DACKO ana DACK1.

When the DRAM has finished precharging, the busis released. The synchronous DRAI
issues a precharge command to the active bank. After thisis completed, the busisreles

The specific bus release sequenceis asfollows. First, the address bus and data bus bec
impedance synchronously with arise of the clock. Half acycle later, the bus use enable
asserted synchronously with afall of the clock. Thereafter the bus control signals (BS,
CASn, WEn, RD, RD/WR) become high impedance at arise of the clock. These bus cc
signals are driven high at least 2 cycles before they become high impedance. Sampling
request signals occurs at the clock fall.

The sequence when the bus is taken back from the slave is as follows. When the negati
is detected at a clock fall, high-level driving of the bus control signals starts half a cycls
bus use enable signal is then negated at the next clock fall. The address bus and data bt
starting at the next clock rise. The bus control signals are asserted and the bus cycle act
from the same clock rise at which the address and data signals are driven, at the earlies
7.58 shows the timing of bus arbitration.

To reduce the overhead due to arbitration with a user-designed slave, a number of cons
accesses may be attempted. In this case, to insure dependable refreshing, the design mu
for the slave to release the bus before it has held it for a period exceeding the refresh cy
SH7615 is provided with the REFOUT pin to send asignal requesting the bus while ref
execution is being kept waiting. REFOUT is asserted while refresh execution isbeing |
until the busis acquired. When the external slave device receives this signal and releas
the busis returned to the chip and refreshing can be executed.
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Figure 7.58 BusArbitration
7.10 Additional Items

7.10.1 Resets

The bus state controller is completely initialized only in a power-on reset. All signals
immediately negated, regardless of whether or not the chip is in the middle of a bus cy
negation is simultaneous with turning the output buffer off. All control registersareir
standby mode, sleep mode, and a manual reset, no bus state controller control register
initialized. When a manual reset is performed, the currently executing bus cycle only |
and then the chip waits for an access. When a cache-filling or DMAC/E-DMAC 16-by
executing, the CPU, DMAC, or E-DMAC that is the bus master ends the accessin al¢
unit, since the access request is canceled by the manual reset. This means that when a
is executed during a cachefilling, the cache contents can no longer be guaranteed. Du
manual reset, the RTCNT does not count up, so no refresh request is generated, and a
isnot initiated. To preserve the data of the DRAM and synchronous DRAM, the pulse
manual reset must be shorter than the refresh interval. Master mode chips accept arbit
requests even when amanual reset signal is asserted. When areset is executed only fo
master mode while the bus is released, the BGR signal is negated to indicate this. If tr
signal is continuously asserted, the bus release state is maintained.

7.10.2 AccessasViewed from CPU, DMAC or E-DMAC

The chip isinternally divided into three buses: cache, internal, and peripheral. The CF
memory are connected to the cache bus, the DMAC, E-DMAC and bus state controlle
connected to the internal bus, and the low-speed peripheral devices and mode register:
connected to the periphera bus. On-chip memory other than cache memory and the u:
controller are connected to both the cache bus and the internal bus. The internal bus c:
accessed from the cache bus, but not the other way around. The peripheral bus can be
from the internal bus, but not the other way around. This results in the following.
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consecutive 10ongwora reaas OCCur. FOr misses tnal Occur Wnerl Dyte Or Word Operands c
or branches occur to odd word boundaries (4n + 2 addresses), the filling is always perfi
longword accesses on the chip-externa interface. In the cache-through area, the access
actual access address. When the access is an instruction fetch, the access size is always

For cache-through areas and on-chip peripheral module read cycles, after an extracycle
to determine the cycle, the read cycle is started through the internal bus. Read datais s
CPU through the cache bus.

When write cycles access the cache area, the cache is searched. When the data of the re
addressisfound, it iswritten here. The actual write occursin parallel to this via the int
write-through mode. In write-back mode, the actual writeis not performed until areple
operation occurs for the relevant address. When the right to use the internal busis held,
notified that the write is completed without waiting for the end of the actual off-chip wi
the right to use the internal busis not held, as when it is being used by the DMAC or th
isawait until the busis acquired before the CPU is notified of completion.

Accesses to cache-through areas and on-chip peripheral modules work the same asin tl
area, except for the cache search and write.

Because the bus state controller has one level of write buffer, the internal bus can be us
another access even when the chip-external bus cycle has not ended. After awrite hast
performed to low-speed memory off the chip, performing aread or write with an on-ch
peripheral module enables an access to the on-chip peripheral module without having t
the completion of the write to low-speed memory.

During reads, the CPU always has to wait for the end of the operation. To immediately
processing after checking that the write to the device of actual data has ended, perform
read access to the same address consecutively to check that the write has ended.

The bus state controller’ s write buffer functions in the same way during accesses from
A dual-address DMA transfer thus startsin the next read cycle without waiting for the
write cycle. When both the source address and destination address of the DMA are exte
to the chip, however, it must wait until the completion of the previous write cycle befol
the next read cycle.
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encoding patterns are shown in table 7.9, and the output timing in figure 7.59.

Table7.9 Encoding Patterns

Identification STATS1 STATSO
CPU 0 0
DMAC 1
E-DMAC 1 0
Others 1

cwo [\ S L L

Address :X cpu | cpu ><E-DMAC><E-DMACXE-DMAC(:(:XE-DMACXG-DMACXG-DM/

s

statst.o 00 \ 10 ) \ 01

Note: In on-chip I/O - on-chip RAM or on-chip I/O - memory transfers using the DMAC,
accesses to on-chip 1/0 and on-chip RAM are included in the “Others” category.

Figure7.59 STATSOutput Timing

7.10.4 BUSHIZ Specification

The BUSHIZ pin is needed when the SH7615 is connected to a PCl controller viaa P
and the PCI master and SH7615 share local memory on the SH7615 bus. By using thi
combination with the WAIT pin, it is possible to place the bus and specific control sic
high-impedance state while keeping the SH7615's internal state halted. The condition:
establishing the high-impedance state, the applicable pins, and the bustiming (figure’
shown below. See the Application Note for an example of PCI bridge connection.
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Target pins )

<« period —————»

Figure7.60 BUSHiIZ Bus Timing

Can be used when memory is shared by the CPU and an external device.

When BUSHIZ is asserted after asserting WAIT, the CPU appears to release the bu
When it becomes possible to access the shared memory, BUSHIZ is negated.
When the data is ready, WAIT is negated.

SN .

This procedure allows the CPU and an external device to share memory.
7.11 Usage Notes

7.11.1 Normal Space Access after Synchronous DRAM Write when Using DM /

Negation of the DQMn/WEn signal in a synchronous DRAM write and CSn assertion i
immediately following normal space access both occur at the same rising edge of CKIC
7.61). Asthereisarisk of an erroneous write to normal space in this case, when synchi
DRAM or a high-speed device is connected to normal space, it is recommended that C:
delayed on the system side.

Cases in which a synchronous DRAM write and normal space access occur consecutivi
shown in table 7.10.

Table7.10 Access Sequence

Write to Synchronous DRAM Normal Space Access
CPU DMA
DMA CPU
DMA DMA

Note: When an access by the CPU is performed immediately after a write by the CPU,
the accesses are not consecutive.
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CAS

RD/WR

DQM/WEn

(a) Burst write mode

Synchronous DRAM  Normal space
write access access

|
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CAS

RD/WR

DQM/WEn
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0
»
S

(b) Single write mode

Figure7.61 Normal Space Access Immediately after Synchronous DRAM

Rev. 2.00, 03/05, pac
RENESAS



In SDRAM burst write mode and bank active mode, wrong data may be output to SDR
the Ethernet controller direct memory access controller (E-DMAC) performs DMA rec
using SDRAM as the receive buffer, when the direct memory access controller (DMAC
16-bit transmission to SDRAM (destination address), or when the cache controller perf
back to SDRAM.

Conditions: When al of the following conditions are satisfied, the previous data writte
SDRAM is erroneously output to the SDRAM as the first four bytes of the 16-byte SDI
data.

» Theclock ratio of external clock (Eq):internal clock (I¢) isnot setto 1:1.
*  SDRAM burst write mode is used.
e SDRAM bank active modeis used.

e The E-DMAC performs DMA reception by using SDRAM as the receive buffer, th
performs 16-byte transfer (source address = on-chip memory or on-chip peripheral
space, and destination address = SDRAM), or the cache controller performs write-k
SDRAM.

Countermeasures. This problemin SDRAM burst write mode is avoided by any of th
countermeasures.

e Set theclock ratio of external clock (Eg): internal clock (1¢) to 1:1.
o Specify SDRAM auto-precharge mode.
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Each line of cache memory consists of 16 bytes. Cache memory is always updated in
Four 32-bit accesses are required to update a line. Since the number of entriesis 64, tt
(A9 to A4) in each address determine the entry. A four-way set associative configurat
so up to four different instructions/data can be stored in the cache even when entry ad
match. To efficiently use four ways having the same entry address, replacement is prc
on a pseudo-LRU (least-recently used) replacement algorithm.

The cache configuration is shown in figure 8.1, and addresses in figure 8.2.

Cache address array Cache data array

Cache Cache
address bus data bus
Way
A v
LRU Tag . _\
information address u|v Data (16 bytesfline) ]
b —
| | | |
| | | 1
64 [
. | |
entries Lo
b
| | |
| | |
| | |
v ]
[ [ T 1 ]
[ [ T 1
[ [ T 1
Tag address Internal Internal
match signal address bus data bus
V: Valid bit
U: Update bit

Figure8.1 Cache Configuration
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811 Register Configuration
Table 8.1 shows the cache register configuration.

Table8.1 Register Configuration

Name Abbreviation R/W Initial Value Addres

Cache control register CCR R/W H'00 H'FFFF

8.2 Register Description

821 Cache Control Register (CCR)

The cache control register (CCR) is used for cache control. CCR must be set and the ce
beinitialized before use. CCR isinitialized to H'00 by a power-on reset or manual rese

Bit: 7 6 5 4 3 2 1
] w1 \ WO \ WB \ cP \ T™W \ oD \ ID
Initial value: 0 0 0 0 0 0 0

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

Bits 7 and 6—Way Specification Bit (W1, WO0): W1 and WO specify the way when an .
array is directly accessed by address specification.

Bit 7: W1 Bit 6: WO Description

0 0 Way 0 (Ir
1 Way 1

1 0 Way 2
1 Way 3
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revertsto 0. The CP bit always reads 0. Read the cache to check if initialization is cor

Bit 4: CP Description
0 Normal operation (
1 Cache purge

Note: Always read 0.

Bit 3—Two-Way Mode (TW): TW is the two-way mode bit. The cache operates asa
associative cache when TW is 0 and as atwo-way set associative cache and 2-kbyte R
TW is 1. In the two-way mode, ways 2 and 3 are cache and ways 0 and 1 are RAM. W\
areread or written by direct access of the data array according to address space specif

Bit 3: TW Description
0 Four-way mode (
1 Two-way mode

Bit 2—Data Replacement Disable Bit (OD): OD isthe bit for disabling data replacem
this bit is 1, data fetched from external memory is not written to the cache even if ther
miss. Cache datais, however, read or updated during cache hits. OD isvalid only whe

Bit 2: OD Description
0 Normal operation (
1 Data not replaced even when cache miss occurs in data access
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Bit 0—Cache Enable Bit (CE): CE is the cache enable bit. Cache can be used when CE

Bit 0: CE Description
0 Cache disabled (Ir
1 Cache enabled

8.3 Address Space and the Cache

The address space is divided into six partitions. The cache access operation is specifiec
addresses. Table 8.2 lists the partitions and their cache operations. For more informatic
address spaces, see section 7, Bus State Controller. Note that the spaces of the cache ar
cache-through area are the same.

Table8.2 Address Space and Cache Operation

Addresses

A31to A29 Partition Cache Operation

000 Cache area Cache is used when the CE bit in
001 Cache-through area Cache is not used

010 Associative purge area Cache line of the specified addres

(disabled)

011 Address array read/write area Cache address array is accessed !
110 Data array read/write area Cache data array is accessed dire
111 I/O area Cache is not used
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output from the CPLj match).’l N proper use, the tg\g addresses of each V\v/ay differ from
and the tag address of only one way will match. When none of the way tag addresses |
called a cache miss. Tag addresses of entries with valid bits of O will not match in any

When a cache hit occurs, datais read from the data array of the way that was matched
the entry address, the byte address within the line, and the access data size, and is sen
The address output on the cache address bus is calculated in the CPU’ s instruction exe
and the results of the read are written during the CPU’ s write-back stage. The cache a
and cache data bus both operate as pipelines in concert with the CPU’s pipeline struct
address comparison to data read requires 1 cycle; since the address and data operate a
consecutive reads can be performed at each cycle with no waits (figure 8.3).

o/ N N NN

CPU pipeline stage | EX MA WB
EX MA

EX

Cache address bus <Address A><Address B>
— —

Cache tag comparison

Cache data bus <Address A><Address B>

E— E—
Data array read

EX: Instruction execution
MA: Memory access
WB: Write-back

Figure8.3 Read Accessin Case of a CacheHit
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The internal address bus and internal data bus also function as pipelines, just like the c
(figure 8.4).

YAVAWAWAlAU/At/a\ Y

CPU
pipeline EX MA
stage
9 EX
Cache 7/
address <Address A>< << Address B << <<
bus ) )
— _ // // / //
Cache tag comparison
Cache
data bus Data array Write Ade
Internal /
address Address A Address A /-\ddreSS A ddress A /
bus

/
Internal ddress A\/Address A\/ Address A
data bus \\+4 ><; +8 V12 Address

EX: Instruction execution
MA: Memory access
WB: Write-back

Figure8.4 Read Accessin Case of a CacheMiss
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o ST

o EX MA
CPU pipeline
stage EX M
Cache

<Address A ><Address B

- E—
Cache tag comparison

address bus

dota e CETN)

Data array wrlte

Internal Address A <
address bus

Internal 5 Address A >
data bus

SN NS

EX: Instruction execution
MA: Memory access

Figure8.5 Write Access (Write-Through)
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stage EX MA
EX

Cache

address bus <Address A>< Address B >< Address C

. -
Cache tag comparison ~ Cache tag comparison

Cache < Address A >< Address B

data bus
E—

Data array write

EX: Instruction execution
MA: Memory access

Figure8.6 Write Accessin Case of a Cache Hit (Write-Back)

When a cache miss occurs, the way for replacement is determined using the LRU infor
the write address from the CPU is written in the address array for that way. Simultaneo
valid bit and update bit are set to 1. Since the 16 bytes of data for replacing the data arr
simultaneously read when the data on the cache bus is written to the cache, the address
cache address bus is output to the internal address bus and 4 longwords are read consec
The access order is such that, for the address output to the internal address, the byte ad
theline is sequentially incremented by 4, so that the longword that contains the address
from the cache comes last. The read data on the internal data busis written sequentially
cache data array.

The internal address bus and internal data bus also function as pipelines, just like the cz
(figure 8.7).
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Cache tag comparison o o o o Cache

da?; ;22 < << Address A << <<
)

// //

Data array write

Internal
address Address A Address A Addrf]szs A Address A>

bus

Internal ddress A Address AV/Address A Address A>
data bus / / ) +12 /\

EX: Instruction execution
MA: Memory access

Figure8.7 Write Accessin Case of a CacheMiss (Write-Back)

When the update bit of an entry to be replaced in write-back modeis 1, write-back to
memory is necessary. To improve performance, the entry to be replaced isfirst transfe
write-back buffer, and fetching of the new entry into the cacheis given priority over t
back. When the new entry has been fetched into the cache, the write-back buffer conte
written back to external memory. The cache can be accessed during this write-back.

The write-back buffer can hold one cache line (16 bytes) of dataand its address. The
of the write-back buffer is shown in figure 8.8.

A (31-4) Longword O Longword 1 Longword 2 Longwol

A (31-4): Address for write-back to external memory
Longwords 0-3: One cache line of data for write-back to external memory

Figure8.8 Write-Back Buffer Configuration
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0 /N

CPU

pipeline stage EX '\SQ V'\;/i
q
Cache (Address AX Address B ) >

address bus
dave bus @ggress A)
T

EX: Instruction execution
MA: Memory access
WB: Write-back

Figure8.9 Reading Cache-Through Areas

84.4 The TASInstruction

The TAS instruction reads data from memory, comparesit to 0, reflects the result in the
the status register (SR), and sets the most significant bit to 1. It is an instruction that wr
same address. Accesses to the cache area are handled in the same way as ordinary data

8.4.5 Pseudo-L RU and Cache Replacement

When a cache miss occurs during aread, the data of the missed addressisread from 1|
bytes) of memory and replaced. It istherefore necessary to decide which of the four we
replaced. It can generally be expected that away that has been infrequently used recent
unlikely to be used next. This algorithm for replacing ways is called the least recently
replacement algorithm, or LRU. The hardware to implement it, however, is complex. F
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repiacemernt OCCUrs alter a Cachne Mmiss. 1 aole o.o SNOWs the rewrite values, tadle o.4 3
the way to be replaced is selected.

After a cache purge by means of the CP bit in CCR, al the LRU information is zeroiz
initial order of useisway 3 - way 2 — way 1 - way 0. Thereafter, the way is select
to the order of accessin the program. Since the replacement will not be correct if the |
inappropriate value, the address array write function can be used to rewrite. When thic
sure not to write a value other than 0 asthe LRU information.

When the OD bit or ID bit in CCR is 1, cache replacement is not performed even if a
occurs during data read or instruction fetch. Instead of replacing, the missed address ¢
and directly transferred to the CPU.

The two-way mode of the cache set by CCR’'s TW bit can only be implemented by re
2 and 3. Comparisons of address array tag addresses are carried out on all four ways e
way mode, so the valid bits of ways 1 and 0 must be cleared to 0 before beginning op
two-way mode.

Writing for the tag address and valid bit for cache replacement does not wait for the re
memory to be completed. If amemory accessis aborted due to areset, etc., during rey
there will be a discrepancy between the cache contents and memory contents, so a pur
performed.

Figure8.10 LRU Information and Access Sequence
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Table84  Selection Conditionsfor Replaced Way

Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 B
Way 0 1 1 1 — — —
Way 1 0 — — 1 1 —
Way 2 — 0 — 0 —
Way 3 — — 0 — 0 0
Note: —: Don't care.

8.4.6 Cachelnitialization

Purges of the entire cache area can only be carried out by writing 1 to the CP bitin CC
1tothe CP hit initializes the valid bit of the address array, and all bits of the LRU infor
0. Cache purges are completed in 1 cycle, but additional timeis required for writing to
Alwaysinitialize the valid bit and LRU before enabling the cache.

When the cache is enabled, instructions are read from the cache even during writing to
means that the prefetched instructions are read from the cache. To do aproper purge, w
CCR’s CE hit, then disable the cache and purge. Since CCR’s CE hit is cleared to 0 by
reset or manual reset, the cache can be purged immediately by a reset.

8.4.7 Associative Purges

Associative purges invalidate 1 line (16 bytes) corresponding to specific address conter
the contents are in the cache.

When the contents of a shared address are rewritten by one CPU in amultiprocessor cc
or aconfiguration in which the chip'sinternal E-DMAC (or DMAC) and CPU share m
address must be invalidated in the cache of the other CPU if it is present there.

When writing to or reading the address obtained by adding H'40000000 to the address1
purged, the valid bit of the entry storing the address prior to addition are initialized to C
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Address 010 Tag address a(IjE(?rtgs -
Number of bits 3 19 6 4

Figure8.11 Associative Purge Access

84.8 CacheFlushing

When the CPU rewrites the contents of a specific shared address in the cache by write
multiprocessor configuration or a configuration in which the chip'sinternal E-DMAC
and CPU share memory, the rewritten data must be written back to the main memory,
cache contents invalidated, before the bus is granted by the CPU in the chip to anothe
(external master, E-DMAC, or DMAC). The chip does not support an instruction or p
flushing the contents of specific addresses, so in order to execute a cacheflushit isne
perform reads in a 4-kbyte space (cache area) other than the address space to be flushy
cache, and intentionally create cache misses. For this purpose, cache accesses should |
every 16 bytes. By this means, write-backs are generated and the contents written to t
the CPU in the chip are written back to the main memory, enabling flushing to be exe
However, this method incurs an overhead consisting of the cachefill time due to read
thetime for rereading datato be left in the cache. Therefore, if the overhead due to us
write-back method is of concern when constructing a system in which a number of m:
memory, the shared area should be made a cache-through area in order to maintain co

8.4.9 Data Array Access

The cache data array can be read or written directly viathe data array read/write area.
or longword access can be used on the data array. Data array accesses are completed i
aread and 2 cyclesfor awrite. Since only the cache bus is used, the operation can pro
paralel even when another master, such asthe DMAC, is using the bus. The data arra
mapped on H'C0000000 to H'CO0003FF, way 1 on H'C0000400 to H'CO0007FF, way
H'C0000800 to H'CO000BFF and way 3 on H'CO000C00 to H'CO000FFF. When the t
mode is being used, the area H'C0000000 to H'CO0007FF is accessed as 2 kbytes of o
RAM. When the cache is disabled, the area H'C0000000 to H'CO000FFF can be used

of on-chip RAM.

Rev. 2.00, 03/05, pac
RENESAS



DIl
Data Déta
Number of bits 32

BA: Byte address within line W: Way specification

Figure8.12 Data Array Access

8.4.10 AddressArray Access

The address array of the cache can be accessed so that the contents fetched to the cache
checked for purposes of program debugging or the like. The address array is mapped ol
H'60000000 to H'600003FF. Since al of the ways are mapped to the same addresses, w
selected by rewriting the W1 and WO bits in CCR. The address array can only be acces
longwords.

When the address array is read, the tag address, LRU information, and valid bit are out
When the address array is written to, the tag address, and valid bit are written from the
address bus. The write address must therefore be calculated before the write is perform
information is written from the cache data bus, but 0 must always be written to prevent
malfunctions.
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Address array write:

Bit 31 2928 10 9 43210
Entry
Address 011 Tag address address [—|V|—
Number of bits 3 19 6 112
Bit 31 10 9
L
Data - infor
Number of bits 22 6

V: Valid bit

85 Cache Use

85.1 Initialization

Figure8.13 AddressArray Access

Cache memory is not initialized in areset. Therefore, the cache must be initialized by
before use. The cache isinitialized by zeroizing al address array valid bitsand LRU i
The address array write function can be used to initialize each line, but it is simpler to
once by writing 1 to the CP bit in CCR. Figure 8.14 shows how to initialize the cache

MOV. W #H FE92, R1

MOV.B @Rl, RO
AND #H FE,

RO

MOV. B #RO, @RLl

R #H 10,
MOV.B RO, @l
OR #H 01,

MOV.B RO, R1

RO

RO

Cachedisable

Cache purge

Cache enable

Figure8.14 Cachelnitialization
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performed in a 16-byte units. The four ways are checked simultaneously, and only line:
data corresponding to specified addresses are purged. When addresses do not match, th
the specified address is not fetched to the cache, so no purge occurs.

Purging 32 bytes from address R3

MOV. L #H 40000000, RO
XOR Rl, RL

MOV. L Rl, @RO, R3)
ADD #16, R3

MOV. L Rl, @RO, R3)

Figure8.15 Purging Specific Addresses

When it is troublesome to purge the cache after every DMA transfer, it is recommende
OD hit in CCR be set to 1 in advance. When the OD bit is 1, the cache operates as cact
only for instructions. However, when datais already fetched into cache memory, specif
cache memory must be purged for DMA transfers.

8.5.3 Cache Data Coherency

The cache memory does not have a snoop function. This means that when data is share
bus master other than the CPU, software must be used to ensure the coherency of data.
purpose, the cache-through area can be used, or a cache purge can be performed with p
logic using write-through.

When the cache-through areais to be used, the data shared by the bus masters is placec
cache-through area. This makes it easy to maintain data coherency, since access of the
through area does not fetch data into the cache. When the shared data is accessed repes
the frequency of data rewritesislow, alower access speed can adversely affect perforn

To purge the cache using program logic, the data updates are detected by the program f
cacheis then purged. For example, if the program inputs data from a disk, whenever re
unit (such as a sector) is completed, the buffer address used for reading or the entire ca
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purged. vvnen the update unit 1slarger, It IST1asler 10 purge tne entre cacne ratner tnar
the addresses in order, and then read the data that previously existed in the cache agai
external memory.

When write-back is used, coherency can be maintained by executing write-backs (flus
memory by means of intentional cache miss reads, but since executing flushing incurs
overhead, use of write-through or accessing the cache-through areais recommended i
which a number of masters share memory.

854 Two-Way Cache M ode

The 4-kbyte cache can be used as 2-kbyte RAM and 2-kbyte mixed instruction/data c:
by setting the TW bit in CCR to 1. Ways 2 and 3 become cache, and ways 0 and 1 bex

Initialization is performed by writing 1 to the CP bit in CCR, in the same way as with
valid bit, and LRU bits are cleared to O.

When LRU information isinitialized to zero, the initial order of useisway 3 - way :
way 3 or way 2 is selected for replacement in accordance with the LRU information. -
conditions for updating the LRU information are the same as for four-way mode, exce
number of ways is two.

When designated as 2-kbyte RAM, ways 0 and 1 are accessed by data array access. Fi
shows the address mapping.
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H'CO0007FF

H'FFFFFFFF

Figure8.16 AddressM apping of 2-kbyte RAM in the Two-Way M ode
8.6 Usage Notes

86.1  Standby

Disable the cache before entering the standby mode for power-down operation. After ri
from standby, initialize the cache before use.

8.6.2 Cache Control Register

Changing the contents of CCR a so changes cache operation. The chip makes full use c
operations, so it is difficult to synchronize access. For this reason, change the contents
control register simultaneously when disabling the cache or after the cacheis disabled.
changing the CCR contents, perform a CCR read.
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receive Ethernet DMACs (E-DMACS) in the SH7615, and carries out high-speed date
and from memory.

911 Features

The EtherC has the following features:

Transmission and reception of Ethernet/| EEE802.3 frames

Supports 10/200 Mbps transfer

Supports full-duplex and half-duplex modes

Conformsto IEEE802.3u standard MI1 (Media I ndependent Interface)
Magic Packet detection and Wake On LAN (WOL) signal output
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Mil |

Receive
«— h
controller

' . Command status
interface 4

Figure9.1 Configuration of Ethernet Controller (EtherC)

Transmit Controller: Transmit datais stored in the transmit FIFO from memory viat
E-DMAC. The transmit controller assembles this datainto an Ethernet/IEEE802.3 fran
outputs to the MII. After passing through the MII, the transmit data is sent onto the line
LSl. The main functions of the transmit controller are as follows:

e Frame assembly and transmission

* CRC calculation and provision to frames

« Dataretransmission in case of acollision (up to 15 times)
e Compliant with MII in IEEE802.3u standard

» Byte-nibble conversion supporting PHY -L Sl speed
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» Magic Packet monitoring

Command/Status I nterface: This interface provides various command/status registe
the EtherC, and performs accessto PHY-L S internal registers viathe MlI.
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MIl TX-CLK Transmit clock Input TX-EN, ETXDO to ETXD3, TX-ER
reference signal
RX-CLK Receive clock Input RX-DV, ERXDO to ERXD3, RX-EI
reference signal
TX-EN Transmit enable Output Indicates that transmit data is rea
ETXDO to ETXD3
ETXDOto Transmit data (4-bit) Output 4-bit transmit data
ETXD3
TX-ER Transmit error Output  Notifies PHY-LSI of error during ti
RX-DV Receive data valid Input Indicates that there is valid receiv
ERXDO to ERXD3
ERXDOto Receive data (4-bit) Input 4-bit receive data
ERXD3
RX-ER Receive error Input Identifies error state occurring dut
reception
CRS Carrier detect Input Carrier detection signal
CoL Collision detect Input Collision detection signal
MDC Management data Output  Reference clock signal for informe
clock transfer via MDIO
MDIO Management data Input/ Bidirectional signal for exchange
input/output output  management information betweer
PHY
Other LNKSTA  Link status Input Inputs link status from PHY-LSI
EXOUT General-purpose Output  External output pin
external output
WOL Wake-On-LAN Output  Magic packet reception
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BT WA W W W W W

EtherC interrupt permission register ECSIPR R/W H'00000000  H'F
PHY interface register PIR R/W H'0000000X  H'F
MAC address high register MAHR R/W H'00000000  H'
MAC address low register MALR R/W H'00000000  H'
Receive flame length register RFLR R/W H'00000000  H'F
PHY status register PSR R H'00000000 H'F
Transmit retry over counter register TROCR R/W*?  H00000000 HTF
Collision detect counter register CDCR R/W*?  H00000000 HF
Lost carrier counter register LCCR R/W*?  H'00000000 HF
Carrier not detect counter register CNDCR R/W*?  H00000000 HF
lllegal frame length counter register IFLCR R/W*?  H00000000 HF
CRC error frame receive counter register CEFCR R/W*?  H00000000 HTF
Frame receive error counter register FRECR R/W*?  H00000000 HTF
Too-short frame receive counter register TSFRCR R/W*?  H00000000 H'F
Too-long frame receive counter register TLFRCR R/W*?  H00000000 H'F
Residual-bit frame counter register RFCR R/W*?  H00000000 HF
Multicast address frame counter register MAFCR R/W*?  H'00000000 HF

Notes: All registers must be accessed as 32-bit units.
Reserved bits in a register should only be written with 0.
The value read from a reserved bit is not guaranteed.
1. Individual bits are cleared by writing 1.
2. Cleared by a write to the register.

RENESAS
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Bit: 15 14 13 12 11 10 9

\ — \ — \ — \ PRCEF \ — \ — \ MPDE

Initial value: 0 0 0 0 0 0 0
RW: R R R RIW R R RIW

Bitt 7 6 5 4 3 2 1

— \ RE \ TE \ — ILB \ ELB \ DM

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

The EtherC mode register specifies the operating mode of the Ethernet controller. The:
this register are normally made in the initialization process following a reset.

Note: Operating mode settings must not be changed while the transmitter and receive
enabled. To modify the operating mode settings or change the operating mode
EtherC is running, first return the EtherC and E-DMAC modulesto their initial
means of the software reset bit (SWR) in the E-DMAC mode register (EDMR)
new settings.

Bits 31 to 13—Reserved: These bits are always read as 0. The write value should alway

Bit 12—Permit Receive CRC Error Frame (PRCEF): Specifies the treatment of a receiy
containing a CRC error.

Bit 12: PRCEF Description

0 Reception of a frame with a CRC error is treated as an error (Ir

1 Reception of a frame with a CRC error is not treated as an error

Note: When this bit is set to 1, the CRC error frame counter register (CEFCR: see sec
is not incremented when a CRC error is detected.
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1 Magic Packet detection is enabled

Bits 8 and 7—Reserved: These bits are always read as 0. The write value should alwa

Bit 6—Receiver Enable (RE): Enables or disablesthe receiver.

Bit 6: RE Description
0 Receiver is disabled (
1 Receiver is enabled

Note: If a switch is made from the receiver-enabled state (RE = 1) to the receiver-dis:
(RE = 0) while a frame is being received, the receiver will not be disabled until |
the frame is completed.

Bit 5—Transmitter Enable (TE): Enables or disables the transmitter.

Bit5: TE Description
0 Transmitter is disabled (
1 Transmitter is enabled

Note: If a switch is made from the transmitter-enabled state (TE = 1) to the transmitte
state (TE = 0) while a frame is being transmitted, the transmitter will not be dise
transmission of the frame is completed.

Bit 4—Reserved: This bit is always read as 0. The write value should always be 0.

Bit 3—Internal Loop Back Mode (ILB): Specifies |oopback mode in the EtherC.

Bit 3: ILB Description
0 Normal data transmission/reception is performed (
1 Data loopback is performed inside the EtherC

Note: A loopback mode specification can only be made with full-duplex transfer (DM :
register).
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Bit 1—Duplex Mode (DM): Specifies the EtherC transfer method.

Bit 1: DM Description
0 Half-duplex transfer is specified (Ir
1 Full-duplex transfer is specified

Note: When internal loopback mode is specified (ILB = 1), full-duplex transfer (DM = 1
used.
The duplex mode information (half-duplex or full-duplex) detected by the PHY-L!
set to the DM bit. If this setting does not match the duplex mode in the PHY-LSI,
transfer rate may be degraded or a data collision may occur.

Bit 0—Promiscuous Mode (PRM): Setting this bit enables all Ethernet framesto be rec

Bit 0: PRM Description
0 EtherC performs normal operation (Ir
1 EtherC performs promiscuous mode operation

Note: “All Ethernet frames” means all receivable frames, irrespective of differences or
enabled/disabled status (destination address, broadcast address, multicast bit, €
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‘ — ‘ — ‘ — ‘ — — ‘ LCHNG ‘ MPL
Initial value: 0 0 0 0 0 0 0
R/W: R R R R R RW*  RW
Note: * The flag is cleared by writing 1. Writing 0 does not affect the flag.

The EtherC status register shows the internal status of the EtherC. This status informa
reported to the CPU by means of interrupts. Individual bits are cleared by writing 1 to
bits that generate an interrupt, the interrupt can be enabled or disabled by means of th
corresponding bit in the EtherC status interrupt permission register (ECSIPR).

Bits 31 to 3—Reserved: These bits are aways read as 0. The write value should alway

Bit 2—LINK Signal Changed (LCHNG): Indicates that the LNKSTA signal input fro
LSl has changed from high to low, or from low to high. This bit is cleared by writing
Writing O to this bit has no effect.

Bit 2: LCHNG Description

0 LNKSTA signal change has not been detected (

1 LNKSTA signal change (high-to-low or low-to-high) has been dete

Notes: 1. The current link status can be checked by referencing the LMON bit in the
interface status register (PSR).

2. Signal variation may be detected when the LNKSTA function is selected by
control register (PACR) of the pin function controller (PFC).

Bit 1—Magic Packet Detection (MPD): Indicates that a Magic Packet has been detect
line. Thishit is cleared by writing 1 to it. Writing O to this bit has no effect.

Bit 1: MPD Description
0 Magic Packet has not been detected (
1 Magic Packet has been detected

Bit 0—Illegal Carrier Detection (ICD): Indicates that PHY-LS has detected an illegal
theline. Thisbit is cleared by writing 1 to it. Writing O to this bit has no effect.
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Bit: 31 30 29 . 11 10 9

Initial value: 0 0 0 - 0 0 0
R/W: R R R o R R
Bit: 7 6 5 4 3 2 1
— — — — —  LCHNGI | MPDIP
P
Initial value: 0 0 0 0 0 0 0
R/W: R R R R R R/W R/W

This register enables or disables the interrupt sources indicated by the EtherC status reg
bit in this register enables or disables the interrupt indicated by the corresponding bit ir
status register.

Bits 31 to 3—Reserved: These hits are aways read as 0. The write value should alway:

Bit 2— LINK Signal Changed Interrupt Permission (LCHNGIP): Controlsinterrupt no
by the LINK Signal Changed bit.

Bit 2. LCHNGIP Description
0 Interrupt notification by LCHNG bit in ECSR is disabled (Ir
1 Interrupt notification by LCHNG bit in ECSR is enabled

Bit 1—Magic Packet Detection Interrupt Permission (MPDIP): Controls interrupt notif
the Magic Packet Detection bit.

Bit 1: MPDIP Description
0 Interrupt notification by MPD bit in ECSR is disabled (Ir
1 Interrupt notification by MPD bit in ECSR is enabled
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Bit: 31 30 29 ce 11 10 9

Initial value: 0 0 0 - 0 0 0
R/W:

Bit: 7 6 5 4 3 2 1

\ — \ — \ — \ — \ MDI \ MDO \ MM

Initial value: 0 0 0 0 * 0 0

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

Note: * Undefined

PIR provides a means of accessing PHY-LSl internal registers viathe MlI.
Bits 31 to 4—Reserved: These hits are aways read as 0. The write value should alway
Bit 3— MII Management Data-In (MDI): Indicates the level of the MDIO pin.

Bit 2— MII Management Data-Out (MDO): Outputs the value set to this bit by the M
when the MMD bit is 1.

Bit 1— MII Management Mode (MMD): Specifies the data read/write direction with
MII. Read directionisindicated by 0, and write direction by 1.

Bit 0— MII Management Data Clock (MDC): Outputs the value set to this bit by the |
and suppliesthe M1l with the management data clock.

For the method of accessing M1 registers, see section 9.3.4, Accessing MI1 Registers
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‘ MAS39 ‘ MAS33 ‘ MAS37 ‘ MAS36 ‘ MAS35 ‘ MA34 ‘ MAS33
Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W

Bitt 15 14 13 12 11 10 9
\ MA31 \ MA30 \ MA29 \ MA28 \ MA27 \ MA26 \ MA25
Initial value: 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1
\ MA23 \ MA22 \ MA21 \ MA20 \ MA19 ] MA18 \ MA17
Initial value: 0 0 0 0 0 0 0

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

The upper 32 bits of the 48-bit MAC address are set in MARH. The setting in thisregi
normally made in the initialization process after areset.

Note: The MAC address setting must not be changed while the transmitter and receiv
enabled. First return the EtherC and E-DMAC modulesto their initial state by |
the SWR bit in the E-DMAC mode register (EDMR), then make the new settin

Bits 31 to 0—MAC Address Bits 47 to 16 (MA47 to MA16): Used to set the upper 32
MAC address.

Note: If the MAC address to be set in the SH7615 is 01-23-45-67-89-AB (hexadecim
value set in thisregister is H'01234567.
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‘ MA15 ‘ MA14 ‘ MA13 ‘ MA12 ‘ MA1l ‘ MA10 ‘ MAS
Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1
\ MA7 \ MAG \ MAS \ MA4 \ MA3 \ MA2 \ MA1
Initial value: 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W RIW

The lower 16 bits of the 48-bit MAC address are set in MARL. The setting in thisreg
normally made in the initialization process after areset.

Note: The MAC address setting must not be changed while the transmitter and recei
enabled. First return the EtherC and E-DMAC modulesto their initial state by
the SWR bit in the E-DMAC mode register (EDMR), then make the new setti

Bits 31 to 16—Reserved: These bits are always read as 0. The write value should alw:

Bits 15to 0—MAC Address Bits 15t0 0 (MA15 to MAQ): Used to set the lower 16 b
MAC address.

Note: If the MAC addressto be set in the SH7615 is 01-23-45-67-89-AB (hexadecit
value set in thisregister is H'O00089AB.
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RFL11 ‘ RFL10

RFL9

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

Bitt 7 6 5 4 3 2 1

\ RFL7 \ RFL6 \ RFL5 \ RFL4 \ RFL3 \ RFL2 \ RFL1

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

This register specifies the maximum frame length (in bytes) that can be received by the

Bits 31 to 12—Reserved: These bits are always read as 0. The write value should alway

Bits 11 to 0—Receive Frame Length (RFL)

H'000 to H'5EE 1,518 bytes
H'5EF 1,519 bytes
H'5F0 1,520 bytes
H'7FF 2,047 bytes
H'800 to HFFF 2,048 bytes

Notes: 1. The frame length refers to all fields from the destination address up to and ir

CRC data.

2. When data that exceeds the specified value is received, the part of the data
higher than the specified value is discarded.
Frame contents from the destination address up to and including the data ar
transferred to memory. CRC data is not included in the transfer.
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Initial value: 0 0 0 0 0 0 0
R/W:
PSR enables interface signals from the PHY -L Sl to be read.
Bits 31 to 1—Reserved: These hits are dways read as 0. The write value should alway

Bit 0— Link Monitor (LMON): The link status can be read by connecting the LINK ¢
fromthe PHY-LSI. For information on the polarity, refer to the specifications for the
be connected.

Note: The LMON bhit is cleared to O when the LNKSTA pinisat ahigh level, and is
when the pinisat alow level.
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‘TROClS ‘TROC14 ‘ TROC13 ‘TROC12 ‘TROCll ‘ TROClO‘ TROCES
Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1
\ TROC7 \ TROC6 \ TROC5S \ TROC4 \ TROC3 \ TROC2 \ TROC]
Initial value: 0 0 0 0 0 0 0

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

TROCR is a 16-hit counter that indicates the number of frames that were unable to bet
in 16 retransmission attempts. When 16 transmission attempts have failed, TROCR isi
by 1. When the value in this register reaches H'FFFF (65,535), the count is halted. The
valueiscleared to 0 by awriteto this register (the write value is immaterial).

Bits 31 to 16—Reserved: These bits are always read as 0. The write value should alway

Bits 15 to 0—Transmit Retry Over Count 15 to 0 (TROC15 to TROCO): These bitsind
number of frames that were unable to be transmitted in 16 retransmission attempts.
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5 4 3 2 1 0
Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W

‘COLDCl ‘COLDCl ‘COLDCl ‘COLDCl ‘COLDCl ‘COLDCl ‘COLDC

Bit: 7 6 5 4 3 2 1
\ COLDC7 \ COLDC6 \ COLDC5 \ coLDC4 \ coLDC3 \ CcoLDC2 \ COLDC
Initial value: 0 0 0 0 0 0 0

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

CDCR is a 16-bit counter that indicates the number of collisions that occurred on the |
counting from apoint 512 hits after the start of datatransmission. When thevaluein t
reaches H'FFFF (65,535), the count is halted. The counter valueis cleared to O by aw
register (the write value isimmaterial).

Bits 31 to 16—Reserved: These bits are always read as 0. The write value should aw:

Bits 15 to 0—Caollision Detect Count 15 to 0 (COLDC15 to COLDCO): These hitsinc
count of collisions from apoint 512 bits after the start of data transmission.
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‘ LCC15 ‘ LCC14 ‘ LCC13 ‘ LCC12 ‘ LCC11 ‘ LCC10 ‘ LCC9
Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1
\ LCcC7 \ LCC6 \ LCC5 \ LCC4 \ LCC3 \ LCC2 \ LCC1
Initial value: 0 0 0 0 0 0 0

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

LCCR isa 16-bit counter that indicates the number of timesthe carrier was lost during
transmission. When the value in this register reaches H'FFFF (65,535), the count is hal
counter valueis cleared to 0 by awrite to thisregister (the write value isimmaterial).

Bits 31 to 16—Reserved: These bits are always read as 0. The write value should alway

Bits 15to O—Lost Carrier Count 15 to O (LCC15 to LCCO): These bits indicate the nur
times the carrier was lost during data transmission.
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‘CNDC15‘CNDC14‘CNDC13‘CNDC12‘CNDCll‘CNDClO‘ CNDC
Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1
\ CNDC7 \ CNDC6 \ CNDC5 \ CNDC4 \ CNDC3 \ CNDC2 \ CNDC
Initial value: 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W RIW

CNDCR is a 16-hit counter that indicates the number of timesthe carrier could not be
while the preamble was being sent. When the value in this register reaches H'FFFF (6
count is halted. The counter value is cleared to 0 by awrite to thisregister (the write v
immaterial).

Bits 31 to 16—Reserved: These bits are always read as 0. The write value should alw:

Bits 15 to 0—Carrier Not Detect Count 15 to 0 (CNDC15 to CNDCO): These bitsind
number of times the carrier was not detected.
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‘ IFLC15 ‘ IFLC14 ‘ IFLC13 ‘ IFLC12 ‘ IFLC11 ‘ IFLC10 ‘ IFLC9
Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1
\ IFLC7 \ IFLC6 \ IFLC5 \ IFLC4 \ IFLC3 \ IFLC2 \ IFLC1
Initial value: 0 0 0 0 0 0 0

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

IFLCR is a 16-bit counter that indicates the number of times transmission of a packet v
length of less than four bytes was attempted during data transmission. When the value |
register reaches H'FFFF (65,535), the count is halted. The counter valueis cleared to O
to thisregister (the write value is immaterial).

Bits 31 to 16—Reserved: These bits are always read as 0. The write value should alway

Bits 15 to 0—Illegal Frame Length Count 15 to O (IFLC15 to IFLCO): These bitsindic:
count of illegal frame length transmission attempts.
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‘ CEFC15 ‘ CEFC14 ‘ CEFC13 ‘ CEFC12 ‘ CEFC11 ‘ CEFC10 ‘ CEFC
Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1
\ CEFC7 \ CEFC6 \ CEFC5 \ CEFC4 \ CEFC3 \ CEFC2 \ CEFC
Initial value: 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W RIW

CEFCR isa 16-bit counter that indicates the number of times a frame with a CRC err¢
received. When the value in this register reaches H'FFFF (65,535), the count is halted
valueiscleared to 0 by awriteto this register (the write value is immaterial).

Bits 31 to 16—Reserved: These bits are always read as 0. The write value should alw:

Bits 15 to 0—CRC Error Frame Count 15 to 0 (CEFC15 to CEFCO0): These bits indic
of CRC error frames received.

Note:  When the Permit Receive CRC Error Frame bit (PRCEF) is set to 1 in the Eth
Register (ECMR), CEFCR is not incremented by reception of aframe with a
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‘ FREC15 ‘ FREC14 ‘ FREC13 ‘ FREC12 ‘ FREC11 ‘ FREC10 ‘ FRECCS
Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1
\ FREC7 \ FREC6 \ FREC5 \ FREC4 \ FREC3 \ FREC2 \ FREC1
Initial value: 0 0 0 0 0 0 0

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

FRECR is a 16-bit counter that indicates the number of frames input from the PHY -LS
areceive error was indicated by the RX-ER pin. FRECR is incremented each time this
becomes active. When the value in this register reaches H'FFFF (65,535), the count is't
counter valueis cleared to 0 by awrite to thisregister (the write value isimmaterial).

Bits 31 to 16—Reserved: These bits are always read as 0. The write value should alway

Bits 15 to 0—Frame Receive Error Count 15 to 0 (FREC15 to FRECO): These bitsindi
count of errors during frame reception.
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‘ TSFC15 ‘ TSFC14 ‘ TSFC13 ‘ TSFC12 ‘ TSFC11 ‘ TSFC10 ‘ TSFC
Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1
\ TSFC7 \ TSFC6 \ TSFC5 \ TSFC4 \ TSFC3 \ TSFC2 \ TSFC
Initial value: 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W RIW

TSFRCR is a 16-bit counter that indicates the number of frames of fewer than 64 byte
been received. When the value in this register reaches H'FFFF (65,535), the count ish
counter valueis cleared to 0 by awrite to thisregister (the write value isimmaterial).

Bits 31 to 16—Reserved: These bits are always read as 0. The write value should alw:

Bits 15 to 0—T oo-Short Frame Receive Count 15 to O (TSFC15 to TSFCO0): These bif
the count of frames received with alength of less than 64 bytes.
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‘ TLFC15 ‘ TLFC14 ‘ TLFC13 ‘ TLFC12 ‘ TLFC11 ‘ TLFC10 ‘ TLFCY
Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1
\ TLFC7 \ TLFC6 \ TLFC5 \ TLFC4 \ TLFC3 \ TLFC2 \ TLFC1
Initial value: 0 0 0 0 0 0 0

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

TLFRCR isa 16-bit counter that indicates the number of frames received with alength
the value specified by the receive frame length register (RFLR). When the valuein this
reaches H'FFFF (65,535), the count is halted. The counter value is cleared to 0 by awri
register (the write value isimmaterial).

Bits 31 to 16—Reserved: These bits are always read as 0. The write value should alway

Bits 15 to 0—To0-Long Frame Receive Count 15 to 0 (TLFC15 to TLFCO0): These bits
the count of frames received with alength exceeding the value in RFLR.

Notes: If the value specified by RFLR is 1518 bytes, TLFRCR is incremented by rece
framewith alength of 1519 bytes or more.

TLFRCR is not incremented when aframe containing residua bitsis received.
case, the reception of the frameisindicated in the residual-bit frame counter re
(RFCR).
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‘ RFC15 ‘ RFC14 ‘ RFC13 ‘ RFC12 ‘ RFC11 ‘ RFC10 ‘ RFC!
Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1
\ RFC7 \ RFC6 \ RFC5 \ RFC4 \ RFC3 \ RFC2 \ RFC:
Initial value: 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W RIW

RFCR is a 16-bit counter that indicates the number of frames received containing resi
(lessthan an 8-bit unit). When the value in this register reaches H'FFFF (65,535), the
halted. The counter valueis cleared to O by awrite to thisregister (the write valueisii

Bits 31 to 16—Reserved: These bits are always read as 0. The write value should alw:

Bits 15 to 0—Residual-Bit Frame Count 15 to 0 (RFC15 to RFCO): These bitsindicat
of frames received containing residua bits.
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‘ MAFC15 ‘ MAFC14 ‘ MAFC13 ‘ MAFC12 ‘ MAFC11 ‘ MAFC10 ‘ MAFCES
Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1
\ MAFC7 \ MAFC6 \ MAFC5 \ MAFC4 \ MAFC3 \ MAFC2 \ MAFC1
Initial value: 0 0 0 0 0 0 0

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

MAFCR is a 16-bit counter that indicates the number of frames received with a multics
specified. When the value in this register reaches H'FFFF (65,535), the count is halted.
counter valueis cleared to 0 by awrite to thisregister (the write value isimmaterial).

Bits 31 to 16—Reserved: These bits are always read as 0. The write value should alway

Bits 15 to 0—Multicast Address Frame Count 15 to 0 (MAFC15 to MAFCO): These bi
the count of multicast frames received.
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Notes. 1. Inactual EtherC operation, frame transmission and reception is performed
continuously in combination with the E-DMACs. For details of continuou
see the description of E-DMAC operation.

2. Thereceive datatransferred to memory by the receive data E-DMAC does
CRC data.

931 Transmission
The main transmit functions of the EtherC are as follows:

e Frame generation and transmission: Monitors the line status, then adds the preamt:
CRC to the data to be transmitted, and sends it to the Ml
e CRC generation: Generates the CRC for the data field, and adds it to the transmit 1

e Transmission retry: when a collision is detected in the collision window (during tt
transmission of the 512-bit data that includes the preamble and SFD from the start
transmission), transmission is retried up to 15 times based on the back-off algorith

The state transitions of the EtherC transmitter are shown in figure 9.2.
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Retransmission
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attempts
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512-bit time

transmission

Collision™?

Error
detection

Data
transmission

Error
notification

CRC
transmission

Normal transmission

Notes: 1. Transmission retry processing includes both jam transmission that depends on collision detection anc
adjustment of transmission intervals based on the back-off algorithm.
2. Transmission is retried only when data of 512 bits or less (including the preamble and SFD) is transi
When a collision is detected during the transmission of data greater than 512 bits, only jam is transmi
transmission based on the back-off algorithm is not retried.

Figure 9.2 EtherC Transmitter State Transitions

1. When the transmit enable (TE) bit is set, the transmitter enters the transmit idle stat

2. When atransmit request is issued by the transmit E-DMAC, the EtherC sendsthe p
after atransmission delay equivalent to the frameinterval time.

Note: If full-duplex transfer is selected, which does not require carrier detection, the |
sent as soon as a transmit request isissued by the transmit E-DMAC.

3. Thetransmitter sends the SFD, data, and CRC sequentially. At the end of transmiss
transmit E-DMAC generates atransmission complete interrupt (TC).

Note: If acollision or the carrier-not-detected state occurs during data transmission, t
reported as interrupt sources.
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Recelve frame header check: Checks the preamble and SFD, and discards aframe
invalid pattern

Receive frame data check: Checks the data length in the header, and reports an err
the data length is less than 64 bytes or greater than the specified number of bytes

Receive CRC check: Performs a CRC check on the frame data field, and reports a
in the case of an abnormality

Line status monitoring: Reports an error statusif anillegal carrier is detected by v
fault detection signal from the PHY-LSI

Magic Packet monitoring: Detects a Magic Packet from al receive frames

The state transitions of the EtherC receiver are shown in figure 9.3.

Rev. 2.00, 03/05, pac
RENESAS



2y
recep

Reception
halted

Promiscuous and other station —
destination address Destination

< address
reception

Own ©

addres

or bro
or mul

) or prol
Receive

error vy

detection

RE reset

Reset

Data

Error reception

Error
detection

notification
End o
Receive error recept
detection
A
CRC

Normal reception reception
SFD: Start frame delimiter

Note: The error frame also transmits data to the buffer.

Figure9.3 EtherC Receiver State Transitions

. When the receive enable (RE) bit is set, the receiver enters thereceive idle state.

. When an SFD (start frame delimiter) is detected after areceive packet preamble, th
starts receive processing.
If the destination address matches the receiver’s own address, or if broadcast or mu
transmission or promiscuous mode is specified, the receiver starts data reception.
Following data reception, the receiver carries out a CRC check. Theresult isindica
status hit in the descriptor after the frame data has been written to memory.

. After one frame has been received, if the receive enable bit is set (RE = 1) in the Et
register, the receiver prepares to receive the next frame.
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Figure9.4 (b) MII Frame Transmit Timing (Collision)
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Figure9.4(c) MII Frame Transmit Timing (Transmit Error)
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Figure9.4 (f) MII Frame Receive Timing (Receive Error (2))
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Access Type MII Management Frame
ltem PRE ST OoP PHYAD | REGAD TA DATA
Number of bits 32 2 2 5 5 2 16
Read 1.1 01 10 00001 | RRRRR Z0 D..D
Write 1.1 01 01 00001 | RRRRR 10 D..D
PRE: 32 consecutive 1s
ST: Write of 01 indicating start of frame
OP: Write of code indicating access type
PHYAD: Write of 0001 if the PHY-LSI address is 1 (sequential write starting with the M:
This bit changes depending on the PHY-LSI address.
REGAD: Write of 0001 if the register address is 1 (sequential write starting with the MS
This bit changes depending on the PHY-LSI register address.
TA: Time for switching data transmission source on MIl interface
(a) Write: 10 written
(b) Read: Bus release (notation: Z0) performed
DATA: 16-bit data. Sequential write or read from MSB
(a) Write: 16-bit data write
(b) Read: 16-bit data read
IDLE: Wait time until next MIl management format input

(@) Write: Independent bus release (notation: X) performed
(b) Read: Bus already released in TA; control unnecessary

Figure9.5 MII Management Frame Format

MII Register AccessProcedure The program accesses Ml registers viathe PHY ir
register (PIR). Access isimplemented by a combination of 1-bit-unit data write, 1-bit-
read, bus release, and independent bus release. Examples 1 through 4 below show the
access timing. Thetiming will differ depending onthe PHY-LS| type.

1. The MII register write procedure is shown in figure 9.6 (a).
2. Thebus release procedureis shown in figure 9.6 (b).
3. The Ml register read procedure is shown in figure 9.6 ().
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(2) Write to PHY interface | \

register 1) (@) (3)
MMD =1 . e
MDO = write data rl(;lt;:igﬁgiwme timing
MDC =1 P

(3) Write to PHY interface
register

MMD =1
MDO = write data
MDC =0

Figure9.6 (a) 1-Bit Data Write Flowchart

(1) Write to PHY interface
register
MDC

MMD =0
MDC =0 —
MDO

(2) Write to PHY interface
register

MMD =0
MDC =1

@ @ ®)

Bus release timing
relationship

(3) Write to PHY interface
register

MMD =0
MDC =0

Figure9.6 (b) BusReleaseFlowchart (TA in Read in Figure 9.5)
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Figure9.6 (c) 1-Bit Data Read Flowchart
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Figure 9.6 (d) Independent Bus Release Flowchart (IDLE in Writein Figu
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1. Disableinterrupt source output by means of the various interrupt enable/mask regis

2. Set the Magic Packet detection enable bit (MPDE) in the EtherC mode register (EC

3. Set the Magic Packet detection interrupt enable bit (MPDIP) in the EtherC interrupl
register (ECSIPR) to the enable setting.

4. If necessary, set the CPU operating mode to sleep mode or set supporting functions
standby mode.

5. When aMagic Packet is detected, an interrupt is sent to the CPU. The WOL pin nof
peripheral LSIsthat the Magic Packet has been detected.

Notes: 1. When the Magic Packet is detected, datais stored in the receive FIFO by th
packet that has received data previously and the EtherC is notified of the rex
status. To return to normal operation from the interrupt processing, initialize
EtherC and E-DMAC by using the software reset bit (SWR) in the E-DMAJ(
register (EDMR).

2. With aMagic Packet, reception is performed regardless of the destination &
result, this function is valid, and the WOL pin enabled, only in the case of a
the destination address specified by the format in the Magic Packet.
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supporting functions, and external pins continue to operate. Recovery from sleep mod
carried out by means of an interrupt from the EtherC or a supporting module, or ares
control external pins and the WOL pin by means of Magic Packet reception, the relev.
be set beforehand.

Note: In order to specify recovery by means of a magic packet, supporting function
sources should be masked before sleep modeis entered. See section 9.3.5, Mé
Detection, for the setting procedure.

Standby M ode: 1n standby mode, the on-chip oscillation circuit is halted. Consequen
is not supplied to the EtherC, and interrupts from the EtherC and other supporting mo
be reported. It istherefore not possible to restore normal operation by these means, ar
WOL function cannot be used.

Notes: This mode can be selected to halt al functions including the EtherC. Howevel
interrupt, power-on reset, or manual reset is necessary in order to restore norn

When the SH7615 has been placed in standby mode, the CPU, DSP, and bus
controller are among the functions halted. When DRAM is connected, refresh
halted, and therefore initialization of memory, etc., is necessary after recovery
way asin areset.

M odule Standby M ode: Module standby mode alows individual supporting module
halted. However, due to the nature of its function, the operation of the EtherC cannot |
During normal operation, module standby mode can be used to halt unnecessary supp
functions. The CPU and DSP continue to operate in this mode.
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TX-ER

TXER

ETXD3 = ETXD3
ETXD2 B ETXD2
ETXD1 = ETXD1
ETXDO B ETXDO
TX-EN = TXEN
TX-CLK |-t TXCLK
MDC = MDC
MDIO |- = MDIO
ERXD3 |- ERXD3
ERXD2 |- ERXD2
ERXD1 |- ERXD1
ERXDO |- ERXDO
RX-CLK |- RXCLK
CRS = CRS
COL [ COL
RX-DV = RXDV
RX-ER [ RXER
Figure9.7 Example of Connection to AM79C873
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MDC = MDC
MDIO (¢————————®» MDIO
ERXD3 |- RXD3
ERXD2 RXD2
ERXD1 |- RXD1
ERXDO RXDO
RX-CLK - RX_CLK
CRS [= CRS
COL |- COL
RX-DV - RX_DV
RX-ER [ RX_ER

Figure 9.8 Example of Connection to DP83843
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IEEE802.3 operation
Collision

v
—< Preamble (7 bytes) X SFD (1 byte) XJAM (4 bytes))—

SH7615 operation
Collision

v
o D G
T L JAM (4 bytes) or

Preamble SFD (1 byte) + JAM (3 bytes)
(7 bytes or less)

I nfluence on System: The other transmitting station in the collision cannot detect the
and may mistake its datato be transmitted successfully on the MAC layer. In this case,
layer (such as TCP/IP) generally recoversthe error by re-transmission to complete the
transmission, though the efficiency of transmission may be degraded.
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efficient datatransfer control to be achieved.

10.1.1 Features

The E-DMAC has the following features:

The load on the CPU is reduced by means of a descriptor management system
Transmit/receive frame status information is indicated in descriptors

Achieves efficient system bus utilization through the use of block transfer (16-byt
Supports single-frame/multi-buffer operation

Note: The E-DMAC cannot handle transfers to on-chip RAM and supporting modul
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Figure 10.1 Configuration of E-DMAC, and Descriptorsand Buffers
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Reception: For each start of areceive DMA transfer, the receive E-DMAC fetches al
buffer address from the top of the receive descriptor list. When receive datais stored i
FIFO, the E-DMAC transfersthis data to the receive buffer. When reception of one fr
finished, the E-DMAC performs areceive status write and fetches the receive buffer e
the next descriptor. By repeating this sequence, consecutive frames can be received.

10.1.4 Register Configuration
The E-DMAC has the seventeen 32-bit registers shown in table 10.1.

Notes: 1. All registers must be accessed as 32-bit units.
2. Reserved hitsin aregister should only be written with O.
3. Thevalueread from areserved bit is not guaranteed.
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EtherC/E-DMAC status register EESR

R/W*'  H00000000 HF
EtherC/E-DMAC status interrupt EESIPR R/W H'00000000 H'F
permission register
Transmit/receive status copy enable TRSCER R/W H'00000000 H'F
register
Receive missed-frame counter register RMFCR R/W*?  H'00000000 H'F
Transmit FIFO threshold register TFTR R/W H'00000000 H'F
FIFO depth register FDR R/W H'00000000 H'F
Receiver control register RCR R/W H'00000000 H'F
E-DMAC operation control register EDOCR R/W H'00000000 H'F
Receive buffer write address register RBWAR R H'00000000 H'F
Receive descriptor fetch address register ~ RDFAR R H'00000000 H'F
Transmit buffer read address register TBRAR R H'00000000 H'F
Transmit descriptor fetch address register TDFAR R H'00000000 H'F

Notes: 1. Individual bits are cleared by writing 1.
2. Cleared by reading the register.
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their initial state by means of the software reset bit (SWR) in thisregister, the

settings.

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

31 30 29 . 11 10 9

— — — . ‘ — — —

0 0 0 o 0 0 0

7 6 5 4 3 2 1

— ‘ — ‘ DL1 ‘ DLO ‘ — ‘ — ‘ —

0 0 0 0 0 0 0
RW  RMW

Bits 31 to 6—Reserved: These bits are aways read as 0. The write value should alway

Bits 5 and 4—Descriptor Length 1, 0 (DL1, DLO): These hits specify the descriptor I

Bit 5: Bit 4:

DL1 DLO Description

0 0 16 bytes (
1 32 bytes

1 0 64 bytes
1 Reserved (setting prohibited)

Bits 3 to 1—Reserved: These bits are always read as 0. The write value should always

Bit 0—Software Reset (SWR): The EtherC and E-DMAC can be initialized by softwe
bits should only be written with O.
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10.22 E-DMAC Transmit Request Register (EDTRR)

The E-DMAC transmit request register issues transmit directives to the E-DMAC.

Bit: 31 30 29 11 10 9

- [T -] [=T-T-

Initial value: 0 0 0 - 0 0 0
R/W:

Bit: 7 6 5 4 3 2 1

-l -1T-T-T-T=-T1T=

Initial value: 0 0 0 0 0 0 0
R/W:

Bits 31 to 1—Reserved: These hits are aways read as 0. The write value should alway:

Bit 0—Transmit Request (TR): When 1 iswritten to this bit, the E-DMAC reads a desc
in the case of an active descriptor, transfers the datain the transmit buffer to the EtherC

Bit 0: TR Description

0 Transmission-halted state. Writing O does not stop transmission. Te
transmission is controlled by the active bit in the transmit descriptor

1 Start of transmission. The relevant descriptor is read and a frame is
the transmit active bit set to 1

Note: When transmission of one frame is completed, the next descriptor is read. If the
descriptor active bit in this descriptor has the “active” setting, transmission is cor
the transmit descriptor active bit has the “inactive” setting, the TR bit is cleared &
operation of the transmit DMAC is halted.

For details on writing to the register, see section 10.4, Usage Notes.
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Bit: 7 6 5 4 3 2 1

Initial value: 0 0 0 0 0 0 0
R/W:
Bits 31 to 1—Reserved: These hits are aways read as 0. The write value should alway

Bit 0—Receive Request (RR): When 1 is written to this bit, the E-DMAC reads a des
then transfers receive data to the buffer in response to receive requests from the Ether!

Bit 0: RR Description
0 After frame reception is completed, the receiver is disabled
1 A receive descriptor is read, and transfer is enabled

Notes: In order to receive a frame in response to a receive request, the receive descri
bit in the receive descriptor must be set to “active” beforehand.

1. When the receive request bit is set, the E-DMAC reads the relevant receive

2. If the receive descriptor active bit in the descriptor has the “active” setting,
prepares for a receive request from the EtherC.

3. When one receive buffer of data has been received, the E-DMAC reads the
descriptor and prepares to receive the next frame. If the receive descriptor
the descriptor has the “inactive” setting, the RR bit is cleared and operatior
receive DMAC is halted.

For details on writing to the register, see section 10.4, Usage Notes.
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Bit. 23 22 21 20 19 18 17
\ TDLA23 \ TDLA22 \ TDLA21 \ TDLA20 \ TDLA19 \ TDLA18 \ TDLAL’
Initial value: 0 0 0 0 0 0 0
RW: RW RW  RW  RW RW  RW  RW

Bitt 15 14 13 12 11 10 9
\ TDLA15 \ TDLA14 \ TDLA13 \ TDLA12 \ TDLA11 \ TDLA10 \ TDLAQ
Initial value: 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1
\ TDLA7 \ TDLAG \ TDLA5 \ TDLA4 \ TDLA3 ] TDLA2 \ TDLA1
Initial value: 0 0 0 0 0 0 0

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

Bits 31 to 0—Transmit Descriptor Start Address 31to O (TDLA31to TDLAQ): Thesel
only be written with O.

Notes: The lower bits are set as follows according to the specified descriptor length.
16-byte boundary: TDLA[3:0] = 0000
32-byte boundary: TDLA[4:0] = 00000
64-byte boundary: TDLA[5:0] = 000000

Thisregister must not be written to during transmission. Modifications to thisr
should only be made while transmission is disabled.
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Bit. 23 22 21 20 19 18 17
\ RDLA23 \ RDLA22 \ RDLA21 \ RDLA20 \ RDLA19 \ RDLA18 \ RDLA

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

Bitt 15 14 13 12 11 10 9
\ RDLA15 \ RDLA14 \ RDLA13 \ RDLA12 \ RDLA11 \ RDLA10 \ RDLA
Initial value: 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W RIW

Bit: 7 6 5 4 3 2 1
\ RDLA7 \ RDLAG \ RDLAS \ RDLA4 \ RDLA3 ] RDLA2 \ RDLA
Initial value: 0 0 0 0 0 0 0

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

Bits 31 to 0—Receive Descriptor Start Address 31to 0 (RDLA31 to RDLAO)

Notes: The lower bits are set as follows according to the specified descriptor length.
16-byte boundary: RDLA[3:0] = 0000
32-byte boundary: RDLA[4:0] = 00000
64-byte boundary: RDLA[5:0] = 000000

Modifications made to this register during reception are invalid. This register
be modified while reception is disabled.
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Initial value: 0 0 0 0 0 0 0

RIW: R R R R R RIW RIW

Bit: 23 22 21 20 19 18 17

\ — \ ECI \ TC \ TDE \ TFUF \ FR \ RDE

Initial value: 0 0 0 0 0 0 0
RIW: R R RIW RIW RIW RIW RIW

Bitt 15 14 13 12 11 10 9

\ — \ — \ — \ ITF \ CND \ DLC \ cD

Initial value: 0 0 0 0 0 0 0
RIW: R R R RIW RIW RIW RIW

Bit: 7 6 5 4 3 2 1

\ RMAF \ — \ — \ RRF \ RTLF ] RTSF \ PRE

Initial value: 0 0 0 0 0 0 0
RW: RMW R R RIW RIW RIW RIW

Bits 31 to 27—Reserved: These bits are always read as 0. The write value should away
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EESR bit 11: Carrier Not Detected (CND)
EESR bit 10: Detect Loss of Carrier (DLC)
EESR hit 9: Delayed Collision Detect (CD)

Bit 25— Receive abort detected (RABT): Indicates whether or not areceive abort wa

Bit 25: RABT Description
0 Receive abort not detected (
1 Receive abort detected

Thisbit will be set when any one or more of the following bits are set.

EESR hit 4:
EESR hit 3:
EESR hit 2:
EESR hit 1:
EESR hit O:

Receive Residual-Bit Frame (RRF)
Receive Too-Long Frame (RTLF)
Receive Too-Short Frame (RTSF)
PHY-LSI Receive Error (PRE)

CRC Error on Received Frame (CERF)
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frame counter register. I'he eignt frames In the receive FIFO are retained, and a
transferred to memory when DMA transfer becomes possible. When the frame ¢
value falls below 8, another frame is received.

Bit 23—Reserved: These bits are always read as 0. The write value should always be 0

Bit 22—FEtherC States Register Interrupt (ECI): Indicates that an interrupt due to an Etl
register (ECSR) source has been detected.

Bit 22: ECI Description
0 EtherC status interrupt source not detected (Ir
1 EtherC status interrupt source detected (interrupt source)

Note: EESR is a read-only register. When this register is cleared by a source in ECSR
EtherC, this bit is also cleared.

Bit 21—Frame Transmit Complete (TC): Indicatesthat all the data specified by the tra
descriptor has been transmitted to the EtherC. The transfer status is written back to the
descriptor. When 1-frame transmission is completed for 1-frame/1-buffer processing, o
last datain the frame is transmitted and the transmission descriptor valid bit (TACT) in
descriptor is not set for multiple-frame buffer processing, transmission is completed an
set to 1. After frame transmission, the E-DMAC writes the transmission status back to
descriptor.

Bit 21: TC Description
0 Transfer not complete, or no transfer directive (Ir
1 Transfer complete (interrupt source)

Note: As data is sent onto the line by the PHY-LSI from the EtherC via the Mll, the act
transmission completion time is longer.
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transmission. In this case,'the addrésé that is étored in the transmit descriptor |
register (TDLAR) is transmitted first.

Bit 19—Transmit FIFO Underflow (TFUF): Indicates that underflow has occurred in
FIFO during frame transmission. Incomplete data is sent onto the line.

Bit 19: TFUF Description
0 Underflow has not occurred (
1 Underflow has occurred (interrupt source)

Note: Whether E-DMAC operation continues or halts after underflow is controlled by
operation control register (EDOCR).

Bit 18—Frame Received (FR): Indicates that aframe has been received and the recei\
has been updated. This bit is set to 1 each time aframe isreceived.

Note: The actual receive frame status is indicated in the receive status field in the de

Bit 18: FR Description
0 Frame not received (
1 Frame received (interrupt source)

Bit 17—Receive Descriptor Exhausted (RDE): This bit is set if the receive descriptor
(RACT) setting is “inactive” (RACT = 0) when the E-DMAC reads areceive descript

Bit 17: RDE Description
0 “1” receive descriptor active bit (RACT) detected (
1 “0” receive descriptor active bit (RACT) detected (interrupt source)

Note: When receive descriptor empty (RDE = 1) occurs, receiving can be restarted b
RACT =1 in the receive descriptor and initiating receiving.
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2. Whether E-DMAC operation continues or halts after overflow is controlled by
DMAC operation control register (EDOCR).

Bits 15 to 13—Reserved: These bits are always read as 0. The write value should alway

Bit 12—Illegal Transmit Frame (ITF): Indicates that the transmit frame length specific:
than four bytes.

Bit 12: ITF Description
0 Normal transmit frame length (Ir
1 lllegal transmit frame length (interrupt source)

Bit 11—Carrier Not Detect (CND): Indicates the carrier detection status.

Bit 11: CND Description
0 A carrier is detected when transmission starts (Ir
1 Carrier not detected (interrupt source)

Bit 10—Detect Loss of Carrier (DLC): Indicatesthat loss of the carrier has been detect
frame transmission.

Bit 10: DLC Description
0 Loss of carrier not detected (Ir
1 Loss of carrier detected (interrupt source)

Bit 9—Delayed Collision Detect (CD): Indicates that a delayed collision has been dete
frame transmission.

Bit 9: CD Description
0 Delayed Collision not detected (Ir
1 Delayed Collision detected (interrupt source)
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been received.

Bit 7. RMAF Description
0 Multicast address frame has not been received (
1 Multicast address frame has been received (interrupt source)

Bits 6 and 5—Reserved: These bits are always read as 0. The write value should alwa

Bit 4—Receive Residual-Bit Frame (RRF): Indicatesthat aresidual-bit frame has bee

Bit 4. RRF Description
0 Residual-bit frame has not been received (
1 Residual-bit frame has been received (interrupt source)

Bit 3—Receive Too-Long Frame (RTLF): Indicates that aframe of 1519 bytes or lon
received.

Bit 3: RTLF Description
0 Too-long frame has not been received (
1 Too-long frame has been received (interrupt source)

Bit 2—Receive Too-Short Frame (RTSF): Indicates that a frame of fewer than 64 byt
received.

Bit 2: RTSF Description
0 Too-short frame has not been received (
1 Too-short frame has been received (interrupt source)
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Bit 0: CERF Description

0 CRC error not detected (Ir

1 CRC error detected (interrupt source)

10.2.7 EtherC/E-DMAC Status|nterrupt Permission Register (EESIPR)

EESIPR enables interrupts corresponding to individual bits in the EtherC/E-DMAC ste
Aninterrupt is enabled by writing 1 to the corresponding bit. In theinitial state, interru
enabled.

Bit: 31 30 29 28 27 26 25
Initial value: 0 0 0 0 0 0 0
R/W:

Bit: 23 22 21 20 19 18 17
\ — \ ECIIP \ TCIP \ TDEIP ‘TFUFIP‘ FRIP \ RDEIP

Initial value: 0 0 0 0 0 0 0
RIW: R RIW RIW R/W RIW RIW RIW

Bitt 15 14 13 12 11 10 9

\ — \ — \ — \ ITFIP \ CNDIP \ DLCIP \ CDIP

Initial value: 0 0 0 0 0 0 0
RIW: R R R RIW RIW RIW RIW

Bit: 7 6 5 4 3 2 1
‘RMAFIP‘ — \ — \ RRFIP \ RTLFIP \ RTSFIP‘ PREIP

Initial value: 0 0 0 0 0 0 0
RW: RMW R R RIW RIW RIW RIW
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Bit 23—Reserved: This bit is always read as 0. The write value should always be 0.

Bit 22—FEtherC Status Register Interrupt Permission (ECIP): Enables interrupts due t
status register sources.

Bit 22: ECIP Description
0 EtherC status interrupts are disabled (
1 EtherC status interrupts are enabled

Bit 21—Frame Transmit Complete Interrupt Permission (TCIP): Enables the frame tr:
complete interrupt.

Bit 21: TCIP Description
0 Frame transmit complete interrupt is disabled (
1 Frame transmit complete interrupt is enabled

Bit 20—Transmit Descriptor Exhausted Interrupt Permission (TDEIP): Enables the tr
descriptor exhausted interrupt.

Bit 20: TDEIP Description

0 Transmit descriptor exhausted interrupt is disabled (
1 Transmit descriptor exhausted interrupt is enabled

Bit 19—Transmit FIFO Underflow Interrupt Permission (TFUFIP): Enables the trans
underflow interrupt.

Bit 19: TFUFIP  Description

0 Transmit FIFO underflow interrupt is disabled (

1 Transmit FIFO underflow interrupt is enabled
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Bit 17: RDEIP Description

0 Receive descriptor exhausted interrupt is disabled (Ir

1 Receive descriptor exhausted interrupt is enabled

Bit 16—Receive FIFO Overflow Interrupt Permission (RFOFIP): Enables the receive |
overflow interrupt.

Bit 16: RFOFIP  Description

0 Receive FIFO overflow interrupt is disabled (Ir

1 Receive FIFO overflow interrupt is enabled

Bits 15 to 13—Reserved: These bits are always read as 0. The write value should alway

Bit 12—Illegal Transmit Frame Interrupt Permission (ITFIP): Enablesthe illegal transt
interrupt.

Bit 12: ITFIP Description
0 lllegal transmit frame interrupt is disabled (Ir
1 lllegal transmit frame interrupt is enabled

Bit 11—Carrier Not Detect Interrupt Permission (CNDIP): Enablesthe carrier not dete

Bit 11: CNDIP Description

0 Carrier not detect interrupt is disabled (Ir

1 Carrier not detect interrupt is enabled
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Bit 9: CDIP Description

0 Collision detect interrupt is disabled (

1 Collision detect interrupt is enabled

Bit 8—Transmit Retry Over Interrupt Permission (TROIP): Enables the transmit retry
interrupt.

Bit 8: TROIP Description
0 Transmit retry over interrupt is disabled (
1 Transmit retry over interrupt is enabled

Bit 7—Receive Multicast Address Frame Interrupt Permission (RMAFI P): Enables th
multicast address frame interrupt.

Bit 7: RMAFIP Description

0 Receive multicast address frame interrupt is disabled (
1 Receive multicast address frame interrupt is enabled

Bits 6 and 5—Reserved: These bits are dways read as 0. The write value should awa

Bit 4—Receive Residual-Bit Frame Interrupt Permission (RRFIP): Enables the receiv
frame interrupt.

Bit 4: RRFIP Description
0 Receive residual-bit frame interrupt is disabled (
1 Receive residual-bit frame interrupt is enabled
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Bit 2: RTSFIP Description

0 Receive too-short frame interrupt is disabled (Ir

1 Receive too-short frame interrupt is enabled

Bit 1—PHY-LSl Receive Error Interrupt Permission (PREIP): Enablesthe PHY-LSI re
interrupt.

Bit 1: PREIP Description
0 PHY-LSI receive error interrupt is disabled (Ir
1 PHY-LSI receive error interrupt is enabled

Bit 0—CRC Error on Received Frame Interrupt Permission (PREIP): Enables the CRC
received frame interrupt.

Bit 0: CERFIP Description

0 CRC error on received frame interrupt is disabled (Ir

1 CRC error on received frame interrupt is enabled
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DIt

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

Bits 31 to 8—Reserved: These hits are aways read as 0. The write value should alway
Bit 7—Multicast Address Frame Receive (RMAF) Bit Copy Enable (RMAFCE)

Bit 7. RMAFCE Description

0 Enables the RMAF bit status to be indicated in the RFS7 bit in the
descriptor.
1 Disables occurrence of corresponding source to be indicated in the

the receive descriptor.

Bits 6 to 0—Reserved: These bits are always read as 0. The write value should alway:s
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Initial value: 0 0 0 - 0 0 0

R/W:
Bitt 15 14 13 12 11 10 9
\ MFC15 \ MFC14 \ MFC13 \ MFC12 \ MFC11 \ MFC10 \ MFC9
Initial value: 0 0 0 0 0 0 0
RIW: R R R R R R R
Bit: 7 6 5 4 3 2 1
\ MFC7 \ MFC6 \ MFC5 \ MFC4 \ MFC3 \ MFC2 \ MFC1
Initial value: 0 0 0 0 0 0 0
RIW: R R R R R R R
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Initial value: 0 0 0 - 0 0 0

R/W:
Bit 15 14 13 12 11 10 9
\ — \ — \ — \ — \ — \ TFT10 \ TFT
Initial value: 0 0 0 0 0 0 0
RW: R R R R R RW  RW
Bt 7 6 5 4 3 2 1
\ TFT7 \ TFT6 \ TFT5 \ TFT4 \ TFT3 ] TFT2 \ TFT:
Initial value: 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W RIW

Bits 31 to 11—Reserved: These bits are always read as 0. The write value should alw:

Rev. 2.00, 03/05, pac
RENESAS



H'1F 124 bytes

H'20 128 bytes
H'3F 252 bytes
H'40 256 bytes
H'7F 508 bytes
H'80 512 bytes

Note: When setting a transmit FIFO threshold of 256 bytes or more, a FIFO depth of 5
must be selected.

Restriction: When the transfer rate is 10 Mbps (TX-CLK clock input frequency = 2.5 |
the value of transmit FIFO threshold bits 10to 0 (TFT10to TFTQ) of TFTRisset to a\
H’001 (4 bytes) to H'00C (48 bytes), the Ethernet controller (EtherC) may not transmit

Therefore, when the transfer rateis 10 Mbps, set TFT10to TFTO of TFTR to H’ 000 (st
forward mode), or H'00D (52 bytes) or alarger value. (Refer to the following table.)

When the transfer rate is 100 Mbps (TX-CLK clock input frequency = 25 MHz), thisre
not applicable.
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I malfunction when the

rate is 10 Mbps.

H'007 28 bytes
H'008 32 bytes
H'009 36 bytes
H'00A 40 bytes
H'00B 44 bytes
H'00C 48 bytes
H'00D 52 bytes
H'00E 56 bytes
H'00F 60 bytes
H'01F 124 bytes
H'020 128 bhytes
H'03F 252 bytes
H'040 256 bytes
H'07F 508 bytes
H'080 512 bytes

RENESAS
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Bit: 15 14 13 12 11 10 9

Initial value: 0 0 0 0 0 0 0
R/W:

Bit: 7 6 5 4 3 2 1

I = - I = =

Initial value: 0 0 0 0 0 0 0
R/W:

Bits 31 to 9—Reserved: These hits are aways read as 0. The write value should away:

Bit 8—Transmit FIFO Depth (TFD): Specifies either 256 or 512 bytes as the depth (siz
transmit FIFO (which has a maximum capacity of 512 bytes). The setting cannot be ch
transmission/reception has started.

Bit 8: TFD Description
0 256 bytes (Ir
1 512 bytes

Bits 7 to 1—Reserved: These bits are always read as 0. The write value should always |

Bit 0—Receive FIFO Depth (RFD): Specifies either 256 or 512 bytes as the depth (size
receive FIFO (which has a maximum capacity of 512 bytes). The actual FIFO depth is
the set value. The setting cannot be changed after transmission/reception has started.

Bit 0: RFD Description
0 256 bytes (Ir
1 512 bytes
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Bit: 7 6 5 4 3 2 1
Initial value: 0 0 0 0 0 0 0
R/W:

Bits 31 to 1—Reserved: These hits are aways read as 0. The write value should alway

Bit 0—Receive Enable Control (RNC)

Bit 0: RNC Description

0 When reception of one frame is completed, the E-DMAC writes the
status into the descriptor and clears the RR bitin EDRRR (

1 When reception of one frame is completed, the E-DMAC writes the

status into the descriptor, reads the next descriptor, and prepares
the next frame*

Note: * This setting is normally used for continuous frame reception.
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Bit 7 6 5 4 3 2 1
\ — | — | — | — | FEc | AEC | EDH

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

Bits 31 to 4—Reserved: These hits are aways read as 0. The write value should away:

Bit 3—FIFO Error Control (FEC): Specifies E-DMAC operation when transmit FIFO
or receive FIFO overflow occurs.

Bit 3: FEC Description
0 E-DMAC operation continues when underflow or overflow occurs (Ir
1 E-DMAC operation halts when underflow or overflow occurs

Bit 2—Address Error Control (AEC): Indicates detection of anillegal memory address
attempted E-DMAC transfer.

Bit 2: AEC Description
0 lllegal memory address not detected (normal operation) (Ir
1 lllegal memory address detected. Can be cleared by writing O.

Note: This error occurs if the memory address setting in the descriptor used by the E-L
illegal.

Bit 1—E-DMAC Halted (EDH): When the SH7615's NMI input pin is asserted, E-DM
operation is halted.

Bit 1: EDH Description
0 The E-DMAC is operating normally (Ir
1 The E-DMAC has been halted by NMI pin assertion. E-DMAC operz

restarted by writing 0.
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‘RBWASl‘RBWA30‘RBWAZQ‘RBWAZB‘RBWAZ?‘ RBWAZG‘RBWA

Initial value: 0 0 0 0 0 0 0
RW: R R R R R R R
Bitt 23 22 21 20 19 18 17
‘ RBWA23 ‘ RBWA22 ‘ RBWA21 ‘ RBWA20 ‘ RBWA19‘ RBWA18 ‘ RBWA
Initial value: 0 0 0 0 0 0 0
RW: R R R R R R R
Bitt 15 14 13 12 11 10 9
‘RBWAlS‘RBWAM‘RBWA13‘RBWAlZ‘RBWAll‘RBWAlO‘ RBW/
Initial value: 0 0 0 0 0 0 0
RW: R R R R R R R
Bit; 7 6 5 4 3 2 1
\ RBWA7 \ RBWAG \ RBWAS \ RBWA4 \ RBWA3 \ RBWA2 \ RBW/
Initial value: 0 0 0 0 0 0 0
RW: R R R R R R R

Bits 31 to 0—Receiving-buffer write address (RBWA): This bit can only be read. Wri
disabled.

Note: The buffer write processing result from the E-DMAC and the value read by tt
may not be the same.
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Initial value: 0 0 0 0 0 0 0

R/W:
Bit: 23 22 21 20 19 18 17
\ RDFA23 \ RDFA22 \ RDFA21 \ RDFA20 \ RDFA19 \ RDFA18 \ RDFAL
Initial value: 0 0 0 0 0 0 0
RIW: R R R R R R R
Bitt 15 14 13 12 11 10 9
\ RDFA15 \ RDFA14 \ RDFA13 \ RDFA12 \ RDFA11 \ RDFA10 \ RDFAC
Initial value: 0 0 0 0 0 0 0
RIW: R R R R R R R
Bit: 7 6 5 4 3 2 1
\ RDFA7 \ RDFA6 \ RDFA5 \ RDFA4 \ RDFA3 ] RDFA2 \ RDFA1
Initial value: 0 0 0 0 0 0 0
RIW: R R R R R R R

Bits 31 to 0—Receiving-descriptor fetch address (RDFA): This bit can only be read. W
disabled.

Note: The descriptor fetch processing result from the E-DMAC and the value read by
register may not be the same.
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R/W: R R R R R R R

Bit. 23 22 21 20 19 18 17

\ TBRA23 \ TBRA22 \ TBRA21 \ TBRA20 \ TBRA19 \ TBRA18 \ TBRA:

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

Bit. 15 14 13 12 11 10 9

\ TBRA15 \ TBRAL14 \ TBRA13 \ TBRA12 \ TBRAL1 \ TBRAL0 \ TBRA

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

Bt 7 6 5 4 3 2 1

\ TBRA7 \ TBRAG \ TBRA5 \ TBRA4 \ TBRA3 ] TBRA2 \ TBRA

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

Bits 31 to 0—Transmission-buffer read address (TBRD): This bit can only be read. W
disabled.

Note: The buffer read processing result from the E-DMAC and the value read by the
may not be the same.
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Initial value: 0 0 0 0 0 0 0

R/W:
Bit: 23 22 21 20 19 18 17
\ TDFA23 \ TDFA22 \ TDFA21 \ TDFA20 \ TDFA19 \ TDFA18 \ TDFAL
Initial value: 0 0 0 0 0 0 0
RIW: R R R R R R R
Bitt 15 14 13 12 11 10 9
\ TDFA15 \ TDFA14 \ TDFA13 \ TDFA12 \ TDFA11 \ TDFA10 \ TDFAQ
Initial value: 0 0 0 0 0 0 0
RIW: R R R R R R R
Bit: 7 6 5 4 3 2 1
\ TDFA7 \ TDFA6 \ TDFAS5 \ TDFA4 \ TDFA3 ] TDFA2 \ TDFA1
Initial value: 0 0 0 0 0 0 0
RIW: R R R R R R R

Bits 31 to 0—Transmission-descriptor fetch address (TDFA): This bit can only be read
disabled.

Note: The descriptor fetch processing result from the E-DMAC and the value read by
register may not be the same.
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10.3.1 Descriptor List and Data Buffers

Before starting transmission/reception, the communication program creates transmit &
descriptor listsin memory. The start addresses of these lists are then set in the transmi
descriptor list start addressregisters.

Transmit Descriptor

Figure 10.2 shows the relationship between a transmit descriptor and the transmit buff
According to the specification in this descriptor, the relationship between the transmit
transmit buffer can be defined as one frame/one buffer or one frame/multi-buffer.

Notes. 1. Thedescriptor start address must be specified to align with an address bou
corresponding to the descriptor length specified in the E-DMAC mode reg
(EDMR).
2. Thetransmit buffer start address must be specified to align with alongwor
Note, however, that it must be aligned with a 16-byte boundary when SDR

connected.

Transmit descriptor Transmit buffer

31/30/29|28(27|26 0

= L_IIJ - O w
DO |2 Ak kL TFS26 to TFSO

e

Valid transmit

TD1 31 TDL 16 >

31 0
TD2 TBA

Padding (4 bytes)

Figure 10.2 Relationship between Transmit Descriptor and Transmit B
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Indicates that valid data has not been written to the transmit buffer &
or this bit has been reset by a write-back operation on termination o
frame transfer processing (completion or suspension of transmissio

If this state is recognized in an E-DMAC descriptor read, the E-DM£
terminates transmit processing and transmit operations cannot be ¢
restart is necessary)

The transmit descriptor is valid

Indicates that valid data has been written to the transmit buffer by tt
frame transfer processing has not yet been executed, or that frame
in progress

When this state is recognized in an E-DMAC descriptor read, the E-
continues with the transmit operation

Bit 30—Transmit Descriptor List Last (TDLE): Indicates that this descriptor is the last
transmit descriptor list. After completion of the corresponding buffer transfer, the E-DI
references the first descriptor. This specification is used to set aring configuration for t

Bit 30: TDLE

Description

This is not the last transmit descriptor list

This is the last transmit descriptor list
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1 0 Transmit butter indicated by this descriptor IS start of frame (frar
concluded)

1 Contents of transmit buffer indicated by this descriptor are equi\
frame (one frame/one buffer)

Note: In the preceding and following descriptors, a logically positive relationship mus
maintained between the settings of this bit and the TDLE bit.

Bit 27—Transmit Frame Error (TFE): Indicates that one or other bit of the transmit fr
indicated by bits 26 to 0 is set.

Bit 27: TFE Description
0 No error during transmission
1 An error of some kind occurred during transmission (see bits 26 to

Bits 26 to 0—Transmit Frame Status 26 to 0 (TFS26 to TFS0): These bits indicate the
during frame transmission.

e TFS26 to TFS9—Reserved
e  TFS8—Transmit Abort Error Detect

Note: Thishit is set to 1 when any of transmit frame status bits4to 0 (TFS4 to T
When thisbit is set, the transmit frame error bit (bit 27: TFE) isset to 1.

* TFS7to TFS5—Reserved

e TFSA—Illega Transmit Frame (correspondsto ITF bit in EESR)

e TFS3—Carrier Not Detect (correspondsto CND bit in EESR)

* TFS2—Detect Loss of Carrier (correspondsto DLC bit in EESR)

* TFS1—Delayed Collision Detect in Transmission (correspondsto CD bit in EESF
e TFSO0—Transmit Retry Over (correspondsto TRO bit in EESR)
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Transmit Descriptor 2 (TD2): Specifies the 32-bit transmit buffer start address.

Note: The transmit buffer start address must be specified to align with alongword bo
However, it must be aligned with a 16-byte boundary when SDRAM is connec

Bits 31 to 0—Transmit Buffer Address (TBA)
Receive Descriptor

Figure 10.3 shows the relationship between a receive descriptor and the receive buffer.
reception, the E-DMAC performs data rewriting up to areceive buffer 16-byte boundar
regardless of the receive frame length. Finally, the actual receive frame length is report
lower 16 hits of RD1 in the descriptor. Data transfer to the receive buffer is performed
automatically by the E-DMAC to give a one frame/one buffer or one frame/multi-buffe
configuration according to the size of one received frame.

Notes. 1. Thedescriptor start address must be specified to align with an address boun
corresponding to the descriptor length specified in the E-DMAC mode regis
(EDMR).

2. Thereceive buffer start address must be specified to align with alongword |

Note, however, that it must be aligned with a 16-byte boundary when SDR/
connected.
Specify an appropriate size of receive buffer so that it aligns with a 16-byte
Example: H'0500 (= 1536 bytes)
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Padding (4 bytes) L

Figure 10.3 Reationship between Receive Descriptor and Receive Buf

Receive Descriptor 0 (RDO): RDO indicates the receive frame status. The CPU and E
RDO to report the frame transmission status.

Bit 31—Receive Descriptor Active (RACT): Indicates that this descriptor is active. Tl
resets this bit after receive data has been transferred to the receive buffer. On complet
receive frame processing, the CPU sets this bit to prepare for reception.

Bit 31: RACT

Description

0

The receive descriptor is invalid

Indicates that the receive buffer is not ready (access disabled by E
this bit has been reset by a write-back operation on termination of
frame transfer processing (completion or suspension of reception)

If this state is recognized in an E-DMAC descriptor read, the E-DM
terminates receive processing and receive operations cannot be c

Reception can be restarted by setting RACT to 1 and executing re
initiation.

The receive descriptor is valid

Indicates that the receive buffer is ready (access enabled) and pro
frame transfer from the FIFO has not been executed, or that frame
progress

When this state is recognized in an E-DMAC descriptor read, the E
continues with the receive operation

Bit 30—Receive Descriptor List Last (RDLE): Indicates that this descriptor isthe last
receive descriptor list. After completion of the corresponding buffer transfer, the E-DI
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Bit 29: Bit 28:

RFP RFP Description
0 0 Frame reception for receive buffer indicated by this descriptor col
(frame is not concluded)
1 Receive buffer indicated by this descriptor contains end of frame
concluded)
1 0 Receive buffer indicated by this descriptor is start of frame (frame
concluded)
1 Contents of receive buffer indicated by this descriptor are equival

frame (one frame/one buffer)

Bit 27—Receive Frame Error (RFE): Indicates that one or other bit of the receive fram
indicated by bits 26 to 0 is set. Whether or not the multicast address frame receive infol
which is part of the receive frame status, is copied into this bit is specified by the transt
status copy enable register (TRSCER).

Bit 27: RFE Description
0 No error during reception (Ir
1 An error of some kind occurred during reception (see bits 26 to 0)

Bits 26 to 0—Receive Frame Status 26 to 0 (RFS26 to RFS0): These bitsindicate the €
during frame reception.

* RFS26 to RFS10—Reserved
* RFS9—Receive FIFO Overflow (correspondsto RMAF bit in EESR)
* RFS8—Receive Abort Error Detect

Note: Thishit is set to 1 when any of receive frame status bits 9 (RFS9), 7 (RFS7),
(RF4 to RFSD) is set. When this bit is set, the receive frame error (RFE) bif

* RFS7/—Receive Multicast Address Frame (corresponds to RMAF bit in EESR)
* RFS6, RFS5—Reserved
» RFS4—Receive Residual-Bit Frame (corresponds to RRF bit in EESR)
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Notes: Thetransfer byte length must align with a 16-byte boundary (bits 19 to 16 cle
The maximum receive frame length with one frame per buffer is 1,514 bytes,
the CRC data. Therefore, for the receive buffer length specification, avalue o
(H'05F0) that takes account of a 16-byte boundary is set as the maximum rece
length.

Bits 15 to 0—Receive Data Length (RDL): These bits specify the data length of arec:
stored in the receive buffer.

Note: Thereceive datatransferred to the receive buffer does not include the 4-byte (
the end of the frame. The receive frame length is reported as the number of wi
data bytes) not including this CRC data.

Receive Descriptor 2 (RD2): Specifies the 32-bit receive buffer start address.

Note: The receive buffer start address must be specified to align with alongword bc
However, it must be aligned with a 16-byte boundary when SDRAM is conne

Bits 31 to 0—Receive Buffer Address (RBA)

10.3.2 Transmission

When the transmitter is enabled and the transmit request bit (TR) is set in the E-DMA
request register (EDTRR), the E-DMAC reads the descriptor used last time from the't
descriptor list (in the initial state, the descriptor indicated by the transmission descript
addressregister (TDLAR)). If the setting of the TACT bit in the read descriptor is“ac
DMAC reads transmit frame data sequentially from the transmit buffer start address s
TD2, and transfersit to the EtherC. The EtherC creates atransmit frame and sartstra
the MIl. After DMA transfer of data equivalent to the buffer length specified in the de
following processing is carried out according to the TFP value.
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Transmission flowchart

SH7615 + memory E-DMAC Transmit FIFO EtherC

EtherC/E-DMAC
initialization
Descriptor and

transmit
buffer setting

\/

\

Transmit directive

Descriptor read

Transmit data transfer \

__Descriptor write-back

“Descriptor read \\

\

Transmit data transfer

\

\ Frame transm

Descriptor write-back

%

Transmission
completed

Figure 10.4 Sample Transmission Flowchart

Rev. 2.00, 03/05, page 456 of 884
RENESAS



when the buffer Isfull (RFP = 10 or 00), then reads the next descriptor. The E-DMAC
continuesto transfer data to the receive buffer specified by the new RD2. When frame
completed, or if frame reception is suspended because of an error of some kind, the E:
performs write-back to the relevant descriptor (RFP = 11 or 01), and then ends the rec
processing. The E-DMAC then reads the next descriptor and enters the receive-standk:
again.

Note: To receive frames continuously, the receive enable control bit (RNC) must be
the receive control register (RCR). After initialization, this bit iscleared to O.
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Figure 10.5 Sample Reception Flowchart
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bit cleared to O, immediately. The next descriptor isthen read, and the position within
frameis determined on the basis of bits TFP1 and TFPO (continuing [00] or end [01])
of acontinuing descriptor, the TACT bit is cleared to O, only, and the next descriptor |
immediately. If the descriptor isthe final descriptor, not only isthe TACT bit cleared
write-back is also performed to the TFE and TFS bits at the same time. Data in the bu
transmitted between the occurrence of an error and write-back to the final descriptor.
interrupts are enabled in the EtherC/E-DMAC status interrupt permission register (EE
interrupt is generated immediately after the final descriptor write-back.

Descriptors

- w =
e - A
FrF|FF
00 10 »
00 00
5 /—>
Inactivates TACT (changes 1 to 0) > 10 00 | — Tra
E-DMAC )
g DEsCriptor read
Inactivates TACT 10 00 ™|  Untransmitted
g DESCriptor read [ data is not ]
Inactivates TACT - 10 00 | transmitted
4%crimor read | after error | |©One frame
| inactivatesTACT | 1 0 |00 M~ occurrence.
- Descriptor read Descriptor
o | 10 01
Inactivates TACT and writes TFE, TFS - — Buffer
11010 y
4>

Figure10.6 E-DMAC Operation after Transmit Error
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(EESIPR), an interrupt is generated immediately after the write-back. If thereisanew
receive request, reception is continued from the buffer after that in which the error occl

Descriptors

o4l &e
la)
00 10 /_» Start
00 00
00 |00 "
Inactivates RACT and writes RFE, RFS__ I~ =~ | <:| Rece
E-DMAC _, Descriptor read
N Witebak | 10 [ 00 ™ v~
: 10 | 00 — New f
contir
10 |00 ~
10 00
- Buff
11 00 \» ¢ uffer
s
L v

Figure10.7 E-DMAC Operation after Receive Error
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When the timing of clear TR/RR request bit and set TR/RR request bit by user’s firm
matched, E-DMAC can't recognize the exact condition of TR/RR bit.

Condition: When TR/RR request bit is always set by the firmware without checking 1
TR/RR request bit.

Countermeasur es: Please check the TR/RR request bit is cleared by E-DMAC first, |
the TR/RR request bit by user’sfirmware.

(1) There are two ways to check TR request bit that is cleared by E-DMAC.
(a) Possibleto check read “0” of TR bit of E-DMAC directly.
(b) Possible to check read “1” of TDE (Transmit Descriptor Exhausted) in EESR 1
the interrupt on.
(2) There are two ways to check RR request bit that is cleared by E-DMAC.
(a) Possible to check read “0” of RR bit of E-DMAC directly.

(b) Possible to check read “1” of RDE (Receive Descriptor Exhausted) in EESR re
the interrupt on.
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the operating efficiency of the chip asawhole.

11.1.1 Features

The DMAC hasthe following features:

Two channels

Address space: Architecturally 4 Gbytes

Choice of datatransfer unit: Byte, word (2-byte), longword (4-byte) or 16-byte un
byte transfer, four longword reads are executed, followed by four longword writes
Maximum of 16,777,216 (16M) transfers

In the event of a cache hit, CPU instruction processing and DMA operation can be
paralel

Single address mode transfers. Either the transfer source or transfer destination (pt
device) is accessed by a DACK signal (selectable) while the other is accessed by ¢
transfer unit of datais transferred in one bus cycle.

Possible transfer devices: External devices with DACK and memory-mapped exte
(including external memory)

Dual address mode transfer: Both the transfer source and transfer destination are &
address. Onetransfer unit of datais transferred in two bus cycles.

Possible transfer devices:

O Two externa memories

0 External memory and memory-mapped external device
0 Two memory-mapped external devices
ad

External memory and on-chip peripheral module (excluding DMAC, BSC, UB
memory, E-DMAC, and EtherC)

Memory-mapped external device and on-chip peripheral module (excluding D
UBC, cache-memory, E-DMAC, and EtherC)

0 Two on-chip peripheral modules (excluding DMAC, BSC, UBC, cache-memo
DMAC, and EtherC)

0 On-chip memory and memory-mapped external device

O
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do-0ittumer puise unit (1Y), serlal 170 (SIV)

0 Auto-request: the transfer request is generated automatically within the DMAC
» Choice of busmode

0 Cycle steal mode

0 Burst mode
» Choice of channel priority order

0 Fixed mode

0 Round robin mode
* Aninterrupt request can be sent to the CPU on completion of data transfer
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module = IS |
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I
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o | Iteration TCRn |<
|
DREQn | control
|
| Register
On-chip peripheral : control ] CHCRn
module request : T
BH : | Start-up <
DACKn l control i:IDM AORK
DEIn | ]
|
|
External [ Request
ROM D ! priority ||
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xternal D |
RAM ! Interrupt l
9 | control VCRDMAN
External 1/0 2 |
(memory O E !
mapped) g | :
w C
External I/0 I | Bus interface
(with O |
acknowledge) |
|
Bus controller ———————

DMAOR: DMA operation register
SARnN: DMA source address register
DARnN: DMA destination address register
TCRn: DMA transfer count register

CHCRnN: DMA channel control register

VCRDMAnN: DMA vector number register
DEIn: DMA transfer end interrupt request to CPU
On-chip peripheral module request: Interrupt transfer request from on-chip SCIF, SIO, TPL
BH: Burst hint
n:0,1

Figure11.1 DMAC Block Diagram
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device to channel 1

DMA transfer request DACK1 Output DMA transfer request acknowlec

acknowledge from channel 1 to external devic

All Burst hint BH Output  Burst transfer in 16-byte transfel
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~

DMA destination address
register O

DARO  RMW  Undefined HFFFFFF

DMA transfer count register O

TCRO R/W Undefined H'FFFFFF

DMA channel control register 0

CHCRO  R/(W)*' H'00000000 H'FFFFFF

DMA vector number register 0

DMA request/response
selection control register 0

VCRDMAOR/W Undefined H'FFFFFF
DRCRO R/W H'00 H'FFFFFE

All

DMA source address register 1

SAR1 RMW  Undefined HFFFFFF

DMA destination address
register 1

DMA transfer count register 1

DARL  RMW  Undefined HFFFFFF

TCR1 R/W Undefined H'FFFFFF

DMA channel control register 1

CHCRL  R/(W)*' H00000000 H'FFFFFF

DMA vector number register 1

VCRDMALR/(W) Undefined H'FFFFFF

DMA request/response
selection control register 1

DMA operation register

DRCR1 R/(W) H00 H'FFFFFE

DMAOR  R/(W)*? H'00000000 H'FFFFFF

Notes: 1. Only 0 can be written to bit 1 of CHCRO and CHCRL1, after reading 1, to cle

2. Only 0 can be written to bits 1 and 2 of the DMAOR, after reading 1, to clec
3. Access DRCRO and DRCR1 in byte units. Access all other registers in long
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DMA source address registers 0 and 1 (SARO and SARL1) are 32-hit read/write register:
specify the source address of a DMA transfer. During a DMA transfer, theseregistersi
next source address. (In single-address mode, SAR isignored in transfers from external
with DACK to memory-mapped external devices or external memory). In 16-byte unit
aways set the value of the source address to a 16-byte boundary (16n address). Operati
cannot be guaranteed if other values are used. Transmission in 16-byte units can be set
auto-request mode and at edge detection in external request mode. Values are retained |
standby mode, and when the module standby function is used.

11.2.2 DMA Destination Address Registers 0 and 1 (DARO, DAR1)

Bit: 31 30 29 3 2 1
| | | e | |
Initial value: — — — — — —
R/W: R/W R/W R/W R/W R/W R/W

DMA destination address registers 0 and 1 (DARO and DAR1) are 32-bit read/write re
specify the destination address of a DMA transfer. During a DMA transfer, these regist
the next destination address. (In single-address mode, DAR isignored in transfers fron
mapped external devices or external memory to external devices with DACK). In 16-by
transfers, always set the value of the source address to a 16-byte boundary (16n addres:
Operation results cannot be guaranteed if other values are used. Transmission in 16-byt
be set only in auto-request mode and at edge detection in external request mode. Value
retained in areset, in standby mode, and when the module standby function is used.

If synchronous DRAM is accessed when performing 16-byte-unit transfer, a 16-byte b
(address 16n) value must be set for the destination address.
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Initial value: — —_ — — — _
R/W: R/W R/W R/W R/W R/W R/M

DMA transfer count registers 0 and 1 (TCRO and TCR1) are 32-bit read/write register
specify the DMA transfer count. The lower 24 of the 32 bitsare valid. The value iswi
bits, including the upper eight bits. The number of transfersis 1 when the setting is H'
16,777,215 when the setting is H'OOFFFFFF and 16, 777,216 (the maximum) when H
set. During a DMA transfer, these registers indicate the remaining transfer count.

Set the initial value as the write value in the upper eight hits. These bits always read O
retained in areset, in standby mode, and when the module standby function is used. F
transfers, set the count to 4 times the number of transfers. Operation is not guaranteed
incorrect valueis set.
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Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1
] AL \ DS \ DL \ B \ TA \ IE \ TE
Initial value: 0 0 0 0 0 0 0

RW: R/W R/W R/W R/W R/W R/W R/(W)
Note: * Only 0 can be written, to clear the flag.

DMA channel control registers 0 and 1 (CHCRO and CHCR1) are 32-bit read/write reg
control the DMA transfer mode. They also indicate the DMA transfer status. Only thell
the 32 bits are valid. They should be read and written as 32-bit values, including the up
The registers are initialized to H'00000000 by areset and in standby mode. Vaues are
during a module standby.

Bits 31 to 16—Reserved: These bits are always read as 0. The write value should alway

Bits 15 and 14—Destination Address Mode Bits 1, 0 (DM 1, DMO): Select whether the
destination address is incremented, decremented or Ieft fixed (in single address mode,
DMO are ignored when transfers are made from a memory-mapped external device, or
memory to an external device with DACK). DM1 and DMO areinitialized to 00 by are
standby mode. Values are retained during a module standby.
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Bits 13 and 12—Source Address Mode Bits 1, 0 (SM1, SMO0): Select whether the DM
address is incremented, decremented or left fixed. (In single address mode, SM1 and
ignored when transfers are made from an external device with DACK to a memory-m
external device, or external memory.) For a 16-byte transfer, the address isincrement
regardless of the SM1 and SMO values. SM1 and SMO are initialized to 00 by areset
standby mode. Values are retained during a module standby.

Bit 13: SM1 Bit 12: SMO Description
0 0 Fixed source address (+16 for 16-byte transfer si
(
1 Source address is incremented (+1 for byte trans

for word transfer size, +4 for longword transfer si:
16-byte transfer size)

1 0 Source address is decremented (-1 for byte tran:
for word transfer size, —4 for longword transfer si:
16-byte transfer size)

1 Reserved (setting prohibited)

Bits 11 and 10—Transfer Size Bits (TS1, TS0): Select the DMA transfer size. When:
bits TS1 and TS0 (in the 16-byte unit), request mode is available only in auto-request
edge detection in external request mode. When 11 is set to bits TS1 and TS0 (in the 1
and level detection in external request mode and internal peripheral-module request r
system operations are not guaranteed. TS1 and TS0 areinitialized to 00 by areset and
mode. Values are retained during a module standby.

Bit 11: TS1 Bit 10: TSO Description

0 0 Byte unit (
1 Word (2-byte) unit

1 0 Longword (4-byte) unit
1 16-byte unit (4 longword transfers)
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Bit 8—Acknowledge/Transfer Mode Bit (AM): In dual address mode, this bit selectsw
DACKn signal is output during the dataread cycle or write cycle. In single-address mo
selects whether to transfer data from memory to device or from device to memory. The
initialized to 0 by areset and in standby mode. Its value is retained during a module st

Bit 8: AM Description

0 DACKnN output in read cycle (dual address mode)/transfer frc
to device (single address mode) (I

1 DACKnN output in write cycle (dual address mode)/transfer fr

to memory (single address mode)

Bit 7—Acknowledge Level Bit (AL): Selects whether the DACKn signal is an active-h
or an active-low signal. The AL bit isinitialized to 0 by areset and in standby mode. It
retained during a module standby.

Bit 7: AL Description
0 DACKn is an active-low signal (I
1 DACKn is an active-high signal

Bit 6—DREQnN Select Bit (DS): Selects the DREQnN input detection used. When 0O (leve
isset to bit DS, set 0 (cycle-steal mode) to the transfer bus mode bit (TB). When 0 is s
and 1 (burst mode) is set to bit TB, system operations are not guaranteed. The DS bit is
to 0 by areset and in standby mode. Its value is retained during a module standby.

Bit 6: DS Description

0 Detected by level (Ir
Can be set only in cycle-steal mode

1 Detected by edge
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Bit 4—Transfer Bus Mode Bit (TB): Selects the bus mode for DMA transfers. When
mode) is set to bit TB, set 1 (edge detection) to the DREQ select bit (DS). When 1 is:
and O (level detection) is set to bit DS, system operations are not guaranteed. The TB

initialized to 0 by areset and in standby mode. Its value is retained during a module s

Bit4: TB Description
0 Cycle-steal mode (
1 Burst mode

Bit 3—Transfer Address Mode Bit (TA): Selectsthe DMA transfer address mode. Th
initialized to 0 by areset and in standby mode. Its value is retained during a module s

Bit 3: TA Description
0 Dual address mode (
1 Single address mode

Bit 2—Interrupt Enable Bit (1E): Determines whether or not to request a CPU interruy
of aDMA transfer. When the |E bit isset to 1, an interrupt (DEI) request is sent to the
the TE bit is set. The IE bit isinitialized to 0 by areset and in standby mode. Itsvalue
during a module standby.

Bit 2: IE Description
0 Interrupt request disabled (
1 Interrupt request enabled

Bit 1—Transfer-End Flag Bit (TE): Indicates that the transfer has ended. When the va
DMA transfer count register (TCR) becomes 0, the DMA transfer ends normally and
set to 1. When TCRisnot O, the TE bit is not set if the transfer ends because of an NN
or DMA address error, or because the DME bit in the DMA operation register (DMAU
DE bit was cleared. To clear the TE bit, read 1 from it and then write 0. Whenthe TE
setting the DE bit to 1 will not enable atransfer. The TE bit isinitialized to O by a rex
standby mode. Its value is retained during a module standby.
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module request mode, the transfer begins when the DMA transfer request is received fr
relevant device or on-chip peripheral module, provided this bit and the DME bit are set
with the auto-request mode, the TE bit and the NMIF and AE bitsin DMAOR must all
Thetransfer can be stopped by clearing this bit to 0. The DE bit isinitialized to 0 by a1
standby mode. Its value is retained during a module standby.

Bit 0: DE Description
0 DMA transfer disabled (I
1 DMA transfer enabled

11.25 DMA Vector Number RegistersOand 1 (VCRDMAO, VCRDMAL)

Bit: 31 30 29 11 10 9
- =[] [ - [ - [ -
Initial value: 0 0 0 0 0 0

R/W:
Bit: 7 6 5 4 3 2 1

\ VC7 \ VC6 \ VC5 \ VC4 \ VC3 \ VC2 \ VC1
Initial value: — — — — — — _
RW: RW RW RW RW RW RW  RW

DMA vector number registers 0 and 1 (VCRDMAO, VCRDMAL) are 32-bit read/write
that set the DMAC transfer-end interrupt vector number. Only the lower eight bits of tF
valid. They are written as 32-bit values, including the upper 24 bits. Values are retaine
in standby mode, and when the modul e standby function is used.

Bits 31 to 8—Reserved: These hits are aways read as 0. The write value should alway:
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\ — \ — \ — \ RS4 \ RS3 \ RS2 \ RS:
Initial value: 0 0 0 0 0 0 0
RW: R R R RIW RIW RIW R

DMA request/response selection control registers 0 and 1 (DRCRO, DRCR1) are 8-bif
registersthat set the DMAC transfer request source. They are written as 8-bit values.
initialized to H'00 by areset, but retain their valuesin standby mode and a module sta

Bits 7 to 5—Reserved: These bits are always read as 0. The write value should always

Bits 4 to 0—Resource Select Bits 4 to 0 (R$4 to RS0): Specify which transfer request
the DMAC. Changing the transfer request source must be done when the DM A enabl¢
0. See section 11.3.4, DMA Transfer Types, for the possible setting combinations.

Bits R34 to RS0 are initialized to 001 by areset.

Bit4: Bit3: Bit2: Bitl: BitO:
RS4 RS3 RS2 RS1 RSO Description

0 0 0 0 0 DREQ (external request) (
1 Reserved (setting prohibited)
1 0 Reserved (setting prohibited)
1 Reserved (setting prohibited)
1 0 0 Reserved (setting prohibited)
1 SCIF channel 1 RXI (on-chip SCI with F

1 receive-data-full interrupt request)**

1 0 SCIF channel 1 TXI (on-chip SCI with FI
1 transmit-data-empty interrupt request)

1 Reserved (setting prohibited)
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interrupt request)**

TPU TGIOB (on-chip TPU input capture ¢
interrupt request)**

TPU TGIOC (on-chip TPU input capture c
interrupt request)**

TPU TGIOD (on-chip TPU input capture c
interrupt request)**

Reserved (setting prohibited)

SIO channel 0 RDFI (on-chip SIO channe
receive-data-full interrupt request)**

SIO channel 0 TDEI (on-chip SIO channe
transmit-data-empty interrupt request)*1

Reserved (setting prohibited)

Reserved (setting prohibited)

SIO channel 1 RDFI (on-chip SIO channe
receive-data-full interrupt request)*1

SIO channel 1 TDEI (on-chip SIO channe
transmit-data-empty interrupt request)**

Reserved (setting prohibited)

Reserved (setting prohibited)

SIO channel 2 RDFI (on-chip SIO channe
receive-data-full interrupt request)*1

SIO channel 2 TDEI (on-chip SIO channe
transmit-data-empty interrupt request)**

Reserved (setting prohibited)

1

Reserved (setting prohibited)

Note:
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| — —_ —_ — | PR | AE | NMI
Initial value: 0 0 0 0 0 0 0
R/W: R R R R RIW  R/I(W)* RI(W

Note: * Only 0 can be written, to clear the flag.

The DMA operation register (DMAOR) is a 32-hit read/write register that controls the
transfer mode. It also indicates the DMA transfer status. Only the lower four of the 32
valid. DMAOR is written as a 32-bit value, including the upper 28 bits. DMAOR isiir
H'00000000 by areset and in standby mode. It retains its value when the module stan
is used.

Bits 31 to 4—Reserved: These hits are aways read as 0. The write value should alway

Bit 3—Priority Mode Bit (PR): Specifies whether a fixed channel priority order or rol
mode is to be used there are simultaneous transfer requests for multiple channels. It is
0 by areset and in standby mode. It retains its value when the module standby functio

Bit 3: PR Description
0 Fixed priority (channel 0 > channel 1) (
1 Round-robin (Top priority shifts to bottom after each transf

priority for the first DMA transfer after a reset is channel 1

Bit 2—Address Error Flag Bit (AE): This flag indicates that an address error has occu
DMAC. When the AE bit isset to 1, DMA transfer cannot be enabled even if the DE
DMA channel control register (CHCR) isset to 1. To clear the AE bit, read 1 fromit :
write 0. Operation is performed up to the DMAC transfer being executed when the ad
occurred. AE isinitialized to 0 by areset and in standby mode. It retains its value whe
module standby function is used.
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NMI was input. When the NMI interrupt isinput while the DMAC is not operating, the
issetto 1. The NMIF bit isinitialized to O by areset or in the standby mode. It retainsi
when the module standby function is used.

Bit 1: NMIF Description

0 No NMIF interrupt (Ir
To clear the NMIF bit, read 1 from it and then write O

1 NMIF interrupt has occurred

Bit 0—DMA Master Enable Bit (DME): Enables or disables DMA transfers on all cha
DMA transfer becomes enabled when the DE bit in the CHCR and the DME bit are set
this to be effective, the TE bit in CHCR and the NMIF and AE bits must all be 0. Wher
bit is cleared, al channel DMA transfers are aborted. DME isinitialized to 0 by a reset
standby mode. It retains its value when the module standby function is used.

Bit 0: DME Description
0 DMA transfers disabled on all channels (I
1 DMA transfers enabled on all channels
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After the DMA source address registers (SAR), DMA destination address registers (D
transfer count registers (TCR), DMA channel control registers (CHCR), DMA vector
registers (VCRDMA), DMA request/response selection control registers (DRCR), anc
operation register (DMAOR) areinitialized (initializing sets each register so that ultin
condition (DE=1, DME =1, TE=0, NMIF =0, AE = 0) is satisfied), the DMAC tra
according to the following procedure:

1
2.

Checksto seeif transfer isenabled (DE=1, DME=1, TE=0,NMIF=0, AE=C
When atransfer request occurs and transfer is enabled, the DMAC transfers 1 tran
data. (In auto-request mode, the transfer begins automatically after register initiali:
TCR value will be decremented by 1.) The actual transfer flows vary depending ol
mode and bus mode.

When the specified number of transfers have been completed (when TCR reaches
transfer ends normally. If the |E bit in CHCR is set to 1 at thistime, a DEI interru
sent to the CPU.

When an address error occurs in the DMAC or an NMI interrupt is generated, the
aborted. Transfers are also aborted when the DE bit in CHCR or the DME bit in D
changed to O.

Figure 11.2 shows aflowchart illustrating this procedure.
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*2

transfer request been
generated?*1

Bus
ves *3 mode, transfer
< request mode, DREQ detec-
< tion method?
Transfer
TCR-1 - TCR,

SAR, and DAR updated

16-byte transfer
in progress?

DEI interrupt request
(when IE = 1)

NMIF =1, or
AE=10orDE=0,or

No

< Transfer aborted >

| TE=1 || TE=1 |
| |
< End transfer > < End normally >

Notes: 1. In auto-request mode, the transfer will start when the NMIF, AE, and TE bits
and the DE and DME bits are then set to 1.
2. Cycle-steal mode.
3. In burst mode, DREQ = edge detection (external request), or auto-request i
burst mode.
4. 16-byte transfer cycle in progress.
5. End of a 16-byte transfer cycle.

Figure11.2 DMA Transfer Flow
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CHCR

DRCR

AR RS4 RS3

RS2 RS1 RSO RequestMode

Resource Selec

0 0 0 0 0 0 Module request mode  DREQ (external |
10 1 'SCIF channel 1 F
1 0 SCIF channel 17
1 0 0 1 SCIF channel 2 |
1 0 SCIF channel 2 7
10 TPUTGIOA
1 TPU TGIOB
10 TPUTGIOC
1 TPU TGIOD
1 0 0 0 SIO channel 0 R
1 0 SIO channel 0 TI
1 0 1 SIO channel 1 R
1 0 SIO channel 1 TI
1 0 0 1 SIO channel 2 R
1 0 SIO channel 2 TI
1 * * * * * Auto-request mode
Note: * Don't care

Auto-Request M ode: When there is no transfer request signal from an external sourc
memory-to-memory transfer, the auto-request mode allows the DMAC to automatical
transfer request signal internally. When the DE bitsin CHCRO and CHCR1 and the D
the DMA operation register (DMAOR) are set to 1, the transfer begins (so long as the
CHCRO and CHCR1 and the NMIF and AE bitsin DMAOR are dll 0).

RENESAS
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0O 0  Dual aadress DACKn outputinread  Any Any

mode cycle
1 Dual address DACKn output in write  Any” Any*
mode cycle
1 0 Single address Data transferred from External memory or External
mode memory to device memory-mapped with DA
external device
1 Single address Data transferred from External device External
mode device to memory with DACK or mem
mapped
device

*

Note: External memory, memory-mapped external device, and on-chip peripheral |

(excluding DMAC, BSC, UBC, cache memory, E-DMAC, and EtherC).

Choose to detect DREQn either by the falling edge or by level using the DS and DL bit
CHCRO and CHCR1 (DS= 0islevel detection, DS= 1 is edge detection; DL = Qs act
DL = 1isactive-high). The source of the transfer request does not have to be the datat
source or destination.

When 0 (level detection) is set to the DS bit of CHCRO and CHCRL, set the TB bit to C
steal mode) and set the TS1 and TS0 hits of CHCRO and CHCRL to either 00 (byte uni
unit), or 10 (long word unit).

When Qis set to the DS bit of CHCRO and CHCR1, when 1 (burst mode) issettothe T
CHCRO and CHCR1, and when 11 (16 byte unit) is set to the TS1 and TS0 hits of CHC
CHCR1, operation is not guaranteed.
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On-Chip Module Request Mode: In this mode, transfers are started by a transfer reg
(interrupt request signal) from an on-chip peripheral module. Transfer request signals
SCIF and SIO receive-data-full interrupts (RX1, RDFI), SCIF and SIO transmit-data-¢
interrupts (TXI1, TDEI), and TPU general registers (table 11.6). If DMA transfer is en:
1, DME=1, TE=0, NMIF = 0, AE = 0), DMA transfer starts upon input of atransfe
signal.

When RXI or RDFI (transfer request due to an SCIF or SIO receive-data-full conditic
transfer request, the transfer source must be the receive dataregister of the corresponc
(SCFRDR or SIRDR). When TXI or TDEI (transfer request due to an SCIF or SIO tre
empty condition) is set as atransfer request, the transfer destination must be the trans
register of the corresponding module (SCFTDR or SITDR).

Theserestrictions do not apply to TPU transfer requests.

When on-chip module request mode is used, an access size permitted by the periphere
register used as the transfer source or transfer destination must be set in bits TS1 and
CHCRO and CHCR1.
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- -~ o~ - it MR RRAn it et &= T RaRT D

=

receiver steal
1 0 SCIF channel 2 TXI Any SCFTDR2 Cycle-
transmitter steal
1 0 0 TPU channel  TGIOA Any Any Cycle-
0A (excluding (excluding steal
on-chip on-chip
RAM) RAM)
1 TPU channel  TGIOB Any Any Cycle-
0B (excluding (excluding steal
on-chip on-chip
RAM) RAM)
1 0 TPU channel  TGIOC Any Any Cycle-
oC (excluding (excluding steal
on-chip on-chip
RAM) RAM)
1 TPU channel  TGIOD Any Any Cycle-
oD (excluding (excluding steal
on-chip on-chip
RAM) RAM)
1 0 0 0 1 SIO channel 0 RDFI SIRDRO  Any Cycle-
receiver steal
1 0 SIO channel 0 TDEI Any SITDRO Cycle-
transmitter steal
1 0 1 SIO channel 1  RDFI SIRDR1  Any Cycle-
receiver steal
1 0 SIO channel 1  TDEI Any SITDR1 Cycle-
transmitter steal
1 0 0 1 SIO channel 2 RDFI SIRDR2  Any Cycle-
receiver steal
1 0 SIO channel 2 TDEI Any SITDR2 Cycle-
transmitter steal

Note: * Do not perform transfers between on-chip peripheral modules.
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Al el requesl (HtErrupt requcest) 1101 arly 1moauie will e Cleared dl Uie Trst hansli €

11.3.3 Channel Priorities

When the DMAC receives simultaneous transfer requests on two channels, it selectse
according to a predetermined priority order. Thereis achoice of two priority modes, f
round-robin. The mode is selected by the priority bit, PR, in the DMA operation regis
(DMAOR).

Fixed Priority Mode: In this mode, the relative channel priority levels are fixed. Wh
to 0, channel 0 has higher priority than channel 1. Figure 11.3 shows an example of a
burst mode.

DREQO \
DREQ1 \

Channel 0 Channel 0 C
destination destination d

B
cyclfz X_cpu X cpu X cpu X X X X X X
Channel 0 Channel 0 Channel 1
source source source

Figure11.3 Fixed Mode DMA Transfer in Burst Mode
(Dual Address, DREQn Falling-Edge Detection)

In cycle-steal mode, once a channel 0 request is accepted, channel 1 requests are also
until the next request is accepted, which makes more effective use of the bus cycle. If
come simultaneously for channel 0 and channel 1 when DMA operation is starting, th
transmitted with channel 0, and thereafter channel 1 and channel O transfers are perfo
aternately.
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Figure 11.4 Fixea Mode DM A Trangfer in Cycle-Steal M ode
(Dual Address, DREQn Low-Level Detection)

Round-Raobin Mode: Switchesthe priority of channel 0 and channel 1, shifting their a
receive transfer requests. Each time one transfer ends on one channel, the priority shift:
other channel. The channel on which the transfer just finished is assigned low priority.
channel 1 has higher priority than channel 0.

Figure 11.5 shows how the priority changes when channel 0 and channel 1 transfers are
simultaneously and another channel O transfer is requested after the first two transfers e
DMAC operates asfollows:

1. Transfer requests are generated simultaneously to channels 1 and 0.

Channel 1 hasthe higher priority, so the channel 1 transfer begins first (channel 0w
transfer).

When the channel 1 transfer ends, channel 1 becomes the lower-priority channel.
The channel O transfer begins.

When the channel 0 transfer ends, channel 0 becomes the lower-priority channel.
A channel 0 transfer is requested.

The channel 0 transfer begins.

When the channel 0 transfer ends, channel 0 is already the lower-priority channel, s
remains the same.

N

O N U~
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6. Request occurs —

in channel 0

None

None

4, Channel 0
transfer starts

l

5. Channel 0
transfer ends

7. Channel 0
transfer starts

!

8. Channel 0
transfer ends

/

Priority

changes 1>

Mting fc
transfer reqt

Priority

does not change

1>

Figure11.5 Channél Priority in Round-Robin Mode
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pestinatior

External On-Chip
Device with  External Memory-Mapped Peripheral C
Source DACK Memory External Device Module Y
External device Not available Single Single Not available N
with DACK
External memory Single Dual Dual Dual” C
Memory-mapped  Single Dual Dual Dual* C
external device
On-chip peripheral Not available Dual* Dual” Dual” C
module
On-chip memory Not available Dual Dual Dual* C

Single: Single address mode
Dual: Dual address mode

Note: * Access size permitted by peripheral module register used as transfer source
destination (excluding DMAC, BSC, UBC, cache memory, E-DMAC, and Etf

Address M odes:

e Single Address Mode

In single address mode, both the transfer source and destination are external; one (s
accessed by a DACKn signal while the other is accessed by address. In this mode, t
performsthe DMA transfer in one bus cycle by simultaneously outputting atransfe
acknowledge DACKn signal to one external device to access it, while outputting ar
the other end of the transfer. Figure 11.6 shows an example of atransfer between e
memory and external device with DACK. That datais written in external memory i
bus cycle while the external device outputs data to the data bus.
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DACKn
DREQn

----»: Data flow

Figure11.6 DataFlow in Single Address Mode

Two types of transfers are possible in single address mode: 1) transfers between e
devices with DACK and memory-mapped external devices; and 2) transfers betwe
devices with DACK and external memory. For both of them, transfer must be reqt
external request signal (DREQN). For the combination of the specifiable setting to
datatransfer using an external request (DREQN), see table 11.9. Figure 11.7 show:
transfer timing for single address mode.
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DACKn \ / -«—— DACK signal (active low) to exter
device with DACK
BS \ /

a. External device with DACK to external memory space

CKIO

A24-A0 X >< < Address output to external
memory space
cs - /S .
Read strobe signal to external
RD memory space
Data output from external
D31-D0

memory space

DACKn \ / « DACK signal (active low) to exter
device with DACK
BS /

b. External memory space to external device with DACK

Figure11.7 DMA Transfer Timingin Single Address M ode

¢ Dual Address Mode

In dual address mode, both the transfer source and destination are accessed (selectal
address. The source and destination can be located externally or internally. The DM
accesses the source in the read cycle and the destination in the write cycle, so the tr
performed in two separate bus cycles. The transfer data is temporarily stored in the
Figure 11.8 shows an example of atransfer between two external memories in whic
read from one external memory in the read cycle and written to the other external n
the following write cycle.
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----- » : Data flow
1: Read cycle
2: Write cycle

Figure11.8 DataFlowin Dual AddressMode

In dual address mode transfers, external memory and memory-mapped external de
mixed without restriction. Specifically, this enables transfers between the followin

O O 0Ooo

O

O

Transfer between external memory and external memory
Transfer between external memory and memory-mapped external device
Transfer between memory-mapped external device and memory-mapped exter

Transfer between external memory and on-chip peripheral module (excluding |
BSC, UBC, cache, E-DMAC, and EtherC)*

Transfer between memory-mapped external device and on-chip peripheral moc
(excluding DMAC, BSC, UBC, cache, E-DMAC, and EtherC)*

Transfer between on-chip memory and on-chip memory
Transfer between on-chip memory and memory-mapped external device

Transfer between on-chip memory and on-chip peripheral module (excluding [
BSC, UBC, cache, E-DMAC, and EtherC)*

Transfer between on-chip memory and external memory

Transfer between on-chip peripheral module (excluding DMAC, BSC, UBC, ¢
DMAC, and EtherC) and on-chip peripheral module (excluding DMAC, BSC,
E-DMAC, and EtherC)*

Note: * Access size permitted by peripheral module register used astransfer so

transfer destination (excluding DMAC, BSC, UBC, cache, E-DMAC, ¢
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Address output to
A24-A0 >< >< >< ~#— external memory s}

Read strobe signal
-—
RD external memory s

Write strobe signal

WE j_/i <+— external memory s

>( I/O data of external
D31-DO memory space
DMAC acknowled
DACKn - g

(active-low)

BB\ N/

Figure11.9 DMA Transfer Timingin Dual AddressMode
(External Memory Space —» External Memory Space, DACKn Output in Reac
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continues to hold the bus)

Cycle-steal mode can be used with all categories of transfer destination, transfer
transfer request source. (with the exception of transfers between on-chip periphere
The CPU may take the bus twice when an acknowledge signal is output during the
or in single address mode. Figure 11.10 shows an example of DMA transfer timin
steal mode. The transfer conditions for the example in the figure are as shown bel¢
When the transfer request source is an external request mode with level detection |
steal mode, set the TS1 and TS0 bits of CHCRO and CHCR1 to either 00 (byte uni
unit), or 01 (longword unit). If the TS1 and TS0 bits of CHCRO and CHCR1 are
byte transfer), operation is not guaranteed.

¢ Dual address mode
« DREQn level detection

DREQn _\ /7

Bus right returned to CPU

f_/H
Bus
cycle ><CPU >< CPU><CPU ><DMAC><DMAC>< CPU XDMAC DMAC><E
Read Write Read Write

Figure11.10 DMA Transfer Timingin Cycle-Steal M ode
(Dual AddressMode, DREQnN Low L evel Detection)
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for the example in the figure are as shown below.

« Single address mode
« DREQn level detection

DREQN _\ /

C?;Z ><CPU X cpu X cpu XpmacXomacXpmacXomacX cpu X cpu ><

Figure11.11 DMA Transfer Timingin Burst Mode
(Single Address, DREQn Falling-Edge Detection)

Refreshes cannot be performed during a burst transfer, so ensure that the number of
satisfies the refresh request period when amemory requiring refreshing is used. Wt
transfer request source is an external request (DREQN) in burst mode, set the DS bi
and CHCR1 to 1 (edge detection). If the DS bits of CHCRO and CHCR1 are set to (
detection), operation is not guaranteed.
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DACK, and memory mapped
external device

Dual

Between external memories

Between external memory and
memory mapped external
device

Between memory mapped
external devices

Between external memory and
internal peripheral module

Between memory mapped
external device and internal
peripheral module

External B/C
Automatic B/C
Internal peripheral module** C

External B/C
Automatic B/C
Internal peripheral module**  C

External B/C
Automatic B/C
Internal peripheral module** C

External B/C
Automatic B/C
Internal peripheral module*®> C

External B/C
Automatic B/C

Internal peripheral module*®> C

Between internal memories Automatic B/C
Between internal memory and ~ External B/C
memory mapped external Automatic B/C

device*®

Internal peripheral module** C

RENESAS
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Between internal peripheral External B/C ]

modules Automatic B/C :

Internal peripheral module®®> C ]

Notes: B:

C:

1.

Burst mode

Cycle steal mode

For on-chip peripheral module requests, do not specify SCIF and SIO as a ti
request source.

When the transfer request source is SCIF or SIO, the transfer source or tran
destination must be SCIF and SIO, respectively.

When the request mode is set to internal peripheral module request, set the
the DL bit of CHCRO and CHCR1 to 1 and 0, respectively (detection at the f:
of DREQn). In addition, the bus mode can only be set to cycle-steal mode.
Specify the access size that is allowed by the internal peripheral-module reg
which are a transfer source or a transfer destination.

When transferring data from internal memory to a memory mapped external
DACKnN to write-time output. When transferring from a memory mapped exte
to internal memory, set DACKn to read-time output.

. When transferring data from internal memory to external memory, set DACK

time output. When transferring from external memory to internal memory, se
read-time output.

When B (burst mode) is set in the external request mode, set the DS bits of
and CHCR1 to 1 (edge detection). If they are set to O (level detection), oper:
be guaranteed.

Transfer in units of 16 bytes is enabled only when edge detection has been
transfer is attempted in units of 16 bytes when level detection has been spec
operation cannot be guaranteed.
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CALCTHIaAl Lcvci Dyl — A - A\
request  detection™® "\ o _ o - C
Longword — (0] — C

16-byte unit — — — —

Edge Byte (0] (0] (0] C
detection*? "\, o o o C
Longword (0] (@) (@) C

16-byte unit (0] O o C

Notes: O: Can be set
—: Cannot be set
1. The same for high-level and low-level detection.
2. The same for rising-edge detection and falling-edge detection.

BusMode and Channel Priority: When agiven channel (1) istransferring in burst r
thereisatransfer request to achannel (0) with a higher priority, the transfer of the ch:
higher priority (0) will begin immediately. When channel 0 is also operating in the bu
channel 1 transfer will continue as soon as the channel 0 transfer has completely finisl
channel 0 isin cycle-steal mode, channel 1 will begin operating again after channel 0
the transfer of one transfer unit, but the bus will then switch between the two in the or
1, channel O, channel 1, channel 0. Since channel 1isin burst mode, it will not give tt
CPU. Thisexampleisillustrated in figure 11.12.

Bus
state

DMAC ch0XDMAC ch1XDM:

>< CPU ADMAC ch1><DMAC ch1ADMAC cho,

DMAC ch:><DMAC ch% DMAC ch§ DMAC ch><DMAC ch,

cho T chl T cho T chl cho
cru | Dpmacchr | DMAGC ch1/ch0 " bmace
Burst mode bus right transfers Burst moc

Figure11.12 Bus Statuswhen Multiple Channelsare Operating
(when priority order ischO > chl, chlisset to burst mode, and ch0to cycle-st
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output specified by the channel control register AM bit of the address bus. Normally, tt
acknowledge signal becomes valid when DMA address output begins, and becomes iny
cycles before the address output ends. (See figure 11.13.) The output timing of the ackr
signal varies with the settings of the connected memory space. The output timing of ac
signals in the memory spacesis shown in figure 11.13.

AV AVA T AN

DACKn
(Active high)

0.5 cycles

Addressbus X CPU DMAC X

Figure 11.13 Example of DACKn Output Timing

Acknowledge Signal Output when External Memory |s Set asOrdinary Memory !
The timing at which the acknowledge signal is output is the same in the DMA read anc
cycles specified by the AM bit (figures 11.14 and 11.15). When DMA address output k
acknowledge signal becomes valid; 0.5 cycles before address output ends, it becomesii
wait isinserted in this period and address output is extended, the acknowledge signal i
extended.
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b N — — N\ /\ /\ /\ = n___— T
us /‘ ! > /‘

Basic timing 1 wait insert

Figure 11.14 DACKnN Output in Ordinary Space Accesses (AM =0)

A VAV aVaVaVaVaVaVatal
DACKn [\ [

(Active high)

DMAC |nvalid DMAC Invalid
Add read write  write write
o X ) cru X DMACread X\ [ D
Basic timing 1 wait inserted

Figure11.15 DACKnN Output in Ordinary Space Accesses (AM = 1)

In alongword access of a 16-bit external device (figure 11.16) or an 8-bit external de\
11.17), or aword access of an 8-bit external device (figure 11.18), the lower and uppe
are output 2 and 4 times in each DMAC accessin order to align the data. For all of the
addresses, the acknowledge signal becomes valid simultaneous with the start of outpu
signal becomes invalid 0.5 cycles before the address output ends. When multiple addr
output in asingle access to align data for synchronous DRAM, DRAM, or burst ROM
acknowledge signal is output to those addresses as well.
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Notes: 1. H: MSB side
2. L:LSB side

Dasiv Uity

Figure11.16 DACKnN Output in Ordinary Space Accesses
(AM =0, Longword Accessto 16-Bit External Device)

Clock

DACKn
(Active high)

Address
bus

SN\

AV AWAY

N\ \

[\

\

\

\

DMAC DMAC DMAC DMA
read HH read HL read LH read
X cpu
Basic timing

Figure11.17 DACKnN Output in Ordinary Space Accesses
(AM =0, Longword Accessto 8-Bit External Device)

Clock

DACKn
(Active high)

Address
bus

SN\

N\ \

\

VANV AW/
\

Invalid
write

CPU

DMAC read H

DMAC read L X

DMAC

Basic timing

Rev. 2.00, 03/05,

Figure11.18 DACKnN Output in Ordinary Space Accesses
(AM =0, Word Accessto 8-Bit External Device)
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output arter the Invalad read. A Syncnronous UDirAIVE DUFSL read 1S pertformed In tne G
transfer. As 16-byte transfer is enabled only in auto-request mode and in external reqt
with edge detection, when using on-chip peripheral module requests or external reque
level detection, byte, word, or longword should be set as the transfer unit. Operation i
guaranteed if a 16-byte unit is set when using on-chip peripheral module requests or €
request mode with level detection. When AM = 1, the acknowledge signal is output &
address and column address of the DMAC write (figure 11.21).

Y AVAYAVAVAN aUalA

DACKn
(Active high) Read
command
Row
address
Address I/
bus >< CPU >< >< Read 1 A Read 2 A Read 3 A\ Re:

A

DMAC read (basic timing)

Figure11.19 DACKnN Output in Synchronous DRAM Burst Read
(Auto-Precharge, AM =0)
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DMAC read DMAC
(basic timing) (basic

Figure 11.20 DACKnN Output in Synchronous DRAM Single Read
(Auto-Precharge, AM =0)

S AVAY avVavay

DACKn
(Active highy ———————— —

Row Column
address address
Address

bus ><

< »

DMAC write (basic timing)

Figure11.21 DACKnN Output in Synchronous DRAM Write
(Auto-Precharge, AM =1)
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DACKn

(Active high)
Read
command
Address
bus >< CPU >< Read 1 X Read 2 X Read 3X Read -

A

DMAC read (basic timing)

Figure11.22 DACKnN Output in Synchronous DRAM Burst Read
(Bank Active, Same Row Address, AM = 0)

S TAVAYAVAVAWAY Y aWs

DACKn
(Active high)
Pre- Row Read
i charge address command
Address
bus >< CPU >< >< ><Read 1XRead 2X Read 3 @
DMAC read

(basic timing)

Figure11.23 DACKnN Output in Synchronous DRAM Burst Read
(Bank Active, Different Row Address, AM = 0)
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N AVAY AVAY aWaAVAVAWAY
DACKn \

(Active high)

Read Row Columr

dd command address addres:
Address

bus >< CPU XRead Invalid read X X >

>

A

DMAC read (basic timing) DMAC write (ba

Figure11.24 DACKnN Output in Synchronous DRAM Single Read
(Bank Active, Same Row Address, AM =0)

N AVAYAVAVAWAY AVAWAWAN

DACKn Row
(Active high) address
Pre- Read Row
Add charge ¥ command Read addres
o X__cpPu X X X Invalid read
) DMAC read " DMA
(basic timing) (basic

Figure11.25 DACKnN Output in Synchronous DRAM Single Read
(Bank Active, Different Row Address, AM = 0)
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DACKnN
(Active highy —— N

Column
Address address
bus
<>
DMAC write

(basic timing)

Figure11.26 DACKnN Output in Synchronous DRAM Write
(Bank Active, Same Row Address, AM =1)

Clock _\_/—\_/_\_/—\_/_\_/_\_

DACKn
(Active high)

Row  Column
Precharge address address

Address
bus >< ><

DMAC write
(basic timing)

A
v

Figure 11.27 DACKnN Output in Synchronous DRAM Write
(Bank Active, Different Row Address, AM = 1)
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Notes: 1. Do not set a 16-byte unit; operation is not guaranteed if this setting is made.
2. Cycle-steal mode must be set when DREQ is level-detected.

Clock
Bus cycle X cpu X[ cpu X omact X cpu Yomack  cpu Xp
Al
DRE /) ewine77 7, Z
(Active high) 1st 2nd 3rd 4th
acceptance acceptance acceptance ac
DACKn / \ /N Ya

(Active high) DACK1 DACK2 D/

||

RAS

__/ \_
__/ \_
WEN/DQMxx %\// % W %( W %C

RD/WR

/
CAS \ /
-/

Figure11.28 (a) Synchronous DRAM One-Cycle Write Timing

Byte/Word/Longword DREQn Detection

Transfer Width Transfer Method Edge D
Transfer bus mode Burst mode DACKn output timing ~ Write D,
Transfer address mode  Single mode Bus cycle Basic bt

Note: * Edge detection must be set when burst mode is selected as the transfer bus
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UALLNT \ /

(Active high)
Y

mAS / -/

CAS \ \ /

RD/WR / \ /S

DACK1 DACK2 DACK3 DACK4\—

WER/DQMxx 00K )%

Figure 11.28 (b) Synchronous DRAM One-Cycle Write Timing

Acknowledge Signal Output when External Memory |'s Set as DRAM : When exte
isset as DRAM and arow addressis output during aread or write, the acknowledge s
output across the row address and column address (figures 11.29 to 11.31).

DACKn
(Active high) \
Row
Precharge |address

Addrg‘j: >< ><Co|umn address ><

»
>

A

DMAC read or write
(basic timing)

Figure11.29 DACKnN Output in Normal DRAM Accesses (AM =0 or
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(basic timing)

Figure11.30 DACKnN Output in DRAM Burst Accesses

(Same Row Address, AM =0or 1)

DACKn
(Active high)

Address
bus

I .

Pre- Row
charge |address

>< ><COIumn address ><

»
>

DMAC read or write
(basic timing)

Figure11.31 DACKnN Output in DRAM Burst Accesses

(Different Row Address, AM =0or 1)

Rev. 2.00, 03/05, page 508 of 884

RENESAS



Address
bus

2o

DMAC cycle * DMAC cycle

>

DMAC (1 wait state)

Figure11.32 DACKnN Output in Nibble Accesses of Burst ROM

11.3.7 DREQn Pin Input Detection Timing

In external request mode, DREQn pin signals are usually detected at the falling edge ¢
pulse (CKIO). When arequest is detected, aDMAC bus cycleis produced four cycles
earliest and a DMA transfer performed. After the request is detected, the timing of the
detection varies with the bus mode, address mode, DREQn input detection, and the m
connected.

DREQnN Pin Input Detection Timing in Cycle-Steal M ode: In cycle-steal mode, on
is detected from the DREQn pin, the request signal is not detected until DACKn signe
the next external bus cycle. In cycle-steal mode, request detection is performed from [
signal output until a request is detected.

Once arequest has been accepted, it cannot be canceled midway.

The timing from the detection of arequest until the next time requests are detectable i
below.

* Cycle-Steal Mode Edge Detection

When transfer control is performed using edge detection, perform DREQn/DACK
handshaking as shown in figure 11.33, and perform DREQn input control so that t
one-to-one relationship between DREQn and DACKn. Operation is not guarantee
isinput before the corresponding DACKn is outpuit.

If the DACKn signal is output a number of times, the first DACKn signal for thei
signal indicates the request acceptance start timing, and subsequently each clock e
sampled.
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Figure 11.33 DREQn/DACKn Handshaking

» Edge Detection—1/2/4-Byte Transfer

DREQn Detection

Transfer Width Byte/Word/Longword  Method Edge Det

Transfer bus mode Cycle-steal mode DACKnN output timing Read DA
DACK

Transfer address mode  Dual/single mode Bus cycle Basic bus

Clock

Bus cycle

DREQn
(Active high)

DACKn
(Active high)

cPu X DMAC X cpu

///////////7

Blind zone

1st
acceptance

2nd
acceptance

[\

I Requests acceptable

Figure11.34 DREQnN Pin Input Detection Timingin Cycle-Steal Mode with Edg
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atloplalitc  allcpyualitc

DACKn

(Active high) D/ﬁ;K DALCK

Figure 11.35 When al6-Bit External Device is Connected (Edge Detecti

Bus cycle CPU CPUX DMAC X DMAC X DMAC X DMAC ><
DREQn Blind or/lé// /éﬁﬁd zon

(Active high)

1st 2nd
acceptance)/ acceptance

Y oacc omcx S oack

DACK DACK DACK DACK

DACKn
(Active high)

Figure11.36 When an 8-Bit External Device is Connected (Edge Detect
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Transfer address mode Dual/single mode Bus cycle Basic bus ¢

Clock w

Bus cycle cpu Cpu XDMAC*1><DMAC*2><DMAC*3><DMAC*4 DMA

DREQn ///
(Active high) J Blind zon \
1st 2nd

acceptance) acceptance

DACKn
(Active high)

o

DACK*1 DACK*2 DACK*3 DACK*4

Note: * nis the nth 16-byte transfer.

Figure 11.37 DREQnN Pin Input Detection Timing in Cycle-Steal M ode with Edgs
(16-Byte Transfer Setting)
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Buscycle X | CPU CPU DMAC! X CPU
DREQn \’? K - (?/v//_//////////
(Active high) /| “Bindzone’”” 1 Blind zone’
1st 2nd:
acceptance acceptance
DACKn —\_
(Active high) . ,
I Requests acceptable

Figure 11.38 DREQn Pin Input Detection Timing in Cycle-Steal M ode with Le
(Byte/Word/Longword Setting)

Clock

Bus cycle >< CPU X/cPu X PMAC X DMAC ><:

2l

®---

...\\_\_iga_.__.

DREQn > 7
(Active high) J 1 7/Blind zone 7 3lind zone
Ist’ 2nd
acceptance

acce pltance

DACKn
(Active high)

DACK  DACK'
H L

Figure 11.39 When a 16-Bit External Deviceis Connected (L evel Detect
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acceptance acceptance

DACKn \J\J\J:\_/\

(Active high) DACK  DACK  DACK _ DACK'
HH HL LH LL

Figure11.40 When an 8-Bit External Device is Connected (Level Detectil

DREQn Pin Input Detection Timingin Burst M ode: In burst mode, only edge detec
for DREQn input. Operation is not guaranteed if level detection is set.

With edge detection of DREQn input, once arequest is detected, DMA transfer contint
transfer end condition is satisfied, regardless of the state of the DREQnN pin. Request de
not performed during this time. When the transfer start conditions are fulfilled after the
transfer, request detection is performed again every cycle.

Clock

Buscydle X cpu X [ cpu X pmact X bmac2 X DMAC3 X DMACA

Bus DREQn 77
(Active high) /Blind zone 7
Acceptance

(?Aé:%i:\}fenhigh) X / \_/ \_/ \_/ |

Figure11.41 DREQn Pin Input Detection Timing in Burst Mode with Edge D
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Transfer end when TCR =0

When the TCR value becomes 0, the DMA transfer for that channel ends and thett
flag bit (TE) isset in CHCR. If the |E (interrupt enable) bit has already been set, a
interrupt (DEI) request is sent to the CPU. For 16-byte transfer, set the number of
Operation is not guaranteed if an incorrect value is set.

A 16-byte transfer is valid only in auto-request mode or in external request mode\
detection. When using an external request with level detection or on-chip peripher
request, do not specify a 16-byte transfer.

Transfer end when DE=0in CHCR

When the DMA enable bit (DE) in CHCR is cleared, DMA transfersin the affecte
are halted. The TE bit is not set when this happens.

Conditions for Both Channels Ending Simultaneously: Transfers on both channels
either of the following conditions is met:

The NMIF (NMI flag) bit or AE (address error flag) bitin DMAOR is set to 1.
The DMA master enable (DME) bit is cleared to 0 in DMAOR.

Transfer end when NMIF=1or AE=1in DMAOR

When an NMI interrupt or DMAC address error occurs and the NMIF or AE bit i
DMAOR, al channels stop their transfers. The DMA source address register (SAF
destination address register (DAR), and transfer count register (TCR) are all updat
transfer immediately preceding the halt. When this transfer isthe final transfer, TE
transfer ends. To resume transfer after NMI interrupt exception handling or addre
exception handling, clear the appropriate flag bit. When the DE bit isthen set to 1,
on that channel will restart. To avoid this, keep its DE bit at 0. In dual address mo
transfer will be halted after the completion of the following write cycle even wher
error occursin theinitial read cycle. SAR, DAR and TCR are updated by the final

Transfer end when DME =0in DMAOR

Clearing the DME bit in DMAOR forcibly aborts the transfers on both channels
the current bus cycle. When the transfer isthe final transfer, TE = 1 and the transf
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present address and the next address and determine whether burst transfer is possible.
the size of the external Grew logic increases if address comparisons are required, and tl
the possihility that delays may interfere with timing requirements.

The specifications for BH have therefore been updated in order to solve these problems
burst transfer is possible using the present address this information is passed to the exte
logic. This provides enhanced support for PCI bus connections.

Register Settings When Using BH Pin: BH is output from only when the 16-byte trar
is selected using the DMAC built into the SH7615. However, it is not output when SDF
DRAM are accessed. When using the 16-byte transfer mode, specify auto-request mod
external request mode with edge detection. If external request mode with level detectio
chip module request mode is specified, operation is not guaranteed.

To use BH, the settings for the CHCRO register or CHCR1 register in the on-chip DM/
SH7615 must be as shown in figure 11.43. BH is not output unless the settings for the (
register or CHCR1 register are asindicated in figure 11.42.

Bit 31|30 |29 |28 |27 | 26|25 |24 |23 |22 |21 |20 |19 |18 | 17 | 16
Bitname| — | — | — | — | — | — | — | — | — | — | — | — | — | — | — | —
Setting | O 0 0

Bit 15 | 14 |13 |12 |11 | 10 | 9 8 7 6 5 4 3 2 1 0
Bit name [DM1|DMO0O|SM1|SMO|TS1|TSO| AR |AM | AL |DS | DL | TB | TA | IE | TE | DE
Setting | O 1 0 1 1 1 * * * * * * * * * 1
- A L

o
o
o
o
o
o
o
o
o
o
o
o
o

—» 16-byte unit (four long words transferred)
——» Source address is incremented
» Destination address is incremented * Don't care

Figure11.42 Register Settings When Using BH
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114  Usage Examples

1141 Exampleof DMA Data Transfer Between On-chip SCIF and External |

In this example data received by the serial communication interface (SCIF) with on-cl
sent to external memory using DMAC channel 1. Table 11.9 lists the transfer conditic
register setting values.

Table11.9 Transfer Conditions and Register Setting Valuesfor Data Transfer
On-chip SCIF and External Memory

Transfer Condition Register  Setting Value
Transfer source: SCFRDR1 in on-chip SCIF SAR1 H'FFFFFCCC
Transfer destination: External memory (word space) DAR1 Transfer destinat
Number of transfers: 64 TCR1 H'0040

Transfer destination address: Increment CHCR1 H'4045

Transfer source address: Fixed

Bus mode: Cycle-steal

Transfer unit: Byte

DEIl interrupt request at end of transfer DE = 1

Channel priority: Fixed (0 > 1) DME = 1 DMAOR H'0001

Transfer request source (transfer request signal): SCIF DRCR1 H'05
(RXI)

Note: Make sure the SCIF settings have interrupts enabled and the appropriate CPU
level.
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. When the DMAC is not operating, the NMIF bit in DMAOR Is set even when an N
interrupt isinput.

. The DMAC cannot access the cache memory.

. Before changing the frequency or changing to standby mode, set the DME bit of DI
and stop operation of the DMAC.

. Do not usethe DMAC, BSC, UBC, E-DMAC, and EtherC for on-chip peripheral n
transfers.

. Do not access the cache (address array, data array, associative purge area).

. Note that when level detection of the request signal is used in single address mode,
signal may be detected before DACKn is output.

. When E@ exceeds 31.25 MHz, do not use transfer involving DACKn output on ordi
for word or longword access with an 8-bit bus width, or longword access with a 16-
width.

10. When DMA transfer is performed in responseto a DMA transfer request signal frot

peripheral module, if clearing of the DMA transfer request signal from the peripher
by the DMA transfer is not completed before the next transfer request signal from tl
subsequent DMA transfers may not be possible.
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(active nhigh) — | L - - M

Bus cycle

DACKn
(active high)

DREQn
(active high)

DACK output in write cycle

Note: * In addition to CPU cycles, E-DMAC cycles may be inserted in some cases.

b. When external request DREQ edge detection is set, if DREQn isinput continu
DMAC continues to operate without insertion of a CPU cycle. (However, a CF
begin if there is no request from DREQN.)
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Read

Write

CSn

(RD

(D15t 0

[
WEn

’F*ALA’,

LR
qrare

EREE,
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Ulo WO/
LD? to 0

WEn

Write
D7to0

BS

DACKn

D15 to O/

Error timing 2:

Read

Write

:

A=

j
-
1T -

RENESAS
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Uurrmng.
(1) lgEp=1:1
(2) DMA transfer to an ordinary space or burst ROM space

(3) 16-byte or longword DMA transfer to a 16-bit width space or 16-byte, longworc
DMA transfer to an 8-bit width space, which generates multiple bus cycles

Countermeasures:

This problem is avoided by any of the following countermeasures.

(1) Specify aclock ratio except tegyc:tpgyc 1:1.

(2) Use 32-bit bus width.

(3) When the bus width is 16 bits, perform word or byte DMA transfer.
(4) When the bus width is 8 bits, perform byte DMA transfer.

13. DMAC does not perform DMA transfer on channel 1 by an on-chip peripheral mod
Phenomenon:

(1) DMAC does not perform DMA transfer on channel 1 by an on-chip peripheral r
request.
When channel 0 of the on-chip DMAC is set to cycle-steal mode and channel 1

chip peripheral module request mode, the DMAC may not perform DMA transf
channel 1.

Conditions:

(1) Conditions for malfunction in DMA transfer on channel 1 by an on-chip periphe
request
When the following conditions are all satisfied, the DMAC does not perform DI
on channel 1 by an on-chip peripheral module request.
(8) DMAC channels 0 and 1 are both enabled.
(b) DMAC channel 0 is set to cycle-steal mode.

(c) DMAC channel 1 is set to cycle-steal mode, dual address mode, and on-chif
module request mode.

(d) Round-robin mode is specified as the DMAC priority mode.
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(1) DMAC does not perform DMA transfer between on-chip memory and on-chip
module by an external request.
When the on-chip DMAC is set to external request (DREQ) mode and cycle-st
and DMA transfer is attempted between on-chip memory and on-chip peripher
between on-chip peripheral modules, the DMAC may not perform DMA trans|
second and later DREQ inputs.

Conditions:

(1) Conditionsfor malfunction in DMA transfer between on-chip memory and on-
peripheral module by an external request
When the following conditions are all satisfied, the DMAC does not perform L
between on-chip memory and on-chip peripheral module or between on-chip p
modules by an external request.
(a) The externa request (DREQ) is selected for the transfer request source.
(b) The DMA transfer between on-chip memory and on-chip peripheral modul

on-chip peripheral modulesis selected.

(c) Cycle-steal mode is used.

Countermeasures:

(1) Countermeasure against malfunction in DMA transfer between on-chip memor
chip peripheral module by an external request
This problem is avoided by the following counter measure.
(a) Do not select the external request (DREQ) for the transfer request source.

15. Data bus collision during single-address DMAC transfer

Phenomenon:

(1) Databus callision during DMA transfer in single address mode
In the system which includes the SH7615, an external device with DACK, and
synchronous DRAM (SDRAM), if single-address DMA transfer is performed
external device with DACK to SDRAM immediately after the SH7615 writes
SDRAM, the SH7615 may erroneously drive data bus during the single-addres
transfer , and the erroneously driven data may collide with the DMA transfer ¢
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Countermeasures:

(1) Countermeasure against data bus collision during single-address DMA transfer
This problem is avoided by any of the following countermeasures.
(a) Specify aclock ratio other than external clock (Eq):internal clock (1¢) = 1:1.

(b) Do not writeto SDRAM from CPU, Ethernet controller direct memory acce
controller (E-DMAC), or another channel of the DMAC during single-addre
transfer from the external device with DACK to SDRAM.

16. DMAC DACK error output
Phenomenon:
(1) DACK error

When DMAC channels 0 and 1 are both set to external request (DREQO and DF
mode, the DMAC may execute DMA transfer with DACK1 output on channel
DREQL is not input.

Conditions:
(2) Conditionsfor DACK error

When the following conditions are al satisfied, the DMAC executes DMA tran:
DACK1 output on channel 1 while the DREQL is not inpuit.

(@) DMAC channels 0 and 1 are both enabled.

(b) DMAC channels 0 and 1 both select the external request (DREQO and DRE(
transfer request source.

(c) DMAC channels 0 and 1 are both set to cycle-steal mode.
(d) Round-robin mode is specified as the DMAC priority mode.

Countermeasures:

(1) Countermeasure against DACK error
This problem is avoided by any of the following countermeasures.
(a) Set either DMAC channel 0 or 1 to burst mode.
(b) Set the DMAC priority modeto fixed priority mode.
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1211 Features
The FRT hasthe following features:

» Choice of four counter input clocks

The counter input clock can be selected from three internal clocks (P@/8, P@/32, P
an external clock (enabling external event counting).

»  Two independent comparators
Two waveform outputs can be generated.
e |nput capture
Choice of rising edge or falling edge
» Counter clear specification
The counter value can be cleared by compare match A.
» Four interrupt sources

Two compare match sources, one input capture source, and one overflow sourcec
requests independently.
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K

Clock select | OCRA (H/L)
Compare
match A U
< Comparator A
FTOA +— m
< Overflow v
FTOB < FRC (H/L)
Clear ——
—>
FTl < Comparator B
Compare
match B m
Control
logic OCRB (HI/L)
L)
Capture FICR (HIL)
FTCSR
TIER
TCR
TOCR
L—ci
L » OCIA | Interrupt

OCRA,B:
FRC:
FICR:
FTCSR:

—> OCIB
— 0V

signals

Output compare registers A,B (16 bits)
Free-running counter (16 bits)

Input capture register (16 bits)

Free-running timer control/status register (8 bits)

TIER: Timer interrupt enable register (8 bits)
TCR: Timer control register (8 bits)
TOCR: Timer output compare control register (8 bits)

Bus interface

Module
data bus

Figure12.1 FRT Block Diagram
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Output compare B output pin F1OB Output Output pin Tor output comp:

Input capture input pin FTI Input Input pin for input capture

12.1.4 Register Configuration
Table 12.2 shows the FRT register configuration.

Table12.2 Register Configuration

Initial
Register Abbreviation R/W Value  Adc
Timer interrupt enable register TIER R/W H'01 HFF
Free-running timer control/status register FTCSR R/(W)*1 H'00 HFF
Free-running counter H FRCH R/W H'00 HFF
Free-running counter L FRCL R/W H'00 HFF
Output compare register AH OCRAH R/W H'FF HFF
Output compare register A L OCRAL R/W H'FF HFF
Output compare register B H OCRBH R/W H'FF HFF
Output compare register B L OCRB L R/W H'FF HFF
Timer control register TCR R/W H'00 HFF
Timer output compare control register TOCR R/W H'EO HFF
Input capture register H FICR H R H'00 HFF
Input capture register L FICR L R H'00 HFF

Notes: Use byte-size access for all registers.
1. Bits 7 to 1 are read-only. The only value that can be written is a 0, which is
clear flags. Bit 0 can be read or written.

2. OCRA and OCRB have the same address. The OCRS bitin TOCR is used
between them.
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FRC is a 16-bit read/write register. It increments upon input of aclock. The input clock
selected using clock select bits 1 and 0 (CKSL1, CKS0) in TCR. FRC can be cleared up
match A.

When FRC overflows (H'FFFF - H'0000), the overflow flag (OVF) in FTCSR is set t
can be read or written to by the CPU, but because it is 16 bits long, data transfers invol
CPU are performed viaatemporary register (TEMP). See section 12.3, CPU Interface,
detailed information.

FRC isinitialized to H'0000 by areset, in standby mode, and when the module standby
used.

12.2.2  Output Compare Registers A and B (OCRA and OCRB)

Bit: 15 14 13 3 2 1
| | | e | |
Initial value: 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W

OCR is composed of two 16-bit read/write registers (OCRA and OCRB). The contents
always compared to the FRC value. When the two values are the same, the output com
in FTCSR (OCFA and OCFB) are set to 1.

When the OCR and FRC values are the same (compare match), the output level values
output level bits (OLVLA and OLVLB) are output to the output compare pins (FTOA
After areset, FTOA and FTOB output O until the first compare match occurs.

Because OCR is a 16-bit register, datatransfersinvolving the CPU are performed via a
register (TEMP). See section 12.3, CPU Interface, for more detailed information.

OCRisinitialized to H'FFFF by areset, in standby mode, and when the modul e standb
isused.
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\F 11T P 1s detected, tlie CUNTeElit FRU valuc is talsierred 10 FIvR. AL UIE salTie UlTIC,
capture flag (ICF) in FTCSR is set to 1. The edge of the input signal can be selected u
input edge select bit (IEDG) in TCR.

Because FICR is a 16-bit register, data transfers involving the CPU are performed via
register (TEMP). See section 12.3, CPU Interface, for more detailed information. To ¢
the input capture operation is reliably performed, set the pulse width of the input captt
signal to six system clocks (P¢) or more.

FICR isinitialized to H'0000 by areset, in standby mode, and when the module stand
isused.

12.2.4  Timer Interrupt Enable Register (TIER)

Bit: 7 6 5 4 3 2 1

‘ ICIE ‘ — ‘ — ‘ — ‘ OCIAE ‘ OCIBE ‘ ovi

Initial value: 0 0 0 0 0 0 0
RW: RMW R R R RIW RIW RM

TIER is an 8-hit read/write register that controls enabling of all interrupt requests. TIE
initialized to H'01 by areset, in standby mode, and when the modul e standby function

Bit 7—Input Capture Interrupt Enable (ICIE): Selects enabling/disabling of the ICl in
request when the input captureflag (ICF) in FTCSRisset to 1.

Bit 7: ICIE Description
0 Interrupt request (ICI) caused by ICF disabled (
1 Interrupt request (ICI) caused by ICF enabled

Bits 6 to 4—Reserved: These bits are always read as 0. The write value should always
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Bit 2: OCIBE Description

0 Interrupt request (OCIB) caused by OCFB disabled (Ir

1 Interrupt request (OCIB) caused by OCFB enabled

Bit 1—Timer Overflow Interrupt Enable (OVIE): Selects enabling/disabling of the OV
request when the overflow flag (OVF) in FTCSR is set to 1.

Bit 1: OVIE Description
0 Interrupt request (OVI) caused by OVF disabled (ir
1 Interrupt request (OVI) caused by OVF enabled

Bit 0—Reserved: This bit is always read as 1. The write value should always be 1.

12.25 Free-Running Timer Control/Status Register (FTCSR)

Bit: 7 6 5 4 3 2 1
] ICF \ — \ — \ — \ OCFA \ OCFB \ OVF

Initial value: 0 0 0 0 0 0 0
RIW:  RI(W)* R R R RI(W)*  RIW)*  RI(W)

Note: * For bits 7, and 3 to 1, the only value that can be written is O (to clear the flag

FTCSR is an 8-hit register that selects counter clearing and controlsinterrupt request si
FTCSRisinitialized to H'00 by areset, in standby mode, and when the module standby
used. See section 12.4, Operation, for the timing.

Bit 7—Input Capture Flag (ICF): Status flag that indicates that the FRC value has been
FICR by the input capture signal. Thisflag is cleared by software and set by hardware.
be set by software.
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Bit 3—Output Compare Flag A (OCFA): Status flag that indicates when the values of
and OCRA match. Thisflagis cleared by software and set by hardware. It cannot be <

software.
Bit 3: OCFA Description
0 [Clearing condition]
When OCFA is read while set to 1, and then 0 is written to
(
1 [Setting condition]

When the FRC value becomes equal to OCRA

Bit 2—Output Compare Flag B (OCFB): Status flag that indicates when the values of
OCRB match. Thisflag is cleared by software and set by hardware. It cannot be set by

Bit 2: OCFB Description
0 [Clearing condition]
When OCFB is read while set to 1, and then 0 is written to
(
1 [Setting condition]

When the FRC value becomes equal to OCRB

Bit 1—Timer Overflow Flag (OVF): Status flag that indicates when FRC overflows (i
to H'0000). Thisflag is cleared by software and set by hardware. It cannot be set by <

Bit 1: OVF Description
0 [Clearing condition]
When OVF is read while set to 1, and then 0 is written to it
(
1 [Setting condition]

When the FRC value changes from H'FFFF to H'0000
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Bit: 7 6 5 4 3 2 1

] IEDG \ — \ — \ — \ — \ — \ CKS1
Initial value: 0 0 0 0 0 0 0
RW: RMW R R R R R RIW

TCR is an 8-hit read/write register that selects the input edge for input capture and sele
input clock for FRC. TCRisinitialized to H'00 by areset, in standby mode, and when't
standby function is used.

Bit 7—Input Edge Select (IEDG): Selects whether to capture the input capture input (F
falling edge or rising edge.

Bit 7: IEDG Description
0 Input captured on falling edge (Ir
1 Input captured on rising edge

Bits 6 to 2—Reserved: These bits are always read as 0. The write value should always |

Bits 1 and 0—Clock Select (CKS1, CKS0): These bits select whether to use an externa
one of threeinternal clocks for input to FRC. The external clock is counted at the rising

Bit 1. CKS1 Bit 0: CKSO Description

0 0 Internal clock: count at ¢/8 (Ir
1 Internal clock: count at ¢/32

1 0 Internal clock: count at ¢/128
1 External clock: count at rising edge
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reset, in standby mode, and when the module standby function is used.

Bits 7 to 5—Reserved: These bits are always read as 1. The write value should always

Bit 4—Output Compare Register Select (OCRS): OCRA and OCRB share the same a
OCRS hit controls which register is selected when reading/writing to this address. It d
affect the operation of OCRA and OCRB.

Bit 4: OCRS Description
0 OCRA register selected (
1 OCRSB register selected

Bits 3 and 2—Reserved: These bits are always read as 0. The write value should alwa

Bit 1—Output Level A (OLVLA): Selectsthe level output to the output compare A ol
upon compare match A (signal indicating match of FRC and OCRA).

Bit 1: OLVLA Description
0 0 output on compare match A (
1 1 output on compare match A

Bit 0—Output Level B (OLVLB): Selects the level output to the output compare B oL
upon compare match B (signal indicating match of FRC and OCRB).

Bit 0: OLVLB Description
0 0 output on compare match B (
1 1 output on compare match B
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lower byte is then written, which results in 16 bits of data being written to theregis
combined with the upper byte valuein TEMP.

» Reading from 16-hit Registers
The upper byte of dataisread, which results in the upper byte value being transferr
CPU. The lower byte valueistransferred to TEMP. The lower byte isthen read, wt
in the lower byte value in TEMP being sent to the CPU.

When registers of these three types are accessed, two byte accesses should always be p
first to the upper byte, then the lower byte. If only the upper byte or lower byteis acces
datawill not be transferred properly.

Figure 12.2 and 12.3 show the flow of data when FRC is accessed. Other registers func
same way. When reading OCRA and OCRB, however, both upper and lower-byte data
transferred directly to the CPU without passing through TEMP.
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PRCH FRC L
) )
(Write to lower byte)
(SESU) Data bus within nr
lower “ Bus interface
byte
TEMP
(HAA)
FRCH FRC L
(H'AA) (H'55)

Figure12.2 FRC Access Operation (CPU WritesH'AA55 to FRC)
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FRCH
(H'AA)

FRCL
(H'55)

(Read from lower byte)

CPU
(H'55)

lower “ Bus interface

byte

Data bus within m

TEMP
(H'AA)

U

ﬁ

FRCH
¢ )

FRC L
¢ )

Figure 12.3 FRC Access Operation (CPU Reads H'AA55 from FRC)
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FRC input (‘ 7 \Aﬂi
clock _,—l ,—I_
FRC N-1 X S5 N « "
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7 7
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Figure12.4 Count Timing (Internal Clock Operation)

External Clock Operation: Set the CKS1 and CKS0 bitsin TCR to select the extern
External clock pulses are counted on the rising edge. The pulse width of the external
at least 6 system clocks (). A smaller pulse width will result in inaccurate operation.
shows the timing.

o [ L LI LI LI LI LIL

External clock :
input pin « |

FRC input
clock «

D] (
+
FRC N >< N+1 <_

Figure 125 Count Timing (External Clock Operation)
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Note: * | Indicates instruction execution by software
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12.4.3

FRC Clear Timing

FRC can be cleared on compare match A. Figure 12.7 shows the timing.

Figure12.6 Output Timingfor Output Compare A

Po |

Compare
match A
signal

FRC

A\

N

X

H'0000
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mput capiure
input pin « | \A
Input capture
signal («

Figure12.8 Input Capture Signal Timing (Normal)

When the input capture signal is input when FICR is read (upper-byte read), the input
signa is delayed by one cycle of P@. Figure 12.9 shows the timing.

FICR upper-byte read cycle

| ™ B

Input capture

input pin «
TN
Input capture rm-==== r

signal (« !
9 ))

Figure12.9 Input Capture Signal Timing (I nput Capture Input when FICR
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FRC \ N
P
FICR X N

Figure12.10 ICF Setting Timing

12.4.6  Output CompareFlag (OCFA, OCFB) Setting Timing

The compare match signal output (when OCRA or OCRB matches the FRC valuge) sets
compare flag OCFA or OCFB to 1. The compare match signal is generated in the last s
which the values matched (at the timing for updating the count value that matched the |
OCRA or OCRB matches the FRC, no compare match is generated until the next incre
occurs. Figure 12.11 shows the timing for setting OCFA and OCFB.
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Compare match

signal \

OCFA, OCFB

Figure12.11 OCF Setting Timing

12.4.7 Timer Overflow Flag (OVF) Setting Timing

FRC overflow (from H'FFFF to H'0000) sets the timer overflow flag (OVF) to 1. Figu
shows the timing.

Po | L

FRC H'FFFF X H'0000

Overflow
signal

N\

OVF

Figure12.12 OVF Setting Timing
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Interrupt Source Description Priority

ICI Interrupt by ICF High
OCIA, OCIB Interrupt by OCFA or OCFB I
ovi Interrupt by OVF Low

126 Exampleof FRT Use

Figure 12.13 shows an example in which pulses with a 50% duty factor and arbitrary p
relationship are output. The procedure is as follows:

1. Setthe CCLRA hitin FTCSRto 1.
2. The OLVLA and OLVLB bits are inverted by software whenever a compare match

FRC Counter clear

OCRB

H'0000

FTOA

FTOB

Figure 12.13 Example of Pulse Output
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FRC lower-byte write cycle

o | | L] L) L
Address X FRC address ><
Internal write
signal
Counter clear
signal

FRC N >< H'0000

Figure 12.14 Contention between FRC Write and Clear
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Address X FRC address ><
Internal write
signal
FRC input
clock

FRC N ><4M

Write data

Figure 12.15 Contention between FRC Write and Increment
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Address X OCR address ><
Internal write
signal

FRC N >< N+1
OCR N >< « M
Write data
Compare match o |
signal ! HN
Disabled

Figure 12.16 Contention between OCR and Compare Match

12.7.4  Internal Clock Switching and Counter Operation

FRC will sometimes begin incrementing because of the timing of switching between i
clocks. Table 12.4 shows the relationship between internal clock switching timing (Cl
CKS0 bit rewrites) and FRC operation.

When an internal clock is used, the FRC clock is generated when the falling edge of a
clock (created by dividing the system clock (¢)) is detected. When aclock is switched
before the switching and to low after switching, as shown in case 3in table 12.4, the s
considered afalling edge and an FRC clock pulse is generated, causing FRC to incren
may also increment when switching between an internal clock and an externa clock.
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!
[
[
FRC clock |_| }
|
[
|

FRC N ><\' N+1

|
Rewrite of CKS bit

2 Low-to-high switch

Clock before
switching ‘

Clock after
switching

|
[
[
\
[
[
FRC clock |_| |_| }
|
[
|

FRC N >< N+1 ><} N +
i

|
Rewrite of CKS bit
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|
|
ERC N ><N+l } >< N+2

[
Rewrite of CKS bit

[
Clock before }
switching }

Clock after
switching

FRC clock |_| |_|
FRC N >< N+1 >< N+2

Rewrite of

4 High-to-high switch

Note: Because the switchover is considered a falling edge, FRC starts counting up.

12.7.5 Timer Output (FTOA, FTOB)

During a power-on reset, the timer outputs (FTOA, FTOB) will be unreliable until the
stabilizes. Theinitial valueis output after the oscillation settling time has elapsed.
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When this watchdog function is not needed, the WDT can be used as an interval time
interval timer operation, an interval timer interrupt is generated a each counter overfl
WDT is aso used when recovering from standby mode, in modifying a clock frequen
clock pause mode.

13.1.1 Features

The WDT includes the following features.

Can be switched between watchdog timer mode and interval timer mode.
WDTOVF output in watchdog timer mode

The WDTOVF signal is output externally when the counter overflows, and asimu
internal reset of the chip can also be selected (either a power-on reset or manual re
specified).

Interrupt generation in interval timer mode

An interval timer interrupt is generated when the counter overflows.

Used when standby mode is cleared or the clock frequency is changed, and in cloc
mode.

Choice of eight counter input clocks
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Reset
Internal control

reset signal*

A

select

l«—— @/1024
«—— @2048
«—— @8192
l«—— @/16384

Y

A

Internal
clock

J
| RSTCSR MTCNT |<—>| WTCSR |

Bus

Module bus

S| interface

¢. See figure 3.1, Block Diagram of Clock Pulse Generator Circuit.

WTCSR: Watchdog timer control/status register

WTCNT: Watchdog timer counter
RSTCSR: Reset control/status register

Note: The internal reset signal can be generated by a register setting. The type of res
selected (power-on or manual reset).

Figure13.1 WDT Block Diagram

13.1.3 Input/Output Pin
Table 13.1 shows the pin configuration.

Table13.1 Pin Configuration

Pin Abbreviation

I/0

Function

Watchdog timer overflow WDTOVF

Output

Outputs the counter overflow s
watchdog timer mode
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vwaltcrnaog umer VWI1LOR RAVW) R 1o ArFFFFFECOY AF
control/status register

Watchdog timer WTCNT R/W H'00 H'FFFFFE80 H'F
counter
Reset control/status RSTCSR RI(W)*®  H1E H'FFFFFE82 H'F
register

Notes: 1. Write by word access. It cannot be written by byte or longword access.
2. Read by byte access. The correct value cannot be read by word or longwol
3. Only 0 can be written in bit 7 to clear the flag.

13.2 Register Descriptions

13.21 Watchdog Timer Counter (WTCNT)

Bit: 7 6 5 4 3 2 1

Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/M

WTCNT isan 8-bit read/write register. The method of writing to WTCNT differs fror
most other registersto prevent inadvertent rewriting. See section 13.2.4, Notes on Reg
for details. When the timer enable bit (TME) in the watchdog timer control/status regi
(WTCSR) is set to 1, the watchdog timer counter starts counting pulses of an internal
selected by clock select bits 2 to 0 (CKS2 to CKS0) in WTCSR. When the value of W
overflows (changes from H'FF to H'00), a watchdog timer overflow signal (WDTOVT
timer interrupt (IT1) is generated, depending on the mode selected in the WT/IT bit in
WTCNT isinitialized to H'00 by areset and when the TME hit is cleared to 0. It is no
in standby mode, when the clock frequency is changed, or in clock pause mode.
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The watchdog timer control/status register (WTCSR) is an 8-bit read/write register. Its
include selecting the timer mode and clock source. Bits 7 to 5 areinitialized to 000 by :
standby mode, when the clock frequency is changed, and in clock pause mode. Bits 2 t
initialized to 000 by areset, but are not initialized in standby mode, when the clock fre
changed, or in clock pause mode.

Bit 7—Overflow Flag (OVF): Indicates that WTCNT has overflowed from H'FF to H'C
interval timer mode. It is not set in watchdog timer mode.

Bit 7: OVF Description

0 No overflow of WTCNT in interval timer mode (1
Cleared by reading OVF, then writing 0 in OVF

1 WTCNT overflow in interval timer mode

Bit 6—Timer Mode Select (WT/IT): Selects whether to use the WDT as awatchdog tir
interval timer. When WTCNT overflows, the WDT either generates an interval timer ir
(IT1) or generatesa WDTOVF signal, depending on the mode selected.

Bit 6: WTAT

Description

0

Interval timer mode: interval timer interrupt (ITI) request to th
when WTCNT overflows (1

Watchdog timer mode: WDTOVF signal output externally wh
overflows. Section 13.2.3, Reset Control/Status Register (RS
describes in detail what happens when WTCNT overflows in
timer mode
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Bits 2 to 0—Clock Select 2 to 0 (CKS2 to CKS0): These bits select one of eight intert
sources for input to WTCNT. The clock signals are obtained by dividing the frequenc
system clock (¢).

Description
Bit 2: CKS2 Bit1l: CKS1 Bit0: CKSO Clock Source Overflow Interval™ (
0 0 0 @4 (Initial value)  17.0 ps
1 @128 544 ps
1 0 @256 1.1 ms
1 @512 22ms
1 0 0 @1024 4.4 ms
1 @/2048 8.7 ms
1 0 @8192 34.8 ms
1 @/16384 69.6 ms

Note: * The overflow interval listed is the time from when the WTCNT begins count
until an overflow occurs.

13.2.3 Reset Control/Status Register (RSTCSR)

Bit: 7 6 5 4 3 2 1
‘WOVF ‘ RSTE ‘ RSTS ‘ — ‘ — ‘ — ‘ —

Initial value: 0 0 0 1 1 1 1
RW: R/(W)* RW RIW R R R R

Note: * Only 0 can be written in bit 7, to clear the flag.

RSTCSR is an 8-hit read/write register that controls output of the reset signal generate
watchdog timer counter (WTCNT) overflow and selects the internal reset signal type.
of writing to RSTCSR differs from that of most other registersto prevent inadvertent |
See section 13.2.4, Notes on Register Access, for details. RSTCR isinitialized to H'1E
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1 Set by WTCNT overflow in watchdog timer mode

Bit 6—Reset Enable (RSTE): Selects whether to reset the chip internally if WTCNT ov
watchdog timer mode.

Bit 6: RSTE Description

0 Not reset when WTCNT overflows (Ir
LSI not reset internally, but WTCNT and WTCSR reset withil

1 Reset when WTCNT overflows

Bit 5—Reset Select (RSTS): Selects the type of internal reset generated if WTCNT ove
watchdog timer mode.

Bit 5: RSTS Description
0 Power-on reset (Ir
1 Manual reset

Bits 4 to 1—Reserved: These bits are always read as 1. The write value should always

Bit 0— Reserved: Thisbit is always read as 0. The write value should always be 0.

13.24 Noteson Register Access

The watchdog timer’s WTCNT, WTCSR, and RSTCSR registers differ from other regi
they are more difficult to write. The procedures for writing and reading these registers :
below.

Writing to WTCNT and WTCSR: These registers must be written by aword transfer
instruction. They cannot be written by byte or longword transfer instructions. WTCNT
WTCSR both have the same write address. The write data must be contained in the low
the written word. The upper byte must be H5A (for WTCNT) or H'A5 (for WTCSR) (1
Thistransfers the write data from the lower byteto WTCNT or WTCSR.
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Figure13.2 Writingto WTCNT and WTCSR

Writing to RSTCSR: RSTCSR must be written by aword access to address H'FFFF
cannot be written by byte or longword transfer instructions. Procedures for writing O i
(bit 7) and for writing to RSTE (bit 6) and RSTS (bit 5) are different, as shown in figu
write 0 in the WOV F bit, the write data must be H'A5 in the upper byte and H'00 in th
This clearsthe WOVF bit to 0. The RSTE and RST S bits are not affected. To writeto
and RST S bits, the upper byte must be H'5A and the lower byte must be the write date
of bits 6 and 5 of the lower byte are transferred to the RSTE and RST S hits, respective
WOVF bit is not affected.

Writing O to the WOVF bit

15 87
Address: H'FFFFFES2 ‘ H'AS ‘ H'00
Writing to the RSTE and RSTS bits
15 87
Address: H'FFFFFES2 ‘ H'SA \ Write dat;

Figure13.3 Writingto RSTCSR

Reading from WTCNT, WTCSR, and RSTCSR: WTCNT, WTCSR, and RSTCSR
like other registers. Use byte transfer instructions. The read addresses are H'FFFFFES
WTCSR, H'FFFFFE81 for WTCNT, and H'FFFFFE83 for RSTCSR.
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WVDTOVF éigna] i; output flor 512 @clock cycl (;s

If the RSTE bit in RSTCSR is set to 1, asignal to reset the chip will be generated inter
simultaneously with the WDTOVF signal when WTCNT overflows. Either a power-or

manual reset can be selected by the RSTS bit. The internal reset signal is output for 20
cycles.

If areset due to the input signal from the RES pin and areset dueto WDT overflow oc
simultaneously, the RES reset takes priority and the WOVF bit in RSTCSR is cleared t
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vvi/ir — 41 M uUuv wiiucti VwWUVvVIE — 41 vvi/ial — 414 rnuuly

TME=1 in WTCNT TME =1 inWT
WDTOVF and

internal reset generated

v

WDTOVF
signal ——
512 @clocks
Internal
reset
signal” < >
2048 @ clocks

WT/IT: Timer mode select bit
TME: Timer enable bit

Note: * Internal reset signal is generated only when the RSTE bit is set to 1.

Figure 13.4 Operation in Watchdog Timer Mode
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H'oo WT/% =0 I*I I'*I I'I{I ITI

TME =1

ITI: Interval timer interrupt request generation

Figure 13.5 Operationin Interval Timer Mode

13.3.3 Operation when Standby Mode is Cleared

The watchdog timer has a special function to clear standby mode with an NMI interrup
using standby mode, set the WDT as described below.

Transtion to Standby M ode: The TME bit in WTCSR must be cleared to 0 to stop tt
timer counter before it enters standby mode. The chip cannot enter standby mode while
bit isset to 1. Set bits CKS2 to CKS0 in WTCSR so that the counter overflow interval |
or longer than the oscillation settling time. See section 21, Electrical Characteristics, fo
oscillation settling time.

Recovery from Standby M ode: When an NMI request signal is received in standby i
clock oscillator starts running and the watchdog timer starts counting at the rate selecte
CKS2 to CK S0 before standby mode was entered. When WTCNT overflows (changes
to H'00) the system clock (@) is presumed to be stable and usable; clock signals are sup
entire chip and standby mode ends.

For details on standby mode, see section 20, Power Down Modes.
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(internal sigvnal) 45§J

\

OVF . |
))

Figure13.6 Timing of OVF Setting

13.35 Timing of Watchdog Timer Overflow Flag (WOVF) Setting

When WTCNT overflows the WOVF flag in RSTCSR is set to 1 and a WDTOVF sig
When the RSTE hit isset to 1, WTCNT overflow enables an internal reset signal to b
for the entire chip (figure 13.7).

WTCNT \\ H'FF>< H'00 \g

Overflow signal

(internal signal) —_ S

WOVF . |
))

Figure 13.7 Timing of WOVF Setting
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Address >< WTCNT address ><

Internal write

signal

WTCNT input

clock
WTCNT N >< «M

Counter write data

Figure13.8 Contention between WTCNT Write and I ncrement

13.4.2 Changing CKS2to CK S0 Bit Values

If the values of bits CKS2 to CKS0 are altered while the WDT is running, the count m:
increment incorrectly. Always stop the watchdog timer (by clearing the TME bit to 0) t
changing the values of bits CKS2 to CKS0.

13.4.3  Switching between Watchdog Timer Mode and Interval Timer Mode

The WDT may not operate correctly if it is switched between watchdog timer mode an
timer mode while it is running.

To ensure correct operation, always stop the watchdog timer (by clearing the TME bit t
switching between watchdog timer mode and interval timer mode.

Rev. 2.00, 03/05, page 560 of 884
RENESAS



Ve iipgAat e B ™

Reset signal to
entire system WDTOVF

Figure 13.9 Example of Circuit for System Reset with WDTOVF Sign

13.45 Internal Reset in Watchdog Timer M ode

If the RSTE hit is cleared to 0 in watchdog timer mode, the chip will not reset internal
WTCNT overflow occurs, but WTCNT and WTCSR in the WDT will reset.

13.4.6 Internal Reset by Watchdog Timer (WDT) in Sleep Mode

When the watchdog time counter (WTCNT) overflows in watchdog timer mode, the €
resets (power-on reset or manual reset) the chip internally. However, if WTCNT over
sleep mode, internal reset is not executed properly and exception handling by the rese
Start.

Conditions:

* Insleep mode

e WDT.WTCSR.WT/IT bit = 1 (watchdog timer mode)
e« WDT.RSTCSR.RSTE hit = 1 (internal reset enabled)
e WTCNT overflows

Countermeasures: This problem can be avoided by the following countermeasures.

*  When sleep mode is not used, use thisinternal reset function in watchdog timer m

*  When seep mode is used, reset by an external RES signal instead of the internal r
Note that the WDTOVF output signal must not be logically input to the RES pin ¢
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(multiprocessor communication function).

An on-chip Infrared Data Association (IrDA) interface based on the IrDA 1.0 system
provided, enabling infrared communication.

Sixteen-stage FIFO registers are provided for both transmission and reception, enablir
efficient, and continuous communication.

14.1.1 Features
The SCIF has the following features:

» Choice of synchronous or asynchronous serial communication mode
O Asynchronous mode

Serial data communication is executed using an asynchronous system in which
synchronization is achieved character by character. Serial data communication
carried out with standard asynchronous communication chips such as a Univer
Asynchronous Receiver/Transmitter (UART) or Asynchronous Communicatic
Adapter (ACIA). A multiprocessor communication function isaso provided t
serial data communication with a number of processors.

Thereis a choice of 12 serial data communication formats.

« Datalength: 7 or 8 hits

e Stop bit length: 1 or 2 bits

e Parity: Even/odd/none
e Multiprocessor bit: lor0

» Receive error detection: Parity, overrun, and framing errors
e Automatic break detection
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The transmitter and receiver are mutually independent, enabling transmission and r
be executed simultaneously. In addition, the transmitter and receiver both have a 1€
FIFO buffer structure, enabling continuous serial data transmission and reception.

(However, IrDA communication is carried out in half-duplex mode.)
e Built-in baud rate generator allows a choice of bit rates.

» Choice of transmit/receive clock source: internal clock from baud rate generator or
clock from SCK pin

» Four interrupt sources
There are four interrupt sources—transmit-FI FO-data-empty, break, receive-FI FO-(
and receive-error—that can issue requests independently. The transmit-FIFO-data-¢
receive-FIFO-data-full interrupts can activate the on-chip DMAC to execute datatr

* When not in use, the SCIF can be stopped by halting its clock supply to reduce pow
consumption.

* Choice of LSB-first or MSB-first mode

* Inasynchronous mode, operation can be selected on a base clock of 4, 8, or 16 time
rate.

*  Built-in modem control functions (RTS and CTS)
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2]
35
4]

[

SCFRDR SCFTDR SCFDR SCBRR
(16-stage) (16-stage) SCFCR
I * * SC1SSR
SC2SSR
RxD | | SCRSR | | | SCTSR SCSCR Baud rate
4 generator
SCSMR
SCFER
SCIMR
TXD = Transmission/
reception control
Parity generation Clock
Parity check
SCK External clock

SCRSR:  Receive shift register
SCFRDR: Receive FIFO data register
SCTSR:  Transmit shift register
SCFTDR: Transmit FIFO data register
SCSMR:  Serial mode register
SCSCR:  Serial control register

SCIF

SC1SSR: Serial status 1 register
SC2SSR: Serial status 2 register
SCBRR: Bit rate register

SCFCR:  FIFO control register
SCFDR:  FIFO data count register
SCFER:  FIFO error register
SCIMR: IrDA mode register

L—— IrDA/SCI switchover (to IrDA block)

Figure 14.1 Block Diagram of SCIF
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Demodulation unit

IrDA/SCIF switchover

14.1.3

Figure 14.2 Diagram of IrDA Block

I nput/Output Pins

The SCIF has the seria pins shown in table 14.1.

Table14.1 Pin Configuration

Channel Name Abbreviation I/10 Function
1 Serial clock pin SCK1 Input/ Clock input/output
output
Receive data pin RxD1 Input Receive data inpu
Transmit data pin TxD1 Output Transmit data out
Transmit request pin RTS Output Transmit request
Transmit enable pin CTS Input Transmit enable
2 Serial clock pin SCK2 Input/ Clock input/output
output
Receive data pin RxD2 Input Receive data inpu
Transmit data pin TxD2 Output Transmit data out
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1 Serial mode register SCSMR1 R/W H'00 H'FFFFFC
Bit rate register SCBRR1 R/W H'FF H'FFFFFC
Serial control register SCSCR1 RMW  HO00 H'FFFFFC
Transmit FIFO data register SCFTDR1 W — H'FFFFFC
Serial status 1 register SC1SSR1  R/(W)* H'0060 H'FFFFFC
Serial status 2 register SC2SSR1  R/(W)* H'20 H'FFFFFC
Receive FIFO data register =~ SCFRDR1 R Undefined H'FFFFFC
FIFO control register SCFCR1 R/W  HO00 H'FFFFFC
FIFO data count register SCFDR1 R H'0000 H'FFFFFC
FIFO error register SCFER1 R H'0000 H'FFFFFC
IrDA mode register SCIFMR1 R/W H'00 H'FFFFFC
2 Serial mode register SCSMR2 R/W H'00 H'FFFFFC
Bit rate register SCBRR2 R/W H'FF H'FFFFFC
Serial control register SCSCR2 RMW  HO00 H'FFFFFC
Transmit FIFO data register SCFTDR2 W — H'FFFEFFC
Serial status 1 register SC1SSR2  R/(W)* H'0060 H'FFFFFC
Serial status 2 register SC2SSR2  R/(W)* H'20 H'FFFFFC
Receive FIFO data register =~ SCFRDR2 R Undefined H'FFFFFC
FIFO control register SCFCR2 R/W  HO00 H'FFFFFC
FIFO data count register SCFDR2 R H'0000 H'FFFFFC
FIFO error register SCFER2 R H'0000 H'FFFFFC
IrDA mode register SCIMR2 R/W H'00 H'FFFFFC
Note: * Only O can be written, to clear flags. Use byte access on registers with an ¢

of 8, and word access on registers with an access size of 16.
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RW:  — — — — — — —

The receive shift register (SCRSR) is the register used to receive serial data.

The SCIF sets seria datainput from the RxD pin in SCRSR in the order received, start
LSB (bit 0) or MSB (bit 7), and convertsiit to parallel data. When one byte of data has|
received, it is transferred to the receive FIFO data register (SCFRDR) automatically.

SCRSR cannot be read or written to directly.

14.2.2 Receive FIFO Data Register (SCFRDR)

Bit: 7 6 5 4 3 2 1

R/W: R R R R R R R

The receive FIFO data register (SCFRDR) is a 16-stage FIFO register (8 bits per stage)
received seria data.

When the SCIF has received one byte of seria data, it transfers the received datafrom-
SCFRDR where it is stored, and completes the receive operation. SCRSR is then enabl
reception, and consecutive receive operations can be performed until the receive FIFO |
register isfull (16 data bytes).

SCFRDR is aread-only register, and cannot be written to.

If aread is performed when there is no receive data in the receive FIFO data register, a
value will be returned. When the receive FIFO data register is full of receive data, subs
seria dataislost.
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SCTSR, then sends the datato the TxD pin starting with the LSB (bit 0) or MSB (bit

When transmission of one byte is completed, the next transmit datais transferred fron
to SCTSR, and transmission started, automatically.

SCTSR cannot be read or written to directly.

1424  Transmit FIFO Data Register (SCFTDR)

Bit: 7 6 5 4 3 2 1

R/W: W W W W w W w

The transmit FIFO dataregister (SCFTDR) is a 16-stage FIFO register (8 bits per stag
datafor serial transmission.

When the SCIF detects that SCTSR is empty, it transfers the transmit data writtenin
SCTSR and starts serial transmission. Serial transmission is performed continuously L
no transmit data left in SCFTDR.

SCFTDR is awrite-only register, and cannot be read.

The next data cannot be written when SCFTDR isfilled with 16 bytes of transmit datz
written in this case isignored.
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The serial mode register (SCSMR) is an 8-bit register used to set the SCIF s serial com
format and select the baud rate generator clock source. In IrDA communication mode, |
select the output pulse width.

SCSMR can beread or written to by the CPU at all times.
SCSMRisinitialized to H'00 by areset, by the module standby function, and in standb

Bit 7—Communication Mode (C/A): Selects asynchronous mode or synchronous modk
SCIF operating mode. In IrDA communication mode, this bit must be cleared to 0.

Bit 7: C/A Description
0 Asynchronous mode (Ir
1 Synchronous mode

Bit 6—Character Length (CHR)/IrDA Clock Select 3 (ICK3): Selects 7 or 8 bits as the
in asynchronous mode. In synchronous mode, a fixed data length of 8 bitsis used regar
CHR setting,

Bit 6: CHR Description
0 8-bit data (Ir
1 7-bit data*

Note: * When 7-bit data is selected, the MSB (bit 7) of the transmit FIFO data regist
(SCFTDR) is not transmitted.

InIrDA communication mode, bit 6 isthe IrDA clock select 3 (ICK3) bit, enabling apy
clock pulsesto be generated according to its setting. See Pulse Width Selection, in sect
Operation in IrDA Mode, for details.

Rev. 2.00, 03/05, page 570 of 884
RENESAS



transmit data before transmissidn_.lﬁ réception, the périty bit is checked for
(even or odd) specified by the O/E bit.

In IrDA communication mode, bit 5 isthe IrDA clock select 2 (ICK2) bit, enabling ai
clock pulsesto be generated according to its setting. See Pulse Width Selection, in se
Operationin IrDA Mode, for details.

Bit 4—Parity Mode (O/E)/IrDA Clock Select 1 (ICK1): Selects either even or odd pa
parity addition and checking. The O/E bit setting is only valid when the PE bit is set t
parity bit addition and checking, in asynchronous mode. The O/E bit setting isinvalid
synchronous mode, and when parity addition and checking is disabled in asynchronot

Bit 4: O/E Description
0 Even parity** (
1 Odd parity*?

Notes: 1. When even parity is set, parity bit addition is performed in transmission so
number of 1-bits in the transmit character plus the parity bit is even. In rece
check is performed to see if the total number of 1-bits in the receive charac
parity bit is even.

2. When odd parity is set, parity bit addition is performed in transmission so tt
number of 1-bits in the transmit character plus the parity bit is odd. In recef
is performed to see if the total number of 1-bits in the receive character plu
bit is odd.

In IrDA communication mode, bit 4 isthe IrDA clock select 1 (ICK1) hit, enabling af
clock pulsesto be generated according to its setting. See Pulse Width Selection, in sec
Operationin IrDA Mode, for details.
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2. In transmission, two 1-bits (stop bits) are added to the end of a transmit cha
before it is sent.

In reception, only thefirst stop bit is checked, regardiess of the STOP bit setting. If the
stop bitis1, it istreated as astop bit; if it isO, it istreated as the start bit of the next tra
character.

In IrDA communication mode, bit 3 isthe IrDA clock select O (ICKO) bit, enabling apf
clock pulsesto be generated according to its setting. See Pulse Width Selection, in sect
Operationin IrDA Mode, for details.

Bit 2—Multiprocessor Mode (MP): Selects a multiprocessor format. When a multiproc
format is selected, the PE bit and O/E bit parity settings are invalid. The MP bit setting
valid in asynchronous mode; it is invalid in synchronous mode and IrDA mode.

For details of the multiprocessor communication function, see section 14.3.3, Multipro
Communication Function.

Bit 2: MP Description
0 Multiprocessor function disabled (Ir
1 Multiprocessor format selected
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1 P@/4 clock
1 0 P@/16 clock
1 P@64 clock

Note: P@= peripheral clock

14.2.6 Serial Control Register (SCSCR)

Bitt 7 6 5 4 3 2 1

\ TIE \ RIE \ TE \ RE \ MPIE \ — \ CKE:

Initial value: 0 0 0 0 0 0 0
RW: RW RW RW  RW RIW R RIW

The serial control register (SCSCR) performs enabling or disabling of SCIF transmit/i
operations, serial clock output in asynchronous mode, and interrupt requests, and sele

transmit/receive clock source.

SCSCR can be read or written to by the CPU at all times.

SCSCRisinitialized to H'00 by areset, by the module standby function, and in standkt
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Note: * TXl interrupt requests can be cleared by writing transmit data exceeding the
trigger set number to SCFTDR, reading 1 from the TDFE flag, then clearing
clearing the TIE bit to 0. When transmit data is written to SCFTDR using the
DMAC, the TDFE flag is cleared automatically.

Bit 6—Receive Interrupt Enable (RIE): Enables or disables generation of receive-FIFO
interrupt (RXI), receive-error interrupt (ERI), and break interrupt (BRI) requests when,
receive dataistransferred from the receive shift register (SCRSR) to the receive FIFO (
register (SCFRDR), the number of data bytesin SCFRDR reaches or exceeds the recei
set number, and the RDF flagisset to 1 in SC1SSR.

Bit 6: RIE Description

0 Receive-FIFO-data-full interrupt (RXI) request, receive-error interru
request, and break interrupt (BRI) request disabled” (Ir

1 Receive-FIFO-data-full interrupt (RXI) request, receive-error interru

request, and break interrupt (BRI) request enabled®

Note: * RXI, ERI, and BRI interrupt requests can be cleared by reading 1 from the R
flag, the FER, PER, ORER, or ER flag, or the BRK flag, then clearing the fla
clearing the RIE bit to 0. With the RDF flag, read receive data from SCFRDF
number of receive data bytes is less than the receive trigger set number, the
from the RDF flag and clear it to 0.

Bit 5—Transmit Enable (TE): Enables or disablesthe start of serial transmission by the

Bit5: TE Description
0 Transmission disabled** (Ir
1 Transmission enabled*?

Notes: 1. The TDRE flag in SC1SSR is fixed at 1.
2. Serial transmission is started when transmit data is written to SCFTDR in thi
Serial mode register (SCSMR) and FIFO control register (SCFCR) settings r
made, the transmission format decided, and the transmit FIFO reset, before
is setto 1.
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SCSMR settings must be made to decide the reception format before settir
to 1.

Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor ir
The MPIE bit setting is only valid in asynchronous mode when the MP bit in SCSMR

The MPIE bit setting isinvalid in synchronous mode and IrDA mode, and when the M

Bit 3: MPIE Description

0 Multiprocessor interrupts disabled (normal reception performed) (
[Clearing conditions]
e When the MPIE bit is cleared to O
e When data with MPB = 1 is received

1 Multiprocessor interrupts enabled”

Receive interrupt (RXI) requests, receive-error interrupt (ERI) requ
setting of the RDF and FER in SC1SSR and ORER in SC2SSR ar
until data with the multiprocessor bit set to 1 is received.

Note: * Receive data transfer from SCRSR to SCFRDR, receive error detection, ar
the RDF and FER in SC1SSR and ORER flags in SC2SSR, is not performe
receive data with MPB = 1 is received, the MPB flag in SC2SSR is set to 1,
is cleared to 0 automatically, and generation of RXl and ERI (when the RIE
SCSCRis set to 1) and FER and ORER flag setting is enabled.

Bit 2—Reserved: This bit is aways read as 0. The write value should always be 0.
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For details of clock source selection, seetable 14.9 in section 14.3, Operation.

Bit 1: Bit O:
CKE1 CKEO Description
0 0 Asynchronous mode  Internal clock/SCK pin functions as input
signal ignored)**
Synchronous mode Internal clock/SCK pin functions as seria
output**
1 Asynchronous mode  Internal clock/SCK pin functions as clock
Synchronous mode Internal clock/SCK pin functions as seria
output
1 * Asynchronous mode  External clock/SCK pin functions as cloc
Synchronous mode External clock/SCK pin functions as seriz
input

Notes: 1. Initial value
2. Outputs a clock with a frequency of 16/8/4 times the bit rate.
3. Inputs a clock with a frequency of 16/8/4 times the bit rate.
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| ER | TEND | TDFE | BRK | FER PER | RDF
Initial value: 0 1 1 0 0 0 0
RIW: R/(W)* R RI(W)*  RI(W)* R R R/(W)

Note: * Only O can be written, to clear the flag.

The serial status 1 register (SC1SSR) is a 16-bit register in which the lower 8 bits con
flags that indicate the operating status of the SCIF, and the upper 8 bits indicate the nt
receive errorsin the datain the receive FIFO register.

SC1SSR can beread or written to at all times. However, 1 cannot be written to the EF
BRK, RDF, and DR status flags. Also note that in order to clear theseflagsto O, they |
read as 1. The TEND, FER, and PER flags are read-only and cannot be modified.

SC1SSRisinitialized to H'0084 by areset, by the module standby function, and in ste

Bits 15 to 12—~Parity Error Count 3 to 0 (PER3 to PEROQ): These bits indicate the nun
bytes in which a parity error occurred in the receive datain the receive FIFO data regi

These bits are cleared by reading all the receive data in the receive FIFO dataregister,
setting the RFRST bit to 1 in SCFCR and resetting the receive FIFO data register to tt
state.

Bits 11 to 8—Framing Error Count 3 to 0 (FER3 to FEROQ): These bits indicate the nui
bytes in which aframing error occurred in the receive datain the receive FIFO datare

These bits are cleared by reading al the receive datain the receive FIFO dataregister,
setting the RFRST bit to 1 in SCFCR and resetting the receive FIFO data register to tf
stete.
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* When the SCIF checks whether the stop bit at the end of the rec
1 when reception ends, and the stop bit is 0*?

* When, in reception, the number of 1-bits in the receive data plus
bit does not match the parity setting (even or odd) specified by t
in the serial mode register (SCSMR)

* When the next serial receive operation is completed while there
receive data bytes in SCFRDR

Notes: 1. The ER flag is not affected and retains its previous state when the RE bit in .
cleared to 0. When a framing error or parity error occurs, the receive data is
transferred to SCFRDR, and reception is then halted or continued according
setting of the El bit. When an overrun error occurs, the receive data is not tre
SCFRDR and reception cannot be continued.

2. In 2-stop-bit mode, only the first stop bit is checked for a value of 1; the secc
is not checked.

Bit 6—Transmit End (TEND): Indicates that thereis no valid datain SCFTDR when tf
the transmit character is sent, and transmission has been ended.

Bit 6: TEND Description

0 Transmission is in progress
[Clearing condition]
When data is written to SCFTDR while TE = 1

1 Transmission has been ended (Ir
[Setting conditions]
* Inareset orin standby mode
e When the TE bitin SCSCR is 0

* When there is no transmit data in SCFTDR on transmission of tf
a 1-byte serial transmit character
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¢ When transmit data exceeding the transmit trigger set number
SCFTDR, and 0 is written to TDFE after reading TDFE = 1

* When transmit data exceeding the transmit trigger set number
SCFTDR by the on-chip DMAC

The number of transmit data bytes in SCFTDR does not exceed th
trigger set number (

[Setting conditions]
* Inareset orin standby mode

¢ When the number of SCFTDR transmit data bytes falls to or be
transmit trigger set number as the result of a transmit operatior

Note: * As SCFTDR is a 16-byte FIFO register, the maximum number of bytes that
written when TDFE = 0 is {16 — (transmit trigger set number)}. Data written
this will be ignored. The number of data bytes in SCFTDR is indicated by tt
bits of SCFDR.

Bit 4—Break Detect (BRK): Indicates that a receive data break signal has been detect

Bit 4: BRK Description

0 A break signal has not been received (
[Clearing conditions]
* Inareset orin standby mode
e When 0 is written to BRK after reading BRK = 1

1 A break signal has been received

[Setting condition]

When data with a framing error is received, and a framing error als
the next receive data (all space “0”)

Note: When a break is detected, transfer to SCFRDR of the receive data (H'00) follov
detection is halted. When the break ends and the receive signal returns to marl
data transfer is resumed.
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[Setting condition]
When there is a framing error in SCFRDR read data

Bit 2—Parity Error (PER): In asynchronous mode, indicates a parity error in the datare
the receive FIFO data register (SCFRDR).

Bit 2: PER Description

0 There is no parity error in the receive data read from SCFRDR  (Ir
[Clearing conditions]
* Inareset orin standby mode
*  When there is no parity error in SCFRDR read data

1 There is a parity error in the receive data read from SCFRDR
[Setting condition]
When there is a parity error in SCFRDR read data

Bit 1—Receive Data Register Full (RDF): Indicates that the received data has been trar
the receive FIFO data register (SCFRDR), and the number of receive data bytesin SCF
equal to or greater than the receive trigger number set by bits RTRG1 and RTRGO in tt
control register (SCFCR).

Rev. 2.00, 03/05, page 580 of 884
RENESAS



h VICTH oLiFRUuR Is Teau Dy tie On-=Crip UIVIAL urial e nurnper
data bytes in SCFRDR falls below the receive trigger set numb

The number of receive data bytes in SCFRDR is equal to or greate
receive trigger set number

[Setting condition]

When SCFRDR contains at least the receive trigger set number of
bytes

Note: SCFRDR is a 16-byte FIFO register. When RDF = 1, at least the receive trigge
of data bytes can be read. If all the data in SCFRDR is read and another read i
the data value will be undefined. The number of receive data bytes in SCFRDR
by the lower 8 bits of SCFDR.

Bit 0—Receive Data Ready (DR): Indicates that there are fewer than the receive trigg
number of data bytes in the receive FIFO data register (SCFRDR), and no further date
for at least 16 etu after the stop bit of the last data received.

Bit 0: DR

Description

0

Reception is in progress or has ended normally and there is no rec
in SCFRDR (

[Clearing conditions]
« Inareset or in standby mode

* When 0 is written to DR after all the remaining receive data ha:
read*"

No further receive data has arrived, and SCFRDR contains fewer f

receive trigger set number of data bytes

[Setting condition]

When SCFRDR contains fewer than the receive trigger set numbe
data bytes, and no further data has arrived for at least 16 etu after
of the last data received*?

Notes: 1. All remaining receive data should be read before clearing the DR flag.
2. Equivalent to 1.6 frames when using an 8-bit, 1-stop-bit format.

etu: Elementary time unit = sec/bit
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The serial status 2 register (SC2SSR) is an 8-bit register.

SC2SSR can beread or written to at all times. However, 1 cannot be written to the ORI
Also note that in order to clear thisflag to O, they must first beread as 1.

SC2SSRisinitialized to H'20 by areset, by the module standby function, and in standk

Bit 7—Transmit LSB/M SB-First Select (TLM): Selects LSB-first or M SB-first mode i
transmission.

Bit 7: TLM Description
0 LSB-first transmission (Ir
1 MSB-first transmission

Bit 6—Receive LSB/M SB-First Select (RLM): Selects LSB-first or MSB-first mode ir
reception.

Bit 6: RLM Description
0 LSB-first reception (Ir
1 MSB-first reception

Bits 5 and 4—Clock Bit Rate Ratio (N1, NO): These bits select the ratio of the base clo
rate.

Bit 5: Bit 4:

N1 NO Description

0 0 SCIF operates on base clock of 4 times the bit rate
1 SCIF operates on base clock of 8 times the bit rate

1 0 SCIF operates on base clock of 16 times the bit rate (Ir
1 Setting prohibited

Rev. 2.00, 03/05, page 582 of 884
RENESAS



format.

Bit 2—Multiprocessor Bit Transfer (MPBT): When transmission is performed using ¢
multiprocessor format in asynchronous mode, MPBT stores the multiprocessor bit to |
the transmit data.

The MPBT hit setting isinvalid in synchronous mode and IrDA mode, when a multip
format is not used, and when the operation is not transmission.

Bit 2. MPBT Description
0 Data with a 0 multiprocessor bit is transmitted (
1 Data with a 1 multiprocessor bit is transmitted

Bit 1—Receive Data Error Ignore Enable (El): Selects whether or not the receive ope
be continued when a framing error or parity error occursin receive data (ER = 1).

Bit 1: El Description

0 Receive operation is halted when framing error or parity error occt
reception (ER = 1) (

1 Receive operation is continued when framing error or parity error ¢

reception (ER = 1)

Note: When El = 0, only the last data in SCFRDR is treated as data containing an err
=1, receive data is sent to SCFRDR even if it contains an error.
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[Setting condition]

When the next serial receive operation is completed while there are
data bytes in SCFRDR

Notes: 1. The ORER flag is not affected and retains its previous state when the RE bit
is cleared to O.
2. The receive data prior to the overrun error is retained in SCFRDR, and the d

received subsequently is lost. Serial reception cannot be continued while the
is set to 1. Also, serial transmission cannot be continued in synchronous mo

1429 Bit Rate Register (SCBRR)

Bit: 7 6 5 4 3 2 1

Initial value: 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W

The bit rate register (SCBRR) is an 8-hit register that sets the serial transmit/receive hit
accordance with the baud rate generator operating clock selected by bits CKS1 and CK
serial mode register (SCSMR).

SCBRR can be read or written to by the CPU at al times.
SCBRRiisinitialized to H'FF by areset, by the module standby function, and in standb

The SCBRR setting is found from the following equations.
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Synchronous mode:

P
Nz— % x106-1
8X22n_1XB

Where B: Bit rate (bits/s)

N: SCBRR setting for baud rate generator (0 < N < 255)
Pg: Peripheral module operating frequency (MHz)
n: Baud rate generator input clock (=0, 1, 2, or 3)

(See the table below for the relation between n and the clock.)

SCSMR Settings

n Clock CKS1 CKSO
0 Po 0 0
1 P@4 1
2 P@16 1 0
3 P64 1

The bit rate error in asynchronous mode is found from the following equations:

P x10°
Error (%) = -1, x100
(N+1)xB x 64 x22+1

(When operating on a base clock of 16 times the &

P x10%
Error (%) = -1, x100
(N+1)xBx32x22+1

(When operating on a base clock of 8 times the b

Pg %108
Error (%) = -1, x100
(N+1)xBx16 x 22+1

(When operating on a base clock of 4 times the b
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110 1 141 0.03 1 148 -0.04 1 174 -0.26 1 21
150 1 103 0.16 1 108 0.21 1 127 0.00 1 15
300 0 207 0.16 0 217 0.21 0 255 0.00 1 77
600 0 103 0.16 0 108 0.21 0 127 0.00 0 15
1200 0 51 0.16 0 54 -0.70 0 63 0.00 0 77
2400 0 25 0.16 0 26 1.14 0 31 0.00 0 38
4800 0o 12 0.16 0 13 -248 0 15 0.00 0 19
9600 0 6 -6.99 0 6 —2.48 0 7 0.00 0 9
19200 0 2 8.51 0 2 13.78 0 3 0.00 0 4
31250 0 1 0.00 0 1 4.86 0o 1 2288 0 2
38400 0 1 -18.62 O 1 -1467 O 1 0.00 —_ —
P (MHz)

3.6864 4.9152
Bit Rate Error Error Error
(Bits/s) n N (%) n N (%) n N (%) n N
110 2 64 0.70 2 70 0.03 2 86 0.31 2 88
150 1 191 0.00 1 207 0.16 1 255 0.00 2 64
300 1 95 0.00 1 103 0.16 1 127 0.00 1 12
600 0 191 0.00 0 207 0.16 0 255 0.00 1 64
1200 0 95 0.00 0 103 0.16 0 127 0.00 0 12
2400 0 47 0.00 0 51 0.16 0 63 0.00 0 64
4800 0 23 0.00 0 25 0.16 0 31 0.00 0 32
9600 0 11 0.00 0 12 0.16 0 15 0.00 0 15
19200 0 5 0.00 0 6 —6.99 0 0.00 0
31250 —_ — — 0 0.00 0 -1.70 0
38400 0o 2 0.00 0 8.51 0 0.00 0
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1200 0 155 0.16 0 159 0.00 0 191 0.00 0 2
2400 0 77 0.16 0 79 0.00 0 95 0.00 0 1
4800 0 38 0.16 0 39 0.00 0 47 0.00 0 5
9600 0 19 -234 0 19 0.00 0 23 0.00 0 2
19200 0 -234 0 0.00 0 11 0.00 0 1
31250 0 0.00 0 2.40 0 5.33 0 7
38400 0 -234 0 0.00 0 0.00 0 6
P@ (MHz)
9.8304 10 12

Bit Rate Error Error Error

(Bits/s) n N (%) n N (%) n N (%) n N
110 2 174 -0.26 2 177 -025 2 212 0.03 2 2
150 2 127 0.00 2 129 0.16 2 155 0.16 2 1
300 1 255 0.00 2 64 0.16 2 77 0.16 2 7
600 1 127 0.00 1 129 0.16 1 155 0.16 1 1
1200 0 255 0.00 1 64 0.16 1 77 0.16 1 7
2400 0 127 0.00 0 129 0.16 0 155 0.16 0 1
4800 0 63 0.00 0 64 0.16 0 77 0.16 0 7
9600 0 31 0.00 0 32 -1.36 O 38 0.16 0 3
19200 0 15 0.00 0 15 1.73 0 19 -234 0 1
31250 0 -1.70 O 0.00 0 11 0.00 0 1
38400 0 0.00 0 1.73 0 9 -234 0 9
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1200 1 95 0.00 1 103 0.16 1 194 0.16
2400 0 191 0.00 0 207 0.16 1 97 -0.35
4800 0 95 0.00 0 103 0.16 0 194 0.16
9600 0 47 0.00 0 51 0.16 0 97 -0.35
19200 0 23 0.00 0 25 0.16 0 48 -0.35
31250 0 14 -1.70 0 15 0.00 0 29 0.00
38400 0 11 0.00 0 12 0.16 0 23 1.73
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124
199
99
199
79
39
19
7

49
99
199

489
99
199
99
159
79
39
15

25k
5k
10 k
25 k
50 k
100 k
250 k
500 k 3 7
1M 1 3
2M 0 0" 0 1 0

Note: As far as possible, the setting should be made so that the error is within 1%.
[Legend]

Blank: No setting is available.

— A setting is available but error occurs.

* Continuous transmission/reception is not possible.

*

O OO0 O 0|0 OO |
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2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
4.9152 153600 0 0
8 250000 0 0
9.8304 307200 0 0
12 375000 0 0
14.7456 460800 0 0
16 500000 0 0
19.66080 614400 0 0
20 625000 0 0
24 750000 0 0
24.57600 768000 0 0
28 896875 0 0
30 937500 0 0
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4.9152 1.2288 76800

8 2.0000 125000
9.8304 2.4576 153600
12 3.0000 187500
14.7456 3.6864 230400
16 4.0000 250000
30 7.5000 468750

Table14.7 Maximum Bit Rate with External Clock I nput (Synchronous M ode)

P (MHz) External Input Clock (MHz) Maximum Bit Rate (Bits/s
8 1.3333 1333333.3
16 2.6667 2666666.7
30 5.0 5000000.0
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SCFCR can be read or written to at all times.
SCFCRisinitialized to H'00 by areset, by the module standby function, and in standby

Bits 7 and 6—Receive FIFO Data Number Trigger (RTRG1, RTRGO0): These hitsare L
the number of receive data bytes that sets the receive datafull (RDF) flag in the serial <
register (SC1SSR).

The RDF flag is set when the number of receive data bytes in the receive FIFO data reg
(SCFRDR) is equal to or greater than the trigger set number shown in the following tak

Bit 7. RTRG1 Bit 6: RTRGO Receive Trigger Number

*

0 0 1
1 4

1 0 8
1 14

Note: * Initial value

Bits 5 and 4—Transmit FIFO Data Number Trigger (TTRG1, TTRGO): These bitsare |
the number of remaining transmit data bytes that sets the transmit FIFO data register er
(TDFE) flag in the seria status 1 register (SC1SSR).

The TDFE flag is set when the number of transmit data bytes in the transmit FIFO date
(SCFTDR) is equal to or less than the trigger set number shown in the following table.

Bit 5: TTRG1 Bit 4: TTRGO Transmit Trigger Number

0 0 8 (8)"
1 4 (12)
1 0 2 (14)
1 1 (15)

Note: * Initial value. Figures in parentheses are the number of empty bytes in SCFT
the flag is set.

Rev. 2.00, 03/05, page 592 of 884
RENESAS



it e Tidigint i W ATy iPtel Tt VT T hhivdivcl o tiv i igint vttt

FIFO dataregister and resetsit to the empty state.

Bit 2: TFRST Description

0 Reset operation disabled (

1 Reset operation enabled

Note: A reset operation is performed in the event of a reset, module standby, or in stz

Bit 1—Receive FIFO Data Register Reset (RFRST): Invalidates the receive datain th
FIFO dataregister and resets it to the empty state.

Bit 1: RFRST Description

0 Reset operation disabled (

1 Reset operation enabled

Note: A reset operation is performed in the event of a reset, module standby, or in stz

Bit 0—Loopback Test (LOOP): Internally connects the transmit output pin (TxD) anc
input pin (RxD), enabling loopback testing.

Bit 0: LOOP Description
0 Loopback test disabled (
1 Loopback test enabled
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SCFDR isinitialized to H'0000 by areset, by the module standby function, and in stan
Itisalsoinitialized to H'00 by setting the TFRST and RFRST bitsto 1 in SCFCR to re
SCFTDR and SCFRDR to the empty state.

Upper 8 bits: 15 14 13 12 11 10 9

‘ — ‘ — ‘ — ‘ T4 ‘ T3 ‘ T2 ‘ T1

Initial value: 0 0 0 0 0 0 0
R/W:

Bits 15 to 13—Reserved: These bits are always read as 0. The write value should alway

Bits 12 to 8—Transmit FIFO Data Count 4 to 0 (T4 to T0): These bits show the numbe
untransmitted data bytesin SCFTDR.

A value of H'00 indicates that there is no transmit data, and a value of H'10 indicates th
SCFTDR isfull of transmit data. The value is cleared to H'00 by transmitting all the da
as by the above initialization conditions.

Lower 8 bits: 7 6 5 4 3 2 1

‘ — ‘ — ‘ — ‘ R4 ‘ R3 ‘ R2 ‘ R1

Initial value: 0 0 0 0 0 0 0
R/W:

Bits 7 to 5—Reserved: These bits are always read as 0. The write value should always |

Bits 4 to 0—Receive FIFO Data Count 4 to 0 (R4 to R0): These bits show the number
data bytesin SCFRDR.

A value of H'00 indicates that there is no receive data, and a value of H'10 indicates the
isfull of receive data. The valueis cleared to H'00 by reading all the receive datafrom
aswell as by the above initialization conditions.
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initial value: v v v v v v v

R/W:
Lower 8 bits: 7 6 5 4 3 2 1
] ED7 \ ED6 \ ED5 \ ED4 \ ED3 \ ED2 \ ED1
Initial value: 0 0 0 0 0 0 0
RIW: R R R R R R R

Bits 15 to 0—Error Data Flags 15 to 0 (ED15 to EDO): These flags indicate the data l¢
receive FIFO dataregister at which an error occurred. When data in the nth stage of tt
contains an error, the nth bit is set to 1. Note that thisregister is not cleared by setting
bit to 1in SCFCR.

Bits 15 to O:

ED15 to EDO Description

0 No parity or framing error in data in corresponding stage of registe
(

1 Parity or framing error present in data in corresponding stage of re

Note: A reset operation is performed in the event of a reset, when the module standb
used, or in standby mode. These flags are also cleared by reading the data in v
parity error or framing error occurred from SCFRDR.

14.2.13 1rDA Mode Register (SCIMR)

The IrDA mode register (SCIFMR) allows selection of the IrDA mode and the IrDA
width, and inversion of the IrDA receive data polarity.

SCIMR can be read and written to at all times.

SCIMR isinitialized to H'00 by areset, by the module standby function, and in standkt
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v operauon as oCIF IS selected Qur

1 Operation as IrDA is selected”

Note: * When operation as an IrDA interface is selected, bit 7 (C/A) of the serial moc
(SCSMR) must be cleared to 0.

Bit 6—Output Pulse Width Select (PSEL): Selects either 3/16 of the hit length set by b
ICKO in the serial moderegister (SCSMR), or 3/16 of the bit length corresponding to ti
baud rate, asthe IrDA output pulse width. The setting is shown together with bits 6 to <
ICKO) of the serial mode register (SCSMR).

Serial Mode Register (SCSMR) SCIMR

Bit 6: Bit 5: Bit 4: Bit 3: Bit 2:

ICK3 ICK2 ICK1 ICKO PSEL Description

ICK3 ICK2 ICK1 ICKO 1 Pulse width: 3/16 of bit length setin b
ICKO

Don't Don't Don't Don't 0 Pulse width: 3/16 of bit length set in <

care care care care (Ir

Note: A fixed clock pulse signal, IRCLK, must be generated by multiplying the P¢ cloc}
2 (where N is determined by the value set in ICK3 to ICKO). For details, see sect
Pulse Width Selection.

Bit 5—IrDA Receive Datalnverse (RIVS): Allowsinversion of the receive data polarit
selected in IrDA communication.

Bit 5: RIVS Description
0 Receive data polarity inverted in reception (Ir
1 Receive data polarity not inverted in reception

Note: Make the selection according to the characteristics of the IrDA modulation/demo
module.

Bits 4 to 0—Reserved: These bits are always read as 0. The write value should always
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executed by connecting an infrared transmission/reception unit.

Sixteen-stage FIFO buffers are provided for both transmission and reception, reducin
overhead and enabling fast, continuous communication to be performed.

Selection of asynchronous, synchronous, or IrDA mode and the transmission format i
means of the serial mode register (SCSMR) and IrDA mode register (SCIMR) as shov
14.8. The SCIF clock source is determined by a combination of the C/A bit in SCSMF
IRMOD bit in SCIMR, and the CKE1 and CKEQ bitsin the serial control register (SC
shown in table 14.9.

Asynchronous Mode

ad
U

Data length: Choice of 7 or 8 bits

Choice of parity addition, multiprocessor bit addition, and addition of 1 or 2 st
combination of these parameters determines the transmit/receive format and ct
length)

Detection of framing, parity, and overrun errors, receive FIFO data full and rec
ready conditions, and breaks, during reception

Detection of transmit FIFO data empty condition during transmission

Choice of internal or external clock as SCIF clock source

When internal clock is selected: The SCIF operates on a clock with a frequenc
4 timesthe bit rate of the baud rate generator, and can output this operating clc
When external clock is selected: A clock with afrequency of 16, 8, or 4 times'
must be input (the built-in baud rate generator is not used).

Synchronous Mode

U
U
g

Transmit/receive format: Fixed 8-bit data
Detection of overrun errors during reception
Choice of internal or external clock as SCIF clock source

When internal clock is selected: The SCIF operates on the baud rate generator
can output a seria clock to external devices.

When external clock is selected: The on-chip baud rate generator is not used, &
operates on the input serial clock.
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SCIMR SCSMR Settings SCIF Transmit/Receiv

Bit 7: Bit 7. Bit6: Bit2: Bit5: Bit3: Data Parity
IRMOD C/A CHR MP PE STOP Mode Length MP Bit Bit
0 0 0 0 0 0 Asynchronous 8-bit Absent Abser
1 mode data
1 0 Presel
1
1 0 0 7-bit Abser
1 data
1 0 Preser
1
0 1 * 0 Asynchronous 8-bit Present Abser
* 1 mode (multi- data
processor —
1 * 0 format) 7-bit
* 1 data
0 1 * * * * Synchronous  8-bit Absent Abser
mode data
1 0 ICK3 ICK2 ICK1 ICKO IrDA mode 8-hit Absent Abser
data
1 * * * * Setting — — —
prohibited

Note: * Don't care
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times bit rate

RlolrRr|lo|r

Synchronous Internal
mode

Outputs serial clock

External

Inputs serial clock
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so that data can be read or written during transmission or reception, enabling continuot
transfer.

Figure 14.3 shows the general format for asynchronous serial communication.

In asynchronous serial communication, the communication line is usually held in the v
(high level). The SCIF monitors the line, and when it goesto the space state (low level)
recognizes a start bit and starts serial communication.

One serial communication character consists of a start bit (low level), followed by data
or MSB-firgt order selectable), a parity bit or multiprocessor bit (high or low level), an
one or two stop bits (high level).

In asynchronous mode, the SCIF performs synchronization at the falling edge of the st
reception. The SCIF samples the data on the eighth (fourth, second) pulse of a clock wi
frequency of 16 (8, 4) timesthe length of one bit, so that the transfer datais latched at t
each bit.

Idle state
1 (LSB) (MSB)
Serial 0|DO|D1|D2|D3|D4|D5|D6|D7|0/1|1
data

Start
bit

Stop
bit(s)

Transmit/receive data
7 or 8 bits

1 bit, lor
ornone 2 bits

One unit of transfer data (character or frame)

Figure 14.3 Data Format in Asynchronous Communication
(Example with 8-Bit Data, Parity, Two Stop Bits, L SB-First Transfer)
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L
1 | 8-bit data sToP
1 0 | 8-bit data P
1 | 8-bit data P

10 0 | 7-bit data sTop
1 | 7-bit data STOP|STOP
1 0 | 7-bit data | P sTop
1 | 7-bit data P sToP
0 10 | 8-bit data mPB |
1 | 8-bit data vPB
1 0 | 7-bit data | MPB [STOP
1 | 7-bit data MPB |STOP|

Note: * Don't care
[Legend]

S: Start bit

STOP: Stop bit

P: Parity bit

MPB: Multiprocessor bit

RENESAS
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Data Transmit/Receive Oper ations

SCIF Initialization (Asynchronous Mode)

Before transmitting and receiving data, it is necessary to clear the TE and RE bits tc
SCSCR, then initialize the SCIF as described below.

When the operating mode, communication format, etc., is changed, the TE and RE

cleared to 0 before making the change using the following procedure. When the TE
cleared to O, the transmit shift register (SCTSR) isinitialized. Note that clearing the
bits to 0 does not change the contents of the serial status 1 register (SC1SSR), the tr
FIFO dataregister (SCFTDR), or the receive FIFO data register (SCFRDR). The Ti
not be cleared to O until all transmit data has been transmitted and the TEND flag h:
in SC1SSR. It is possible to clear the TE bit to 0 during transmission, but the data b
transmitted will go to the high-impedance state after TE is cleared. Also, before sta
transmission by setting TE again, the TFRST bit should first be set to 1 in SCFCR t
SCFTDR.

When an externa clock is used the clock should not be stopped during operation, ir
initialization, since operation will be unreliable in this case.

Figure 14.4 shows a sample SCIF initialization flowchart.
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Set CKEL and CKEOQ bits
in SCSCR (leaving TE and
RE bits cleared to 0)

Set transmit/receive format
in SCSMR

Set value in SCBRR

Wait

(1]

(2]

(3]

1-bit interval elapsed?

Set RTRG1-0 and TTRG1-0 bits
in SCFCR, and clear TFRST
and RFRST bits to 0

Set TE or RE hitto 1 in SCSCR,
and set RIE, TIE, and MPIE bits

)

(4]

(3]

(4]

' SCSMR.

When using IrDA mode, also s
SCIFMR.

Write a value corresponding to
rate into the bit rate register (S
(Not necessary if an external ¢
used.)

Wait at least one bit interval, th
the TE bit or RE bit in SCSCR
Also set the RIE, TIE, and MPI
Setting the TE and RE bits ena
the TXD and RxD pins to be us
When transmitting, the SCIF w
the mark state; when receiving
go to the idle state, waiting for
bit.

Figure 14.4 Sample SCIF Initialization Flowchart

Serial Data Transmission (Asynchronous Mode)
Figure 14.5 shows a sample flowchart for serial transmission.
Use the following procedure for serial data transmission after enabling the SCIF f

transmission.
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Yes

Write {16 — (transmit trigger set
number)} bytes of transmit
data to SCFTDR, and clear

TDFE bit to 0 in SC1SSR after

reading TDFE =1

All data transmitted?

Yes

-t
hd

Read TEND bit in SC1SSR

Yes
Break output?

Yes [4]
Clear DRto 0

Clear TE bit to 0 in SCSCR,
and set TxD pin as output
port with PFC

<

[~

< End of transmission >

started by writing transmit data.

The number of data bytes that car
written is {16 — (transmit trigger s¢
number)}.

[3] Serial transmission continuation
procedure: To continue serial
transmission, read 1 from the TDF
confirm that writing is possible, the
data to SCFTDR, and then clear t
TDFE bit to 0. (Checking and clea
the TDFE bit is automatic when th
DMAC is activated by a transmit-F
data-empty interrupt (TXI) request
data is written to SCFTDR.)

Break output at the end of serial
transmission: To output a break ir
transmission, clear the port data r
(DR) to 0, then clear the TE bit to
SCSCR, and set the TxD pin as a
port with the PFC.

[}

[4

_

In steps 2 and 3, the number of trans
bytes that can be written can be asce
from the number of transmit data byte
SCFTDR indicated in the upper 8 bits
FIFO data count register (SCFDR).

Figure145 Sample Serial Transmission Flowchart
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control register (SCFCR) during transmission, the TDFE flag is set. If the TE bit s
seria control register (SCSCR) is 1 at this time, atransmit-FIFO-data-empty inter
requested.

The serial transmit datais sent from the TxD pin in the following order.

a. Start bit: One 0-bit is output.

b. Transmit data: 8-bit or 7-bit datais output in LSB-first or M SB-first order accc
setting of the TLM bit in SC2SSR.

c. Parity bit or multiprocessor bit: One parity bit (even or odd parity), or one mul
bit is output. (A format in which neither a parity bit nor a multiprocessor bit is
aso be selected.)

d. Stop bit(s): One or two 1-bits (stop hits) are output.

e. Mark state: 1 is output continuously until the start bit that starts the next transn
sent.

. The SCIF checks for transmit datain SCFTDR at the timing for sending the stop k
datain SCFTDR, it istransferred to SCTSR, the stop bit is sent, and then serial tre
the next frame is started.

If thereis no transmit datain SCFTDR, the TEND flag is set to 1 in the serial statt
(SC1SSR), the stop hit is sent, and then the line goes to the mark state in which 1 i
continuously.

Figure 14.6 shows an example of the operation for transmission in asynchronous
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H
TXI interrupt TXI interrupt
request request
Data written to SCFTDR
and TDFE flag cleared
to 0 by TXI interrupt handler

A
4

One frame !

Figure14.6 Example of Transmit Operation in Asynchronous M ode
(Examplewith 8-Bit Data, Parity, One Stop Bit, L SB-First Transfer)

4. When modem control is enabled, transmission can be stopped and restarted in acco
the CTS input value. When CTS is set to 1, if transmission isin progress, the line g
mark state after transmission of one frame. When CTS is set to 0, the next transmit
output starting from the start bit.

Figure 14.7 shows an example of the operation when modem control is used.

Start Parity Stop Start
bit « bit ~ bit « bit (
. 1] 1] ]
Serial 0 |po | D1 D7 | on 0 |DO| D1
data (" §

{(
)]

({
))

Drive high at this point
before stop bit

Figure 14.7 Example of Operation Using Modem Control (CTS)
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Read ER, BRK, FER, PER,

and DR bits in SC1SSR, and
ORER bit in SC2SSR

ER OBRK O
FER OPER ODR O
ORER =17

| Read RDF flag in SC1SSR |

Yes

Read receive data
from SCFRDR, and clear
RDF flag to 0 in SC1SSR

All data received?

Yes

| Clear RE hit to 0 in SCSCR |

< End of reception >

(2]

Yes

Error handling

(3]

(4]

error has occurred.

If a receive error has occurred,
ER, BRK, FER, PER, and DR fl
SC1SSR and the ORER flag in
to identify the error. After perfor
appropriate error handling, enst
the ORER, BRK, DR, and ER b
cleared to 0. Reception cannot
resumed if the ORER bit is set t
setting of the El bit in SC2SSR
determines whether reception i
continued or halted when any o
PER3-0 or FER3-0is setto 1.
In the case of a framing error, a
can be detected by reading the
the RxD pin.

[3] SCIF status check and receive

read: Read the serial status 1 re
(SC1SSR) and check that RDF
read receive data from the rece
data register (SCFRDR) and cle
RDF bit to 0. Transition of the R
from O to 1 can also be identifie
means of an RXI interrupt.

[4] Serial reception continuation pr

To continue serial reception, re:
least the receive trigger set nun
data bytes from SCFRDR, and
the RDF flag after reading 1 fro
number of receive data bytes in
SCFRDR can be ascertained b
the lower bits of the FIFO data «
register (SCFDR). (The RDF bit
cleared automatically when the
activated by an RXI interrupt an
SCFRDR value is read.)

Figure 14.8 Sample Serial Reception Flowchart (1)
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BRK =17?

Yes
| Clear RE bit to 0 in SCSCR |

|
= ¢

=| Yes

|Read receive data from SCFRDR | [1]

-

Yes

| Framing error handling | [2]

e

| Parity error handling

>
>

All data read?

» Yes

Clear ORER, BRK, DR, and
ER flags to O

)

note that the AUV preal
in which a framing error
occurred is stored as th
data in SCFRDR.

Figure 14.8 Sample Serial Reception Flowchart (2)
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a. Parity check: The SCIF checks whether the number of 1-bits in the receive dat
the parity (even or odd) set in the O/E bit in the serial mode register (SCSMR)

b. Stop bit check: The SCIF checks whether the stop bit is 1. If there are two stof
the firgt is checked.

c. Status check: The SCIF checks whether receive data can be transferred from tr
shift register (SCRSR) to SCFRDR.
d. Break check: The SCIF checksthat the BRK flagis O, indicating no break.

If al the above checks are passed, the receive datais stored in SCFRDR. If arecei
detected in the error check, the operation is as shown in table 14.11.

Note:  No further receive operations can be performed when an overrun error has oct

4.

setting of the El bit in SC2SSR determines whether reception is continued or |
aframing error or parity error occurs.
Also, asthe RDF flag is not set to 1 when receiving, the error flags must be cl

If the RIE bit setting in SCSCR is 1 when the RDF or DR flag is set to 1, areceive
full interrupt (RX1) is requested.

If the RIE bit setting in SCSCR is 1 when the ORER, PER, or FER flag is set to 1,
error interrupt (ERI) is requested.

If the RIE bit setting in SCSCR is 1 when the BRK flagis set to 1, a break-receive
(BRI) is requested.
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Figure 14.9 shows an example of the operation for reception in asynchronous mode

Start Data Parity Stop Start Data Parity Stop
bit « bit " bt bit « bit ~ bit
. )7 17
Serial 0 |DO | D1 D7 [o/1 |1 | 0 |DO|D1 D7|0/1| 1 I
data (( (
) )i (
RDF
( ((
)] A A )]
FER
( ((
)] T A
RXl interrupt | Data read and RDF ERI interru
request flag cleared to 0 by due to fram
< o RXlinterrupt handler

One frame

Figure 14.9 Example of SCIF Receive Operation

(Examplewith 8-Bit Data, Parity, One Stop Bit, L SB-First Transfer)

5. When modem control is enabled, the RTS signal is output when SCFRDR is empty
RTS is0, reception is possible. When RTS is 1, this indicates that SCFRDR is full ¢
reception is not possible.

Figure 14.10 shows an example of the operation when modem control is used.
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14.3.3  Multiprocessor Communication Function

The multiprocessor communication function performs serial communication using a
multiprocessor format, in which a multiprocessor bit is added to the transfer data, in a
mode. Use of this function enables data transfer to be performed among a number of f
sharing a serial communication line.

When multiprocessor communication is carried out, each receiving station is addresse
unigue ID code.

The serial communication cycle consists of two cycles: an 1D transmission cycle whic
the receiving station, and a data transmission cycle. The multiprocessor bit is used to
between the ID transmission cycle and the data transmission cycle.

The transmitting station first sends the 1D of the receiving station with which it wants
serial communication as data with a 1 multiprocessor bit added. It then sends transmit
with a 0 multiprocessor bit added.

The receiving stations skip the data until data with a 1 multiprocessor bit is sent. Whe
1 multiprocessor bit is received, each receiving stations compares that data with its ov
station whose 1D matches then receives the data sent next. Stations whose 1D does no
continue to skip the data until data with a 1 multiprocessor bit is again received. In thi
communication is carried out among a number of processors.

Figure 14.11 shows an example of inter-processor communication using a multiproce
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Serial ; ;
dam | || MO waa | [ ]|
(MPB =1) (MPB =0)
ID transmission cycle: Data transmission cycle:
Receiving station Data transmission
specification to receiving station

specified by ID

MPB: Multiprocessor bit

Figure14.11 Example of Inter-Processor Communication Using M ultiprocesso
(Transmission of Data H'AA to Receiving Station A)

Transmit/Recelve Formats: There are four transmit/receive formats. When the multig
format is specified, the parity bit specification isinvalid. For details, see table 14.10.

Clock: See the section on asynchronous mode.
Data Transmit/Receive Oper ations

e SCl Initialization
See the section on asynchronous mode.

e Multiprocessor Serial Data Transmission

Figure 14.12 shows a sample flowchart for multiprocessor serial data transmission.
Use the following procedure for multiprocessor serial data transmission after enabli

SCIF for transmission.
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Yes

Write {16 — (transmit trigger set
number)} bytes of transmit data
to SCFTDR, and set MPBT
in SC2SSR

Clear TDFE and TEND flags to 0

End of transmission?
[3]

Yes

-
%

Read TEND bit in SC1SSR

Yes
Break output?
Yes [4]

Clear DRto 0

Clear TE bitto 0 in SCSCR,
and set TxD pin as output
port with PFC

[«

[~

< End of transmission >

alld 1 END Tid(gs 10 U allel Tcau
from them.

The number of data bytes that
written is {16 — (transmit trigge
number)}.

[3] Serial transmission continuatio
procedure: To continue serial
transmission, read 1 from the T
to confirm that writing is possik
write data to SCFTDR, and the
the TDFE bit to 0. (Checking a
clearing of the TDFE bit is autc
when the DMAC is activated b
transmit-FIFO-data-empty inte
(TXI) request, and data is writt
SCFTDR.)

Break output at the end of seri
transmission: To output a brea
serial transmission, clear the p
register (DR) to 0, then clear tt
to 0 in SCSCR, and set the Tx
an output port with the PFC.

—_

[4

[naw)

In steps 2 and 3, the number of tre
data bytes that can be written can
ascertained from the number of tre
data bytes in SCFTDR indicated ir
upper 8 bits of the FIFO data cour
(SCFDR).

Figure 14.12 Sample Multiprocessor Serial Transmission Flowchar!
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during transmission, the TDFE flag is set to 1. If the TIE bit setting in SCSCRis 1 ¢
a transmit-FIFO-data-empty interrupt (TX1) is requested.
The serial transmit datais sent from the TxD pin in the following order.

a

b.

Start bit: One 0-bit is output.

Transmit data: 8-bit or 7-bit datais output in LSB-first or MSB-first order accor
setting of the TLM bit in SC2SSR.

Multiprocessor bit: One multiprocessor bit (MPBT value) is outpuit.
Stop bit(s): One or two 1-bits (stop bits) are output.

e. Mark state: 1 is output continuously until the start bit that starts the next transmi

sent.

3. The SCIF checks for transmit datain SCFTDR at the timing for sending the stop bi
datain SCFTDR, it istransferred to SCTSR, the stop bit is sent, and then serial trar
the next frame is started.

If thereis no transmit datain SCFTDR, the TEND flagis set to 1 in SC1SSR, the st
sent, and then the line goes to the mark state in which 1 is output continuously.
Figure 14.13 shows an example of SCIF operation for transmission using a multipre
format.
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‘ ‘ 17 ‘ ‘ 17

TXI interrupt TXI interrupt

request request
Data written to SCFTDR

and TDFE flag cleared
to 0 by TXI interrupt handler

One frame

Figure 14.13 Exampleof SCIF Transmit Operation
(Examplewith 8-Bit Data, M ultiprocessor Bit, One Stop Bit, L SB-First Tre

Multiprocessor Serial Data Reception
Figure 14.14 shows a sample flowchart for multiprocessor serial reception.

Use the following procedure for multiprocessor serial data reception after enabling
for reception.
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BRKODRUOERUOFER O
ORER =12

Read RDF flag in SC1SSR

Read receive data from SCFRDR,
and clear RDF flag to 0 in SC1SSR

(4]

Yes [«

Read BRK, DR, ER, and FER bits
in SC1SSR, and ORER bit in SC2SSR

BRK ODR OER OFER

Yes

ORER =1?

Read RDF flag in SC1SSR

Read receive data from SCFRDR

All data received?

Yes
Clear RE bitto 0 in SCSCR

< [

End of reception

)

\ A

A 4

(Error handling )

and compare It with tnis stati
If the data is not this station’s
the MPIE bit to 1 again, and ¢
RDF bit to 0.

If the data is this station’s ID,
the RDF bit to 0.

[4] Receive error handling and b

detection: Read the ER, BRK
and DR flags in SC1SSR anc
ORER flag in SC2SSR to che
whether a receive error has c
If a receive error has occurre
the ER, BRK, FER, and DR f
SC1SSR and the ORER flag
SC2SSR to identify the error.
performing the appropriate er
handling, ensure that ER, BR
and ORER are all cleared to
setting of the El bit in SC2SS
determines whether receptiot
continued or halted when the
bit is set to 1. In the case of ¢
error, a break can be detecte
reading the value of the RxD

[5] SCIF status check and recei\

read: Read the serial status ]
(SC1SSR) and check that RL
then read receive data from t
receive FIFO data register
(SCFRDR).

Figure 14.14 Sample Multiprocessor Serial Reception Flowchart (1)
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No note that the H'00 break

BRK =17 which a framing error oc
stored as the last data in
Yes SCFRDR.

Clear RE bitto 0 in SCSCR

Read receive data from SCFRDR [1]

Yes
Framing error handling [2]
No Al datab
» Yes

Clear ORER, BRK, DR,
and ER flags to 0

\ 4

Cw )

Figure 14.14 Sample Multiprocessor Serial Reception Flowchart (2)
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RUF I |

=/
X

(
)
T

SCFRDR value ID1
J f
RXI interrupt request SCFRDR data read As data is not this RXI interri
(multiprocessor interrupt)  and RDF flag cleared  station’s ID, is not gen
MPIE =0 to 0 by RXI interrupt MPIE bit is set and SCFF
handler to 1 again retains its
(a) Data does not match station’s ID
Start Stop Start Stop
bit Data (ID2) (¢ MPB bit  bit Data (Data2) (( MPB  bit
. 1 )]
Serial 0 Do |D1| |D7|1 1 |0 |DO|D1| |D7| 0| 1
data ) ) (m
(
)
MPIE r
(
)]
RDF
) )
a/ / / \ ( /
SCFRDR value ID1 /:( >< \ ID2 /><
((
/ )]
RXI interrupt request SCFRDR data read As data matches this M
(multiprocessor interrupt)  and RDF flag cleared station’s ID, reception to
MPIE =0 to 0 by RXI interrupt continues and data is
handler received by RXI

interrupt handler

(b) Data matches station’s ID

Figure 14.15 Exampleof SCIF Receive Operation
(Examplewith 8-Bit Data, M ultiprocessor Bit, One Stop Bit, L SB-First Trar
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Figure 14.16 shows the general format for synchronous serial communication.

One unit of transfer data (character or frame)

*

Serial clock J |_| u u u |_| u \J

Serial data Don't care Bit 0 X Bit 1 X Bit 2 X Bit 3 X Bit 4 X Bit5 X Bit 6 Bit

Note: * High except in continuous transmission/reception

Figure 14.16 Data Format in Synchronous Communication
(Example of LSB-First Transfer)

In synchronous serial communication, data on the communication line is output from
the serial clock to the next. Datais guaranteed valid at the rising edge of the serial clo

In serial communication, each character is output starting with the LSB and ending wi
or vice versa, according to the setting of the TLM bit in the serial status 2 register (SC
After the last datais output, the communication line remains in the state of the last da

In synchronous mode, the SCIF receives data in synchronization with the rising edge
clock.
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transmission/reception is performed the clock is fixed high. In receive-only operation, |
the SCIF receives two characters as one unit, and so a 16-pulse serial clock isoutput. T
single-character receive operations, an external clock should be selected as the clock sc

Transmit/Receive Oper ations

e SCIF Initialization (Synchronous Mode)
Before transmitting and receiving data, it is necessary to clear the TE and RE bits tc
seria control register (SCSCR), then initialize the SCIF as described below.
When the operating mode, communication format, etc., is changed, the TE and RE
cleared to 0 before making the change using the following procedure. When the TE
cleared to O, the TDFE flag is set to 1 and the transmit shift register (SCTSR) isinit
Note that clearing the RE bit to 0 does not change the contents of the RDF, PER, FI
ORER flags, or the receive FIFO dataregister (SCFRDR).

Figure 14.17 shows a sample SCIF initialization flowchart.
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SetRIE, TIE'_M'_D'E’ CREL [4] Wait at least one bit interval,
and CKEQ bits in SCSCR [ set the TE bit or RE bit to 1 ir
(leaving TE and RE bits SCSCR.
cleared to 0) Also set the RIE, TIE, and M
| bits. Setting the TE and RE b
Set data transmit/receive format |, simultaneously enables the T
in SCSMR [2] and RxD pins to be used.
|
Set value in SCBRR [3]
Wait

A

1-bit interval elapsed?

Set RTRG1-0 bits and
TTRG1-0 bits in SCFCR,
and clear TFRST and
RFRST bits to 0

Set TE or RE bitto 1 in SCSCR, 4]
and set RIE, TIE, and MPIE bits

C m )

Figure 14.17 Sample SCIF Initialization Flowchart
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write: Read SC1SSR and chec

-t

- TDFE =1, then write transmit d
Read TDFE flag in SCISSR 2] the transmit FIFO data register
(SCFTDR) and clear the TDFE
to 0.
No ) o . .
@ [3] Serial transmission continuatio
procedure: To continue serial
Yes transmission, read 1 from the T
: - flag to confirm that writing is pc
Write transmit data to SCFTDR then write data to SCFTDR, an
and clear TDFE flag to 0 clear the TDFE flag to 0.
in SC1SSR

Read TEND flag in SC1SSR

Yes

Clear TE bit to 0 in SCSCR

|
)

Figure 14.18 Sample Serial Transmission Flowchart
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number of data bytesin SCFTDR fallsto or below the transmit trigger number set
control register (SCFCR) during transmission, the TDFE flag is set. If the TIE bit
seria control register (SCSCR) is 1 at thistime, atransmit-FIFO-data-empty inter
requested.

When clock output mode has been set, the SCIF outputs eight serial clock pulsesf
of data.

When use of an external clock has been specified, data is output in synchronizatio
input clock.

The seria transmit data is sent from the TxD pin starting with the LSB (bit O) or ©
according to the setting of the TLM bit in the serial status 2 register (SC2SSR).

. The SCIF checks for transmit datain SCFTDR at the timing for sending the last bi
transmit datain SCFTDR, it istransferred to SCTSR and then seria transmission «
frameis started. If there is no transmit datain SCFTDR, the TEND flagissetto 1
status 1 register (SC1SSR), the last bit is sent, and then the transmit data pin (TxD
state.

. After completion of serial transmission, the SCK pin isfixed high.
Figure 14.19 shows an example of SCIF operation in transmission.
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((
o | ! i
TXlinterrupt | Data written to SCFTDR TXI interrupt
request and TDFE flag cleared request

to 0 by TXI interrupt
handler

-
-

Y

One frame

Figure 14.19 Example of SCIF Transmit Operation (Example of L SB-First T|

» Serial Data Reception (Synchronous Mode)

Figure 14.20 shows a sample flowchart for serial reception.

Use the following procedure for serial data reception after enabling the SCIF for rex
When changing the operating mode from asynchronous to synchronous without res
SCFRDR and SCFTDR by means of SCIF initialization, be sure to check that the C
PERS3 to PERO, and FER3 to FERO flags are dl cleared to 0. The RDF flag will not
any of flags FER3 to FERO or PER3 to PERO are set to 1, and neither transmit nor r
operations will be possible.
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Yes

(2]

( Error handling )

Read RDF flag in SC1SSR

(3]

e

No

Yes

Read receive data

from SCFRDR, and clear RDF

flag to 0 in SC1SSR

(4]

All data received?

Yes

Clear RE bitto 0 in SCSCR

( End of reception

)

3

(4

]

—_

setto 1.

SCIF status check and re
data read: Read the seria
register (SC1SSR) and c
RDF = 1, then read recei
from the receive FIFO da
register (SCFRDR) and ¢
RDF flag to 0. Transition
RDF flag from 0 to 1 can
identified by an RXI intert

Serial reception continuat
procedure: To continue s
reception, read at least tf
trigger set number of datz
from SCFRDR, and write
RDF flag after reading 1 1
The number of receive de
in SCFRDR can be ascer
reading the lower 8 bits 0
FIFO data count register
(SCFDR). (The RDF bit i
automatically when the D
activated by an RXI interr
the SCFRDR value is rea

Figure14.20 Sample Serial Reception Flowchart (1)
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Clear ORER flag to 0 in SC2SSR

C )

Figure 14.20 Sample Serial Reception Flowchart (2)
In serial reception, the SCIF operates as described below.
1. The SCIF performsinternal initialization in synchronization with serial clock input

2. Thereceived datais stored in the receive shift register (SCRSR) in LSB-to-MSB or
M SB-to-L SB order according to the setting of the RLM bit in SC2SSR.
After reception, the SCIF checks whether the receive data can be transferred from €
the receive FIFO data register (SCFRDR). If this check is passed, the receive datai:
SCFRDR.
If areceive error is detected in the error check, the operation is as shown in table 14
Neither transmit nor receive operations can be performed subsequently when a rece
has been found in the error check.
Also, asthe RDF flag is not set to 1 when receiving, the flag must be cleared to O.

3. If the RIE bit setting in the serial control register (SCSCR) is 1 when the RDF flag
receive-FIFO-data-full interrupt (RX1) is requested. If the RIE bit setting in SCRSK
the ORER flag is set to 1, areceive-error interrupt (ERI) is requested.

Figure 14.21 shows an example of SCIF operation in reception.

Rev. 2.00, 03/05, page 626 of 884
RENESAS



RDF

v /]

((
‘ )]

\

RXl interrupt | Data read from SCFRDR | RXl interrupt EF
request and RDF flag cleared to 0 | request rec
by RXI interrupt handler to

b One frame -

Figure14.21 Exampleof SCIF Receive Operation (Example of LSB-First T

Simultaneous Serial Data Transmission and Reception (Synchronous Mode)
Figure 14.22 shows a sample flowchart for simultaneous serial transmit and receiv

Use the following procedure for simultaneous serial data transmit and receive ope
enabling the SCIF for transmission and reception.
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o e |o] Recelve error nanaing. Ir a |
error occurs, read the OREF

Yes SC2SSR, and after performi
. . appropriate error handling, c
Write transmit data ORER flag to 0.

to SCFTDR and clear TDRE

flag to 0 in SC1SSR Transmission/reception cant

resumed if the ORER flag is

1 [4] SCIF status check and recei
| Read ORER flag in SC2SSR | read: Read SC1SSR and ch
the RDF flag is set to 1, ther

receive data from SCFRDR

clear the RDF flag to 0. Trar

the RDF flag from 0 to 1 car

(3] identified by an RXI interrup

(Error handling) [5] Serial transmission/receptiol

continuation procedure: To
| Read RDF flag in SC1SSR | serial transmission/receptior
reading the RDF flag, readin

SCFRDR, and clearing the F
No to 0, before the MSB (bit 7)
current frame is received. Al

before the MSB (bit 7) of the

[}

ves frame is transmitted, read 1

Read receive data TDFE flag to confirm that wr

from SCFRDR, and clear RDF | [4] possible, then write data to
flag to O in SC1SSR and clear the TDFE flag to O
Note: When switching from trar

All data transferred? [5] or receiving to simultane
transmitting and receivini

Yes clear the TE bit and RE |

then set the TE bit and R
Clear TE and RE bits to 0 1 simultaneously.
in SCSCR

End of transmission/
reception

Figure 14.22 Sample Flowchart for Serial Data Transmission and Recept
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1st stage 1st stage
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3rd stage 3rd stage
SC1SS
PE
FE
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| counter | SCFER
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SCFDR
T3-TO
R3-R0O Y
Transmit data writes Receive data reads
by CPU or DMAC by CPU or DMAC

Figure 14.23 Transmit/Receive FIFO Configuration
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A value of H'10 in bits T4 to TO means that data has been written into all 16 stages of t
FIFO. If additional datais written to the FIFO in this state, bits T4 to TO will not be inc
and the written datawill be lost.

When the transmit trigger number is set and transmit data is written to the FIFO by the
care must be taken not to write data exceeding the number of empty bytesin SCFTDR
by the FIFO control register (SCFCR) (see section 14.2.10).

In Serial Data Receive Operations: In reception, serial datainput from the RxD pin i
captured in the receive shift register (SCRSR) in the order specified by the RLM bit in
status 2 register (SC2SSR). A parity bit check is carried out, and if there isa parity errc
(parity error) flag for that datais set to 1. A stop bit check is aso performed, and if afr
is found the F (framing error) flag for that datais set to 1. The receive FIFO buffer has
configuration, with the P and F flags for each 8-bit data unit stored together with that d

* Receive FIFO Control in Normal Operation
Receive data held in the receive FIFO buffer isread by the CPU or DMAC.
Each time datais transferred from SCRSR to the receive FIFO, the value in bits R4
SCFDR isincremented, and each time the CPU or DMAC reads receive datafrom
FIFO, the value in bits R4 to RO is decremented. The current number of data bytesi
receive FIFO can thus be found by reading bits R4 to RO in SCFDR.
A value of H'10 in bits R4 to RO means that receive data has been transferred to all
of thereceive FIFO. If the next serial receive operation is completed before the CP
DMAC reads data from the receive FIFO, an overrun error will result and the serial
belost. If receive FIFO datais read when the value of bits R4 to RO is H'00, an und
value will be returned.
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FER are cleared when data with no parity error or framing error is read from the re

Thisdataistransferred to the receive FIFO even if it contains a parity error or frar
Whether or not the receive operation isto be continued at this point can be specifi
El bit in SC2SSR. If the El bit is set to 1, specifying continuation of the receive of
receive datais still transferred sequentially to the receive FIFO after an error occu
of the 16-stage FIFO buffer in which the data with the error is located can be deter
reading bits ED15 to EDO in the FIFO error register (SCFER).

When the receive trigger number is set and receive datais read from the receive F
DMAC, care must be taken not to read data exceeding the receive trigger number |
the FIFO control register (SCFCR) (see section 14.2.10).

¢ Receive FIFO Control by DR FHag

When a number of data bytes equal to or exceeding the receive trigger number ha
received, areceive data read request isissued to the CPU or DMAC by means of ¢
interrupt (RDF only). However, an RXI interrupt is not requested if all reception h
completed with fewer than the receive trigger number of data bytes having been re
this case, the DR flag is set and an ERI interrupt isrequested 16 etu after receptior
datais completed. The CPU should therefore read bits R4 to RO in SCFDR to find
of data bytes left in the receive FIFO, and read all the datain the FIFO.

Note:  With an 8-bit, 1-stop-bit format, one etu is equivalent to 1.6 frames.
etu: Elementary time unit = sec/bit
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the communication speed and have the appropriate speed set in this module by softwar:

Note: InIrDA mode, reception is not possible when the TE bit is set to 1 (enabling
communication) in the serial control register (SCSCR). When performing recey
TE bit in SCSCR must be cleared to 0.

Transmission: Inthe case of aserial output signal (UART frame) from the SCIF, the v
corrected and the signal is converted to an IR frame serial output signal by the IrDA m
shown in figure 14.24.

When the serial datais O, if the PSEL bit is0in the IrDA mode register (SCIMR) apul
the IR frame bit width is generated and output, and if the PSEL bit is 1 a pulse of 3/161
width of the bit rate set in bits ICK3 to 0 in the serial mode register (SCSMR) is gener
output. When the serial datais 1, apulseis not output.

Aninfrared LED is driven by asignal demodulated to a 3/16 width.

Reception: Pulses of 3/16 the received IR frame bit width are converted to UART fran
demodulation as shown in figure 14.24.

Demodulation to 0 is executed for pulse output and demodulation to 1 when there is nc
output.
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Reception
IR frame

= -

Start bit Data S
—> - > —
ﬂo 1 |_|O 1 |_|0 0 1 1 |_|0 1
S —»- |-a— 3/16 bit cycle
pulse width
Bit cycle

Figure 14.24 1rDA Mode Transmit/Receive Oper ations

Pulse Width Selection: In transmission, the IR frame pulse width can be selected as «
the transmission bit rate or a smaller pulse width by means of the PSEL bit in the IrDs
register (SCIMR).

The SCIF includes a baud rate generator that generates the transmit frame bit rate and
generator that generates the IRCLK signal for varying the pulse width.

When the PSEL bit is cleared to 0 in SCIMR, awidth of 3/16 the bit rate set in the bit
(SCBRR) is output as the IR frame pulse width. As the pulse width is the direct infrar
time; if the user wishes to minimize the pulse width in order to reduce power consum
PSEL bit should be set to 1 in SCIMR and a setting should also be made in bits ICK3
the serial mode register (SCSMR) to generate the IRCLK signal, resulting in output w
minimum settable pulse width.
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For example, when P =20 MHz, N = 10.

Table 14.12 shows the settings of bits ICK3 to ICKO that can be used to obtain the min

width for various operating frequencies.

Table 14.12 Bits|CK3to ICKO0 and Operating Frequenciesin IrDA mode

(When PSEL = 1)

Operating Frequency

Setting of Bits ICK3 to ICKO in SCSMR

Pe (MHz) ICK3 ICK2 ICK1 ICKO
2 0 0 0 0
3 1
5 1 0
6 1
8 1 0 0
10 1
12 1 0
14 1
16 1 0 0 0
18 1
20 1 0
21 1
22 1
23 1 0 0
24 1
25 1
26 1 0
27 0
28 1
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When the TDFE flag is set to 1 in the serial status 1 register (SC1SSR), a TXI interruy
requested. A TXI interrupt request can activate the on-chip DMAC to perform data tre
TDFE bit is cleared to 0 automatically when all writes to the transmit FIFO data regis
(SCFTDR) by the DMAC are completed.

When the RDF flag is set to 1 in SC1SSR, an RXI interrupt is requested. An RXI inte
can activate the on-chip DMAC to perform datatransfer. The RDF hit is cleared to 0 ¢
when all receive FIFO data register (SCFRDR) reads by the DMAC are completed.

When the ER flag is set to 1, an ERI interrupt is requested. The on-chip DMAC cannc
activated by an ERI interrupt request.

When the BRK flagisset to 1, aBRI interrupt is requested. The on-chip DMAC cann
activated by a BRI interrupt request.

A TXI interrupt indicates that transmit data can be written, and an RX| interrupt indic
thereisreceive datain SCFRDR.

Table14.13 SCIF Interrupt Sources

DMAC Pri
Interrupt Source  Description Activation Re:
ERI Receive error (ER) Not possible Hig
RXI Receive data full (RDF) or data ready (DR)  Possible

(RDF only)
BRI Break (BRK) Not possible
TXI Transmit data FIFO empty (TDFE) Possible Lov
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However, if the number of data bytes writtenin SCFTDR is equal to or less than the tre
trigger number, the TDFE flag will be set to 1 again after being read as 1 and cleared tc
clearing should therefore be carried out when SCFTDR contains more than the transmi
number of transmit data bytes.

The number of transmit data bytesin SCFTDR can be found from the upper 8 bits of tf
data count register (SCFDR).

Simultaneous M ultiple Receive Errors: If anumber of receive errors occur at the sar
state of the status flagsin SC1SSR and SC2SSR is as shown in table 14.14. If thereis e
error, datais not transferred from the receive shift register (SCRSR) to the receive FIF(
register (SCFRDR), and the receive dataislost.

Table 14.14 SC1SSR/SC2SSR Status Flagsand Transfer of Recelve Data

SC1SSR/SC2SSR Status Flags .
Receive Dat
Receive Errors RDF ORER FER PER SCRSR - S

Overrun error X

Framing error

(0]
Parity error O

Overrun error + parity error

Framing error + parity error

Rl Oo|lr| R ol oOlRr

=1 =1 =]

R k| Rr|lOo|rRr| OO
x

1
0
0
Overrun error + framing error 1
1
0
1

Overrun error + framing error +
parity error

Note: O: Receive data is transferred from SCRSR to SCFRDR.
x: Receive data is not transferred from SCRSR to SCFRDR.
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controller (PFC). This fact can be used to send a break signal.

The DR value substitutes for the mark state until the PFC setting is made. Theinitial «
should therefore be as an output port outputting 1.

To send a break signal during serial transmission, clear DR, then set the TxD pin as ar
with the PFC.

When the TE bit is cleared to 0, the transmitter is initialized regardliess of the current t
state.

Receive Error Flags and Transmit Oper ations (Synchronous M ode Only): Transt
cannot be started when any of the receive error flags (ORER, PER3 to PERO, FER3 tc
setto 1, even if the TDFE flag is set to 1. Be sureto clear the receive error flagsto O k
starting transmission.

Note aso that the receive error flags are not cleared to 0 by clearing the RE bit to 0.

Receive Data Sampling Timing and ReceiveMar gin in Asynchronous Mode: In 8
mode, the SCIF operates on a base clock with a frequency of 16, 8, or 4 times the tran

In reception, the SCIF synchronizes internally with the falling edge of the start bit, wt
samples on the base clock. Receive datais latched at the rising edge of the eighth, fou
second base clock pulse. The timing is shown in figure 14.25.
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timing H H

Figure 14.25 Receve Data Sampling Timingin Asynchronous M ode
(Using base clock with frequency of 16 timesthetransfer rate, sampled in 8th cl

The receive margin in asynchronous mode can therefore be expressed as shown in equi

M:‘(O.S— i)—(L—o.S)F—

ID=058l 1 , k| x 100%
2N N

. Receive margin (%)

Ratio of clock frequency to bit rate (N = 16, 8, or 4)
Clock duty cycle (D = 0to 1.0)

Frame length (L =9 to 12)

Absolute deviation of clock frequency

nmrozg

From equation (1), if F=0and D = 0.5, the receive margin is 46.875%, as given by eq
When D =0.5,F=0, and N = 16:

M = (0.5 - 1/(2 x 16)) x 100%
T 143

Thisisatheoretical value. A reasonable margin to allow in system designs is 20% to 3
When Using Synchronous External Clock M ode

* Donotset TE or REto 1 until at least 4 peripheral operating clock cycles after exte
SCK has changed from 0 to 1.

e Only set both TE and RE to 1 when external clock SCK is 1.

* Inreception, note that if RE is cleared to 0 from 2.3 to 3.5 peripheral operating cloc
after the rising edge of the RxD D7 bit SCK input, RDF will be set to 1 but copying
SCFRDR will not be possible.
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data-full interrupt (RXI) as an activation source.

SCK

TDFE : i

Figure 14.26 Example of Synchronous Transmission by DMAC

SCFRDR Reading and the RDF Flag: The RDF flag in the serial status 1 register (S
set when the number of receive data bytes in the receive FIFO data register (SCFRDR
become equal to or greater than the receive trigger number set by bits RTRG1 and RT
FIFO control register (SCFCR). After RDF is set, receive data equivalent to the trigge
can be read from SCFRDR, allowing efficient continuous reception.

However, if the number of data bytesin SCFRDR is equal to or greater than the trigge
the RDF flag will be set to 1 again if it is cleared to 0. RDF should therefore be cleare
being read as 1 after receive data has been read to reduce the number of data bytesin
less than the trigger number.

The number of receive data bytesin SCFRDR can be found from the lower 8 hits of
count register (SCFDR).
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SCIF Initialization Flowchart and Receive-FIFO-Data-Full I nterrupt (RXI) Requ
Phenomenon:
When the SCIF function is used and the operation in the SCIF initialization flowchart ¢
figure 14.4 is executed two or more times consecutively, the SCIF receive FIFO data fu
(RX1) request may be set in the second or later initialization operations, even if thereis
received data.

Condition:

Figure 14.27 shows an example of SCIF initialization flowchart with 2nd initialization.
request may be set at thetrigger (RTRG1, RTRGO) setting [2] of 2nd initialization whe
reset the value of the Receive FIFO Data Number Trigger (RTRG1, RTRGO) setting [1
initialization.

Countermeasures:

Please apply any of the following countermeasures, if the write-access occurs at the Re

Data Number Trigger setting [2] of 2nd initialization.

(1) Read out SCFCR and write the same value with the Receive FIFO Data Number Tr
(RTRG1, RTRGO).

(2) Set Receive Interrupt Enable (RIE) bit to “0” in SCSCR before changing the value
Receive FIFO Data Number Trigger (RTRG1, RTRGO0). Mask the RXI request. Aft
the SCFCR, clear the interrupt request to Receive Data Register Full (RDF). Set Re
Interrupt Enable (RIE) bit to “1” in SCSCR to terminate the mask-setting.
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450
initialization

2nd
initialization

Set value in SCBRR

Wait

1-bit interval elapsed?

Set RTRG1, RTRGO and TTRG1, TTRGO bits in SCFCR, | [1] Trigger setting
and clear TFRST and RFRST bits to 0 Set the transmit/receive FIFO datz

Set TE or RE bitto 1 in SCSCR,
and set RIE, TIE and MPIE bits

Clear TE and RE bits to 0 in SCSCR |

[2] Trigger setting

Set TFRST and RFRST bits to 1 in SCFCR RXI request may be set when the

receive FIFO data count has been
1st initialization.

Set CKE1 and CKEQO bits in SCSCR
(leaving TE and RE bits cleared to 0)

Set transmit/receive format in SCSMR |

Set value in SCBRR |

Wait

1-bit interval elapsed?

Set RTRG1, RTRGO and TTRG1, TTRGO bits in SCFCR,
and clear TFRST and RFRST bits to 0

Set TE or RE bitto 1 in SCSCR,
and set RIE, TIE and MPIE bits

Figure 14.27 Exampleof SCIF Initialization Flowchart
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The seria /O has the following features:

Full-duplex operation

Independent transmit/receive registers and independent transmit/receive clocks
Double-buffered transmit/receive ports

Continuous data transmission/reception possible

Interval transfer mode and continuous transfer mode

Memory-mapped receive register, transmit register, control register, and status reg
With the exception of SIRSR and SITSR, these registers are memory-mapped and
accessed by aMOV instruction.

Choice of 8- or 16-hit data length

Data transfer communication by means of polling or interrupts

Datatransfer can be monitored by polling the receive data register full flag (RDRF
transmit data register empty flag (TDRE) in the seria status register. Interrupt req
generated during data transfer by setting the receive interrupt request flag and tran
interrupt request flag.

M SB-first transfer between SIO and datal/O

Figure 15.1 shows a block diagram of the seria 1/0.
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SIRDR:
SIRSR:
SISTR:
SICTR:
SITDR:
SITSR:

Serial I/O
(Sl

SRxD SRCK SRS STS STCK STxD

Receive data register
Receive shift register
Serial status register

Serial control register
Transmit data register
Transmit shift register

Figure15.1 SIO Block Diagram
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syncnronizauon

Serial transmit data output pin STxDO Output  Serial data outp
Serial transmit clock input pin STCKO Input Serial transmit c
Serial transmission STSO 110 Serial transmiss
synchronization input/output pin synchronization
port O
Serial receive data input pin SRxD1 Input Serial data inpu
Serial receive clock input pin SRCK1 Input Serial receive cl
Serial reception synchronization SRS1 Input Serial reception
input pin synchronization
Serial transmit data output pin STxD1 Output  Serial data outp
Serial transmit clock input pin STCK1 Input Serial transmit c
Serial transmission STS1 110 Serial transmiss
synchronization input/output pin nization input/ot
Serial receive data input pin SRxD2 Input Serial data inpu
Serial receive clock input pin SRCK2 Input Serial receive cl
Serial reception synchronization = SRS2 Input Serial reception
input pin synchronization
Serial transmit data output pin STxD2 Output  Serial data outp
Serial transmit clock input pin STCK2 Input Serial transmit ¢
Serial transmission STS2 110 Serial transmiss

synchronization input/output pin

synchronization
port 2

RENESAS

In a reset, all pins are initialized to the high-impedance state.
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Receive data register 0 SIRDRO R H'0000 H'FFFFFCO0 8,
Transmit shift register 0 SITSRO — — — —
Transmit data register 0 SITDRO R/W H'0000 H'FFFFFC02 8,
Serial control register 0  SICTRO R/W H'0000 H'FFFFFC04 8,
Serial status register 0  SISTRO R/I(W)* HO0002 HFFFFFC06 8,
1 Receive shift register1  SIRSR1 — — — —
Receive dataregister 1 SIRDR1 R H'0000 H'FFFFFC10 8,
Transmit shift register 1  SITSR1 — — — —
Transmit data register 1  SITDR1 R/W H'0000 H'FFFFFC12 8,
Serial control register 1  SICTR1 R/W H'0000 H'FFFFFC14 8,
Serial status register 1 ~ SISTR1 R/(W)* HO0002 HFFFFFC16 8,
2 Receive shift register 2  SIRSR2 — — — —
Receive dataregister 2 SIRDR2 R H'0000 H'FFFFFC20 8,
Transmit shift register 2 SITSR2 — — — —
Transmit data register 2 SITDR2 R/W H'0000 H'FFFFFC22 8,
Serial control register 2 SICTR2 R/W H'0000 H'FFFFFC24 8,
Serial status register2 ~ SISTR2 R/(W)* HO0002 HFFFFFC26 8,

Note: * Only 0 should be written, to clear flags (after reading 1 from the flag).
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SIRSR. The data length is set by the transmit/receive data length select bit (DL) in the
corresponding serial control register (SICTR). When datatransfer to SIRSR is comple
contents are automatically transferred to the receive dataregister (SIRDR), and the re
register full flag (RDRF) is set in the seria statusregister (SISTR).

If the next data word input operation ends before the RDRF flag is cleared, an overrur
occurs, the receive overrun error flag (RERR) is set in SISTR, and an overrun error sii
to theinterrupt controller (INTC). The datain SIRSR overwrites the datain SIRDR.

15.2.2 Receive Data Register (SIRDR)

Bit: 15 14 13 3 2 1
| | | . | |
Initial value: 0 0 0 0 0 0
R/W:

SIRDR is a 16-hit register that stores serial receive data. When datais transferred fror
SIRDR, the receive data register full flag (RDRF) is set in the serial status register (Sl
receive interrupt enable flag (RIE) isset in SICTR, areceive-data-full interrupt (RDF
sent to the interrupt controller (INTC) and the DMA controller (DMAC). When the fl;
thisinterrupt request signal is not generated. When SIRDR is read by the DMAC, the
is cleared automatically. SIRDR isinitialized to H'0000 by areset.
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output from the STxD pin. The transfer data length is set by the transmit/receive datale
bit (DL) in the serial control register (SICTR). When the DL bit is cleared to 0 (8-bit d:
the lower 8 hits of SITDR are output. When the serial transmission synchronization sig
goes high, or the last data transmission ends without the synchronization enable (SE) b
in SICTR, the contents of the transmit data register (SITDR) aretransferred to SITSR,
TDRE is0, TDRE isthen set. If output of the next data begins before TDRE is cleared,
error occurs, the transmit overrun error flag (TERR) isset in SISTR, and atransmit ove
interrupt request is sent to the INTC.

1524 Transmit Data Register (SITDR)

Bit: 15 14 13 3 2 1
| | | . | |
Initial value: 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W

SITDR is a 16-hit register that stores serial transmit data. Data should be writtento SI'T
the transmit data register empty flag (TDRE) issetto 1in SISTR. If dataiswritten to
when TDRE is 0, the previous data will be overwritten. When STS goes high or data ot
transmit shift register SITSR ends with the SE bit cleared to 0in SICTR, thedatain S’
automatically transferred to SITSR, and if TDRE is0, TDRE isthen set. If the transmit
enableflag (TIE) is set, atransmit-data-empty interrupt (TDEI) request is sent to the IN
DMAC. When TIE is cleared, thisinterrupt request is not generated. When the DMAC
SITDR, the TDRE flag is cleared automatically. The TDRE flag is set only by hardwar
initialized to H'0000 by areset.
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‘ —_ ‘ ™ ‘ SE ‘ DL ‘ TIE ‘ RIE ‘
Initial value: 0 0 0 0 0 0 0
R/W: R R/W R/W R/W R/W R/W R/M

SICTR isa16-bit register used to set parametersfor serial port control. SICTR isiniti
H'0000 by areset.

When modifying bit 4, 5, or 6 (TM, SE, or DL), TE and RE should be cleared to 0 bef
Bits 15 to 7—Reserved: These hits are aways read as 0. The write value should alway

Bit 6—Transfer Mode Control (TM): Specifies whether the transmission synchroniza
to beinput from an external source or generated internally by the chip. When this flag
the transmission synchronization signal is STS pin input. When thisflag is set, the tra
synchronization signal is generated by the chip, and is output to an external device frc
pin. This bit does not affect reception.

Bit6: TM Description

0 External signal input from STS pin is used as transmission start il
(

1 Internal signal output from STS pin is used as transmission start |

Bit 5—Synchronization Signal Enable (SE): Specifies whether the synchronization si
be used for all seria datatransfers, or only for the first transfer.

When thishbit is cleared to O, the synchronization signals (SRS and STS) are necessary
first datatransfer, and are not required for subsequent transfers. When this bit is set to
synchronization signals are necessary for all datatransfers.

Bit 5: SE Description

0 Continuous mode: SRS and STS are used only for the first data t
(

1 Interval mode: SRS and STS are used for all data transfers
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value of thisbit isO.

Bit 3: TIE Description
0 Transmit interrupt disabled (Ir
1 Transmit interrupt enabled

Bit 2—Receive Interrupt Enable (RIE): Enables the receive-data-full interrupt. The init
thisbitisO.

Bit 2: RIE Description
0 Receive interrupt disabled (I
1 Receive interrupt enabled

Bit 1—Transmit Enable (TE): Enables datatransmission. When thisflag is cleared, the
STCK, and STS pins go to the high-impedance state.

Bit 1: TE Description

0 Transmission disabled: STxD, STCK, and STS pins go to high-im
state (I

1 Transmission enabled

Bit 0—Receive Enable (RE): Enables data reception. When thisflag is cleared, the SR
and SRS pins go to the high-impedance state.

Bit 0: RE Description

0 Reception disabled: SRxD, SRCK, and SRS pins go to high-impec
(I

1 Reception enabled
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SISTR isa 16-bit register that indicates the status of the serial I/0 module. SISTR isi

H'0002 by areset.

Bits 15 to 4—Reserved: These hits are aways read as 0. The write value should alway

Bit 3—Transmit Underrun Error (TERR): Flag that indicates the occurrence of atrans

underrun.

Bit 3: TERR Description

0 Transmission is in progress, or has ended normally (
[Clearing conditions]
*  When 0 is written to the TERR bit after reading TERR =1
« When the processor enters the reset state

1 A transmit underrun error has occurred

TERR is set to 1 if data transmission is started while TDRE = 1

Bit 2—Receive Overrun Error (RERR): Flag that indicates the occurrence of areceive

Bit 2: RERR Description

0 Reception is in progress, or has ended normally (
[Clearing conditions]
e When 0 is written to the RERR bit after reading RERR = 1
* When the processor enters the reset state

1 A receive overrun error has occurred

RERR is set to 1 if data reception ends while RDRE = 1
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TDRE is set to 1 in the following cases:
¢ When data is transferred from SITDR to SITSR
* When the TE bit is cleared to O in the serial control register (S|

* When the processor enters the reset state

Bit 0—Receive Data Register Full (RDRF): Flag that indicates that SIRDR receive dat:

Bit 0: RDRF Description

0 SIRDR receive data is invalid (I
[Clearing conditions]
¢ When the DMAC reads data from SIRDR
« When 1is read from RDRF and 0 is written
* When the RE bit is cleared to 0 in the serial control register (Sl
* When the processor enters the reset state

1 SIRDR receive data is valid

RDREF is set to 1 when serial data reception ends normally and the
transferred from SIRSR to SIRDR
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Figure 15.3 Reception: Continuous Transfer M ode
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Figure 15.7 shows continuous transfer mode (SE clearedto 0in SICTR) when TM is &
SICTR.
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Note: TM = 0: STS is input
DL = 0: 8-bit data transfer
SE = 1: Synchronous transfer in start signal mode

Figure154 Transmission: Interval Transfer Mode (TM =0 Mode)
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Note: TM = 0: STS is input
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Figure15.5 Transmission: Continuous Transfer Mode (TM =0 Mod
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Note: TM =1: STS is output
DL = 0: 8-bit data transfer
SE = 1: Synchronous transfer in start signal mode

Figure15.6 Transmission: Interval Transfer Mode (TM =1 Mode)
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Note: TM =1: STS is output
DL = 0: 8-bit data transfer
SE = 0: Asynchronous transfer, no start signal mode

Figure 15.7 Transmission: Continuous Transfer Mode (TM =1 Mode)
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the DMAC reads datafrom SIRDR.

A TDEI interrupt request is generated when the TDRE bit issetto 1 in SISTR. TDEI
the DMAC to write the next datato SITDR. TDRE is cleared to 0 automatically wher
writesdatato SITDR.

When TDEI and RDFI interrupt requests are handled by the DMAC, and not by their
controller, alow priority level should be given to interrupts from the SIO to prevent tt
controller from operating.

When the RERR bit isset to 1in SISTR, an RERI interrupt request is generated.
Whenthe TERR hitisset to 1 in SISTR, a TERI interrupt request is generated.

Channel interrupt priority levels are set by means of the | RPE register, as described in
Interrupt Controller (INTC).

Table15.3 SIO Interrupt Sources

Interrupt Source Description DMAC Activation
RERI Receive overrun error (RERR) Not possible
TERI Transmit underrun error (TERR) Not possible
RDFI Receive data register full (RDRF) Possible

TDEI Transmit data register empty (TDRE) Possible
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The TPU has the following features:

e Maximum 8-pulse input/output
« Atotal of eight timer genera registers (TGRs) are provided (four for channel 0 an
for channels 1, and 2).
0 Each register can be set independently as an output compare/input capture regi
0 TGRC and TGRD for channel 0 can be used as buffer registers
» Choice of seven or eight counter input clocks for each channel
» Thefollowing operations can be set for each channel:
0 Waveform output by compare match: Selection of 0, 1, or toggle output
O Input capture function: Choice of rising edge, falling edge, or both edge detect
O Counter clear operation: Counter clearing possible by compare match or input
ad

Synchronous operation: Multiple timer counters (TCNT) can be writtento sim
simultaneous clearing by compare match and input capture possible register sit
input/output possible by counter synchronous operation

0 PWM mode: Any PWM output duty can be set maximum of 7-phase PWM ou
by combination with synchronous operation

» Buffer operation settable for channel 0
O Input capture register double-buffering possible
0 Automatic rewriting of output compare register possible
» Phase counting mode settable independently for each of channels 1, and 2
0 Two-phase encoder pulse up/down-count possible
» Fast accessviainternal 16-bit bus
0 Fast accessis possible viaa 16-bit bus interface
e 13interrupt sources
O For channel 0 four compare match/input capture dual-function interrupts and o
interrupt can be requested independently
O For channels 1, and 2, two compare match/input capture dua -function interrug
overflow interrupt, and one underflow interrupt can be requested independentl
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R e e e R
P4 P4 P4
P@16 P@16 P@16
P@/64 Pq/64 Pq/64
TCLKA P@/256 P@1024
TCLKB TCLKA TCLKA
TCLKC TCLKB TCLKB
TCLKD TCLKC

General registers TGROA TGR1A TGR2A
TGROB TGR1B TGR2B

General registers/ TGROC — —

buffer registers TGROD

1/0O pins TIOCAO TIOCA1 TIOCA2
TIOCBO TIOCB1 TIOCB2
TIOCCO
TIOCDO

Counter clear TGR compare match TGR compare match TGR compart

function or input capture or input capture or input captt
Compare 0 output o O O
match 1 Gyput 0 0 0
output

Toggle (0] (@) o

output
Input capture O @) @)
function
Synchronous (0] (@) o
operation
PWM mode (0] (0] (@)
Phase counting — (@) (0]
mode
Buffer operation o — —
Notes: O : Possible

— : Not possible
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¢ LOlTpare match or
input capture 0C

e Compare match or
input capture 0D

*«  Overflow ¢ Overflow ¢ Overflow

* Underflow « Underflo

Note: — : Not possible
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TCR:

TMDR:

TIOR:
TIER:
TSR:
TCNT:
TGR:
TSTR:
TSYR:

Interrupt re
Channel

-

Channel

Channel

Timer Control Register

Timer Mode Register

Timer 1/0O Control Register
Timer Interrupt Enable Register
Timer Status Register

Timer Counter

Timer General Register

Timer Start Register

Timer Synchro Register

Figure16.1 TPU Block Diagram
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Clock input B TCLKB Input  External clock B input pil
(Channel 1 phase counti
phase input)

Clock input C TCLKC Input  External clock C input pil
(Channel 2 phase counti
phase input)

Clock input D TCLKD Input  External clock D input pil
(Channel 2 phase counti
phase input)

Input capture/output  TIOCAO /0 TGROA input capture inp

compare match AO compare output/PWM ot

Input capture/output TIOCBO 110 TGROB input capture inp

compare match BO compare output/PWM ot

Input capture/output TIOCCO 110 TGROC input capture inf

compare match CO compare output/PWM ot

Input capture/output TIOCDO 110 TGROD input capture ing

compare match DO compare output/PWM ot

Input capture/output TIOCA1 1/0 TGR1A input capture inp

compare match Al compare output/PWM ot

Input capture/output TIOCB1 /0 TGR1B input capture inp

compare match B1 compare output/PWM oL

Input capture/output TIOCA2 1/0 TGR2A input capture in

compare match A2 compare output/PWM ot

Input capture/output TIOCB2 /0 TGR2B input capture inp

compare match B2

compare output/PWM oL

RENESAS
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Timer 1/O control TIOROH R/W H'00 H'FFFFFC52

register OH
Timer I/O control TIOROL R/W H'00 H'FFFFFC53
register OL
Timer interrupt enable TIERO R/W H'40 H'FFFFFC54
register 0
Timer status register 0 TSRO R/(W)*  H'CO H'FFFFFC55
Timer counter O TCNTO R/W H'0000 H'FFFFFC56
Timer general register TGROA R/W HFFFF  HFFFFFC58
0A
Timer general register TGROB R/W HFFFF  HFFFFFC5A
0B
Timer general register TGROC R/W HFFFF  HFFFFFC5C
ocC
Timer general register TGROD R/W H'FFFF  HFFFFFC5E
oD

1 Timer control register 1 TCR1 R/W H'00 H'FFFFFC60
Timer mode register 1 TMDR1 R/W H'CO H'FFFFFC61
Timer I/O control TIOR1 R/W H'00 H'FFFFFC62
register 1
Timer interrupt enable TIER1 R/W H'40 H'EFFFFC64
register 1
Timer status register 1 TSR1 R/(W)*  H'CO H'FFFFFC65
Timer counter 1 TCNT1 R/W H'0000  HFFFFFC66
Timer general register TGR1A R/W HFFFF  HFFFFFCG68
1A
Timer general register TGR1B R/W HFFFF  HFFFFFC6A
1B
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Timer counter 2 TCNT2 R/W H'0000 H'FFFFFC76

Timer general register TGR2A R/W H'FFFF H'FFFFFC78
2A
Timer general register TGR2B R/W H'FFFF H'FFFFFC7A
2B

All Timer start register TSTR R/W H'00 H'FFFFFC40
Timer synchro register TSYR R/W H'00 H'FFFFFC41

Note: * Only 0 can be written, to clear the flags.

16.2 Register Descriptions

16.21 Timer Control Register (TCR)

Channel 0: TCRO

Bit: 7 6 5 4 3 2 1
\ CCLR2 \ CCLR1 \ CCLRO \ CKEG1 \ CKEGO \ TPSC2 \ TPSC
Initial value: 0 0 0 0 0 0 0

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

Channel 1: TCR1
Channel 2: TCR2

Bitt 7 6 5 4 3 2 1

‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC

Initial value: 0 0 0 0 0 0 0
RW: R RW RW RW RW RW  RM

The TCR registers are 8-hit registersthat control the TCNT channels. The TPU hasth
registers, one for each of channels 0 to 2. The TCR registers areinitialized to H'00 by
TCNT operation should be stopped when making TCR settings.
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capture

1 TCNT cleared by counter clearing for
channel performing synchronous
clearing/synchronous operation *1
1 0 0 TCNT clearing disabled
TCNT cleared by TGRC compare ma
capture *?
1 0 TCNT cleared by TGRD compare ma
capture *2
1 TCNT cleared by counter clearing for
channel performing synchronous
clearing/synchronous operation **
Bit 7: Bit 6: Bit 5:
Channel Reserved*®CCLR1 CCLRO Description
1,2 0 0 0 TCNT clearing disabled (
1 TCNT cleared by TGRA compare ma
capture
1 0 TCNT cleared by TGRB compare ma
capture
1 TCNT cleared by counter clearing for

channel performing synchronous clee
synchronous operation **

Notes: 1. Synchronous operation setting is performed by setting the SYNC bit in TSYF

2. When TGRC or TGRD is used as a buffer register, TCNT is not cleared bec:
buffer register setting has priority, and compare match/input capture does nc

3. Bit 7 is reserved in channels 1 and 2. It is always read as 0. The write value

always be 0.
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Note: Internal clock edge selection is valid when the input clock is P@/4 or slower. If F
selected for the input clock, this setting is ignored and a rising-edge count is se

Bits 2 to 0—Time Prescaler 2 to 0 (TPSC2 to TPSCO): These bits select the TCNT co
The clock source can be selected independently for each channel. Table 16.4 shows tt
sources that can be set for each channel.

Table16.4 TPU Clock Sources

Internal Clock External Clo
Channel P@/l P@4 P@l6 P@64 P@256 P@1024 TCLKA TCLKB TCL}
0 O O (0] O o} (0] O
1 (0] (0] O (0] O o} (0]
2 (0] (0] O (0] (0] o} (0] O

Notes: O: Setting
Blank: No setting
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1 0 External clock: counts on TCLKC pin
External clock: counts on TCLKD pin
Bit 2: Bit 1: Bit 0:
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on P@/1 (
1 Internal clock: counts on P@/4
1 0 Internal clock: counts on P@/16
1 Internal clock: counts on P@/64
1 0 0 External clock: counts on TCLKA pin
1 External clock: counts on TCLKB pin
1 0 Internal clock: counts on P@/256
1 Setting prohibited

Note: This setting is ignored when channel 1 is in phase counting mode.

Bit 2: Bit 1: Bit O:
Channel TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on P@/1 (
1 Internal clock: counts on Pg/4
1 0 Internal clock: counts on P@/16
1 Internal clock: counts on P@/64
1 0 0 External clock: counts on TCLKA pin
1 External clock: counts on TCLKB pin
1 0 External clock: counts on TCLKC pin
1 Internal clock: counts on P@/1024

Note: This setting is ignored when channel 2 is in phase counting mode.
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Channel 1:

TMDR1
Channel 2:
TMDR2
Bit: 7 6 5 4 3 2 1
‘ — ‘ — ‘ — ‘ — ‘ MD3 ‘ MD2 ‘ MD:
Initial value: 1 1 0 0 0 0 0
R/W: R R R R R/W R/W R/M

The TMDR registers are 8-hit readable/writable registers that are used to set the opere
for each channel. The TPU has three TMDR registers, one for each channel. The TMI
areinitialized to H'CO by areset.

TCNT operation should be stopped when making TMDR settings.
Bits 7 and 6—Reserved: These bits are dways read as 1. The write value should awa

Bit 5—Buffer Operation B (BFB): Specifies whether TGRB isto operate in the norm:
TGRB and TGRD areto be used together for buffer operation. When TGRD is used a
register, TGRD input capture/output compare is not generated.

In channels 1 and 2, which have no TGRD, bit 5 isreserved. It is aways read as 0 anc
modified.

Bit 5: BFB Description
0 TGRB operates normally (
1 TGRB and TGRD used together for buffer operation
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1 TGRA and TGRC used together for buffer operation

Bits 3to 0—Modes 3 to 0 (MD3 to MDQ): These bits are used to set the timer operatin

Bit 3: Bit 2: Bit 1: Bit O:
MD3*'  MD2*? MD1 MDO Description

0 0 0 0 Normal operation (
1 Reserved
1 0 PWM mode 1
1 PWM mode 2
1 0 0 Phase counting mode 1
1 Phase counting mode 2
1 0 Phase counting mode 3
1 Phase counting mode 4
1 * * * _

Notes: 1. MD3 is a reserved bit. In a write, it should always be written with O.

2. Phase counting mode cannot be set for channel 0. In this case, 0 should alw
written to MD2.
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R/W

Channel 0: TIOROL

Bit: 7 6 5 4 3 2 1
‘ I0D3 ‘ I0D2 ‘ I0D1 ‘ I0DO \ I0C3 \ l0C2 \ lI0C
Initial value: 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W RM

Note: When TGRC or TGRD is designated for buffer operation, this setting is invalid :
register operates as a buffer register.

The TIOR registers are 8-bit registers that control the TGR registers. The TPU has fol
registers, two for channel 0 and one each for channels 1, and 2. The TIOR registers ar
to H'00 by areset.

Notethat TIOR is affected by the TMDR setting.

Theinitial output specified by TIOR becomes valid when the counter is halted (i.e. wi
bitisclearedto 0in TSTR). In PWM mode 2, the output at the point at which the cou
cleared to O is specified.
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1

1 0

1

1 0 0
1

1 0

1

output
compare
register

MR MR IR A

A%

Initial output is O
output

0 output at compa
1 output at compa

Toggle output at ¢
match

Output disabled

Initial output is 1
output

0 output at compa
1 output at compa

Toggle output at ¢
match

1 0 0 0

TGROB is

input

capture
register

Capture input
source is TIOCBO
pin

Setting prohibited

Input capture at ri:

Input capture at fe

Input capture at b
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1 0 0 Output disabled

1 Initial outputis 1 0 output at comp

1 0 output 1 output at comp

1 Toggle output at

match

1 0 0 0 TGROD is Capture input Input capture at
1 input source is TIOCDO Input capture at

1 capture  pin InDUt canture at

register* nput capture a
1 * * Setting prohibited

Note: 1. When the BFB bit in TMDRO is set to 1 and TGROD is used as a buffer regi
setting is invalid and input capture/output compare is not generated.
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[E=Y
ROk

TGR1B is

Output disabled

Initial output is 1
output

Capture input

0 output at compa
1 output at compa

Toggle output at ¢
match

Input capture at ri

1 input source is TIOCB1 Input capture at fz
————_———capture  pin
1 * register Input capture at b
1 * * Setting prohibited
*
TIOR2
Bit 7: Bit 6: Bit5: Bit 4:
Channel I0OB3 10B2 IOB1 IOBO Description
2 0 0 0 0 TGR2B is Output disabled (
1 output Initial outputis 0 0 output at compa
— compare
1 0 register COUtPUt 1 output at compa
1 Toggle output at ¢
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compa
1 0 output 1 output at compa
1 Toggle output at ¢

1 * 0 0 TGR2B is

1 input
" capture
1 * register

Capture input
source is TIOCB2
pin

match

Input capture at ri

Input capture at fe

Input capture at b
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1 Sl AT R

output

MR MR IR A

1 Initial outputis 0 0 output at comp
compare ¢
0 register 1 output at comp
1 Toggle output at
match
0 Output disabled
1 Initial outputis 1 0 output at comp
0 output 1 output at comp
1 Toggle output at
match
0 TGROA is Capture input Input capture at |
1 input source is TIOCAO Input capture at
capture  pin
register Input capture at |

Setting prohibited
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[EnY
o
o

[y
[ =R

Output disabled

Initial outputis 1 0 output at compa

output

1 output at compa

Toggle output at ¢
match

1 0 0 0

TGROC is Capture input

capture  pin
register*!

Setting prohibited

Input capture at ri

input source is TIOCCO Input capture at fz

Input capture at b

*

Note: 1. When the BFA bitin TMDRO is set to 1 and TGROC is used as a buffer regis
setting is invalid and input capture/output compare is not generated.

Rev. 2.00, 03/05, page 676 of 884

RENESAS



1 0 0 Output disabled
1 Initial outputis 1 0 output at comp
1 0 output 1 output at comp
1 Toggle output at
match
1 0 0 0 TGR1A is Capture input Input capture at |
1 input source is TIOCA1 Input capture at
capture  pin L
1 * register Input capture at |
1 * * Setting prohibited
TIOR2
Bit 3: Bit 2: Bit 1: Bit O:
Channel IOA3 IOA2 IOAl IOAO Description
2 0 0 0 0 TGR2A is Output disabled
1 23:2:;@ Initial outputis 0 O output at comp
1 0 register output 1 output at comp
1 Toggle output at
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at comp
1 0 output 1 output at comp
1 Toggle output at
match
1 * 0 0 TGR2A is Capture input Input capture at |
1 input source is TIOCA2 Input capture at
capture  pin .
1 register Input capture at |
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Channel 1: TIER1
Channel 2: TIER2

Bit: 7 6 5 4 3 2 1
‘ — ‘ — ‘ TCIEU ‘ TCIEV ‘ — ‘ — ‘ TGIEE

Initial value: 0 1 0 0 0 0 0
RIW: R R RIW RIW R R RIW

The TIER registers are 8-bit registers that control enabling or disabling of interrupt req
each channel. The TPU has three TIER registers, one for each channel. The TIER regis
initialized to H'40 by areset.

Bit 7—Reserved: This bit is always read as 0. The write value should always be 0.
Bit 6—Reserved: This bit isalways read as 1. The write value should always be 1.

Bit 5—Underflow Interrupt Enable (TCIEU): Enables or disables interrupt requests (T¢
TCFU flagwhen the TCFU flagin TSRisset to 1 in channels 1 and 2.

In channel 0, bit 5 isreserved. It is aways read as 0 and cannot be modified.

Bit 5: TCIEU Description
0 Interrupt requests (TCIU) by TCFU disabled (Ir
1 Interrupt requests (TCIU) by TCFU enabled

Bit 4—Overflow Interrupt Enable (TCIEV): Enables or disables interrupt requests (TC
TCFV flagwhenthe TCFV flagin TSR isset to 1.

Bit 4: TCIEV Description
0 Interrupt requests (TCIV) by TCFV disabled (
1 Interrupt requests (TCIV) by TCFV enabled
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Bit 2—TGR Interrupt Enable C (TGIEC): Enables or disables interrupt requests (TGI
TGFC bit when the TGFC bit in TSR isset to 1 in channel 0.

In channels 1 and 2, bit 2 isreserved. It isaways read as 0 and cannot be modified.

Bit 2: TGIEC Description
0 Interrupt requests (TGIC) by TGFC bit disabled
1 Interrupt requests (TGIC) by TGFC bit enabled

Bit 1—TGR Interrupt Enable B (TGIEB): Enables or disables interrupt requests (TGl
TGFB bit when the TGFB bitin TSRisset to 1.

Bit 1: TGIEB Description
0 Interrupt requests (TGIB) by TGFB bit disabled
1 Interrupt requests (TGIB) by TGFB bit enabled

Bit 0—TGR Interrupt Enable A (TGIEA): Enables or disables interrupt requests (TGl
TGFA bit when the TGFA bitin TSR isset to 1.

Bit 0: TGIEA Description
0 Interrupt requests (TGIA) by TGFA bit disabled
1 Interrupt requests (TGIA) by TGFA bit enabled
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Channel 1: TSR1
Channel 2: TSR2

Bit: 7 6 5 4 3 2 1
\ TCFD \ — \ TCFU \ TCFV \ — \ — \ TGFE

Initial value: 1 1 0 0 0 0 0
R/W: R R RI(W)*  R/(W)* R R R/(WY

Note: * Only O can be written, to clear the flags.

The TSR registers are 8-hit registers that indicate the status of each channel. The TPU |
TSR registers, one for each channel. The TSR registers are initialized to H'CO by arese

Bit 7—Count Direction Flag (TCFD): Status flag that shows the direction in which TC
in channels 1, and 2.

In channel O, bit 7 isreserved. It is always read as 1 and cannot be modified.

Bit 7: TCFD Description
0 TCNT counts down
1 TCNT counts up (I

Bit 6—Reserved: This bit isaways read as 1. The write value should always be 1.
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When the TCNT value underflows (changes from H'0000 to H'FFF

Bit 4—Overflow Flag (TCFV): Status flag that indicates that TCNT overflow has occ

Bit 4: TCFV Description

0 [Clearing condition] (
When 0 is written to TCFV after reading TCFV =1

1 [Setting condition]

When the TCNT value overflows (changes from H'FFFF to H'0000

Bit 3—Input Capture/Output Compare Flag D (TGFD): Status flag that indicates the c
TGRD input capture or compare match in channel 0.

In channels 1 and 2, bit 3 isreserved. It isaways read as 0 and cannot be modified.

Bit 3: TGFD Description
0 [Clearing conditions] (
*  When DMAC is activated by TGID interrupt while DRCR settin
TGIOD
e When 0 is written to TGFD after reading TGFD = 1
1 [Setting conditions]

e When TCNT = TGRD while TGRD is functioning as output con
register

«  When TCNT value is transferred to TGRD by input capture sig
TGRD is functioning as input capture register
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*  When 0 is written to TGFC after reading TGFC =1
1 [Setting conditions]

*«  When TCNT = TGRC while TGRC is functioning as output comy
register

¢ When TCNT value is transferred to TGRC by input capture sign:
TGRC is functioning as input capture register

Bit 1—Input Capture/Output Compare Flag B (TGFB): Status flag that indicates the oc
TGRB input capture or compare match.

Bit 1: TGFB Description

0 [Clearing conditions] (Ini
*«  When DMAC is activated by TGIB interrupt while DRCR setting
TGIOB
e When 0 is written to TGFB after reading TGFB = 1
1 [Setting conditions]
*«  When TCNT = TGRB while TGRB is functioning as output comp
register

¢ When TCNT value is transferred to TGRB by input capture sign:
TGRB is functioning as input capture register
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e When TCNT = TGRA while TGRA is functioning as output corn
register

¢ When TCNT value is transferred to TGRA by input capture sigl
TGRA is functioning as input capture register

16.26 Timer Counter (TCNT)

Channel 0: TCNTO (up-counter)
Channel 1: TCNT1 (up/down-counter™)
Channel 2: TCNT2 (up/down-counter™)
Bit: 15 14 13 12 11 10 9
Initial value: ’ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0
R/W: R/W R/W R/W R/W R/W R/W R/M

Bit: 7 6 5 4 3 2 1

- r [ [ 1 |

Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/M

Note: * These counters can be used as up/down-counters only in phase counting r
other cases they function as up-counters.

The TCNT registers are 16-bit counters. The TPU hasthree TCNT counters, one for ¢
The TCNT counters are initialized to H'0000 by a reset.

The TCNT counters cannot be accessed in 8-bit units; they must always be accessed &
unit.
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Initial value: 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W

The TGR registers are 16-bit registers with a dual function as output compare and inpu
registers. The TPU has 8 TGR registers, four for channel 0 and two each for channels 1
TGRC and TGRD for channel 0 can also be designated for operation as buffer registers
TGR registers areinitialized to H'FFFF by areset.

The TGR registers cannot be accessed in 8-bit units; they must always be accessed as &
Note: * TGR buffer register combinations are TGRA-TGRC and TGRB-TGRD.

16.28 Timer Start Register (TSTR)

Bit: 7 6 5 4 3 2 1
] — \ — \ — \ — \ — \ CST2 \ CST1

Initial value: 0 0 0 0 0 0 0
RW: R R R R R RIW RIW

TSTRisan 8-hit readable/writable register that selects operation/stoppage for channels
TSTRisinitialized to H'00 by areset.

TCNT counter operation should be stopped when setting the operating mode in TMDR
TCNT count clock in TCR.

Bits 7 to 3—Reserved: These bits are always read as 0. The write value should always
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written to when the CST bit is cleared to 0, the pin output level will be chan
set initial output value.

16.29 Timer Synchro Register (TSYR)

Bit: 7 6 5 4 3 2 1

. —  — | — | — | — | SYNC2 SYN

Initial value: 0 0 0 0 0 0 0
R/W: R R R R R R/W R/M

TSYR isan 8-bit readable/writable register that selects independent operation or sync
operation for the channel 0to 2 TCNT counters. A channel performs synchronous ope
the corresponding bit in TSYR is set to 1.

TSYRisinitialized to H'0O by areset.
Bits 7 to 3—Reserved: These bits are always read as 0. The write value should always

Bits 2 to 0—Timer Synchro 2 to 0 (SYNC2 to SYNCQO): These hits select whether op
independent of or synchronized with other channels.

When synchronous operation is selected, synchronous presetting of multiple channels
synchronous clearing through counter clearing on another channel*? are possible.

Bit n: SYNCn Description

0 TCNTn operates independently (
TCNT presetting/clearing is unrelated to other channels

1 TCNTn performs synchronous operation
TCNT synchronous presetting/synchronous clearing is possible
Notes: n=2t00

1. To set synchronous operation, the SYNC bits for two channels at least mus

2. To set synchronous clearing, in addition to the SYNC bit , the TCNT clearir
must also be set by means of bits CCLR2 to CCLRO in TCR.
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AN example or 1o-Dit register acCess operation IS snown in figure 16..2.

Internal data bus
H

master : L l[:

Bus interface

ZANIZAN
N 7N S

U U

TCNTH TCNTL

Figure 16.2 16-Bit Register Access Operation [BusMaster « TCNT (16 E

16.3.2 8-Bit Registers

Registers other than TCNT and TGR are 8-bit. Asthe data bus to the CPU is 16 bits wi
registers can be read and written to in 16-bit units. They can also be read and written to
units.

Examples of 8-bit register access operation are shown in figures 16.3, 16.4, and 16.5.

Internal data bus

H / N

w — K ~ V
master L Bus interface / N
ﬁ N y

TCR

Figure 16.3 8-Bit Register Access Operation [BusMaster « TCR (Upper 8
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L ee—e—e— —— e

Figure 16.4 8-Bit Register Access Operation [BusMaster « TMDR (L ower

Internal data bus
H

master 1 L [

Bus interface

VANDAN

IV VI

TMDR |

Figure 16.5 8-Bit Register Access Operation [BusMaster « TCR and TMDR
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£acn 1 GR Can be used as an Input capture register or output compare register.

Synchronous Operation: The TCNT counter for achannel designated for synchronou
by means of TSYR performs synchronous presetting. That is, when TCNT for a channe
designated for synchronous operation is rewritten, the TCNT counters for the other che
also rewritten at the same time. Synchronous clearing of the TCNT countersis also pos
setting the counter clear bitsin TCR for channels designated for synchronous operatior

Buffer Operation

e When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the relevant chan
transferred to TGR.

When TGRisan input capture register

When input capture occurs, the value in TCNT istransfer to TGR and the value pre
held in TGR istransferred to the buffer register.

PWM Mode: In this mode, a PWM waveform is output. The output level can be set by
TIOR. A PWM waveform with a duty of between 0% and 100% can be output, accordi
setting of each TGR register.

Phase Counting Mode: In this mode, TCNT isincremented or decremented by detecti
phases of two clocks input from the external clock input pinsin channels 1, and 2. Whe
counting mode is set, the corresponding TCLK pin functions as the clock input, and TC
performs up- or down-counting.

This can be used for two-phase encoder pulse input.
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C Operation selection >

Select counter clock

@

@ select th
clock witt
TPSC2 t
TCR. At
time, sele
input cloc
with bits ¢
and CKE
TCR.

C Periodic counter > C Free-running counter > @ For perio

Select counter clearing source

Select output compare register

Set period

@

operation
the TGR
as the TC
clearing ¢
bits CCLF
CCLRO ir

® Designat
selected

output co
register b
of TIOR.

@ setthe p

Start count operation

Start count operation

@ counter ¢
TGR sele

<Periodic counter>

<Free-running counter>

(® SettheC
TSTR to
the count

Figure16.6 Example of Counter Operation Setting Procedure

RENESAS
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gl e S T TVl WA 1T Ve T it iy YAl vl W Rt

TCNT value

H'0000

CST bit ; ;

TCFV

Figure 16.7 Free-Running Counter Operation

When compare match is selected as the TCNT clearing source, the TCNT counter f
relevant channel performs periodic count operation. The TGR register for setting th
designated as an output compare register, and counter clearing by compare match is
by means of bits CCLR2 to CCLRO in TCR. After the settings have been made, TC
up-count operation as periodic counter when the corresponding bit in TSTR is set tc
the count value matches the value in TGR, the TGF bit in TSR isset to 1 and TCNT
to H'0000.

If the value of the corresponding TGIE bit in TIER is 1 at this point, the TPU reque
interrupt. After acompare match, TCNT starts counting up again from H'0000.
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CST bit 5 5

Flag cleared by softw
.+~ DMAC activation

TGF

Figure 16.8 Periodic Counter Operation

Waveform Output by Compare Match: The TPU can perform 0, 1, or toggle outpu
corresponding output pin using compare match.

» Example of setting procedure for waveform output by compare match

Figure 16.9 shows an example of the setting procedure for waveform output by co

o lecti @ Select initial value 0 output or 1 out
utput selection compare match output value 0 outpt

output, or toggle output, by means o
The set initial value is output at the T
pin until the first compare match occ

Select waveform output mode | (1)

@ Set the timing for compare match
generation in TGR.

(3 Setthe CST bitin TSTR to 1 to start
Set output timing ® count operation.

Start count operation ®

i

<Waveform output>

Figure 16.9 Example of Setting Procedure for Waveform Output by Compal
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A\No change ' A\No change
: : ~ : ~ 1
TIOCA ! ; |
TIOCB /;\ No change /;\ No change 0
N\ N\

Figure16.10 Example of 0 Output/1 Output Operation
Figure 16.11 shows an example of toggle output.

In this example TCNT has been designated as a periodic counter (with counter clea
performed by compare match B), and settings have been made so that output is toge
compare match A and compare match B.

TCNT value

Counter cleared by TGRB compare match

Figure 16.11 Exampleof Toggle Output Operation
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) (L) besignate 1GR as an Input capture

Q Input selection means of TIOR, and select rising ed

edge, or both edges as the input caj
source and input signal edge.
Select input capture input @ (@ Setthe CST bitin TSTR to 1 to start
operation.
Start count @

l

<Input capture operation>

Figure 16.12 Exampleof Input Capture Operation Setting Procedur
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T IN T Valuc »~Input (falling eage)
H'OL180 |- ----mmm s mm e e e O

H'OLB0 |- - - - - w o mmmmmmmm e

H'0010 |---mm oo e e e oo f o
H'0005 |----- -y C e e e

Lo L____-

H'0000

|

TIOCA ' :

TGRA E>< H'0005 | H'OlGOE E H'0010

TGRB >< >< H'0180

Figure 16.13 Example of Input Capture Operation

Rev. 2.00, 03/05, page 694 of 884
RENESAS



Example of Synchronous Operation Setting Procedure: Figure 16.14 shows an ex:
synchronous operation setting procedure.

Synchronous operation>
selection

Set synchronous
operation @

CSynchronous presettin@ (Synchronous clearing>

Set TCNT ®

Clearing
source generation
channel?

No

Yes

Select counter @ Set synchronous
clearing source counter clearing

Start count @ Start count

| |

<Synchronous presetting> <Counter clearing> <Synchronous clear

@ Set to 1 the SYNC bits in TSYR corresponding to the channels to be designated for syn
operation.

When the TCNT counter of any of the channels designated for synchronous ope
written to, the same value is simultaneously written to the other TCNT counters.

Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output
etc.

Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the countel
source.

©@ 6 © ©

Set to 1 the CST bits in TSTR for the relevant channels, to start the count operation.

Figure 16.14 Example of Synchronous Operation Setting Procedure
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For details of PWM modes, see section 16.4.5, PWM M odes.

TCNTO to TCNT2 values

TGROB
TGR1B
TGROA

Synchronous clearing by TGROB compare match

TGR2B
TGR1A
TGR2A

O

H'0000 — —t
TIOCOA | | |
TIOCZAﬁ | J

Figure 16.15 Example of Synchronous Operation
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Channel Timer General Register Buffer Register
0 TGROA TGROC
TGROB TGROD

*  When TGRis an output compare register

When a compare match occurs, the value in the buffer register for the correspondi
transferred to the timer general register.

Thisoperation isillustrated in figure 16.16.

Compare match signal

Timer general [\

Buffer register ;
g register | Comparator

L
N

Figure16.16 Compare Match Buffer Operation
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Buffer register

Timer general

; TC
register

Figure 16.17 Input CaptureBuffer Operation

Example of Buffer Operation Setting Procedur e; Figure 16.18 shows an example of

operation setting procedure.

< Buffer operation >

Select TGR function

Set buffer operation

Start count

'

<Buffer operation>

@ Designate TGR as an input capture regis!
output compare register by means of TIO

@ Designate TGR for buffer operation with t
BFA and BFB in TMDR.

(® Setthe CST bitin TSTR to 1 to start the ¢
operation.

Figure 16.18 Example of Buffer Operation Setting Procedure
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value in buffer register TGRC is simultaneously transferred to timer general regist
This operation is repeated each time compare match A occurs.

For details of PWM modes, see section 16.4.5, PWM Modes.

TCNT value
20 -
HO450 7 |
HO200 " . L
TGROA ..o - ; | o
H'0000 : : : o -
TeROC HO200 X | HO450 | X | Hos20 X
Transferx .\ I -\ \ I AN
TGROA X | Ho2o0! X | H0450

Figure 16.19 Example of Buffer Operation (1)
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TCNT value

H'OFO7 | ---emnmmm-

H'O9FB | ---ceceeeen

H0532 f----mnnm-s

H'0000

TIOCA .

TGRA |

H'0532 >< H'OF07

>< H'09FB

i\

TGRC

X
\ \
X

>< H'0532

>< H'OF07

Figure 16.20 Example of Buffer Operation (2)
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* PWM mode 1

PWM output is generated by pairing TGRA with TGRB and TGRC with TGRD. -
specified by bits IOA3 to IOA0 and IOC3to IOCO in TIOR is performed in respol
compare match A and C, and the output specified by bits |OB3 to |IOB0 and |OD3
TIOR in response to compare match B and D, from pins TIOCA and TIOCC. The
valueisthe value set in TGRA or TGRC. If the set values of paired TGRs are ider
output value does not change when a compare match occurs.

In PWM mode 1, a maximum 4-phase PWM output is possible.

*  PWM mode 2

PWM output is generated using one TGR as the cycle register and the others as du
The output specified by TIOR is performed in response to acompare match. Also,
counter is cleared by a synchronization register compare match, pin output values
initial values set in TIOR. If the set values of the period and duty registers are ider
output value does not change when a compare match occurs.

In PWM mode 2, a maximum 7-phase PWM output is possible by combined use v
synchronous operation.

The correspondence between PWM output pins and registers is shown in table 16.6.
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TOR1A
TGR1B
TGR2A

HUCLAL HUCAL
TIOCB1
TIOCA2 TIOCAZ2

TGR2B

TIOCB2

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the p

Example of PWM M ode Setting Procedure: Figure 16.21 shows an example of the F

setting procedure.

< PWM mode >

Select counter clock

Select counter clearing source

Select waveform output level

Set TGR

Set PWM mode

Start count

'

<PWM mode>

©@ © ® © O ©

@ Select the counter clock with bits TPSC:
TPSCO in TCR. At the same time, select
input clock edge with bits CKEG1 and C
in TCR.

(2 Use bits CCLR2 to CCLRO in TCR to se
the TGR to be used as the TCNT clearir
source.

@ Use TIOR to designate the TGR as an c
compare register, and select the initial v
and output value.

(@ sSetthe cycle in the TGR selected in [2],
set the duty in the other the TGR.

(® Select the PWM mode with bits MD3 to
in TMDR.

(6 Setthe CST bitin TSTR to 1 to start the
operation.

Figure 16.21 Exampleof PWM M ode Setting Procedure

Rev. 2.00, 03/05, page 702 of 884

RENESAS



TCNT value

Counter cleared by
/ TGRA compare match

TORA oo e e e e e -

TGRB | cecomome? T .
H'0000

Figure 16.22 Exampleof PWM M ode Operation (1)
Figure 16.23 shows an example of PWM mode 2 operation.

In this example, synchronous operation is designated for channels 0 and 1, TGR1B cc
match is set asthe TCNT clearing source, and O is set for the initial output value and :
output value of the other TGR registers, to output a 5-phase PWM waveform.

In this case, the value set in TGR1B is used as the cycle, and the values set in the othe
the duty.
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TIOCAO0 |

TIOCBO

TIOCCO

TIOCDO

TIOCAL

A T R N S N N mn

Figure 16.23
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H'0000 L=

TIOCA _l

TCNT value

TGRA

TGRB
H'0000

TGRB rewritten

0% duty

Output does not change when cycle register and duty re
compare matches occur simultaneously

TGRB rewritten

TGRB rewritten

TCNT value

TGRA

TGRB
H'0000

TGRB rewritten

100% duty I_I

Output does not change when cycle register and duty
register compare matches occur simultaneously

TGRB rewritten

TG

100% duty 0% duty

Figure 16.24 Exampleof PWM M ode Operation (3)
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Uuscu.

When overflow occurs while TCNT is counting up, the TCFV flag in TSR is set; when
occurs while TCNT is counting down, the TCFU flag is set.

The TCFD hit in TSR is the count direction flag. Reading the TCFD flag provides an it
whether TCNT is counting up or down.

Table 16.7 shows the correspondence between external clock pins and channels.

Table16.7 Phase Counting Mode Clock Input Pins

External Clock Pins

Channels A-Phase B-Phase
When channel 1 is set to phase counting mode TCLKA TCLKB
When channel 2 is set to phase counting mode TCLKC TCLKD

Example of Phase Counting M ode Setting Procedur e: Figure 16.25 shows an examj
phase counting mode setting procedure.

@ Select phase counting mode with bits |
Phase counting mode to MDO in TMDR.

‘ (2 setthe CST bitin TSTRto 1 to start th
count operation.

Select phase counting mode @

Start count @

!

<Phase counting mode>

Figure 16.25 Example of Phase Counting M ode Setting Procedure
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TCLKA (channel 1)
TCLKC (channel 2) J | | | | | | | |_

TCLKB (channel 1) 1T i
TCLKD (channel 2) — — — — —

TCNT value

3Up-<‘:ou:nt ‘

Figure 16.26 Example of Phase Counting Mode 1 Operation

Table16.8 Up/Down-Count Conditionsin Phase Counting Mode 1

TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level ES Up-count
Low level R
ES Low level
B High level
High level RS Down-coul
Low level £
B High level
R Low level
Notes: { : Rising edge
1_: Falling edge
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TCNT value

I
own-count
|

=Sl

Figure 16.27 Example of Phase Counting M ode 2 Operation

Table16.9 Up/Down-Count Conditionsin Phase Counting M ode 2

TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level ES Don't care
Low level RS Don't care
ES Low level Don't care
R High level Up-count
High level RS Don'’t care
Low level By Don't care
EY High level Don’t care
RS Low level Down-count
Notes: { : Rising edge

1 _: Falling edge
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TCNT value

V

' Down-cour

Figure 16.28 Example of Phase Counting M ode 3 Operation

Table 16.10 Up/Down-Count Conditionsin Phase Counting Mode 3

TCLKA (Channel 1)

TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level ES Don't care
Low level RS Don't care
ES Low level Don't care
B High level Up-count

High level RS Down-coul
Low level ES Don’t care
EY High level Don'’t care
R Low level Don’t care

Notes: { : Rising edge

“1_: Falling edge

RENESAS
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TCNT value

Figure 16.29 Example of Phase Counting M ode 4 Operation

Table16.11 Up/Down-Count Conditionsin Phase Counting M ode 4

TCLKA (Channel 1)

TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level ES Up-count
Low level R
B Low level Don't care
B High level
High level RS Down-count
Low level EY
ES High level Don't care
RS Low level
Notes: { : Rising edge

“Y_: Falling edge

Rev. 2.00, 03/05, page 710 of 884

RENESAS



corresponding enable/disable bit in TIER is set to 1 at thistime, an interrupt is request
interrupt request is cleared by clearing the status flag to 0.

Relative channel priorities can be changed by the interrupt controller, but the priority
achannel isfixed. For details, see section 5, Interrupt Controller (INTC).

Table 16.12 lists the TPU interrupt sources.

Table16.12 TPU Interrupts

Interrupt DMAC
Channel Source Description Activation
0 TGIOA TGROA input capture/compare match Possible
TGIOB TGROB input capture/compare match Possible
TGIOC TGROC input capture/compare match Possible
TGIOD TGROD input capture/compare match Possible
TCIOV TCNTO overflow Not possible
1 TGI1A TGR1A input capture/compare match Not possible
TGI1B TGR1B input capture/compare match Not possible
TCI1lV TCNT1 overflow Not possible
TCI1U TCNT1 underflow Not possible
2 TGI2A TGR2A input capture/compare match Not possible
TGI2B TGR2B input capture/compare match Not possible
TCI2V TCNT2 overflow Not possible
TCI2U TCNT2 underflow Not possible

Note: This table shows the initial state immediately after a reset. The relative channe
can be changed by the interrupt controller.

RENESAS

Rev. 2.00, 03/05, pac



Ore 10r €alll Criaririct .

Underflow Interrupt: Aninterrupt is requested if the TCIEU bit in TIER isset to 1 wi
TCFU flagin TSR is set to 1 by the occurrence of TCNT underflow on channel. Thein
request is cleared by clearing the TCFU flag to 0. The TPU has two underflow interrup
for channels 1 and 2.

1652 DMAC Activation

The DMAC can be activated by the TGR input capture/compare match interrupt for ac
details, see section 11, Direct Memory Access Controller (DMAC).

A total of four TPU input capture/compare match interrupts can be used as DMAC acti
sources for channel 0.
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Figure 16.30 Count Timingin Internal Clock Operation
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Figure16.31 Count Timingin External Clock Operation
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o 4 4 - - —J - > 1 [

TCNT

input clock

TCNT N >< N+1

TGR

Compare

match signal

TIOC pin ><

Figure 16.32 Output Compare Output Timing

Input Capture Signal Timing: Figure 16.33 shows input capture signal timing.

~ JUL UL

Input capture
input

Input capture
signal

TCNT >< N >< N+1 >< N+2 ><
N N

TGR >< N >< N+2

Figure 16.33 Input Capture Input Signal Timing
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TONT N H'0000

Counter
clear signal

TGR N

Figure 16.34 Counter Clear Timing (Compare M atch)

S B o I O B o A

Input capture
signal

Counter clear
signal |

TONT N H'0000

»
o

TGR >< N

Figure 16.35 Counter Clear Timing (Input Capture)
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TGRA,
TGRB n | >< N
TGRC, :
TGRD N :
Figure 16.36 Buffer Operation Timing (Compare Match)
o UL L L
Input capture
signal
TCNT N >< NeL
TGRA, ! :
TGRB n >< N >< N+1
TGRC,
TGRD >< n X N

Figure 16.37 Buffer Operation Timing (Input Capture)
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TCNT input
clock

TCNT

TGR

Compare
match signal

TGF flag

TGl interrupt

N+1

Figure 16.38 TGl Interrupt Timing (Compare Match)
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TCNT N

TGR .

TGF flag

TGl interrupt |

Figure16.39 TGI Interrupt Timing (I nput Capture)

TCFV Flag/ITCFU Flag Setting Timing: Figure 16.40 shows the timing for setting of
flagin TSR by overflow occurrence, and TCIV interrupt request signal timing.

Figure 16.41 shows the timing for setting of the TCFU flag in TSR by underflow occur
TCIU interrupt request signal timing.

- LU

TCNT input
clock

TCNT H'FFFF >< H'0000
(overflow)

Overflow
signal

TCFV flag

TCIV interrupt

Figure16.40 TCIV Interrupt Setting Timing
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TCFU flag |

TCIU interrupt |

Figure16.41 TCIU Interrupt Setting Timing

Status Flag Clearing Timing: After astatusflagisread as1 by the CPU, it is cleare
0toit. When the DMAC is activated, the flag is cleared automatically. Figure 16.42 s
timing for status flag clearing by the CPU, and figure 16.43 shows the timing for statt
clearing by the DMAC.

TSR write cycle
Tl T2

e e

v LU LT LU

Address >< TSR address ><

Write signal

Status flag

Interrupt
request
signal

Figure 16.42 Timingfor StatusFlag Clearing by CPU
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Status ftlag

Interrupt
request
signal

Figure 16.43 Timingfor StatusFlag Clearing by DMAC Activation

16.7 Usage Notes
Note that the kinds of operation and contention described below occur during TPU ope

Input Clock Restrictions: The input clock pulse width must be at least 1.5 statesin th
single-edge detection, and at least 2.5 states in the case of both-edge detection. The TP
operate properly with anarrower pulse width.

In phase counting mode, the phase difference and overlap between the two input clocks
least 1.5 states, and the pulse width must be at least 2.5 states. Figure 16.44 shows the i
conditions in phase counting mode.

Phase Phase
differ- differ-

. Overlap | ence |Overlap, ence | . Pulse width | . Pulse wi

TCLKA ‘ : ; : : ‘
(TCLKC) 1 1 1 1 1

TCLKB 3 ! : 3
(TfCkD) ___ ¢+ | ! ! !

| | | |
| | | |
-~ -—
0 |

Pulse width ' " Pulse width

Notes: Phase difference and overlap : 1.5 states or more
Pulse width : 2.5 states or more

Figure 16.44 Phase Difference, Overlap, and Pulse Width in Phase Counting
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Contention between TCNT Writeand Clear Operations:. If the counter clear signa
generated inthe T, state of a TCNT write cycle, TCNT clearing takes precedence and
write is not performed.

Figure 16.45 shows the timing in this case.

TCNT write cycle

Po JU UL
Address >< TCNT address ><

Write signal
Counter clear
signal

TCNT N >< H'0000

Figure 16.45 Contention between TCNT Writeand Clear Operation
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Address >< TCNT address ><

Write signal

TCNT input
clock

TCNT N >< P M

TCNT write data

Figure 16.46 Contention between TCNT Write and | ncrement Operatio
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Po Jo 0

Address >< TGR address ><

Write signal

Compare T e e
TCNT N [ ne

TGR N >< P M

TGR write data

Figure 16.47 Contention between TGR Write and Compare Match
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Py Jo0 o b

Buffer register ><
Address address
Write signal
Compare
match signal

Buffer register write

Buffer -
register N M
TGR >< M

Figure 16.48 Contention between Buffer Register Writeand Compare M.
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Address

>< TGR address ><

Read signal

Input capture
signal

.

TGR

N><M

Internal
data bus

i

Figure 16.49

Contention between TGR Read and I nput Capture

RENESAS

Rev. 2.00, 03/05, pac



Po Jo b o

Address >< TGR address ><

Write signal

Input capture

signal
TCNT M
TGR >< M

Figure 16.50 Contention between TGR Write and Input Capture
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TGR

Buffer
register

|

I R N I
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Buffer register ><
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N

=

[ ]
A
~

\

M

Figure 16.51 Contention between Buffer Register Writeand Input Cap
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TCNT input
clock

TCNT H'FFFF >< H'0000
Counter
clear signal

TGE |

Disabled —  ;-----moomoommoomommommoes
TCRV i

Figure 16.52 Contention between Overflow and Counter Clearing
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o 1L L 1 I

Address >< TCNT address ><
Write signal )
TCNT write data
’
TCNT H'FFFF >< M
TCFV flag Disabled N

Figure 16.53 Contention between TCNT Write and Overflow

Multiplexing of 1/0 Pins. In the Chip, the TCLKA input pin is multiplexed with the
pin, the TCLKB input pin with the TIOCDO I/O pin, the TCLKC input pin with the T|
pin, and the TCLKD input pin with the TIOCB2 I/O pin. When an external clock isin
compare match output should not be performed from a multiplexed pin.

Interrupts and Module Stop M ode: If module stop mode is entered when an interru
requested, it will not be possible to clear the CPU interrupt source or DMAC activatic
Interrupts should therefore be disabled before entering module stop mode.

Rev. 2.00, 03/05, pac
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Either of the following measures should therefore be taken when clearing flags in TSR

1. Execute clearing while the TPU timer is counting up.
2. If clearing when the TPU timer is stopped, write 0 to the flag again after executing

16.8.2 DMA Transfer by TPUO

When DMA transfer is performed by means of TPU channel O compare match or input
internal logic interrupt requests (transfer requests) may not be cleared correctly. Theref
not be possible to execute DMA transfer when a subsequent transfer request is generate
channel 0 compare match or input capture.

Either of the following measures should therefore be taken when performing DMA trar
means of TPU channel 0 compare match or input capture.

1. Do not set on-chip RAM asthe DMA transfer source or destination.

2. When on-chip RAM has not been set asthe DMA transfer source or destination, ex
transfer while the TPU channel 0 timer is counting up.
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1711 Features
The H-UDI hasthe following features conforming to the |EEE 1149.1 standard.

+ Fivetest signals (TCK, TDI, TDO, TMS, and TRST)
e TAPcontroller

e Ingtruction register

e Dataregister

e Bypassregister

e Boundary scan register

The H-UDI has seven ingtructions.

* Bypass mode

Test mode conforming to |EEE 1149.1
« EXTEST mode

Test mode corresponding to IEEE1149.1.
+  SAMPLE/PRELOAD mode

Test mode corresponding to IEEE1149.1.
*+ CLAMP mode

Test mode corresponding to IEEE1149.1.
*  HIGHZ mode

Test mode corresponding to IEEE1149.1.
* |DCODE mode

Test mode corresponding to IEEE1149.1.
e H-UDI interrupt

H-UDI interrupt request to INTC

This chip does not support test modes other than bypass mode.

Rev. 2.00, 03/05, pac
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- conuoncel pusS Luliutulict

interrupt
TRST
A4 A4 A4 Y A4 A4 A4 Y
TDI .| Decod
A
-~ SDIR EE —
¢
<
D — SDSR |7
y A4 g $
x % 2 E
o (7)) ) q
ﬂD3 g S| SDDRH D E——
n n =
n
- SDDRL R e
A\
-— SDIDR
TDO vy I
- Mux
SDIR: Instruction register TCK:  Test clock
SDSR: Status register TMS:  Test mode select
SDDRH: Data register H TRST: Testreset
SDDRL: Data register L TDI: Test data input
SDBPR: Bypass register TDO: Test data output

SDBSR: Boundary scan register SDIDR: ID code register

Figure17.1 H-UDI Block Diagram
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Test aata input 1DI Input Serial aata input
Test data output TDO Output Serial data output

Test reset TRST Input Test reset input signal

17.1.4 Register Configuration
Table 17.2 shows the H-UDI registers.

Table17.2 Register Configuration

Register Abbreviation R/W** Initial Value*®>  Address é
Instruction register ~ SDIR R H'EOC00 H'FFFFFCBO €
Status register SDSR R/W H'0401 H'FFFFFCB2 €
Data register H SDDRH R/W Undefined H'FFFFFCB4 €
Data register L SDDRL R/W Undefined H'FFFFFCB6 €
Bypass register SDBPR — — — -
Boundary scan SDBSR — — — -
register

ID code register SDIDR — H'0101000F — -

Notes: 1. Indicates whether the register can be read/written to by the CPU.

2. Initial value when the TRST signal is input. Registers are not initialized by ¢
(power-on or manual) or in standby mode.

Instructions and data can be input to the instruction register (SDIR) and data register (
serial transfer from the test datainput pin (TDI). Datafrom SDIR, the status register (
SDDR can be output via the test data output pin (TDO). The bypass register (SDBPR)
register to which TDI and TDO are connected in bypass mode. The boundary scan reg
(SDBSR) is a 330-hit register, and is connected to TDI and TDO in the SAMPLE/PRI
EXTEST mode. The ID code register (SDIDR) is a 32-hit register; afixed code can b
TDO in the IDCODE mode. All registers, except SDBPR, SDBSR, and SDIDR, can k
from the CPU.
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SDBPR Possible Possible
SDBSR Possible Possible
SDIDR Impossible Possible

17.2  External Signals

1721  Test Clock (TCK)

Thetest clock pin (TCK) provides an independent clock supply to the H-UDI. Asthec
to TCK is supplied directly to the H-UDI, a clock waveform with a duty cycle close to
be input (for details, see section 21, Electrical Characteristics). If no clock isinput, TCI
1 by internal pull-up.

17.22 Test Mode Select (TMS)

Thetest mode select pin (TMS) is sampled on therise of TCK. TMS controls the interr
the TAP controller. If no signal isinput, TMSisfixed at 1 by internal pull-up.

17.23 Test Datalnput (TDI)

Thetest datainput pin (TDI) performs serial input of instructions and datafor H-UDI r
TDI issampled on therise of TCK. If no signa isinput, TDI isfixed at 1 by internal pu

17.24 Test Data Output (TDO)

Thetest data output pin (TDO) performs seria output of ingtructions and data from H-|
registers. Transfer is performed in synchronization with TCK. If there is no output, TD
the high-impedance state.
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Bit:

Initial value:
R/W:

Initial value:
R/W:

15 14 13 12 11 10 9
‘TS3‘TSZ‘TSl‘TSO‘ — \ — \ —

1 1 1 0 0 0 0

R R R R

7 6 5 4 3 2 1
-l -]l -1T=-1T-=-1T=71T=

0 0 0 0 0 0 0

R

The instruction register (SDIR) is a 16-bit register that can only be read by the CPU. |
instructions can be transferred to SDIR by seria input from TDI. SDIR can be initiali:
TRST signal, but is not initialized by areset or in standby mode.

SDIR defines 4 valid bits for ingtruction. If an instruction exceeding 4 bitsisinput, th
of the serial datawill be stored in SDIR.

Operation is not guaranteed if areserved instruction is set in this register.

Bits 15to 12—Test Set Bits (TS3 to TS0): Table 17.4 shows the instruction configure
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1 Reserved
1 0 Reserved
1 Reserved
1 0 0 0 Reserved
1 Reserved
1 0 H-UDI interrupt
1 Reserved
1 0 0 Reserved
1 Reserved
1 0 IDCODE mode (Initi
1

BYPASS mode

Bits 11 to 0—Reserved: These hits are aways read as 0. The write value should away:
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Initial value: 0 0 0 0 0 0 0
R/W:

The statusregister (SDSR) is a 16-bit register that can be read and written to by the C
from TDO is possible for SDSR, but serial data cannot be written to SDSR viaTDI. T
bit is output by means of a 1-bit shift. In the case of a 2-bit shift, the SDTRF bit isfirs
followed by areserved bit.

SDSRisinitialized by TRST signal input, but is not initialized by areset or in standby

Bits 15 to 1—Reserved: Bits 15to 11 and 9 to 1 are always read as 0, and the write ve
aways be 0. Bit 10 is always read as 1, and the write value should always be 1.

Bit 0—Serial Data Transfer Control Flag (SDTRF): Indicates whether H-UDI register
accessed by the CPU. The SDTRF bit isreset by the TRST signal , but is not initialize
or in standby mode.

Bit 0: SDTRF Description
0 Serial transfer to SDDR has ended, and SDDR can be accessed
1 Serial transfer to SDDR in progress (

Rev. 2.00, 03/05, pac
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Bit: 7 6 5 4 3 2 1

Initial value: — —_ — — — — _
R/W: R/W R/W R/W R/W R/W R/W R/W

SDDRH and SDDRL are 16-bit registersthat can be read and written to by the CPU. S
connected to TDO and TDI for serial datatransfer to and from an external device.

32-bit dataisinput and output in serial datatransfer. If data exceeding 32 bitsisinput,
last 32 bits will be stored in SDDR. Seria datais input starting from the MSB of SDDF
SDDRH), and output starting from the LSB (bit 0 of SDDRL).

Thisregister is not initialized by areset, in standby mode, or by the TRST signal.

17.34 BypassRegister (SDBPR)

The bypass register (SDBPR) is a one-bit shift register. In bypass mode, CLAMP mod
HIGHZ mode, SDBPR is connected to TDI and TDO, and the chip is excluded from th
when aboundary scan test is conducted. SDBPR cannot be read or written to by the CF

17.3.5 Boundary Scan Register (SDBSR)

The boundary scan register (SDBSR), a shift register that controls the I/O terminals of
provided on the PAD.

Using the EXTEST mode or the SAMPLE/PRELOAD mode, a boundary scan test con
the IEEE1149.1 standard can be performed.

For SDBSR, read/write by the CPU cannot be performed.
Table 17.5 shows the relationship between the terminals of the LSl and the boundary s
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uiput

L9

Output enable 324
37 D2 Input 323
Output 322
Output enable 321
38 D3 Input 320
Output 319
Output enable 318
39 D4 Input 317
Output 316
Output enable 315
40 D5 Input 314
Output 313
Output enable 312
41 D6 Input 311
Output 310
Output enable 309
43 D7 Input 308
Output 307
Output enable 306
44 D8 Input 305
Output 304
Output enable 303
46 D9 Input 302
Output 301
Output enable 300

RENESAS

Rev. 2.00, 03/05, pac



Output 292
Output enable 291
51 D13 Input 290
Output 289
Output enable 288
53 D14 Input 287
Output 286
Output enable 285
54 D15 Input 284
Output 283
Output enable 282
55 D16 Input 281
Output 280
Output enable 279
56 D17 Input 278
Output 277
Output enable 276
57 D18 Input 275
Output 274
Output enable 273
59 D19 Input 272
Output 271
Output enable 270
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Output 262
Output enable 261
65 D23 Input 260
Output 259
Output enable 258
68 D24 Input 257
Output 256
Output enable 255
70 D25 Input 254
Output 253
Output enable 252
71 D26 Input 251
Output 250
Output enable 249
72 D27 Input 248
Output 247
Output enable 246
73 D28 Input 245
Output 244
Output enable 243
74 D29 Input 242
Output 241
Output enable 240

RENESAS
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Output enable 232
82 Al Output 231
Output enable 230
83 A2 Output 229
Output enable 228
84 A3 Output 227
Output enable 226
85 A4 Output 225
Output enable 224
86 A5 Output 223
Output enable 222
87 A6 Output 221
Output enable 220
88 A7 Output 219
Output enable 218
90 A8 Output 217
Output enable 216
92 A9 Output 215
Output enable 214
93 A10 Output 213
Output enable 212
94 All Output 211
Output enable 210
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Output enable 202
100 Al6 Output 201
Output enable 200
102 Al7 Output 199
Output enable 198
103 Al8 Output 197
Output enable 196
104 A19 Output 195
Output enable 194
105 A20 Output 193
Output enable 192
106 A21 Output 191
Output enable 190
107 A22 Output 189
Output enable 188
108 A23 Output 187
Output enable 186
111 A24 Output 185
Output enable 184
115 WAIT Input 183
117 RAS Output 182
Output enable 181
118 CAS Output 180
Output enable 179

RENESAS
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Output enable 171
123 CAS3 Output 170
Output enable 169
124 CAS2 Output 168
Output enable 167
125 CAST Output 166
Output enable 165
126 CASO Output 164
Output enable 163
127 CKE Output 162
Output enable 161
128 RD Output 160
Output enable 159
129 REFOUT Output 158
Output enable 157
131 BS Output 156
Output enable 155
133 RD/WR Output 154
Output enable 153
134 CSo Output 152
Output enable 151
135 Cs1 Output 150
Output enable 149
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140 BH Output 141
Output enable 140
141 DREQ1 Input 139
142 DREQO Input 138
143 DACK1 Output 137
Output enable 136
144 DACKO Output 135
Output enable 134
145 BRLS Input 133
148 BGR Output 132
Output enable 131
151 PB15 Input 130
Output 129
Output enable 128
152 PB14 Input 127
Output 126
Output enable 125
153 PB13 Input 124
Output 123
Output enable 122
154 PB12 Input 121
Output 120
Output enable 119

RENESAS
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Output 111
Output enable 110
160 PB8 Input 109
Output 108
Output enable 107
161 PB7 Input 106
Output 105
Output enable 104
162 PB6 Input 103
Output 102
Output enable 101
163 PB5 Input 100
Output 99
Output enable 98
164 PB4 Input 97
Output 96
Output enable 95
165 PB3 Input 94
Output 93
Output enable 92
166 PB2 Input 91
Output 90
Output enable 89
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Output 81
Output enable 80
172 PA12 Input 79
Output 78
Output enable 77
173 PAl1l Input 76
Output 75
Output enable 74
174 PA10 Input 73
Output 72
Output enable 71
175 PA9 Input 70
Output 69
Output enable 68
176 PA8 Input 67
Output 66
Output enable 65
177 PA7 Input 64
Output 63
Output enable 62
178 PA6 Input 61
Output 60
Output enable 59

RENESAS
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Output enable 51
184 PA2 Input 50
Output 49
Output enable 48
185 PAl Input 47
Output 46
Output enable 45
186 PAO Input 44
Output 43
Output enable 42
187 RX-ER Input 41
188 RX-DV Input 40
189 CoL Input 39
190 CRS Input 38
192 RX-CLK Input 37
194 ERXDO Input 36
195 ERXD1 Input 35
196 ERXD2 Input 34
197 ERXD3 Input 33
198 MDIO Input 32
Output 31
Output enable 30
199 MDC Output 29
Output enable 28
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206 ETXD2 Output 20
Output enable 19
207 ETXD3 Output 18
Output enable 17
208 TX-ER Output 16
Output enable 15
1 IRL3 Input 14
2 IRL2 Input 13
3 IRLT Input 12
4 1RLO Input 11
5 NMI Input 10
13 MD4 Input 9
14 MD3 Input 8
15 MD2 Input 7
16 MD1 Input 6
17 MDO Input 5
24 CKPREQ/CKM Input 4
25 CKPACK Output 3
Output enable 2
27 IVECF Output 1
Output enable 0
to TDO

Note: The output enable signals are active-low. When an output enable signal is drive

RENESAS

corresponding pin is driven. The exception is the output enable signal for the M
which is active-high.

Rev. 2.00, 03/05, pac



(4 bits) | (16 hits) (11 hits)
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Figure17.2 TAP Controller State Transitions
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The H-UDI interrupt and serial transfer procedure is asfollows.

1. Aninstruction isinput to SDIR by serial transfer, and an H-UDI interrupt request is

2. After the H-UDI interrupt request isissued, the SDTRF bit in SDSR is monitored e
After output of SDTRF = 1 from TDO is observed, seria datais transferred to SDC

3. On completion of the serial transfer to SDDR, the SDTRF bit is cleared to 0, and Sl
accessed by the CPU. After SDDR has been accessed, SDDR serial transfer is enab
setting the SDTRF bitto 1in SDSR.

4. Serial datatransfer between an external device and the H-UDI can be carried out by
monitoring the SDTRF bit in SDSR externally and internally.

Figures 17.3, 17.4, and 17.5 show the timing of data transfer between an external devic
H-UDI.
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s

disabled|
I

| | | |
| | | |
SDTRF Shift | | | | / Shift !
(in SDSR)*1 enabled | ! ! | enabled |
| | | | | | |
SDSR and i i i m
* SDDR
SDDR MUX*2 _:—:J :SDSR 1 SDDR ! :SDSR |
| | | | | | |
| | | | |
SDDR access Shift CPU Shift
state

SDSR serial transfel

(monitoring)

Notes: 1. SDTREF flag (in SDSR): Indicates whether SDDR access by the CPU or se
data input/output to SDDR is possible.

1 | SDDR is shift-disabled. SDDR access by the CPU is enabled.

2 | SDDR is shift-enabled. Do not access SDDR until SDTRF = 0.

Conditions:
« SDTRF=1
— When TRST =0
— When the CPU writes 1
— In bypass mode
« SDTRF=0
— End of SDDR shift access in serial transfer

2. SDSR/SDDR (Update-DR state) internal MUX switchover timing
« Switchover from SDSR to SDDR: On completion of serial transfer in whi
SDTRF = 1 is output from TDO
« Switchover from SDDR to SDSR: On completion of serial transfer to SD

Figure17.3 Data I nput/Output Timing Chart (1)
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Figure 17.4 Data Input/Output Timing Chart (2)

da-Hys

Figure 17.5 Data Input/Output Timing Chart (3)
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The H-UDI pins can be placed in the boundary scan mode stipulated by IEEE1149.1 |
command in SDIR.

1751 Supported Instructions

The SH7615 supports the three essential instructions defined in IEEE1149.1 (BY PAS
SAMPLE/PRELOAD, and EXTEST) and optional instructions (CLAMP, HIGHZ, an

BYPASS: The BYPASSinstruction is an essential standard instruction that operatest
register. Thisinstruction shortens the shift path to speed up seria datatransfer involvi
chips on the printed circuit board. While this instruction is executing, the test circuit h
on the system circuits. The instruction code is 1111.

SAMPLE/PRELOAD: The SAMPLE/PRELOAD instruction inputs values from the
internal circuitry to the boundary scan register, outputs values from the scan path, anc
onto the scan path. When this instruction is executing, the SH7615’ s input pin signals
transmitted directly to the internal circuitry, and internal circuit values are directly out
externally from the output pins. The SH7615' s system circuits are not affected by exe
instruction. The instruction code is 0100.

In a SAMPLE operation, a snapshot of avalueto be transferred from an input pinto t
circuitry, or avalue to be transferred from the internal circuitry to an output pin, is lat
boundary scan register and read from the scan path. Snapshot latching is performed in
synchronization with the rise of TCK in the Capture-DR state. Snapshot latching does
normal operation of the SH7615.

In a PRELOAD operation, an initial valueis set in the parallel output latch of the bou
register from the scan path prior to the EXTEST instruction. Without a PRELOAD og
when the EXTEST instruction was executed an undefined value would be output fromn
pin until completion of the initial scan sequence (transfer to the output latch) (with the
instruction, the parallel output latch value is constantly output to the output pin).

EXTEST: Thisinstruction is provided to test external circuitry when the SH7615isr
printed circuit board. When this instruction is executed, output pins are used to output
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CLAMP: When the CLAMP instruction is enabled, the output pin outputs the value of
boundary scan register that has been set by the SAMPLE/PRELOAD instruction. Whils
CLAMP instruction is enabled, the state of the boundary scan register maintains the pre
regardless of the state of the TAP controller.

A bypass register is connected between TDI and TDO. The related circuit operatesin tl
way when the BY PASS instruction is enabled.

The instruction code is 0010.

HIGHZ: When the HIGHZ instruction is enabled, al output pins enter a high-impedar
While the HIGHZ instruction is enabled, the state of the boundary scan register mainta
previous state regardless of the state of the TAP controller.

A bypass register is connected between TDI and TDO. The related circuit operatesin tl
way when the BY PASS instruction is enabled.

The instruction code is 0011.

IDCODE: When the IDCODE instruction is enabled, the value of the ID code register
from TDO with LSB first when the TAP controller isin the Shift-DR state. While this|
is being executed, the test circuit does not affect the system circuit.

When the TAP controller isin the Test-Logic-Reset state, the instruction register is init
the IDCODE instruction.

The instruction codeis 1110.

17.5.2 Noteson Use

1. Boundary scan mode does not cover clock-related signals (EXTAL, XTAL, CKIO,
CAP2).

2. Boundary scan mode does not cover reset-related signals (RES, ASEMODE).
3. Boundary scan mode does not cover H-UDI-related signals (TCK, TDI, TDO, TMS
4. Fix the ASEMODE pin high.
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In datatransfer, data input/output starts with the LSB. Figure 17.6 shows serial da
input/output.

When datathat exceeds the number of bits of the register connected between TDI
serialy transferred, the serial datathat exceeds the number of register bits and out,
TDO isthe same as that input from TDI.

If the H-UDI serial transfer sequence is disrupted, a TRST reset must be executed.
should then beretried, regardless of the transfer operation.

TDO isoutput at the falling edge of TCK when one of six instructions defined in |
is selected. Otherwise, it is output at the rising edge of TCK.

SDIR and SDSR serial data input/output

In Capture-IR, SDIR and SDSR are captured into the shift register, and in Shift-IR bits 0 to 15 «
bits 0 to 15 of SDIR are output in that order from TDO.
In Update-IR, data input from TDI is written to SDIR, but not to SDSR.

TDl——— TDI
\ ) ) Y _
Shift register Bitsl Bit 15 Shift register Bit 31 B
SDIR : SDIR :
Bit 16 Bit 0 TDI | Bit16 B
Bt 15 Bit 15 input | Bit 15
—~ data
SDSR ; SDSR
Bit 0 Bit 0 Bit 0

- —————————
DO Capture-IR Do ‘ Update-IF

Figure17.6 Serial Datalnput/Output (1)
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TDO +———

ke LAY

SDSR

Bit 16 Bt 0
Bit 15 Bit 15

SDSR
Bit0 Bit0

Capture-DR

(2) In H-UDI interrupt mode, after SDTRF = 1 is read from TDO when an H-UDI interrupt is gen
SDDRH and SDDRL are captured into the shift register in Capture-DR, and in Shift-DR bits
SDDRL and bits 0 to 15 of SDDRH are output in that order from TDO.
Data input from TDI is written to SDDRH and SDDRL in Update-DR.

TDI
\ _ _
Shift register Elt 31 Bit 15
SDDRH SDDRH
Bit 16 Bit 0
Bit 15 Bit 15
SDDRL SDDRL
Bit O Bit 0

TDO +———

Capture-DR

TDI

Shift register

TDI
input
data

Bit 31

Bit 16
Bit 15

Bit 0

TDO -+———

Bit

Bit
Bit

Bit

‘ Update-DR
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SDIDR

Bit 0 Bit0

TDO -+———

Capture-DR

SDIDR

Figure17.6 Serial Data Input/Output (3)
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A PA9 /O Port STSO /o sioo  — —- — —

A PA8 I/O  Port STXDO O SIo0  — - — —

A WDTOVF O WDT  PA7 /10 Port — —_ - —

A PA6 /0 Port FTCI I FRT — - — —

A PA5 /0 Port FTI I FRT — - — —

A PA4 /O Port FTOA O FRT — - — —

A CKPO O Port FTOB O FRT — - — —

A PA2 /O Port LNKSTA | EtherC — - — —

A PAl /0 Port EXOUT O EtherC — - — —

A PAO /O  Port — - — — - — —

B PB15 /O  Port — - — SCK1 /O SCIF1 —

B PB14 /O Port — - — RXD1 I SCIF1  —

B PB13 /0 Port — - — TXD1 O SCIF1 —

B PB12 /0 Port SRCK2 | SI02  RTS O SCIF1 STATS1
B PB11 /O  Port SRS2 [ slo2  CTS [ SCIF1  STATSO
B PB10 /O  Port SRXD2 | SI02  TIOCAL /O TPU1 —

B PB9 /O  Port STCK2 | SI02  TIOCB1L /O TPU1 —

B PB8 /O Port STS2 /O SI02  TIOCA2 1O TPU2 —

B PB7 /O Port STXD2 O SI02 TIOCB2 /O TPU2 —

B PB6 /O Port SRCK1 | SI01  SCK2 /O SCIF2 —

B PB5 /O  Port SRS1 [ SI01  RXD2 I SCIF2  —

B PB4 /O Port SRXD1 | SI01  TXD2 O SCIF2 —

B PB3 /0 Port STCK1 | SI01  TIOCAO /O TPUO —

B PB2 /O Port STS1 /O Sl01  TIOCBO /O TPUO —

B PB1 /O  Port STXD1 O SI01  TIOCCO /O TPUO —

B PBO /O  Port — - — TIOCDO /O TPUO WOL

Notes: In the initial state, function 1 is selected.
*  The initial value is "input.”

The figures in brackets indicate the settings of the mode bits (MD1, MDO) in
select multiplexed functions in port A[0:13] and port B[0:15].
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Port B control register PBCR R/W H'0000 H'FFFFFC88 &

Port B 1/O register PBIOR R/W H'0000 H'FFFFFC8A &

Port B control register 2 PBCR2 R/W H'0000 H'FFFFFCBE €

18.3 Register Descriptions

18.3.1 Port A Control Register (PACR)

Bit. 15 14 13 12 11 10 9

\ — \ — ‘PAlSMD‘PAlZMD‘PAllMD‘PAlOMD‘ PAON

Initial value: 0 0 0 0 0 0 0
RW: R R RW RW RW RW  RM

Bitt 7 6 5 4 3 2 1

\ PA7MD \ PAGMD \ PASMD \ PA4MD \ PA3MD \ PA2MD \ PAILN

Initial value: 0 0 0 0 0 0 0

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

The port A control register (PACR) is a 16-bit read/write register that selects the func
14 multiplex pinsin port A.

PACR isinitialized to H'0000 by a power-on reset. It is not initialized by a manual re:
standby mode or sleep mode.

Bits 15 and 14—Reserved: These bits are always read as 0. The write value should al\
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0 General input/output (PA12)

(Ir

SIOO serial receive synchronous input (SRSO0)

Bit 11—PA11 Mode Bit (PA11MD): Selects the function of pin PA11/SRXDO.

Bit 11: PA11MD Description

0 General input/output (PA11)

(Ir

1 SI0O0 serial receive data (SRXDO)

Bit 10—PA10 Mode Bit (PA10MD): Selects the function of pin PA10/STCKO.

Bit 10: PA10OMD Description

0 General input/output (PA10)
1 SI0O0 serial transmit clock (STCKO)

(Ir

Bit 9—PA9 Mode Bit (PA9MD): Selectsthe function of pin PA9/STS0.

Bit 9: PA9MD Description
0 General input/output (PA9) (Ir
1 SI0O0 serial transmit synchronous input/output (STS0)

Bit 8—PA8 Mode Bit (PABMD): Selectsthe function of pin PA8/STXDO.

Bit 8: PASBMD Description
0 General input/output (PA8) (Ir
1 SI00 serial transmit data output (STXDO)
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Bit 6: PA6MD Description
0 General input/output (PA6) (
1 FRT clock input (FTCI)

Bit 5—PA5 Mode Bit (PASMD): Selectsthe function of pin PAS/FTI.

Bit 5: PASMD Description
0 General input/output (PA5) (
1 FRT input capture input (FTI)

Bit 4—PA4 Mode Bit (PA4MD): Selectsthe function of pin PA4/FTOA4.

Bit 4: PA4AMD Description
0 General input/output (PA4) (
1 FRT output compare output (FTOA)

Bit 3—PA3 Mode Bit (PA3MD): Selectsthe function of pin CKPO/FTOB.

Bit 3: PA3MD Description
0 Peripheral module clock output (CKPO) (
1 FRT output compare output (FTOB)

Bit 2—PA2 Mode Bit (PA2MD): Selectsthe function of pin PA2/LNKSTA.

Bit 2: PA2MD Description
0 General input/output (PA2) (
1 EtherC rink status input (LNKSTA)
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0 General input/output (PAO) (Ir
Reserved

1832 Port A 1/0 Register (PAIOR)

Bitt 15 14 13 12 11 10 9
\ — \ — ‘PA13IOR‘PAlZIOR‘PAllIOR‘PAlOIOR‘ PA9IO

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

Bitt 7 6 5 4 3 2 1
‘ PA7IOR ‘ PAGIOR ‘ PA5IOR ‘ PA4IOR ‘ — ‘ PA2IOR ‘ PALIO|

Initial value: 0 0 0 0 0 0 0
RW: RW RW RW  RMW R RW  RMW

The port A 1/0O register (PAIOR) is a 16-hit read/write register that selects the input/out
direction of the 14 multiplex pinsin port A. Bits PA13I0OR to PA4IOR and PA2IOR to
correspond to individual pinsin port A. PAIOR is enabled when port A pins function a
input pins (PA13 to PA4 and PA2 to PAQ), and disabled otherwise. When port A pins f
PA13 to PAO, a pin becomes an output when the corresponding bit in PAIOR isset to -
input when the bit iscleared to O.

PAIOR isinitialized to H'0000 by a power-on reset. It is not initialized by a manual res
standby mode or sleep mode.
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Bit: 15 14 13 12 11 10 9

PB15 PB15 PB14 PB14 PB13 PB13 PB1
MD1 MDO MD1 MDO MD1 MDO MD:

Initial value: 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/M

Bit: 7 6 5 4 3 2 1

PB11 PB11 PB10 PB10 PB9 PB9 PB¢

MD1 MDO MD1 MDO MD1 MDO MD:

Initial value: 0 0 0 0 0 0 0

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

Bits 15 and 14—PB15 Mode Bits 1 and 0 (PB15M D1, PB15MDOQ): These bits select |
of pin PB15/SCK1.

Bit 15: PB15MD1 Bit 14: PB15MDO Description

0 0 General input/output (PB15) (
1 Reserved

1 0 SCIF1 serial clock input/output (SCK1)
1 Reserved

Bits 13 and 12—PB14 Mode Bits 1 and 0 (PB14MD1, PB14MDO): These bits select 1
of pin PB14/RXD1.

Bit 13: PB14MD1 Bit 12: PB14MDO Description

0 0 General input/output (PB14) (
1 Reserved

1 0 SCIF1 serial data input (RXD1)
1 Reserved
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Bits 9 and 8—PB12 Mode Bits 1 and 0 (PB12MD1, PB12MDOQ): These bits select the

pin PB12/SRCK 2/RTS/STATSL.

Bit 9: PB12MD1 Bit 8: PB12MDO Description

0 0 General input/output (PB12) (I
1 SI02 serial receive clock input (SRCK2)

1 0 SCIF1 transmit request (RTS)
1 BSC status 1 output (STATS1)

Bits 7 and 6—PB11 Mode Bits 1 and 0 (PB11MD1, PB11MDQ): These bits select the

pin PB11/SRS2/CTS/STATSO.
Bit 7. PB11MD1 Bit 6: PB11MDO Description
0 0 General input/output (PB11) (Ir
1 SI02 serial receive synchronous input (SR
1 0 SCIF1 transmit permission (CTS)
1 BSC status 0 output (STATSO0)

Bits 5 and 4—PB10 Mode Bits 1 and 0 (PB10M D1, PB10MDO): These bits select the

pin PB10/SRXD2/TIOCAL.

Bit 5: PB10MD1 Bit 4: PB10MDO Description
0 0 General input/output (PB10) (Ir
1 SIO2 serial receive data input (SRXD2)
1 0 TPUL1 input capture input/output compare
(TIOCAL)
1 Reserved
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Note: *

Timer clock input C (TCLKC) is selected when the TPU phase counting mc

according to the setting of bits TPSC2 to TPSCO in TCR.

Bits 1 and 0—PB8 Maode Bits 1 and 0 (PB8M D1, PB8MDO): These bits select the fur

PB8/STS2/TIOCA2.

Bit 1: PB8MD1 Bit 0: PB8MDO Description
0 0 General input/output (PB8) (
1 SI02 serial transmit synchronous input/o
1 0 TPU2 input capture input/output compare
(TIOCA2)
1 Reserved
Port B Control Register 2 (PBCR2)
Bit: 15 14 13 12 11 10 9
’ PB7 | PB7 | PB6 | PB6 | PB5 | PB5 | PB!
MD1 MDO MD1 MDO MD1 MDO MD:
Initial value: 0 0 0 0 0 0 0
RW: R/W R/W R/W R/W R/W R/W RMW
Bit: 7 6 5 4 3 2 1
PB3 PB3 PB2 PB2 PB1 PB1 PB(
MD1 MDO MD1 MDO MD1 MDO MD:
Initial value: 0 0 0 0 0 0 0
RW: R/W R/W R/W R/W R/W R/W R
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Note: *

Timer clock input D (TCLKD) is selected when the TPU phase counting mod

according to the setting of bits TPSC2 to TPSCO in TCR.

Bits 13 and 12—PB6 Mode Bits 1 and 0 (PB6M D1, PB6MDO): These bits select the fu

pin PB6/SRCK1/SCK 2.

Bit 13: PB6MD1 Bit 12: PB6MDO Description

0 0 General input/output (PB6) (Ir
1 SIO1 serial receive clock input (SRCK1)

1 0 SCIF2 serial clock input/output (SCK2)
1 Reserved

Bits 11 and 10—PB5 Mode Bits 1 and 0 (PB5M D1, PBSMDO): These bits select the fi

pin PB5/SRS1/RXD2.
Bit 11: PB5MD1 Bit 10: PB5MDO Description
0 0 General input/output (PB5) (Ir
1 SIO1 serial receive synchronous input (SR
1 0 SCIF2 serial data input (RXD2)
1 Reserved

Bits 9 and 8—PB4 Mode Bits 1 and 0 (PB4M D1, PBAMDO): These hits select the func

PB4/SRXD1/TXD2.

Bit 9: PB4MD1 Bit 8: PB4MDO Description

0 0 General input/output (PB4) (Ir
1 SI01 serial receive data input (SRXD1)

1 0 SCIF2 serial data output (TXD2)
1 Reserved
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Bits 5 and 4—PB2 Mode Bits 1 and 0 (PB2M D1, PB2MDO): These hits select the fur

PB2/STSL/TIOCBO.

Bit 5: PB2MD1 Bit 4: PB2MDO Description
0 0 General input/output (PB2) (
1 SI01 serial transmit synchronous input/o
1 0 TPUO input capture input/output compare
(TIOCBO)
1 Reserved

Bits 3 and 2—PB1 Mode Bits 1 and O (PBIMD1, PBIMDO): These hits select the fur

PB1/STXDVUTIOCCO/TCLKA.

Bit 3: PB1MD1 Bit 2: PB1MDO Description
0 0 General input/output (PB1) (
1 SI01 serial transmit data output (STXD1)
1 0 TPUO input capture input/output compare
(TIoCcCOo)*
1 Reserved

Note: * Timer clock input A (TCLKA) is selected when the TPU phase counting mo
according to the setting of bits TPSC2 to TPSCO in TCR.
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Note: * Timer clock input B (TCLKB) is selected when the TPU phase counting mod
according to the setting of bits TPSC2 to TPSCO in TCR.

18.34 Port B I/O Register (PBIOR)

Bit: 15 14 13 12 11 10 9
PB15 PB14 PB13 PB12 PB11 PB10 PB9
IOR IOR IOR IOR IOR IOR IOR
Initial value: 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1
PB7 PB6 PB5 PB4 PB3 PB2 PB1
IOR IOR IOR IOR IOR IOR IOR
Initial value: 0 0 0 0 0 0 0

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

The port B 1/0O register (PBIOR) is a 16-bit read/write register that selects the input/out
direction of the 16 multiplex pinsin port B. Bits PB15IOR to PBOIOR correspond to ir
pinsin port B. PBIOR is enabled when port B pins function as general input pins (PB1!
and disabled otherwise. When port B pins function as PB15 to PBO, a pin becomes an «
the corresponding bit in PBIOR is set to 1, and an input when the bit is cleared to 0.

PBIOR isinitialized to H'0000 by a power-on reset. It is not initialized by a manual res
standby mode or sleep mode.
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19.2 Port A

Port A is an input/output port with the 14 pins shown in figure 19.1. Of the 14 pins, tF
has no port data register bit, and is multiplexed as an internal clock pin.

<+—» PA13 (input/output) / SRCKO (input)
<+«—» PA12 (input/output) / SRSO (input)
<+— PA1l (input/output) / SRXDO (input)
<+— PA10 (input/output) / STCKO (input)
<«—» PA9 (input/output) / STSO (input/output)
<+—» PA8 (input/output) / STXDO (output)
port A [« WDTOVF* (output) /PA7 (input/output)
<«—» PA6 (input/output) / FTCI (input)

<«—» PA5 (input/output) / FTI (input)
<«—» PA4 (input/output) / FTOA  (output)
<+—» CKPO (output) /| FTOB (output)

<«— PA2 (input/output) / LNKSTA (input)
<«—» PAl (input/output) / EXOUT (output)
<+—>» PAO (input/output)

Note: * The fact that the WDTOVF pin is set to output mode after a reset
must be noted when it is to be used as a general I/O port (PA7).

Figure19.1 Port A

Rev. 2.00, 03/05, pac
RENESAS



19.2.2 Port A Data Register (PADR)

Bit. 15 14 13 12 11 10 9
\ — \ — ‘PA13DR‘PA12DR‘PA11DR‘PAlODR‘ PA9QDF

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

Bitt 7 6 5 4 3 2 1
\ PA7DR \ PAGDR \ PASDR \ PA4DR \ — \ PA2DR \ PA1DI

Initial value: 0 0 0 0 0 0 0
RW: RW RW RW  RMW R RW  RMW

The port A dataregister (PADR) is a 16-bit read/write register that stores port A data. |
and 3 are reserved: they always read 0, and the write value should always be 0. Bits PA
PAODR correspond to pins PA13 to PAO. When a pin functions as a general output, if :
written to PADR, that value is output directly from the pin, and if PADR isread, the re
isreturned directly regardiess of the pin state. When a pin functions as a general input,
read the pin state, not the register value, is returned directly. If avalue iswritten to PAL
although that value is written into PADR it does not affect the pin state. Table 19.2 sun
port A dataregister read/write operations.

PADR isinitialized to H'0000 by a power-on reset. It is not initialized by a manual res
standby mode or sleep mode.
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arrect pin state

19.3 Port B

Port B is an input/output port with the 16 pins shown in figure 19.2.

Port B

PB15 (input/output) / Reserved
PB14 (input/output) / Reserved
PB13 (input/output) / Reserved
PB12 (input/output) / SRCK2 (input)
PB11 (input/output) / SRS2 (input)
PB10 (input/output) / SRXD2 (input)

PB9
PB8
PB7
PB6
PB5
PB4
PB3
PB2
PB1
PBO

(input/output) / STCK2 (input)
(input/output) / STS2
(input/output) / STXD2 (output)
(input/output) / SRCK1 (input)
(input/output) / SRS1 (input)
(input/output) / SRXD1 (input)
(input/output) / STCK1 (input)
(input/output) / STS1
(input/output) / STXD1 (output)
(input/output) / Reserved

/ SCK1  (input/output) / Reser
/RXD1  (input) / Reser
/ TXD1  (output) | Reser
/RTS  (output) / STAT
/ICTS  (input) / STAT

/ TIOCA1 (input/output) / Reser
/ TIOCB1 (input/output) / Reser

(input/output) / TIOCA2 (input/output) / Reser

/ TIOCB2 (input/output) / Reser
/ SCK2
/RXD2  (input)

/ TXD2  (output)
/ TIOCAO (input/output) / Reser

(input/output) / Reser
| Reser
| Reser

(input/output) / TIOCBO (input/output) / Reser

/ TIOCDO (input/output) / Reser
/ TIOCDO (input/output) / WOL

Figure19.2 Port B
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19.3.2 Port B Data Register (PBDR)

Bit 15 14 13 12 11 10 9
’PBlSDR‘PBl4DR‘PBl3DR‘PBlZDR‘PBllDR‘PBlODR‘PBQDF
Initial value: 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1
’PB?DR ’PB6DR ’PBSDR ’PB4DR ’PBSDR ’PBZDR ’PBlDF
Initial value: 0 0 0 0 0 0 0

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

The port B dataregister (PBDR) is a 16-hit read/write register that stores port B data. E
PB15DR to PBODR correspond to pins PB15 to PBO. When a pin functions as a genere
avaueiswritten to PBDR, that value is output directly from the pin, and if PBDR isre
register value is returned directly regardiess of the pin state. When apin functions as a
input, if PBDR isread the pin state, not the register value, is returned directly. If avalu
to PBDR, athough that value is written into PBDR it does not affect the pin state. Tabl
shows port B dataregister read/write operations.

PBDR isinitialized to H'0000 by a power-on reset. It is not initialized by a manual rese
standby mode or sleep mode.
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20.1.1  Power-Down M odes
The following modes and function are provided as power-down modes:

1. Sleep mode
2. Standby mode
3. Module standby function
(UBC, DMAC, DSP, FRT, SCIF1 to SCIF2, TPU, SIO0 to SIO2)

Table 20.1 shows the transition conditions for entering the modes from the program e
state, as well as the CPU and peripheral module states in each mode and the procedure
canceling each mode.
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mode

instruction
executed
with SBY
bit setto 0
in SBYCR1
Standby SLEEP Halted Halted Halted Halted, UBC: Halted, Held or
mode instruction and and register  high
executed register values held impedance .
Wlth SBY values Other than
_blt setto 1 held UBC: Halted
in SBYCR1
Module MSTP bit Runs Runs When Runs When an FRT, and
standby for relevant MSTP MSTP bitis SCIF1, 2
function module is is 1, 1, the clock  pins are
setto 1 the clock supply to initialized,
supply is the relevant  and others
halted module is operate
halted
20.1.2 Regiser
Table 20.2 shows the register configuration.
Table20.2 Register Configuration
Name Abbreviation R/W Initial Value Address Ac
Standby control register 1  SBYCR1 R/W  H00 H'FFFFFE91 8
Standby control register 2 SBYCR2 R/W  H00 H'FFFFFE93 8
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R/W R/W R/W R/W R/W R

Standby control register 1 (SBY CR1) is an 8-bit read/write register that sets the powe
mode. SBY CR isinitialized to H'00 by areset.

Bit 7—Standby (SBY): Specifiestransition to standby mode. To enter the standby mc
WDT (set the TME bit in WTCSR to 0) and set the SBY hit.

Bit 7: SBY Description
0 Executing a SLEEP instruction puts the chip into sleep mode  (In
1 Executing a SLEEP instruction puts the chip into standby mode

Bit 6—Port High Impedance (HIZ): Selects whether output pins are set to high imped
retain the output state in standby mode. When HIZ = 0O (initial state), the specified pin
output state. When HIZ = 1, the pin goes to the high-impedance state. See appendix B
States during Resets, Power-Down States and Bus Release State, for which pins are c

Bit 6: HIZ Description
0 Pin state retained in standby mode (In
1 Pin goes to high impedance in standby mode

Bit 5—Module Stop 5 (M STP5): Specifies halting the clock supply to the user break «
(UBC). When the MSTP5 bit is set to 1, the supply of the clock to the UBC is halted.
clock halts, the UBC registers retain their pre-halt state. Do not set this bit while the L
running.

Bit 5: MSTP5 Description
0 UBC running (In
1 Clock supply to UBC halted
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Bit 3—Module Stop 3 (MSTP3): Specifies halting the clock supply to the DSP unit. W
MSTP3 bit is set to 1, the supply of the clock to the DSP unit is halted. When the clock
operation result prior to the halt isretained. This bit should be set when the DSP unit is
When the DSP unit is halted, no instructions with a DSP register, MACH, or MACL as
can be used.

Bit 3: MSTP3 Description
0 DSP running (Init
1 Clock supply to DSP halted

Bit 2—Reserved: This bit is always read as 0. The write value should always be 0.

Bit 1—Module Stop 1 (MSTP1): Specifies halting the clock supply to the 16-bit free-rt
timer (FRT). When the MSTP1 bit is set to 1, the supply of the clock to the FRT is halt
the clock halts, all FRT registers are initialized except the FRT interrupt vector register
which holds its previous value. When MSTP1 is cleared to 0 and the FRT begins runnii
starts operating from itsinitial state.

Bit 1: MSTP1  Description
0 FRT running (Init
1 Clock supply to FRT halted

Bit 0—Reserved: This bit is always read as 0. The write value should always be 0.
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mode state. SBY CR2 isinitialized to H'00 by a reset.
Bits 7 and 6—Reserved: These bits are dways read as 0. The write value should awa

Bit 5—Module Stop 11 (MSTP11): Specifies halting the clock supply to the 16-bit tin
unit (TPU). When the MSTP11 bit is set to 1, the supply of the clock to the TPU is ha
the clock halts, the TPU retains its pre-halt state, and the TPU interrupt vector registe
retainsits pre-halt value. Therefore, when MSTP11 is cleared to 0 and the clock suppl
isresumed, the TPU starts operating again.

Bit 5: MSTP11 Description
0 TPU running (In
1 Clock supply to TPU halted

Bit 4—Module Stop 10 (MSTP10): Specifies halting the clock supply to SIO channel
MSTP10 bit is set to 1, the supply of the clock to SIO channel 2 is halted. When thec
SIO channel 2 retains its pre-halt state, and the SIO channel 2 interrupt vector register
retains its pre-halt value. Therefore, when MSTP10 is cleared to 0 and the clock suppl
channel 2 isrestarted, operation starts again.

Bit 4: MSTP10 Description
0 SIO channel 2 running (In

1 Clock supply to SIO channel 2 halted
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Bit 2—Module Stop 8 (MSTP8): Specifies halting the clock supply to SIO channel 0. \
MSTPS8 bit is set to 1, the supply of the clock to SIO channel 0 is halted. When the cloc
SIO channel O retains its pre-halt state, and the SIO channel O interrupt vector register i
retains its pre-halt value. Therefore, when MSTP8 is cleared to 0 and the clock supply 1
channel 0 is restarted, operation starts again.

Bit 2: MSTP8  Description

0 SIO channel 0 running (Init

1 Clock supply to SIO channel 0 halted

Bit 1—Module Stop 7 (MSTP7): Specifies halting the clock supply to SCIF2. When th
bit is set to 1, the supply of the clock to SCIF2 is halted. When the clock halts, the SCI|
areinitialized, but the SCIF2 interrupt vector register in the INTC retains its pre-halt ve
Therefore, when MSTP7 is cleared to 0 and SCIF2 begins running again, it starts opere
itsinitial state.

Bit 1: MSTP7  Description
0 SCIF2 running (Init
1 Clock supply to SCIF2 halted

Bit 0—Module Stop 6 (MSTP6): Specifies halting the clock supply to SCIF1. When th
bit is set to 1, the supply of the clock to SCIF1 is halted. When the clock halts, the SCI|
areinitialized, but the SCIF1 interrupt vector register in the INTC retainsiits pre-halt ve
Therefore, when MSTP6 is cleared to 0 and SCIF1 begins running again, it starts opere
itsinitial state.

Bit 0: MSTP6  Description
0 SCIF1 running (Init
1 Clock supply to SCIF1 halted
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20.3.2 Canceling Sleep Mode
Seep mode is canceled by an interrupt, DMA address error, power-on reset, or manu

Cancellation by an Interrupt: When an interrupt occurs, sleep mode is canceled and
exception handling is executed. Sleep mode is not canceled if the interrupt cannot be
because its priority level is equal to or lessthan the mask level set in the CPU’ s status
(SR) or if an interrupt by an on-chip peripheral module is disabled at the peripheral m

Cancellation by a DM A AddressError: If aDMA address error occurs, sleep mode
and DMA address error exception handling is executed.

Cancellation by a Power-On Reset: A power-on reset cancels sleep mode.

Cancellation by a Manual Reset: A manual reset cancels sleep mode.
20.4  Standby Mode

204.1 Transtion to Standby M ode

To enter standby mode, set the SBY bit to 1 in SBY CR1, then execute the SLEEP ins
chip switches from the program execution state to standby mode. The NMI interrupt
accepted when the SLEEP instruction is executed, or for the following five cycles. In
mode, the clock supply to al on-chip peripheral modules is halted as well as the CPU
register contents are held, and some on-chip peripheral modules are initialized.
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teyivtel UV, £+

DMA operation register

Teyiviblio U a4+

* DMA destination
address registers 0
and 1

*« DMA transfer count
registers 0 and 1

* DMA request/
response selection
control registers 0
and 1

« Vector number setting
registers DMAO and
DMAL1

Watchdog timer (WDT)

Bits 7 to 5 of the timer
control/status register

Reset control/status
register

Bits 2 to O of the timer
control/status register

Timer counter

16-bit free-running timer (FRT)

All registers

Serial communication interface
with FIFO (SCIF1 to SCIF2)

All registers

Serial /0 (SIOO to SI02)

All registers

High-performance user
debugging interface (H-UDI)

All registers

16-bit timer pulse unit (TPU)

All registers

Pin function controller (PFC)

All registers

Ethernet controller direct
memory access controller
(E-DMAC)

All registers

Ethernet controller (EtherC)

All registers

Others

Standby control
registers 1 and 2

Frequency modification
register
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mode (when the clock starts after oscillation has stabilized). The low level at the NMI
be held for at least 3 cycles after the start of clock signal output from the CKI1O pin. W
mode is canceled by arising edge in the NMI signal, insure that the NMI pin goes low
standby mode is entered (when the clock is halted), and goes high on recovering from
mode (when the clock starts after oscillation has stabilized). The high level at the NM
be held for at least 3 cycles after the start of clock signal output from the CKIO pin.

Cancellation by a Power-On Reset: A power-on reset cancels standby mode.

Cancellation by a Manual Reset: A manual reset cancels standby mode.

20.4.3 Standby M ode Cancellation by NM I Interrupt

The following example describes moving to the standby mode upon the fall of the NV
clearing the standby mode when the NMI signal rises. Figure 20.1 shows the timing.

When the NMI pin level changes from high to low after the NMI edge select bit (NM
interrupt control register (ICR) has been set to O (detect falling edge), an NMI interry
accepted. When the NMIE bit is set to 1 (detect rising edge) by the NM1 exception s
the standby bit (SBY) of the standby control register 1 (SBYCR1) issetto 1 and aSL
instruction is executed, the standby mode is entered. The standby mode is cleared the
NMI pin level changes from low level to high level. The high level at the NMI pin shq
for at least 3 cycles after the start of clock signal output from the CKI10O pin.
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SBY ¥ } Oscillation
55 | settling time
INMI | A
exception ; [ | WDT |
handling ‘ Standby mode | 'set time |
| » » » > »l
! Exception ' 'Start of 'NMI
service routine, oscillation F
SBY =1,

SLEEP instruction

Figure20.1 Standby Mode Cancellation by NMI Interrupt

20.44 Clock Pause Function

When the clock isinput from the CKIO pin, the clock frequency can be modified or the
stopped. The CKPREQ/CKM pin is provided for this purpose. Note that clock pauses e
accepted while the watchdog timer (WDT) is operating (i.e. when the timer enable bit (
the WDT'stimer control/status register (WTCSR) is 1). When the clock pause request
used, the standby hit (SBY) in the standby control register 1 (SBY CR1) must be set to
inputting the request signal. The clock pause function is used as described below.

1

w

Set the TME bit in the watchdog timer’s WTCSR register to 0, and set the SBY hit
SBYCR1to 1.

Apply alow level to the CKPREQ/CKM pin.

When the chip enters the standby state internally, alow level is output from the CK
After confirming that the CKPACK pin has gone low, perform clock halting or frec
modification.

To cancel the clock pause state (standby state), apply a high level to the CKPREQ/(
(Inside the chip , the standby state is canceled by detecting arising edge at the CKF
pin.)

When PLL circuit 1 is operational, the WDT starts counting up inside the chip. Wh
circuit 1 is halted, the WDT is not activated.
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Clock pause request

1
} cancellation
CKPACK ‘ \ /

output !

|

|

|

|

|

|
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)

NIZN
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\ | \

| ' WDT count-up | N
‘ [

|

| Clock pause | Clock pause state |
acceptance
processing

Figure20.2 Clock Pause Function Timing Chart (PLL Circuit 1 Operat

Figure 20.3 shows the clock pause function timing chart when the PLL circuit is halte

Frequency
modification

CK|OinPUtﬂ_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_| ’_”—‘ I_I ’_%—‘
CKPREQ/ \ ()() / 4

CKM input
| Clock pause request

‘ cancellation
CKPACK !
output | o [

i \ ) ‘ )7 ;

. <

i Clock pause Clock pause state |
acceptance
processing

Figure 20.3 Clock Pause Function Timing Chart (PLL Circuit 1 Halte
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CKM input \
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! (
. | ) Clock pause request

NMIinput cancellation
‘ $

CKPACK ; \ I NMI interrupt /

output 3 ‘ ¢ ( :

! | |
'Clock pause’ Clock pause state |
acceptance
processing

Figure20.4 Clock Pause Function Timing Chart (Cancdlation by NMI In

2045 Noteson Standby Mode

1

When the chip enters standby mode during use of the cache, disable the cache befor
the mode transition. Initialize the cache beforehand when the cache is used after ret
standby mode. The contents of the on-chip RAM are not retained in standby mode \
is used as on-chip RAM.

If an on-chip peripheral register iswritten in the 10 clock cycles before the chip trar
standby mode, read the register before executing the SLEEP instruction.

When using clock mode 0, 1, or 2, the CKIO pin is the clock output pin. Note the fc
when standby mode is used in these clock modes. When standby mode is canceled |
unstable clock is output from the CK1O pin during the oscillation settling time after
input. Thisalso applies to clock output in the case of cancellation by a power-on re:
manual reset. Power-on reset and manual reset input should be continued for a peric
equal to for the oscillation settling time.

Before entering the standby mode, stop operation of the internal DMAC (E-DMAC
DMAC).
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With the module standby function, the external pins of the DMAC and SIO0 to SIO2
peripheral modules retain their states prior to halting, as do DMAC, DSP, and SIOO tc
registers. The external pins of the FRT, SCIF1 to SCIF2, and TPU arereset and al th
areinitialized.

An on-chip peripheral module corresponding to a module standby bit must not be swi

module standby state while it is running. Also, interrupts from a module placed in the
state should be disabled.

20.5.2 Clearingthe Module Standby Function

Clear the module standby function by clearing the MSTP11 to MSTP3, MSTP1 hits, ¢
power-on reset or manual reset.
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Power supply voltage (internal) Vee -0.3t0 +4.2 \
Power supply voltage (5 V I/0) PVce -0.3t0 +7.0 \
Input voltage (excluding 5 V 1/0) Vin -0.3t0 Ve +0.3 \
Input voltage (5 V 1/0O) Vin —0.3 to PV¢c +0.3 \
Operating temperature Topr —20to +75 °
Storage temperature Tstg —-55to +125 ©

Notes: 1. Permanent damage to the chip may result if the maximum ratings are exce
2. When powering on, turn on the 5 V I/O power supply (PVcc) after, or at the
as, the internal power supply (Vcc). When powering off, cut Vcc after, or at

time as, PVcc.
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Input high RES, NMI, \m Veex09 —  Vec+03 V
voltage MD4 to MDO, TRST,

CKPREQ/CKM
Both 3.3Vand5V 2.6 —  PVec+03 V
EXTAL, CKIO Vee x0.9 — Vec+03 V
Other input pins Vee x0.7 —  Vec+03 V
Inputlow  RES, NMI, Vi -0.3 —  Veex01 V
voltage MD4 to MDO, TRST,
CKPREQ/CKM
Other input pins -0.3 — 0.8
Schmitt PB14/RXD1, Vi~ — — 0.8
trigger PB5/SRS1/RXD2
input Vet 4.0 - — V  PVcc=
voltage -
Vr 2.6 — — \% Other t
Vi =V 0.3 - — \Y
Input All input pins 0,0 — — 1.0 MA Vi =0.
leakage Vee = C
current Vi, = 0.
PVcc —
Three-state All /0 and output Orsid — — 10 MA  Vin=
leakage pins (off status) Vee —
current Vin = 0.
PVcc -
OUtpUt hlgh Both 3.3 Vand5V VoH PVce - 0.7 — — V lon = —
voltage Other output pins Vec-05 —  — \ lon = —;
Vee—-1.0 — — \Y lop = —
Qutput low Both3.3Vand5V VoL — — 0.6 \% loL = 1.
voltage Other output pins — — 04 \Y loL = 1.
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62.5 1
not us

Sleep mode — — 250 mA 3.6V,
opera
6251
peript
modul

Standby mode — — 990 A

Note: Do not leave the PLLVcc and PLLVss pins open when the PLL circuit is not use
the PLLVcc pin to Ve and the PLLVss pin to Vss.

Table21.3 Permissible Output Currents

Conditions: Vcc=PLLVcc=3.3V +x0.3V,PVc, =50V +£05V/3.3V 0.3V, PV,
Vss=PVss=PLLVs=0V, Ta=-20t0 +75°C

Item Symbol Min Typ Max
Permissible output low current (per pin) loL — — 2.0
Permissible output low current (total) Ylov — — 80
Permissible output high current (per pin) —lon — — 2.0
Permissible output high current (total) > (~low) — — 25

Note: To protect chip reliability, do not exceed the output current values in table 21.3.
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Item Symbol Min Typ Max Unit \
Operating  CPU, DSP f 1 — 62.5 MHz t
frequency External bus 1 — 31.25 te
(SDRAM not used)
External bus 1 — 62.5 te
(SDRAM used)
Peripheral modules 1 — 31.25 tr
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EXTAL clock input low-level pulse width tex, 8t 12" — ns
EXTAL clock input high-level pulse width  texy 8"t 12" — ns
EXTAL clock input rise time texr — 4 ns
EXTAL clock input fall time texe — 4 ns
CKIO clock input frequency fex 1 31.25 MHz
CKIO clock input cycle time tekieye 32 1000 ns
CKIO clock input low-level pulse width texiL 8*3 12*4 ns
CKIO clock input high-level pulse width tekH 8*% 1274 — ns
CKIO clock input rise time tckir — 4 ns
CKIO clock input fall time tckie — 4 ns
CKIO clock output frequency fop 1*%,8*% 625 MHz
CKIO clock output cycle time teye 16 1000*5, ns
125*°

CKIO clock output low-level pulse width tekoL 3 — ns
CKIO clock output high-level pulse width tckom 3 — ns
CKIO clock rise time tckor — 5 ns
CKIO clock fall time tckor — 5 ns
CKPO clock output cycle time tckpeye 32 1000 ns
CKPO clock output low-level pulse width tekpol 11 — ns
CKPO clock output high-level pulse width  tckpon 11 — ns
CKPO clock rise time tekpor — 5 ns
CKPO clock fall time tekpof — 5 ns
Power-on oscillation stabilization time tosci1 10 — ms
Standby recovery oscillation stabilization tosc2 10 — ms
time 1

Standby recovery oscillation stabilization toscs 10 — ms
time 2

PLL synchronization stabilization time tpLL 1 — ms

Notes: 1. When PLL circuit 2 is operating
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EXTAL*

(input) 1/2 Ve

Note: * When clock is input from EXTAL pin

Figure21.1 EXTAL Clock Input Timing

tCKIcyc
tekin tekiL
CKIO ViH ViH
_ 12 Vee
(InDUt) ; X_V”_ V||__
t
o F

Figure21.2 CKIO Clock Input Timing

< feye o
tckoH tekoL
(CKItO 9 12V Vou - Vor X
outpu cC 7
VoL VoL 7
t
ol |« CKOF

Figure21.3 CKIO Clock Output Timing
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Figure21.4 CKPO Clock Output Timing

Stable oscillation

ey \l /

)l 7

VCC min

tRESW

tosc1

A
y

A
m
[7p)
\‘l

(( ((

Note: Oscillation stabilization time when using on-chip crystal oscillator

Figure21.5 Power-On Oscillation Stabilization Time at Power-On

Standby Stable oscillatic
—
CKIO,
internal clock
tRESW R
- toscz -
RES \, 7/
(C (( 7

)) )

Note: Oscillation stabilization time when using on-chip crystal oscillator

Figure21.6 Oscillation Stabilization Time after Standby Recovery (Recover
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Note: Oscillation stabilization time when using on-chip crystal oscillator

Figure21.7 Oscillation Stabilization Time after Standby Recovery (Recovery |

Change of oscillation frequency

Stable oscillation : Stable oscillation

| I
EXTAL or ! !
CKIO ' '

PLL synchronlzatlon | tpLL

|
I
|
Internal clock :

PLL sync

Figure21.8 PLL Synchronization Stabilization Time
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RES pulse width trESW 20 — troye

NMI reset setup time tnmIRs tpeyc + 10 — ns

NMI reset hold time INMIRH tpeyc + 10 — ns

NMI rise and fall time tNmir — 200 ns

it

RES setup time* tress Bteeye + 40  — ns :
NMI setup time* tamis 40 — ns

TRL3 to TRLO setup time* tirLs 30 — ns

NMI hold time tNMIH 20 — ns

TRL3 to TRLO hold time* tirLH 20 — ns

BRLS setup time teLss 10 — ns .
BRLS hold time taLsH 5 — ns

BGR delay time teGrD — 15 ns

Bus tri-state delay time teoFF 0 35 ns

Bus buffer on time tson 0 35 ns

Note: * The RES, NMI, and IRL3 to IRLO signals are asynchronous inputs. If the se
shown here are observed, a transition is judged to have occurred at the fall
if the setup times cannot be observed, recognition may be delayed until the

the clock.
< [REST — | |4 [RESF
Vin Viy
RES Vi « Vi
1 1
tamir NMIRS tresw - NMIRH
tmie — |- ¢ |
p)
NMI Vi
Vi

NN

Figure21.9 Reset Input Timing
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 bRuH " tirLs
_ h Viy
IRL3-IRLO
y Vi

Figure21.10 Interrupt Signal Input Timing

e / ‘_\_f 9y N B
_ tBLi‘_"tBLj’ tBLsH
BRLS /
(input) }( /
7 teerD tGrRD
- -
BGR 7 ;Z
(output) /S
2o I i
RD, RD/WR
hb, RDAVA, D)
RAS, CAS, / Q S /
CSn, WEn, o))
BS, IVECF t
la—p| BOFF —»
A24-A0, )3_ J C

D31-DO0 S 4 kA

Figure21.11 BusRelease Timing
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21.12,13, 16, 17, 19,

BS delay time tesp — 15 ns
26, 29, 31, 32, 34, 35,

CS delay time 1 tespr 1 14 ns 21.12,13,16,17, 19,
29, 31to 35, 40, 42, 4

CS delay time 2 tespz — 14 ns 21.12,13, 34, 35, 40,

Read/write delay time trwD 1 14 ns 21.12,13, 16,17, 19,
26, 29 to 35, 40, 43 t«

Read strobe delay time 1 trsp1 — 14 ns 21.12,13, 16,17, 23,
38, 40, 41, 43 to 45

Read data setup time 1 trRDs1 8 — ns 21.12, 34, 38, 43 to 4!

Read data setup time 2 (EDO) tros2 8 — ns 21.40,41

Read data setup time 3 (SDRAM) trpss 6.5 — ns 21.16, 17

Read data hold time 2 trDH2 0 — ns 21.12,43

Read data hold time 4 (SDRAM)  trpa 2 — ns 21.16, 17

Read data hold time 5 (DRAM) tRDHS 0 — ns 21.34,38

Read data hold time 6 (EDO) trDHG 3 — ns 21.40,41

Read data hold time 7 (EDO) trDH7 1 — ns 21.40

Read data hold time 8 trDHS 2 — ns 21.44,45

(interrupt vector)

Write enable delay time 1 twebL — 14 ns 21.12,13

Write data delay time 1 twpbp1 — 22 ns 21.13, 23, 25, 27, 35,

(except tecycitpeye = 1:1)

Write data delay time 2 twopz — 12 ns 21.26, 28

(tecycitpeye = 1:1)

Write data hold time 1 twDH1 2 — ns 21.13, 23, 25to 28, 3!

Data buffer on time tbon — 15 ns 21.13, 23, 25, 26, 35

Data buffer off time toor — 15 ns 21.13, 23, 25, 26, 35

RENESAS
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RAS delay time 3 (EDO) trasps = — 14 ns  21.40

CAS delay time 1 (SDRAM) tcaspl 1 14 ns 21.16, 17, 18, 19, .
to 33, 43

CAS delay time 2 (DRAM) tcasp2 — 14 ns 21.34, 35, 38 to 42

DQM delay time toomp 1 14 ns 21.16, 17, 19 to 21
30

CKE delay time tckep 1 14 ns 21.33

OE delay time 1 toen1 — 14 ns  21.40

OE delay time 2 toepz — 14 ns  21.40

IVECF delay time tvo — 15 ns  21.44,45

Row address setup time tasr 0 — ns 21.34, 35, 40

Column address setup time tasc 0 — ns 21.34, 35, 38, 39, -

Data input setup time tos 0 — ns 21.35, 39

Read/write address setup time tas 0 — ns 21.12,13

REFOUT delay time tReFob — 15 ns 21.47

Rev. 2.00, 03/05, page 804 of 884

RENESAS



B S

Write data delay time 2 twop2 — 9.5 ns 21.26, 28

(lgEp=1:1)

Write data hold time 1 twbH1 — ns 21.26, 28

Address delay time tao 11 ns 21.16, 17,19, 21, 23
28, 29, 31, 32, 33

CS delay time 1 tcsba 2.5 9.5 ns 21.16, 17,19, 21, 23
29, 31, 32, 33

Read/write delay time trwD 25 9.5 ns 21.16, 17, 19, 21, 22
29, 30, 31, 32, 33

DQM delay time tbomp 25 9.5 ns 21.16, 17, 19, 20, 21
27, 28, 29, 30

RAS delay time 1 trASDL 2.5 9.5 ns 21.16, 17, 18, 21, 22

(SDRAM) 26, 29, 30, 31, 32, 3¢

CAS delay time 1 tcasp1 25 9.5 ns 21.16, 17,18, 19, 23

(SDRAM) 27, 28, 29, 31, 32, 3¢

CKE delay time tckep 25 9.5 ns 21.33

RENESAS
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trwp trRwp
[
RD/WR / ‘K
4
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Notes: 1. trpug is measured from the rise of CSn or RD, whichever comes first.
2. DACKn waveform when active-high is specified

Figure21.12 Basic Read Cycle (No Wait)
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Note: DACKn waveform when active-high is specified

Figure21.13 Basic Write Cycle (No Wait)
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Note: DACKn waveform when active-high is specified

Figure21.14 Basic BusCycle (1 Wait Cycle)
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Note: DACKn waveform when active-high is specified

Figure 21.15 Basic Bus Cycle (External Wait Input)
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Notes: 1. Dotted line shows the case where synchronous DRAM in a different CS space is
accessed.
2. DACKn waveform when active-high is specified

Figure21.16 SynchronousDRAM Read Bus Cycle
(RCD =1 Cycle, CASLatency = 1 Cycle, Burst = 4)
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Notes: 1. Dotted line shows the case where synchronous DRAM in a different CS space is

accessed.

2. DACKn waveform when active-high is specified

Figure21.17 Synchronous DRAM Single Read Bus Cycle
(RCD =1 Cycle, CASLatency = 1 Cycle, Burst = 4)
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Notes: 1. Dotted line shows the case where synchronous DRAM in a different CS space is
accessed.
2. DACKn waveform when active-high is specified

Figure21.18 Synchronous DRAM Read Bus Cycle
(RCD =2 Cycles, CASLatency = 2 Cycles, Burst = 4)
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DACKn waveform when active-high is specified

Figure21.19 Synchronous DRAM Read Bus Cycle
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(Bank Active, Same Row Access, CAS Latency = 1 Cycle)
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Note: DACKnN waveform when active-high is specified

Figure21.20 Synchronous DRAM Read Bus Cycle
(Bank Active, Same Row Access, CAS Latency = 2 Cycles)
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Note: DACKn waveform when active-high is specified

Figure21.21 Synchronous DRAM Read Bus Cycle
(Bank Active, Different Row Access, TRP =1 Cycle, RCD =1 Cycle, CAS L atenc
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Note: DACKn waveform when active-high is specified

Figure21.22 Synchronous DRAM Read Bus Cycle (Bank Active, Different Ro\
TRP =2 Cycles, RCD = 1 Cycle, CAS Latency = 1 Cycle)
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Notes: 1. Dotted line shows the case where synchronous DRAM in a different CS sp
accessed.
2. DACKn waveform when active-high is specified

Figure21.23 Synchronous DRAM Write Bus Cycle
(RASD =0, RCD =1 Cycle, TRWL =1 Cycle)
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Notes: 1. Dotted line shows the case where synchronous DRAM in a different CS spa
accessed.
2. DACKn waveform when active-high is specified

Figure21.24 Synchronous DRAM Write Bus Cycle
(RASD =0, RCD =2 Cycles, TRWL =2 Cycles)
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Note: DACKn waveform when active-high is specified

Figure21.25 Synchronous DRAM Write Bus Cycle
(Bank Active, Same Row Access, Except teycitpeye 1:1)
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Note: DACKn waveform when active-high is specified

Figure21.26 Synchronous DRAM Write Cycle
(Bank Active, Same Row Access, IgE@=1:1)

Rev. 2.00, 03/05, page 820 of 884

RENESAS



B 77 \ Y
csn 7 /
RD/WR % /
w7 %

tbomp
o [
Do X X
DQMxx

twop1

twpH1

[
D31-DO @( @7
DACKn / W
WAIT
RAS

tcasp1 tcaspT
[

cas [J
OE
CKE

Note: DACKnN waveform when active-high is specified

Figure21.27 Synchronous DRAM ContinuousWrite Cycle
(Bank Active, Same Row Access, Except teqycitpeyc 1:1)
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Note: DACKnN waveform when active-high is specified

Figure 21.28 SynchronousDRAM ContinuousWrite Cycle
(Bank Active, Same Row Access, IgE@=1:1)
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Note: DACKn waveform when active-high is specified

Figure21.29 Synchronous DRAM Write Bus Cycle
(Bank Active, Different Row Access, TRP =1 Cycle, RCD =1 Cycle)
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Note: DACKn waveform when active-high is specified

Figure21.30 Synchronous DRAM Write Bus Cycle
(Bank Active, Different Row Access, TRP =2 Cycles, RCD = 2 Cycles)
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Note: An auto-refresh cycle is always preceded by a precharge cycle. The number of
between the two is determined by the number of cycles specified by TRP.

Figure21.31 Synchronous DRAM Auto-Refresh Cycle
(TRAS=4Cycles)
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Figure21.32 Synchronous DRAM Auto-Refresh Cycle
(Shown from Precharge Cycle, TRP = 1 Cycle, TRAS = 4 Cycles)
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Note: A self-refresh cycle is always preceded by a precharge cycle. The number o
between the two is determined by the number of cycles specified by TRP.

Figure21.33 Synchronous DRAM Sdf-Refresh Cycle (TRAS = 3)
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Notes: 1. tgpus is measured from the rise of RD or CASxx, whichever comes first.
2. DACKn waveform when active-high is specified

Figure21.34 DRAM Read Cycle
(TRP =1 Cycle, RCD =1 Cycle, No Wait)
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Note: DACKn waveform when active-high is specified

Figure21.35 DRAM Write Cycle
(TRP =1 Cycle, RCD =1 Cycle, No Wait)
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Note: DACKn waveform when active-high is specified

Figure21.36 DRAM BusCycle
(TRP =2 Cycles, RCD =2 Cycles, 1 Wait)
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Note: DACKn waveform when active-high is specified

Figure21.37 DRAM BusCycle

(TRP =1 Cycle, RCD =1 Cycle, External Wait | nput)
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Notes: 1. trpys is measured from the rise of RD or CASxx, whichever comes first.
2. DACKn waveform when active-high is specified

Figure21.38 DRAM Burst Read Cycle

(TRP =1 Cycle, RCD =1 Cycle, No Wait)
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Note: DACKn waveform when active-high is specified

Figure21.39 DRAM Burst Write Cycle
(TRP =1 Cycle, RCD =1 Cycle, No Wait)
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Notes: DACKn waveform when active-high is specified L
* trpny is measured from the rise of RAS or CAS - OE, whichever comes first.

Figure21.40 EDO Read Cycle
(TRP =1 Cycle, RCD =1 Cycle, No Wait)
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Note: DACKn waveform when active-high is specified

Figure21.41 EDO Burst Read Cycle
(TRP =1 Cycle, RCD =1 Cycle, No Wait)
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Figure21.42 DRAM CAS-Before-RAS Refresh Cycle

(TRP =1 Cycle, TRAS = 2 Cycles)
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Note: DACKn waveform when active-high is specified

Figure21.43 Burst ROM Read Cycle

(Wait = 1)
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Figure21.45 Interrupt Vector Fetch Cycle
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Figure21.46 Interrupt Vector Fetch Cycle
(External Wait I nput, Except tegc tpeye 1:1)
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Input capture input setup time trics teye + 50 ns 2]
(tecyc:tpeye = 1:2)

Input capture input setup time trics 3teye + 50 ns 2]
(tEcyc:tPcyc = 1:4)

Input capture input hold time tricH 50 ns 2]
Timer clock input setup time treks 50 ns 2]
(tecyc:tpeye = 1:1)

Timer clock input setup time trcks teye + 50 ns 2]
(tEcyc:tPcyc = 1:2)

Timer clock input setup time trcks 3teyc + 50 ns 2]
(tecyc:tpeye = 1:4)

Timer clock pulse width tFckwH 4.5 treye 21
(single edge specified)

Timer clock pulse width trekwL 8.5 tpeyc

(both edges specified)
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Figure21.49 FRT Input/Output Timing (teec: tpeye = 1:1)
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Figure21.51 FRT Clock Input Timing (teeyc:teee = 1:1)
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Figure21.52 FRT Clock Input Timing (Except tegyc:tpeyc 1:1)
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HPUL CIUCK LYLIT (SYTHLITonous 1ivuc)

Lscyc

Pcyc

Input clock pulse width tsckw 0.4 0.6 tseyc z
Transmit data delay time trxp — 100 ns y
(synchronous mode)

Receive data setup time trxs 100 — ns
(synchronous mode)

Receive data hold time trxH 100 — ns
(synchronous mode)

RTS delay time trTsD — 100 ns z
CTS setup time (synchronous mode) terss 100 — ns

CTS hold time (synchronous mode) tersH 100 — ns

tsckw

scK fsﬁ

SCK1
SCK2

ts;cyc

Figure21.53 Input Clock Input/Output Timing
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Figure21.54 SCI Input/Output Timing (Synchronous M ode)
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Figure21.55 RTS and CTS Input/Output Timing

Table21.11 16-Bit Timer-Pulse Unit

Conditions: Vee=PLLVcc=33V 203V, PV c=5.0V 0.5 V/3.3V £0.3V, PV,
Vss=PVgs=PLLVg =0V, Ta=-201t0+75°C

Item Symbol Min Max Unit
Timer output delay time troco — 100 ns
Timer input setup time trics 50 — ns
(tEcycItpcyc = 1:1)
Timer input setup time trics teye + 50 — ns
(tecyc:tpeye = 1:2)
Timer input setup time trics teye +50 — ns
(tecycitpeye = 1:4)
Timer clock input setup time treks 50 — ns
(tEcyc:tpcyc = 1:1)
Timer clock input setup time treks teye + 50 — ns
(tecycitpeye = 1:2)
Timer clock input setup time treks 3teye + 50 — ns
(tEcyc:tpcyc = 1:4)
Timer clock pulse Single edge trekwH 15 — teye
width specified

Both edges trekw 2.5 —_

specified
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Note: * TIOCAO-TIOCA2, TIOCBO-TIOCB2, TIOCCO, TIOCDO

Figure21.56 TPU Input/Output Timing (teeyc tpeyc = 1:1)

CKIO "_\_/_5 \ /
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«
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) t

TICS

I - _
Input capture & >§‘
input* S X

Note: * TIOCAO-TIOCA2, TIOCBO-TIOCB2, TIOCCO, TIOCDO

Figure21.57 TPU Input/Output Timing (Except teqc:tpey 1:1)
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Figure21.58 TPU Clock Input Timing
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Figure21.59 Watchdog Timer Output Timing (tecyc: teeye = 1:1)
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Figure21.60 Watchdog Timer Output Timing (Except teec:tpeyc 1:1]
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SRCK, STCK clock input low-level width  ty, 0.4 X tsicye  — ns
SRCK, STCK clock input high-level width  twn 0.4 X tgieye  — ns
SRS input setup time trss 15 — ns
SRS input hold time trsH 10 — ns
SRXD input setup time tsros 15 — ns
SRXD input hold time tsroH 10 — ns
STS input setup time trss 15 — ns
STS input hold time trsH 10 — ns
STS output delay time trsp 20 ns
STXD output delay time trop 20 ns
Note: * Specified as tPcyc or 66.7, whichever is greater.

P tslcyc o

- ™ >

STCKn, SRCKn A N
twH

n=0,1,o0r2

Figure21.61 SIO Input Clock Timing
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Figure21.62 SIO Receive Timing
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Figure21.63 SIO Transmit Timing (TMn =0Mode)
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—
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Figure21.64 SIO Transmit Timing (TMn =1 Mode)
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TCK clock input high-level width trekH 0.4 0.6 treye

TCK clock input low-level width treke 0.4 0.6 teye

TRST pulse width trrsw 20 - ticye 2]
TRST setup time trrss 40 — ns

TMS setup time trmss 30 — ns 2]
TMS hold time tTMsH 10 — ns

TDI setup time trois 30 — ns

TDI hold time tromH 10 — ns

TDO delay time troop 0 30 ns

Note: * Specified as tPcyc or 66.7, whichever is greater.

ttcyc
-

trekn trexe

Figure21.65 H-UDI Clock Timing

TCK
ttrss trrss
- -

TRST 7R (( 7

))
trrRsw

A4

-
>

Figure21.66 H-UDI TRST Timing
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troop

trpop

Y
y

Y

TDO

{

A

Figure21.67 H-UDI Input/Output Timing

21.3.10 1/O Port Timing

Table21.15 1/0O Port Timing

Conditions; Vec=PLLVc=3.3V £0.3V,PVcc=50V £05V/3.3V 0.3V, PV,

Vss=PVss=PLLVs=0V, Ta=-20t0 +75°C

Item Symbol Min Max Unit F
Port output data delay time trwp — 50 ns Y
Port input data setup time trrs 50 — ns z
(tecycitpeye = 1:1)

Port input data setup time ters teye + 50 — ns z
(tEcyc:tPcyc = 12)

Port input data setup time trrs 3teye +50  — ns
(tEcyc:tPcyc = 1:4)

Port input data hold time tPRH 50 — ns p

RENESAS
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PBO-PB15 lk
(write)

Figure21.68 1/0 Port Input/Output Timing (teeyc: tpeye = 1:1)

CKIO J

tprs tprH
PAO-PA13
PB0O-PB15
(read)
thwp

PAO-PA13
PB0O-PB15
(write)

Figure21.69 [/O Port I nput/Output Timing (Except tecyc:tege 1:1)
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AN DULputL uciay ullic LTENd 9 — A o

ETXD[3:0] output delay time teTDd 3 — 20 ns
CRS setup time tcrss 10 — — ns
CRS hold time tcrsh 10 — — ns
COL setup time tcoLs 10 — — ns
COL hold time tcoLn 10 — — ns
RX-CLK cycle time treye 40 — — ns
RX-DV setup time tRDVs 10 — — ns
RX-DV hold time trDVA 3 — — ns
ERXD[3:0] setup time terDs 10 — — ns
ERXDI3:0] hold time teroh 3 — — ns
RX-ER setup time trERS 10 — — ns
RX-ER hold time trern 3 — — ns
MDIO setup time tvplos 10 — — ns
MDIO hold time tmpion 10 — — ns
MDIO output data hold time* tmpiodh 5 — 18 ns
WOL output delay time twoLd 1 — 14 ns
EXOUT output delay time texouTd 1 — 25 ns

Note: * The user must ensure that the code satisfies this condition.

Rev. 2.00, 03/05, pac
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o /)
ec 55

Figure21.70 MII Transmit Timing (Normal Operation)

TX-EN J

ETXD[3:0] X Preamble

TX-ER

CRS /

> tcoLs > tcoth
COL L

X JAM

S b eSS &

=

Figure21.71 MII Transmit Timing (Case of Conflict)

—>—‘<— tRDVS tRDVh
RX-DV _ )) / terDh >>

terps
ERXDI[3:0] X Preamble SFDEX DATA
RX-ER Q(

7

S—=

X CRC

~

=

Figure21.72 MII Receive Timing (Normal Operation)
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iyl v L. iv viti iwcuudvoe ity \vwdoe vl =iy )

tubios tmpioh
MDIO

Figure21.74 MDIO Input Timing

MDC |

N
tvpbiodh
MDIO ><

Figure21.75 MDIO Output Timing

RX-CLK

tword

WwOL ><

Figure21.76 WOL Output Timing

ccio || L] [ |

texoutd
EXOUT

Figure21.77 EXOUT Output Timing
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BH output rising edge delay time ternrd — — 16 ns

BH output falling edge delay time tBHNfd — — 16 ns
BUSHIZ setup time taHizs 7 — — ns
BUSHIZ hold time teHizh 8 — — ns
Output delay time of target pins taHizd — — 16 ns

oKio mmm

Address X CPU X CPU XE-DMAC E-DMAC E DMACSEXE DMAC DMAC X DMAC X DMAC y
CSn \ / \ g
] tsTaTd 'I'
STATSL, 0 :X 5 X
4

7

Figure21.78 STATSOutput Timing

Read 0 Read1 Read?2| Read3 Write O Write 1 Write 2 Write 3

Address >< CPU X DMAC X DMAC X DMAC X DMAC X DMAC X DMAC >< DMAC X DMAC y

tBHNfd tBHNrd -1
BH 5( l \

|
1

Figure21.79 BH Output Timing
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Fligurc 1.0V buonis bus 1 TNy
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The output load circuit is shown in figure 21.80.

IOL

SH7615 DUT c
output pin

CL VRI

IOH

CL is the total value, including the capacitance of the test jig, etc. The capacitance of e
as follows:

30 pF: CKIO, A24-A0, D31-DO, BS, RD, CS4-CS0, DQMUU/WE3-DQMLL/WEO, CA

RAS, CAS/OE, DACK1, DACKO
50 pF: All other pins

IOL and IOH values are as shown in table 21.3, Permissible Output Currents.

Figure21.81 Output Load Cir cuit
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Address

Name

Bit 7

Bit 6

Bit

5 Bit 4

Bit 3

Bit 2

Bit1

Bit 0

HFFFFFCO0

HFFFFFCO1

HFFFFFC02

HFFFFFCO3

SIRDRO

SITDRO

HFFFFFCO04

HFFFFFCO5

SICTRO

™

SE

DL

TIE

RIE

TE

RE

HFFFFFCO6
HFFFFFCO7

SISTRO

TERR

RERR

TDRE

RDRF

HFFFFFCO8
to
H'FFFFFCOF

HFFFFFC10

HFFFFFC11

SIRDR1

HFFFFFC12
HFFFFFC13

SITDR1

HFFFFFC14

HFFFFFC15

SICTR1

™

SE

DL

TIE

RIE

TE

RE

HFFFFFC16

HFFFFFC17

HFFFFFC18
to
HFFFFFC1F

SISTR1

TERR

RERR

TDRE

RDRE

HFFFFFC20

HFFFFFC21

SIRDR2

HFFFFFC22

HFFFFFC23

HFFFFFC24

HFFFFFC25

SITDR2

SICTR2

™

SE

DL

TIE

RIE

TE

RE

HFFFFFC26

HFFFFFC27

SISTR2

TERR

RERR

TDRE

RDRF

RENESAS
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H'FFFFFC50 TCRO CCLR2 CCLR1 CCLRO CKEGl1 CKEGO TPSC2

TPSC1

TPSCO

HFFFFFC51 TMDRO  — — BFB BFA MD3 MD2

MD1

MDO

HFFFFFC52 TIOROH  10B3 I0B2 I0B1 10BO IOA3 I0A2

I0A1

I0A0

HFFFFFC53 TIOROL IOD3  IOD2  IOD1  I0DO  10C3  10C2
HFFFFFC54 TIERO — — — — TCIEV TGIED TGIEC

10C1
TGIEB

10CO
TGIEA

H'FFFFFC55 TSRO — — — TCFV  TGFD  TGFC

TGFB

TGFA

H'FFFFFC56 TCNTO

HFFFFFC57

HFFFFFC58 TGROA
HFFFFFC59

HFFFFFC5A TGROB
HFFFFFC5B

H'FFFFFC5C TGROC

H'FFFFFC5D
HFFFFFC5E  TGROD

HFFFFFC5F
HFFFFFC60 TCR1 — CCLR1 CCLRO CKEGl CKEGO TPSC2

TPSC1

TPSCO

HFFFFFC61 TMDR1  — — — — MD3 MD2

MD1

MDO

HFFFFFC62 TIOR1 I0B3 10B2 10B1 I0BO IOA3 I0A2
HFFFFFC63 — — — — — — —

I0A1

I0A0

HFFFFFC64 TIERL  — — TCIEU TCIEV —— —
HFFFFFC65 TSR1 TCFD  — TCFU  TCFV — — —

TGIEB
TGFB

TGIEA
TGFA

HFFFFFC66 TCNTL

HFFFFFC67
HFFFFFC68 TGR1A

HFFFFFC69
HFFFFFC6A TGRIB

HFFFFFC6B

HFFFFFC6C — — — — — — —
to
HFFFFFCEF
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HFFFFFC77

HFFFFFC78 TGR2A

'HFFFFFC79

HFFFFFC7A TGR2B

'HFFFFFC7B

HFFFFFC7TC — — - — — — — — —
to

HFFFFFCTF

HFFFFFC80 PACR  — — PAL3MD PA12MD PALIMD PALOMD PAIMD  PASM
'HFFFFFC8L PA7TMD PAGMD PASMD PA4MD PA3MD PA2MD PAIMD PAOM
HFFFFFC82 PAIOR  — — PA13IOR PA12I0R PALLIOR PALOIOR PAQIOR PAS8I
'HFFFFFC83 PA7IOR PABIOR PASIOR PA4IOR — PA2I0R PALIOR PAOIC
HFFFFFC84 PADR  — — PA13DR PA12DR PALIDR PALODR PAGDR  PASE
HFFFFFC85 PA7DR PAGDR PASDR PA4DR — PA2DR PAIDR PAOC
HFFFFFC86 — — — — — — — — —
to

HFFFFFC87

HFFFFFC88 PBCR  PB15MDI1 PB15MDO PB14MD1 PB14MDO PB13MD1 PB13MDO PB12MD1 PB12
'HFFFFFC89 PB11MD1 PB11MDO PB10MD1 PB10MDO PBOMD1 PBOMDO PBSMD1 PB8M
HFFFFFC8A PBIOR  PB15/0R PB14IOR PB13IOR PB12IOR PBLLIOR PBLOIOR PBIIOR PBSI
HFFFFFC8B PB7IOR PB6IOR PBSIOR PB4IOR PB3IOR PB2IOR PBLIOR PBOI
HFFFFFC8C PBDR  PB15DR PB14DR PB13DR PB12DR PB11DR PB1ODR PBIDR PBSC
HFFFFFC8D PB7DR PB6DR PBSDR PB4DR PB3DR PB2DR PBIDR  PBOC
HFFFFFC8E PBCR2  PB7MDL PB7MDO PB6MDL PB6MDO PB5MDL PB5MDO PB4MDL PBA4M
'HFFFFFCSF PB3MD1 PB3MDO PB2MD1 PB2MDO PBIMD1 PBIMDO PBOMDL PBOM
HFFFFFC90 — — — — — — — — —
to

HFFFFFCAF

HFFFFFCBO  SDIR Ts3 Ts2 Ts1 TS0 — — — —
HFFFFFCB1 — — — — — — — —
HFFFFFCB2 SDSR  — — — — — — — —
'HFFFFFCB3 — — — — — — — SDTR

RENESAS
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HFFFFFCCO SCSMR1 C/A CHR/ICK3 PE/ICK2 O/E/ICK1 STOP/ CKS1  CKSO
ICKO

HFFFFFCC1 — — — — — — — — —

HFFFFFCC2 SCBRR1

HFFFFFCC3 — — — — — — — — —

HFFFFFCC4 SCSCR1 TIE RIE TE RE MPIE  — CKE1  CKEO

HFFFFFCC5 — — — — — — — — —

HFFFFFCC6 SCFTDR1

HFFFFFCC7 — — — — — — — — —

HFFFFFCC8 SCISSR1 PER3  PER2 PER1 PERO FER3 FER2 FER1  FERO

HFFFFFCCY ER TEND  TDFE  BRK FER PER RDF DR

HFFFFFCCA SC2SSR1 TLM RLM N1 NO MPB MPBT  El ORER

HFFFFFCCB — — — — — — — — —

HFFFFFCCC SCFRDR1

HFFFFFCCD — — — — — — — — —

HFFFFFCCE SCFCR1 RTRG1 RTRGO TTRG1 TTRGO MCE  TFRST RFRST LOOP

HFFFFFCCF  — — — — — — — — —

HFFFFFCDO SCFDR1 — — — T4 T3 T2 1 To

HFFFFFCD1 — — — R4 R3 R2 R1 RO

HFFFFFCD2 SCFERL ED15  ED14 ED13 ED12 ED11  EDI0O  ED9 ED8

HFFFFFCD3 ED7 ED6 ED5 ED4 ED3 ED2 ED1 EDO

HFFFFFCD4 SCIMR1 IRMOD  PSEL RIVS  — — — — —

HFFFFFCD5 — — — - - — — — —

to

HFFFFFCDF

HFFFFFCE0 SCSMR2 C/A CHR/ICK3 PE/ICK2 OfE/ICK1 STOP/  MP CKS1  CKSO
ICKO

HFFFFFCE1 — — — — — — — — —

HFFFFFCE2 SCBRR2

HFFFFFCE3 — — — — — — — — —

Rev. 2.00, 03/05, page 862 of 884

RENESAS



HFFFFFCEA

HFFFFFCEB

SC2SSR2

TLM

RLM

N1

NO

MPB

MPBT El OREF

HFFFFFCEC

SCFRDR2

H'FFFFFCED

HFFFFFCEE

SCFCR2

RTRG1

RTRGO

TTRG1

TTRGO

MCE

TFRST RFRST LOOF

H'FFFFFCEF

H'FFFFFCFO

HFFFFFCF1

SCFDR2

T4

T3

T2 T1 TO

R4

R3

R2 R1 RO

HFFFFFCF2

HFFFFFCF3

SCFER2

ED15

ED14

ED13

ED12

ED11

ED10 ED9 ED8

ED7

ED6

ED5

ED4

ED3

ED2 ED1 EDO

HFFFFFCF4

HFFFFFCF5
to
H'FFFFFCFF

SCIMR2

IRMOD

PSEL

RIVS

H'FFFFFDOO0

H'FFFFFDOL

H'FFFFFDO02

HFFFFFDO3

EDMR

H'FFFFFDO4

H'FFFFFDO5

H'FFFFFDO6

HFFFFFDO7

HFFFFFDO8

HFFFFFDO9
H'FFFFFDOA

H'FFFFFDOB

EDTRR

EDRRR

RENESAS

Rev. 2.00, 03/05, pac



HFFFFFD12 RDLA15 RDLA14 RDLA13 RDLA12 RDLA11 RDLA10 RDLA9 RDLAS8
HFFFFFD13 RDLA7 RDLA6 RDLA5 RDLA4 RDLA3 RDLA2 RDLAL RDLAO
HFFFFFD14 EESR — — — — — TABT  RABT  RFCOF
HFFFFFD15 — ECI TC TDE TFUF  FR RDE RFOF
HFFFFFD16 — — — ITF CND DLC cb TRO
HFFFFFD17 RMAF  — — RRF RTLF  RTSF  PRE CERF
HFFFFFD18 EESIPR — — — — — — — RFCOF
HFFFFFD19 — ECIP TCIP  TDEIP TFUFIP FRIP  RDEIP  RFOFII
HFFFFFD1A — — — ITFIP  CNDIP DLCIP CDIP  TROIP
HFFFFFDIB RMAFIP — — RRFIP  RTLFIP RTSFIP PREIP  CERFII
HFFFFFDIC TRSCER — — — — — — — —
HFFFFFD1D — — — — — — — —
HFFFFFD1E — — — — — — — —
HFFFFFD1F RMAFCE — — — — — — —
HFFFFFD20 RMFCR  — — — — — — — —
HFFFFFD21 — — — — — — — —
HFFFFFD22 MFC15 MFC14 MFC13 MFCI2 MFC11 MFC10 MFC9  MFC8
HFFFFFD23 MFC7 MFC6 MFC5 MFC4 MFC3 MFC2 MFCl  MFCO
HFFFFFD24 TFTR — — — — — — — —
HFFFFFD25 — — — — — — — —
HFFFFFD26 — — — — — TFT1I0 TFT9  TFT8
HFFFFFD27 TFT7  TFT6é  TFT5  TFT4  TFT3  TFT2  TFT1  TFTO
HFFFFFD28  FDR — — — — — — — —
HFFFFFD29 — — — — — — — —
HFFFFFD2A — — — — — — — TFD
HFFFFFD2B _ _ _ _ _ _ _ RFD
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HFFFFFD32

HFFFFFD33 — — — — FEC AEC EDH  —
HFFFFFD34 — — — — — — — — —
to

HFFFFFD3F

HFFFFFD40 RBWAR RBWA31 RBWA30 RBWA29 RBWA28 RBWA27 RBWA26 RBWA25 RBW
HFFFFFD41 RBWA23 RBWA22 RBWA21 RBWA20 RBWAL9 RBWA18 RBWAL7 RBW
HFFFFFD42 RBWA15 RBWA14 RBWA13 RBWAI2 RBWA11 RBWAI0 RBWA9 RBW
HFFFFFDA43 RBWA7 RBWA6 RBWA5 RBWA4 RBWA3 RBWA2 RBWAL RBW
HFFFFFD44 RDFAR  RDFA31 RDFA30 RDFA29 RDFA28 RDFA27 RDFA26 RDFA25 RDF/
HFFFFFDA45 RDFA23 RDFA22 RDFA21 RDFA20 RDFA19 RDFA18 RDFA17 RDF/
HFFFFFDA46 RDFA15 RDFA14 RDFA13 RDFA12 RDFA1l RDFAL0 RDFA9 RDF/
HFFFFFD47 RDFA7 RDFA6 RDFA5 RDFA4 RDFA3 RDFA2 RDFAl RDF/
HFFFFFD48 — — — — — — — — —
to

HFFFFFD4B

HFFFFFD4AC TBRAR  TBRA31 TBRA30 TBRA29 TBRA28 TBRA27 TBRA26 TBRA25 TBR/
HFFFFFD4D TBRA23 TBRA22 TBRA21 TBRA20 TBRAI9 TBRA18 TBRA17 TBR/
HFFFFFD4E TBRAIS TBRA14 TBRA13 TBRA12 TBRAI1 TBRAI1O TBRA9 TBR/
HFFFFFDAF TBRA7 TBRA6 TBRA5 TBRA4 TBRA3 TBRA2 TBRAl TBR/
HFFFFFD50 TDFAR  TDFA31 TDFA30 TDFA29 TDFA28 TDFA27 TDFA26 TDFA25 TDF#
HFFFFFD51 TDFA23 TDFA22 TDFA21 TDFA20 TDFA19 TDFA18 TDFAL7 TDF/
HFFFFFD52 TDFA15 TDFAl4 TDFA13 TDFA12 TDFA1l TDFA10 TDFA9 TDF/
H'FFFFFD53 TDFA7 TDFA6 TDFA5 TDFA4 TDFA3 TDFA2  TDFA1  TDF/
HFFFFFD54 — — — — — — — — —
to

HFFFFFD5F
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HFFFFFD66

HFFFFFD67 — — — — — LCHNG MPD  ICD
HFFFFFD68 ECSIPR  — — — — — — — —
HFFFFFD69 — — — — — — — —
HFFFFFDBA — — — — — — — —
'HFFFFFD6B — — — — — LCHNGIP MPDIP  ICDIP
HFFFFFD6C  PIR — — — — — — — —
HFFFFFDED — — — — — — — —
HFFFFFD6E — — — — — — — —
'HFFFFFD6F — — — — MDI MDO MMD  MDC
HFFFFFD70 MAHR  MA47  MA46  MA45  MA44  MA43  MA42 MA4L  MA40
HFFFFFD71 MA39  MA38  MA37 MA36 MA35  MA34 MA33  MA32
HFFFFFD72 MA31L  MA30  MA29  MA28  MA27  MA26 MA25  MA24
HFFFFFD73 MA23  MA22  MA21  MA20 MA19  MA18 MAL17  MA16
HFFFFFD74 MALR  — — — — — — — —
HFFFFFD75 — — — — — — — —
HFFFFFD76 MAL5  MA14  MA13  MAI2 MALI1  MAIL0 MA9 MA8
HFFFFFD77 MA7 MA6 MA5 MA4 MA3 MA2 MA1L MAO
HFFFFFD78 RFLR — — — — — — — —
HFFFFFD79 — — — — — — — —
HFFFFFD7A — — — — RFL11 RFL1I0  RFL9  RFL8
HFFFFFD7B RFL7 RFL6 RFL5  RFL4 RFL3  RFL2 RFL1  RFLO
HFFFFFD7C PSR — — — — — — — —
HFFFFFD7D — — — — — — — —
HFFFFFD7E — — — — — — — —
HFFFFFD7F _ - - - - - — LMON
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HFFFFFD86 COLDC1 COLDC1 COLDC1 COLDC1 COLDC1 COLDC1 COLDCY COLL
5 4 3 2 1 0
HFFFFFD87 COLDC7 COLDC6 COLDC5 COLDC4 COLDC3 COLDC2 COLDC1 COLD
HFFFFFD88 LCCR — — — — — — — —
HFFFFFD8Y — — — — — — — —
HFFFFFDBA LCC15 LCC14 LCC13 LCC12 LCCl1 LCC10 LCC9  Lccs
HFFFFFD8B LcC7  LCC6 LCC5  LCC4  LCC3  LCC2  LCCl  LCCo
HFFFFFD8C CNDCR  — — — — — — — —
HFFFFFDSD - - — — — — — —
'HFFFFFDSE CNDC15 CNDC14 CNDC13 CNDC12 CNDC11 CNDC10 CNDC9 CNDC
HFFFFFD8F CNDC7 CNDC6 CNDC5 CNDC4 CNDC3 CNDC2 CNDC1 CNDC
HFFFFFD90 IFLCR  — — — — — — — —
HFFFFFD91 — — — — — — — —
HFFFFFDO2 IFLC15 IFLC14 IFLC13 IFLC12 IFLC11 IFLC10 IFLC9  IFLCE
HFFFFFDO3 IFLC7  IFLC6 IFLC5 IFLC4 IFLC3  IFLC2  IFLC1  IFLCC
HFFFFFD94 CEFCR — — — — — — — —
HFFFFFD95 — — — — — — — —
HFFFFFD96 CEFC15 CEFC14 CEFC13 CEFC12 CEFC11 CEFC10 CEFC9 CEFC
HFFFFFDO7 CEFC7 CEFC6 CEFC5 CEFC4 CEFC3 CEFC2 CEFCl CEFC
HFFFFFD98 FRECR  — — — — — — — —
HFFFFFDO9 — — — — — — — —
HFFFFFDOA FREC15 FREC14 FREC13 FRECI2 FREC11 FREC10 FREC9 FREC
HFFFFFD9B FREC7 FREC6 FREC5 FREC4 FREC3 FREC2 FREC1 FREC
HFFFFFD9C TSFRCR — — — — — — — —
H'FFFFFDID — — — — — — — —
HFFFFFDOE TSFC15 TSFC14 TSFCI3 TSFCI2 TSFCI1 TSFCIO TSFC9  TSFC
'HFFFFFDOF TSFC7 TSFC6 TSFC5 TSFC4 TSFC3 TSFC2 TSFCL  TSFC
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HFFFFFDAG RFC15 RFC14 RFCI3 RFC12 RFC11 RFCI0 RFC9  RFC8
HFFFFFDA7 RFC7 RFC6 RFC5 RFC4 RFC3 RFC2 RFCL  RFCO
HFFFFFDAS8 MAFCR  — — - — — — — —
HFFFFFDAQ — — — — — — — —
HFFFFFDAA MAFC15 MAFC14 MAFC13 MAFC12 MAFC11 MAFC10 MAFC9 MAFCE
HFFFFFDAB MAFC7 MAFC6 MAFC5 MAFC4 MAFC3 MAFC2 MAFC1 MAFCC
HFFFFFDAC — — - — — — — — —
to
HFFFFFEOF
HFFFFFE10  TIER ICE  — — — OCIAE OCIBE OVIE —
H'FFFFFE11 FTCSR  ICF — — — OCFA  OCFB  OVF CCLRA
HFFFFFE12  FRCH
HFFFFFE13  FRCL
HFFFFFE14 OCRAH

OCRBH
HFFFFFE15 OCRAL

OCRBL
H'FFFFFE16 TCR IEDG — — — — — CKS1  CKSO
HFFFFFE17 TOCR  — — — OCRS — — OLVLA  OLVLE
HFFFFFE18  FICRH
HFFFFFE19  FICRL
HFFFFFEIA — — — — — — — — —
to
HFFFFFESF
HFFFFFE40 IPRD  TPUOIP3 TPUOIP2 TPUOIP1 TPUOIPO TPULIP3 TPULIP2 TPULIP1 TPULIF
HFFFFFE4L TPU2IP3 TPU2IP2 TPU2IP1 TPU2IPO SCF1IP3 SCF1IP2 SCF1IP1 SCFLIN
HFFFFFE42 VCRE  — TGOAV6 TGOAV5 TGOAV4 TGOAV3 TGOAV2 TGOAVI TGOAV
'HFEFFFFE43 — TGOBV6 TGOBVS TGOBV4 TGOBV3 TGOBV2 TGOBVL TGOBV
HFFFFFE44 VCRF  — TGOCV6 TGOCV5 TGOCV4 TGOCV3 TGOCV2 TGOCVI TGOCV
HFFFFFE45 — TGODV6 TGODV5 TGODV4 TGODV3 TGODV2 TGODVI TGODV
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H'FFFFFE4D

— TG2BV6 TG2BV5 TG2BV4 TG2BV3 TG2BV2 TG2BVL TG2B
HFFFFFE4E VCRK  — TC2VV6 TC2WW5 TC2W4 TC2VW3 TC2W2 TC2W1 TC2V
'HFFFFFE4F — TC2UV6 TC2UV5 TC2UV4 TC2UV3 TC2UV2 TC2UVI TC2U
HFFFFFES0 VCRL  — SERIV6 SERIV5 SERIV4 SERIV3 SERIV2 SERIV1 SERI
'HFFFFFESL _ SRX1V6 SRX1V5 SRX1V4 SRX1V3 SRX1V2 SRX1V1 SERI
HFFFFFE52 VCRM  — SBRIV6 SBRIV5S SBRIV4 SBRIV3 SBRIV2 SBRIV1 SBRI
HFFFFFES3 — STX1V6 STXIV5 STXIV4 STXI1V3 STXIV2 STXIV1 STXI
HFFFFFE54 VCRN  — SER2V6 SER2V5 SER2V4 SER2V3 SER2V2 SER2V1 SER?
HFFFFFES5 — SRX2V6 SRX2V5 SRX2V4 SRX2V3 SRX2V2 SRX2V1 SRX?
HFFFFFE56 VCRO  — SBR2V6 SBR2V5 SBR2V4 SBR2V3 SBR2V2 SBR2VL SBR?
'HFFFFFE57 — STX2V6 STX2V5 STX2V4 STX2V3 STX2V2 STX2V1 STX2
HFFFFFESS — — — — — — — — —
to
HFFFFFESF
HFFFFFEGD  IPRB E- E- E- E- FRTIP3 FRTIP2 FRTIPL FRTIS
DMACIP3 DMACIP2 DMACIP1 DMACIPO
'HFFFFFE6L — — — — — — — —
HFFFFFE62 VCRA  — EINVG EINV5S EINV4A EINV3  EINV2  EINVLI  EINVI
HFFFFFE63 — — — — — — — —
HFFFFFE64 VCRB  — — - — — — — —
HFFFFFEGS — — — — — — — —
HFFFFFE66 VCRC  — FICV6 FICV5S FICV4 FICV3 FICV2 FICVL  FICV(
'HFFFFFE67 — FOCV6 FOCV5 FOCV4 FOCV3 FOCV2 FOCV1 FOC\
HFFFFFE68 VCRD  — FOV6 FOW5 FOVV4 FOW3 FOWW2 FOWIL FOW\
H'FFFFFE69 - — — — — — — —
HFFFFFE6A — — — — — — — — —
to
HFFFFFET0
HFFFFFE7L DRCRO  — — — RS4 RS3 RS2 RS1 RSO
HFFFFFE7T2 DRCR1 — — _ RS4 RS3 RS2 RS1 RSO
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H'FFFFFE84
to

H'FFFFFESF
HFFFFFE90  FMR PLL2ST PLLIST CKIOST — FR3 FR2 FRL FRO
HFFFFFE9L SBYCRL SBY HIZ MSTP5 MSTP4 MSTP3 — MSTPL —
HFFFFFE92 CCR w1 wo wB cp ™w oD ID CE
HFFFFFE93 SBYCR2 — — MSTP11 MSTP10 MSTP9 MSTP8 MSTP7 MSTP
HFFFFFE94 — — — — — — — — —

to

HFFFFFEBF

HFFFFFECO IPRE SCF2IP3 SCF2IP2 SCF2IP1 SCF2IP0 SIOOIP3 SIOOIP2 SIOOIPL SIOOIP
HFFFFFEC1 SIOLIP3 SIOLP2 SIO2P1  SIOLIPO SIO2IP3 SIO2IP2 SIO2IP1  SIO2IP
HFFFFFEC2 VCRP  — REROV6 REROV5 REROV4 REROV3 REROV2 REROV1 RERO\
'HFFFFFEC3 — TEROV6 TEROV5 TEROV4 TEROV3 TEROV2 TEROVI TEROV
HFFFFFEC4 VCRQ  — RDFOV6 RDFOV5 RDFOV4 RDFOV3 RDFOV2 RDFOVI RDFOV
'HEFFFFEC5 — TDEOV6 TDEOV5 TDEOV4 TDEOV3 TDEOV2 TDEOVL TDEOV
HFFFFFEC6 VCRR  — RERIV6 RERIV5 RERIV4 RERIV3 RERIV2 RERIV1 RERI\
HFFFFFEC7 — TERLV6 TERLVS TERLV4 TERLV3 TER1V2 TERIVI TERLV
HFFFFFEC8 VCRS  — RDF1V6 RDF1V5 RDF1V4 RDF1V3 RDF1V2 RDF1V1 RDF1V
HFFFFFECY — TDE1V6 TDE1V5 TDELv4 TDELV3 TDELV2 TDELV1 TDELV
HFFFFFECA VCRT  — RER2V6 RER2V5 RER2V4 RER2V3 RER2V2 RER2V1 RER2\
'HFFFFFECB — TER2V6 TER2V5 TER2V4 TER2V3 TER2V2 TER2V1 TER2V
HFFFFFECC VCRU  — RDF2V6 RDF2V5 RDF2v4 RDF2V3 RDF2V2 RDF2V1 RDF2\
'HFFFFFECD _ TDE2V6 TDE2V5 TDE2V4 TDE2V3 TDE2V2 TDE2VL TDE2V
HFFFFFECE — — — — — — - — —

to

HFFFFFEDF

H'FFFFFEEO ICR NMIL — — — — — — NMIE
'HFFFFFEEL — — — — — — EXIMD  VECMI
HFFFFFEE2 IPRA — — — — DMACIP3 DMACIP2 DMACIPL DMACI
'HFFFFFEE3 WDTIP3 WDTIP2 WDTIPL WDTIPO — — — —
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to
HFFFFFEFF

HFFFFFFO0 BARAH  BAA31 BAA30 BAA29 BAA28 BAA27 BAA26 BAA25  BAA2
H'FFFFFFOL BAA23 BAA22 BAA21 BAA20 BAAL9 BAA18 BAAL7  BAAL
HFFFFFF02 BARAL  BAA1S BAA14 BAAI3 BAAI2 BAAIL BAAI0O BAA9  BAAS
H'FFFFFFO3 BAA7 BAA6 BAA5  BAA4  BAA3  BAA2  BAAL  BAAD
HFFFFFF04 BAMRAH BAMA31 BAMA30 BAMA29 BAMA28 BAMA27 BAMA26 BAMA25 BAM/
H'FFFFFFO5 BAMA23 BAMA22 BAMA21 BAMA20 BAMA19 BAMA18 BAMA17 BAMA
HFFFFFFO6 BAMRAL BAMA15 BAMA14 BAMA13 BAMA12 BAMA1l BAMA10 BAMA9 BAM/
HFFFFFFO7 BAMA7 BAMA6 BAMA5 BAMA4 BAMA3 BAMA2 BAMALl BAMA
HFFFFFFO8  BBRA — — — — — — — —
H'FFFFFFO9 CPA1  CPAO  IDAL IDAO RWAL RWAO SZA1L  SZAO
HFFFFFFOA — — — — — — — — —
to

H'FFFFFFOF

HFFFFFF10 BRFR SVF PID2 PID1 PID0  — — — —
HFFFFFFIL DVF — — — — — — —
HFFFFFF12 — — — — — — — — —
to

HFFFFFF13

HFFFFFF14 BRSRH BSA31 BSA30 BSA29 BSA28 BSA27 BSA26 BSA25 BSA2
HFFFFFF15 BSA23 BSA22 BSA21 BSA20 BSAL19 BSAI8 BSA17 BSAlL
HFFFFFF16 BRSRL  BSA15 BSAl4 BSA13 BSA12 BSA1l BSAI0 BSA9  BSAS
HFFFFFF17 BSA7 BSA6 BSA5 BSA4  BSA3  BSA2  BSAL  BSAO
HFFFFFF18 BRDRH BDA31 BDA30 BDA29 DA28  BDA27 BDA26 BDA25 BDA2
HFFFFFF19 BDA23 BDA22 BDA21 BDA20 BDA19 BDAI8 BDA17 BDAIL
HFFFFFFIA BRDRL  BDA15 BDA14 BDA13 BDA12 BDAI1 BDA10 BDAY  BDAS
HFFFFFF1B BDA7 BDA6 BDA5 BDA4 BDA3 BDA2 BDAlL  BDAO
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H'FFFFFF23 BAB7  BAB6 2 BAB5 BAB4  BAB3  BAB2  BAB1  BABO
HFFFFFF24 BAMRBH BAMB31 BAMB30 BAMB29 BAMB28 BAMB27 BAMB26 BAMB25 BAMB?
H'FFFFFF25 BAMB23 BAMB22 BAMB21 BAMB20 BAMB19 BAMB18 BAMBL7 BAMBI
HFFFFFF26 BAMRBL BAMBI5S BAMB14 BAMBI13 BAMB12 BAMBLl BAMBIO BAMBO BAMBE
HFFFFFF27 BAMB?7 BAMB6 BAMBS BAMB4 BAMB3 BAMB2 BAMBL BAMBO
HFFFFFF28 BBRB  — — — — — — — —
H'FFFFFF29 CPB1 CPBO [DB1  IDBO RWBL RWBO SZBL  SZBO
HFFFFFF2A — — - - - - — — —

to

HFFFFFF2F

HFFFFFF30 BRCRH CMFCA CMFPA — - PCTE PCBA — -
H'FFFFFF31 CMFCB CMFPB — SEQL SEQD PCBB  — -
HFFFFFF32 BRCRL CMFCC CMFPC ETBEC — DBEC PCBC — -
HFFFFFF33 CMFCD CMFPD ETBED — DBED PCBD — -
HFFFFFF34 — — — — — — — — —

to

H'FFFFFF3F

HFFFFFF40 BARCH BAC31 BAC30 BAC29 BAC28 BAC27 BAC26 BAC25 BAC24
HFFFFFF41 BAC23 BAC22 BAC21 BAC20 BACI9 BACI8 BACL7 BACIL6
HFFFFFF42 BARCL  BAC15 BACl4 BACL13 BACI2 BACI1 BACL0 BAC9  BACS
'HFFFFFF43 BAC7 BAC6 BACS5 BAC4 BAC3 BAC2 BACl  BACO
HFFFFFF44 BAMRCH BAMC31 BAMC30 BAMC29 BAMC28 BAMC27 BAMC26 BAMC25 BAMC:
'HFFFFFF45 BAMC23 BAMC22 BAMC21 BAMC20 BAMC19 BAMC18 BAMC17 BAMCI
HFFFFFF46 BAMRCL BAMC15 BAMC14 BAMCI3 BAMCI2 BAMCLL BAMCLO BAMCY BAMCE
'HFFFFFF47 BAMC7 BAMC6 BAMC5 BAMC4 BAMC3 BAMC2 BAMCL BAMCO
HFFFFFF48 BBRC  — — — — — — XYEC  XYSC
'HFFFFFF49 CPC1I CPCO IDCI  IDCO  RWC1 RWCO SZCl  SZCO
HFFFFFF4A — — - - — — — — —

to

H'FFFFEFAF
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HFFFFFF56 BDMRCL BDMC15 BDMC14 BDMC13 BDMC12 BDMC1l BDMC10 BDMC9 BDM(
HFFFFFF57 BDMC7 BDMC6 BDMC5 BDMC4 BDMC3 BDMC2 BDMCl BDM(
HFFFFFF58 BETRC  — — — — ETRC11 ETRC10 ETRC9 ETRC
H'FFFFFF59 ETRC7 ETRC6 ETRC5 ETRC4 ETRC3 ETRC2 ETRC1 ETRC
HFFFFFF5A — — — — — — — — —
to

H'FFFFFF5F

HFFFFFF60 BARDH  BAD31 BAD30 BAD29 BAD28 BAD27 BAD26 BAD25 BAD2
HFFFFFF61 BAD23 BAD22 BAD21 BAD20 BAD19 BAD18 BAD17 BADI1
HFFFFFF62 BARDL  BAD15 BAD14 BAD13 BAD12 BAD11 BAD10 BAD9  BADS
HFFFFFF63 BAD7 BAD6 BAD5 BAD4 BAD3  BAD2 BADl1  BADO
HFFFFFF64 BAMRDH BAMD31 BAMD30 BAMD29 BAMD28 BAMD27 BAMD26 BAMD25 BAML
HFFFFFF65 BAMD23 BAMD22 BAMD21 BAMD20 BAMD19 BAMD18 BAMD17 BAML
HFFFFFF66 BAMRDL BAMD15 BAMD14 BAMD13 BAMD12 BAMD1l BAMD10 BAMD9 BAML
HFFFFFF67 BAMD7 BAMD6 BAMD5 BAMD4 BAMD3 BAMD2 BAMD1 BAML
H'FFFFFF68  BBRD — — - — - — XYED  XYSD
HFFFFFF69 CPD1  CPDO  IDD1 IDDO RWD1 RWDO SZD1  SZDO
HFFFFFF6A — — — — — — — — —
to

H'FFFFFF6F

HFFFFFF70 BDRDH BDD31 BDD30 BDD29 BDD28 BDD27 BDD26 BDD25 BDD?2
HFFFFFF71 BDD23 BDD22 BDD21 BDD20 BDD19 BDD18 BDD17 BDDI
HFFFFFF72 BDRDL  BDD15 BDD14 BDD13 BDD12 BDD1l1 BDD10 BDD9  BDDS
HFFFFFF73 BDD7 BDD6 BDD5 BDD4 BDD3 BDD2 BDD1  BDDO
HFFFFFF74 BDMRDH BDMD31 BDMD30 BDMD29 BDMD28 BDMD27 BDMD26 BDMD25 BDMI
HFFFFFF75 BDMD23 BDMD22 BDMD21 BDMD20 BDMD19 BDMD18 BDMD17 BDMI
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H'FFFFFF7F

H'FFFFFF80

H'FFFFFF81

H'FFFFFF82

HFFFFFF83

H'FFFFFF84

H'FFFFFF85
H'FFFFFF86

H'FFFFFF87

SARO

DARO

HFFFFFF88
HFFFFFF89

HFFFFFF8A
HFFFFFFSB

TCRO — — — — —

H'FFFFFF8C

HFFFFFF8D

HFFFFFFSE

HFFFFFFSF

CHCRO — — — — —

DM1 DMO SM1 SMO TS1

AR

AM

AL DS DL B TA

TE

DE

H'FFFFFF90

HFFFFFF91
HFFFFFF92

H'FFFFFF93

SAR1

HFFFFFF94

H'FFFFFF95
HFFFFFF96
HFFFFFF97

H'FFFFFF98

HFFFFFF99
H'FFFFFF9A
HFFFFFFIB

DAR1

TCR1 — — — — —
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HFFFFFFA3

HFFFFFFA4
to
HFFFFFFA7

VC7

VC6

VC5 VC4 VC3

vC2 VC1l

VvCO

HFFFFFFAS

HFFFFFFAQ
HFFFFFFAA
HFFFFFFAB

HFFFFFFAC
to
HFFFFFFAF

VCRDMA1

HFFFFFFBO
H'FFFFFFB1

HFFFFFFB2
HFFFFFFB3

HFFFFFFB4
to
HFFFFFFBF

DMAOR

HFFFFFFCO
HFFFFFFC1

WCR2

A4WD1

A4WDO

— AAWM AWM
— — w41

A2WM  AIWM
W40 w41

AOW
w40

HFFFFFFC2
to
HFFFFFFC3

HFFFFFFC4
HFFFFFFC5

WCR3

A3SHW1

A3SHWO

A4SW2  A4SW1  A4SWO
A2SHW1 A2SHWO A1SHW1

— A4HW1
A1SHWO AOSHW1

A4H\V
A0S}

HFFFFFFC6
to
HFFFFFFDF

H'FFFFFFEOD

HFFFFFFEL

BCR1

A4LW1

A4LWO0  A2ENDIA BSTROM
N

— AHLW1

AHLV

AlLW1

A1LWO

AOLW1  AOLWO A4ENDIA
N

DRAM2 DRAM1

DRAI

HFFFFFFE2
to
HFFFFFFE3

RENESAS
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HFFFFFFEA
to
HFFFFFFEB

HFFFFFFEC

H'FFFFFFED

HFFFFFFEE
to
HFFFFFFEF

MCR

TRPO

RCDO

TRWLO TRAS1 TRASO

BE

RASD

TRWLI1

AMX2

Sz

AMX1 AMXO0 RFSH

RMODE

TRP1

RCD1

HFFFFFFFO

HFFFFFFF1

RTCSR

CMF

CMIE

CKS2 CKS1 CKSO

RRC2

RRC1

RRCO

HFFFFFFF2
to
HFFFFFFF3

HFFFFFFF4
HFFFFFFF5

RTCNT

HFFFFFFF6
to
HFFFFFFF7

HFFFFFFF8

HFFFFFFF9

RTCOR

HFFFFFFFA
to
HFFFFFFFB

HFFFFFFFC

HFFFFFFFD

HFFFFFFFE
to
HFFFFFFFF

BCR3

— — A4LW2

AHLW2

Al1LW2

AOLW?2

DSWWwW1

DSWWO0

BASEL

EDO

BWE
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Pin Type

Pin Name

Reset

Acquired Released (HIZ=0) (HIZz=1) Modé

Bus control

A24 to AO
D31to DO

O
10

z

z

4 O
10

CS4to CSO

RD/WR

RAS

CAS/OE

WAIT

o0/ o0o|0O0|0O

I T I | T

[ocRNeRNe)

O N|N|N|N|N|N| N|N

Ol T | T

CKE
DQMUU/WE3

DQMUL/WE2

DQMLU/WET

DQMLL/WEO

REFOUT
CAS3 to CASO

BH

o0/ o/lo o|j|o/o|0O0|O

I T o|xT|T|xT|T| O

BUSHiZ

N T|IT r|I|IT IT| I T N IT|I|I N IT| T IT|XT|N|O

N|IN|[N|OINININ|N|T

N T|IT|rr|IT|IT| T IT|  O|/N|IT|T|IT| N IT| T T T N

N IT|/I N I| I IT|IT O N T IT|ITN|IT|XT|IT| T N

Interrupt

NMI

IRL3 to IRLO

N

N

N

IVECF

I

T

T

N
I

RENESAS
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CKPACK H H H H H H
CKPREQ/CKM I I I I I I
PLLCAP2, PLLCAP1 IO 10 10 10 10 10
DMAC  DREQ1, DREQO z z z |
DACK1, DACKO H H H K z o
System  RES I I I I I I
control  \1p4 o MDO | | | | | |
Port, PB15/SCK1 z 10/Z 10/Z K z 10
nternal - b1 4/RXD1 z 10/z 10/Z K z 1o/l
peripheral
module  PB13/TXD1 z 10/Z 10/Z K z 10/0
PB12/SRCK2/RTS/ Z 10/Z/ZIO 10/Z/ZIO  KIKIKIO  Z 10/1/0/0
STATS1
PB11/SRS2/CTS/ z 10/2/ZIO 10/ZIZIO  KIKIKIO  Z 10/1/1/0
STATSO
PB10/SRXD2/TIOCAL Z l0/ZiZ  10/ZIz  KIKIK  Z 10/1/10
PB9/STCK2/TIOCB1, Z I0/ZIZ 10/ZIZz  KIKIK  Z 10/1/10
TCLKC
PB8/STS2/TIOCA2 10/zIZz 10121z KIKIK 10/10/10
PB7/STXD2/TIOCB2, Z 0/zIz  10/ZIz  KIKIK  Z 10/0/10
TCLKD
PB6/SRCK1/SCK2  Z l0/ziZ 10/ZIZ  KIKIK  Z 10/1/10
PB5/SRS1/RXD2 z l0/ZIZ  10/ZIz  KIKIK  Z 1o/1/1
PB4/SRXDL/TXD2  Z 0/ZIz  10/ZIz  KIKIK  Z 10/1/0
PB3/STCKL/TIOCAO  Z l0/Ziz  10/ZIz  KIKIK  Z 10/1/10
PB2/STSU/TIOCBO  Z l0/ziz  10/ZIz  KIKIK  Z 10/10/10
PB1/STXD1/TIOCCO, Z l0/ZIZ 10/ZIZ  KIKIK  Z 10/0/10

TCLKA
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I ML el AT

)

NN

PA11/SRXDO z 10/Z 10/Z K/K z 10/1
PA10/STCKO z 10/Z 10/Z KIK z 10/1
PA9/STSO z 10/Z 10/Z KIK z 10/10
PA8/STXDO z 10/Z 10/2 KIK z 10/0
WDTOVF/PA7 H H/O H/O O/K 0/z 0/10
PAB/FTCI z 10/Z 10/Z K z 10/1
PAS/FTI z 10/Z 10/Z K z 10/1
PA4/FTOA z 10/L 10/L K z 10/0
CKPO/FTOB H HIL H/L K z 0/0
PA2/LNKSTA z 10/1 10/1 K z 10/1
PA1/EXOUT z 10/0 10/0 K z 10/0
PAO z 10 10 K z 10
H-UDI TRST I I I I I I
TCK I I I I [ [
T™S [ [ [ [ [ [
TDI [ [ [ [ [ [
TDO o o o) o) 0 0
ASEMODE I I I I [ [

RENESAS
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ETXD3 to ETXDO O O (0] (0] O O
CRS | | | | | |
CcoL | | | | | |
MDC (6] (0] O o} (0] o
MDIO 10 10 10 10 10 10

RX-CLK | | | | | |
RX-DV | | | | | |

RX-ER | | | | | |

ERXD3 to ERXDO | | | | | |

Input

Output

High-level output

Low-level output

High-impedance state

Input pins are in the high-impedance state; output pins maintain their previous state.

ANT IO

Notes: In sleep mode, if the DMAC is operating the address/data bus and bus control s
according to the operation of the DMAC. (The same applies when refreshing is

* Depends on the clock mode (CKPREQN, MD2 to MDO setting).
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1. DIMENSIONS™ 1"AND"*2"
DO NOT INCLUDE MOLD FLASH
2. DIMENSION"*3"DOES NOT

INCLUDE TRIM OFFSET.

Terminal cross section

Az

B

Reference
Symbol

D

E

Az

Ho

A

-t

.

Detail F

FigureD.1 Package Dimensions (FP-208C, FP-208CV)
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000000000
000000000
000000000
000000000

DOOOOOOOOO
DOOOOOOOOO
DOOOOOOOOC

POOOOOOOOC

0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
0000 0000
000000000 HPOOOOOOOOO0
000000000 HPOOOOOOOOO0
000000000 PHPOOOOOOOOO0 N
000000 0QOPOOOOOOOOC

12 3 45 6 7 (89 1011 12 13 14 15 16 17 18 19

OB

Reference

<xw@3>§<‘m“o‘§
g

<

n
o

w
m

N
o

N
m

Figure D.2 Package Dimensions (BP-240A, BP-240AV)
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