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Old Company Name in Catalogs and Other Documents

On April 1%, 2010, NEC Electronics Corporation merged with Renesas Technology
Corporation, and Renesas Electronics Corporation took over all the business of both
companies. Therefore, although the old company name remains in this document, it is a valid
Renesas Electronics document. We appreciate your understanding.
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April 1%, 2010
Renesas Electronics Corporation

Issued by: Renesas Electronics Corporation (http://www.renesas.com)

Send any inquiries to http://www.renesas.com/inquiry.
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Notice

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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document, please confirm the latest product information with a Renesas sales office. Also, please pay
and careful attention to additional and different information to be disclosed by Renesas such as that di
through our website. (http://www.renesas.com )
Renesas has used reasonable care in compiling the information included in this document, but Renese
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the info
included in this document.
When using or otherwise relying on the information in this document, you should evaluate the informati
light of the total system before deciding about the applicability of such information to the intended appli
Renesas makes no representations, warranties or guaranties regarding the suitability of its products fo
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.
With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure
malfunction of which may cause a direct threat to human life or create a risk of human injury or which r
especially high quality and reliability such as safety systems, or equipment or systems for transportatio
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea commt
transmission. If you are considering the use of our products for such purposes, please contact a Renes
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth at
Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes liste:

(1) artificial life support devices or systems

(2) surgical implantations

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

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

3. Processing before Initialization

Note: When power is first supplied, the product's state is undefined.
The states of internal circuits are undefined until full power is supplied throughot
chip and a low level is input on the reset pin. During the period where the states ¢
undefined, the register settings and the output state of each pin are also undefinec
your system so that it does not malfunction because of processing while it is in th
undefined state. For those products which have a reset function, reset the LSI imi
after the power supply has been turned on.

4. Prohibition of Access to 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 reg
may have been be allocated to these addresses. Do not access these registers; the
operation is not guaranteed if they are accessed.

Rev. 6.00 Jul. 15,2009 Page iv of xxxviii
RENESAS



e CPU and System-Control Modules
e On-Chip Peripheral Modules

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

i) Feature

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

v) Usage Note

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

7. List of Registers

8. Electrical Characteristics

9. Appendix

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

The list of revisions is a summary of points that have been revised or added to earlier ve
This does not include all of the revised contents. For details, see the actual locations in t
manual.

11. Index
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characteristics of the SH7619 io the target users.
Refer to the SH-1/SH-2/SH-DSP Software Manual for a detailed descript
instruction set.

Notes on reading this manual:

e In order to understand the overall functions of the chip
Read the manual according to the contents. This manual can be roughly categorized i
on the CPU, system control functions, peripheral functions and electrical characteristi
e In order to understand the details of the CPU's functions
Read the SH-1/SH-2/SH-DSP Software Manual.
e In order to understand the details of a register when its name is known
The addresses, bits, and initial values of the registers are summarized in section 24, L
Registers.

Examples:  Register name: The following notation is used for cases when the
similar function, e.g. 16-bit timer pulse unit or ser
communication interface, is implemented on more
channel:

XXX_N (XXX is the register name and N is the cl
number)
Bit order: The MSB is on the left and the LSB is on the righ

Number notation: ~ Binary is B'xxxx, hexadecimal is H'xxxx, decimal

Signal notation: An overbar is added to a low-active signal: Xxxx

Related Manuals:  The latest versions of all related manuals are available from our wel
Please ensure you have the latest versions of all documents you req
http://www.renesas.com/
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SuperH™ RISC engine High-performance Embedded Workshop 3 REJ10B0025
User's Manual

SuperH RISC engine High-Performance Embedded Workshop 3 REJ10B0023
Tutorial

Application note:

Document Title Document No.
SuperH RISC engine C/C++ Compiler Package Application Note REJ05B0463

All trademarks and registered trademarks are the property of their respective owners.
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Z.1 TIOAUUTCS . it ittt teitietiattttttosossisssasesesesssssssssasesssssssssssanasesasass

2.2 Register CONfIGUIATION. ..c..coitiiriiiriiiiiiierteeet ettt ettt e e eas
2.2.1 General Registers (Rn)......cooeoviiriiiiiniiniiiiniiececec e
222 CONtrol REISLEIS ...covieieieiiieiietieieeie ettt et
223 SYStEM REGISIETS ...eeuviiiiiieiiiiiieeiee ettt
224 Initial Values of REZISIETS.....ccccueiriiiriieniieniieniee et
2.3 Data FOTMALS......coouiiiiieeiieeiie ettt ettt ettt ettt s be e sabe e s beesabaesabeesases
231 Register Data FOrmat...........ccoceviiiiiniiininiinieniesececeee e
232 Memory Data FOrmats ........ccoeverieriiienienieneeieee st
233 Immediate Data FOrmats..........cceevvierieeniieiiieeieecieeeie e sve e
24 Features of INSIIUCHONS ........ueeruiiiiiiieiieiiieete ettt
24.1 RISC TYPE ettt ettt sttt eee e sneenseenseens
24.2 AdAressing MOAES .......cocueeriiiriieniieniieniee st eiee st e sreesreesaeesbeesaaee e
243 INStruction FOIMALS .....ccccvieeiieeiieciie ettt ee e sve e
2.5 INSTIUCHION S@E..eiiiiiiiiiieitieeiieerieeteeree ettt et e et e et e s teeeaeeesbeeebeessbeessbeessseesnsesnnses
251 INStruction Set DY TYPE..co.eeeuiereieiieieeiieteete ettt
2.0 PrOCESSING STAES...ccuueiriiiriieriiieriee sttt ettt ettt e et sbee s bt e e bt e sbeesabeesbeeearee s
2.6.1 State TranSItOMN ....eeevieitieeiee ettt ettt sttt e s e e
Section 3 CaChE ..coooeviiiiiee e
3.1 FALUTES ...ttt et ettt et e s te e s be e st eesabeessbeesnbeessbeessbeessseennsasnnnes
3.1.1 CaChe STIUCHUIE ... .eeiiiieeieeciiecie et eete et sve e re e be e re e s aeesaae e ebaenaneenes
3.1.2 Divided Areas and Cache...........coocueerieeniiiniiieniiienieeeieceieeseee e
3.2 RegISter DESCIIPLONS c....eiiiiiiiiiriieeiiteeite ettt ettt ettt et s sbee e s
3.2.1 Cache Control Register 1 (CCR1) ..cooveeviiiniiiiiinieeeieecieesiee e
3.3 OPCIALION ...ttt sttt ettt ettt ettt ettt et bt e bt ettt st sbeesaee bt et ens
3.3.1 Searching CaChe .......cocoiieiiiriiiiiieteeeeeeeee et
332 REAA ACCESS ..viiiiiiieieeiiie ettt e e e e sree e e nntaeeeenes
333 WIILE ACCESS c.nvvieitieiiieeiiteeitee ettt ettt sb et e st e st e sbeesateesabeesaneenas
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Section 5 Exception Handling ...........coooveveiiiiiiiiiniiieiieeeiieeeeeeeiee e

5.1 OVEIVIBW ettt sttt ettt ettt ettt et st s bt sbe ettt sanesbnenbe e bt eaeemeesae
5.1.1 Types of Exception Handling and Priority .........cccccecevienieninncncneennen.
5.1.2 Exception Handling Operations...........cccccecveveeneenieniienienieneeneeeseeseen
5.1.3 Exception Handling Vector Table ..........ccccoovieiieiininieieeeeeeeeee,
5.2 RESEIS ettt ettt et ettt e s saeen
5.2.1 TYPES Of RESELS....eeiiiiiiiiiiieiiieeee ettt
52.2 POWEr-On ReSELt.....c..oiiiiiiiiiiieieececreceeeeeeee e
523 H-UDI RESEL ...ttt
5.3 AdAress EITOTS ...oueiiiiiiiiiiiieiiesiteeeeeeee ettt sttt et nbees
5.3.1 Address Error SOUICES .......c.eeiieiieieeiiiie et
5.3.2 Address Error EXception SOUICE.........covueriiiiinieiiiiiiieeiieeteeee et
B T 01115 0 41| o] 1O OO OO PO PORTPRRRPR
54.1 TNEETTUPL SOUICES...euvieiiiieeiieiiieeiee ettt ettt ettt be et esareenaee s
54.2 INtErrupt PriOTitY ..ooveeiieiieiieieiceeee e
543 Interrupt Exception Handling ..........cc.ccocovoiiniininiiniiiniiniencciceceeeee,
5.5  Exceptions Triggered by INStIUCHIONS .......cceeiueeiiiiiiiniiiieieeieeieee e
5.5.1 Types of Exceptions Triggered by Instructions ...........cceceevveeevieervennnen.
552 Trap INSTUCHIONS ...eeuvieiiiieriee ittt ettt e e e s
553 Tllegal S10t INSIUCIONS ...eeuvvervieeiieeiieeieeeite ettt et eebeeeieeeaee s
554 General [llegal INStruCtioNS.......cc.eevuerieiierienieieeieeteeteieeeee e
5.6  Cases when Exceptions are ACCEPLEd.......ccceeruiriiriinieniiniiiiieieetesieeieee e
5.7  Stack States after Exception Handling Ends...........ccoccoviiniiiiiiiniinieeeeeeeee,
5.8 USAZE INOLES ..ttt et e b et st e s be e e bt e sbeeebaesabeeebeesane
5.8.1 Value of Stack Pointer (SP) .......uvvveeiiiiiieeeeeeeeeee e
5.8.2 Value of Vector Base Register (VBR).......cccooviiriiiiniiniiiiieciceeeeen
5.83 Address Errors Caused by Stacking for Address Error Exception Handl
5.84 Notes on Slot Illegal Instruction Exception Handling ...........ccccceeeeenee.
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6.4.3 User Break INterrupt .......coecveiviieeiiiiiiiiiiciiceeceiteete et

6.4.4 H-UDI INEEITUPL c.veeiieiieeiieeeteertte sttt ettt sre e st e svee st e sbeesaneeeas
6.5  Interrupt Exception Handling Vector Table.........cccccecerieniiniincnncniinieneeceens
6.6 INErrupt OPETALION ....coueruiiiiiiriieiieieeie ettt ettt ettt et e ae et saee e e i et eas
6.6.1 INEEITUPt SEQUENCE ..ottt
6.6.2 Stack after Interrupt Exception Handling ..........c.cccoeveeviiiniinniinnncnnnee.
6.7 Interrupt ReSPONSe TIME.......covuiiriiiiriiiiiiiiiie ettt
Section 7 Bus State Controller (BSC).....coovvviiviieiiiiiiiiieeeeee e,
7.1 FRALUIES ...ttt st e et
7.2 Input/OULPUL PiNS ....oiiiiiiiiieieee et
7.3 ATEA OVEIVIEW ...ttt ettt ettt et sttt e s st esaeeneenneeas
7.3.1 ATEA DIVISION ...ttt st
7.3.2 ShadOW AT@a.....cc.eeruiiiiiiiiiiiieitere ettt
7.3.3 AdAIESS MAD ...ttt st sttt
7.3.4 Area 0 Memory Type and Memory Bus Width ..........cccooiiinininni,
7.3.5 Data ALINMENT ......ccceiiiiiiiiieiieieeie ettt sttt see e
7.4 RegiSter DeSCTIPONS ......eerviiiiiieiiieiieette ettt ettt sttt s
7.4.1 Common Control Register (CMINCR) ........ccccevviiiniiiniiiiieiieeieeeeee
7.4.2 CSn Space Bus Control Register (CSnBCR) (n =0, 2, 3, 4, 5B, 6B)....
7.4.3 CSn Space Wait Control Register (CSnWCR) (n =0, 3,4, 5B, 6B) .....
744 SDRAM Control Register (SDCR)......ccccecueriinieniiniinienieneeeeie e
7.4.5 Refresh Timer Control/Status Register (RTCSR).......ccccoevvreiininniennns
7.4.6 Refresh Timer Counter (RTCNT)......ooviiiiiiiiiiiiieeieeecieeeee e
7.4.7 Refresh Time Constant Register (RTCOR) ....c...cooveiviieiniiiinieiniiinienns
7.5 OPETALION ..eeivieiiiieeiiieette et e st et e st e sttt e st e e s ateesabeessbeesabeesateeseeesseesnsseenseesnseesnseens
7.5.1 Endian/Access Size and Data Alignment..........c.ccocereeneeneniinieneennenns
7.5.2 Normal Space Interface..........cceevueriinienieninienieiieeeec et
753 ACCESS Wt CONLIOL ...ecvvieiiieiieeiiieeteeieeesteeeteeesteeeeeeestaeesaeeebaeeaneenne
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8.4.1 Frequency Control Register (FRQCR) ........cooceeviiiiiiiiiniiiiienieenieenene
8.4.2 PHY Clock Frequency Control Register (MCLKCR) ........cccccccevvennennen.
843 USAZE INOLES ..ttt ettt ettt sttt e ettt siaesbeenbeenbean
8.5  Changing FreqUENCY ........cccciiiiiiiiieieeeee ettt sttt et et
8.5.1 Changing Multiplication Ratio ..........ccecceevviiiiieniiiiiieniienceeieesieeeeene
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8.6  Notes 0n Board DEeSIN ........couereeriiiiiiiiiiiiieiteieeeete sttt st
Section 9 Watchdog Timer (WDT) ...cccuiiiiiiiiiiiiiiieieceieeeceeeecee
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0.2 RegiSter DESCTIPOMNS .....ccoveiriiiiriiieiiieeieerieeetee sttt ettt ettt e sateesiaeesanee e
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9.2.2 Watchdog Timer Control/Status Register (WTCSR).......cccccocvervenenncnne.
9.2.3 Notes 0N ReZISTET ACCESS ....eeuveruieriieniiiniieniieieeie ettt
9.3 WDT OPETALION ..ouiniiiiieiieicieieeteete ettt sttt et st et saenes
9.3.1 Canceling Software Standbys ........c.ccueeviiriiiiiieniieiieeee et
9.3.2 Changing FrEQUENCY .......ccccuiiiuiiirieiiiieiteeiieete ettt
933 Using Watchdog Timer MOde .........cccovvueeviiiniiieniiieiieeeiee st
9.34 Using Interval Timer Mode .........cooceoveriiniiniiniiiinienieeeeeieeesee e
0.4 USAZE NOLES ...eeuieuieriieiitert ettt ettt ettt ettt b e b e e e et s atesbeesbe e bt eatesbeesbeenbeenbeas
Section 10 Power-Down Modes...........cooverieiniiiiiiniiniiiiceicenec e
LO. 1 FEATUIES....c.ueeiieiieieeieeeeee ettt ettt et s st sae e en
10.1.1  Types of POwer-Down MOdES .........ccccueevuieriiiiniieniieeiieeiieeiee s
10.2  Input/OUtPUL PinS...co.eoiiiiiiiiiiiiiiieee ettt
10.3  RegiSter DeSCIiPtiONS ....cccueetiiiiiiiriientieteeieeteete ettt sttt et s
10.3.1  Standby Control Register (STBCR)........ccceeiiriiniiiieieeeeeceeeeee
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10.6.2  Canceling Module Standby Function...........cccccceevvirvieniieenneenieenneenne.

Section 11 Ethernet Controller (EtherC).......cccovvvvviiiiiiieiiiieiieeeeeeeineeen,
) O T 111 (T RO TSRPRR
11.2  Input/Output PinS . ...cocuiiiieiieeieeiiete ettt et
11.3  RegiSter DeSCTIPUON ...ccuveiiiiiiiieiiieeiieeite ettt ettt st
11.3.1  EtherC Mode Register (ECMR).........ccoceiriiirieiniiiniiinieeniceieeneeee
11.3.2  EtherC Status Register (ECSR).....c.cccovvviiviiiniiiiiiieeeceeeeiee e
11.3.3  EtherC Interrupt Permission Register (ECSIPR) .......cccccoceviiniininine
11.3.4  PHY Interface Register (PIR) ......c.cccoceeviiiiiiiniiniiiieeeeeeece
11.3.5 MAC Address High Register (MAHR)........cccoooiiiiiiiniiiieee e
11.3.6  MAC Address Low Register (MALR).....c.cceeviiriiiiniieniienieenieeneeeee.
11.3.7  Receive Frame Length Register (RFLR) ........ccccooviiviiniiinniiniiiniceee.
11.3.8  PHY Status Register (PSR).......cccoeeiiiiiiiiiiiiee et
11.3.9  Transmit Retry Over Counter Register (TROCR) .........ccceveevierncnnnne
11.3.10 Delayed Collision Detect Counter Register (CDCR).........c.cccoeenueeneenee.
11.3.11 Lost Carrier Counter Register (LCCR)........cccoviiiieiiniinieiiceee e
11.3.12 Carrier Not Detect Counter Register (CNDCR) .......ccccocvveviiriiennieennne.
11.3.13  CRC Error Frame Counter Register (CEFCR)........c.ccccocevviiiiniiinncnnnee.
11.3.14 Frame Receive Error Counter Register (FRECR)........c.ccocceeviviriennnnenn.
11.3.15 Too-Short Frame Receive Counter Register (TSFRCR)...........c............
11.3.16 Too-Long Frame Receive Counter Register (TLFRCR)...........c............
11.3.17 Residual-Bit Frame Counter Register (RFCR) ..........cccoeeviniiiiinienne
11.3.18 Multicast Address Frame Counter Register (MAFCR).........ccccccevuueeneee.
11.3.19 IPG Register (IPGR) .......c.ccoeeriieiieiecieteie ettt e
11.3.20 Automatic PAUSE Frame Set Register (APR) ......c.cccoevvieviiiniiiniennen.
11.3.21 Manual PAUSE Frame Set Register (MPR) .......cccccocceviininicniiniinne.
11.3.22 PAUSE Frame Retransfer Count Set Register (TPAUSER)..................
) A 00153 ¢ 15 10 s SRR PRR SRS
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12.2.1 E-DMAC Mode Register (EDMR)........ccceeviimiinieniininieiieiienceneeiee
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12.2.6  EtherC/E-DMAC Status Register (EESR).....cccccoceiiiniininiiniiniceiceiee
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could not previously be handled by microcontrollers because of their high-speed proces:
requirements.

This LSI is equipped with an Ethernet controller that includes a media access controller
conforming to the IEEE802.3u standard and a physical layer transceiver (PHY), enablin
Mbps LAN connection. As the equipped Ethernet controller also includes a media indeg
interface (MII) standard unit, a PHY LSI can be externally connected.

In addition, this LSI provides on-chip peripheral functions necessary for system configu
such as cache memory, RAM, a direct memory access controller (DMAC), timers, a ser
communication interface with FIFO (SCIF), a serial IO with FIFO (SIOF), a host interf:
an interrupt controller (INTC), and I/O ports.

The external memory access support function of this LSI enables direct connection to v:
types of memory, such as standard memory, SDRAM, and PCMCIA. This greatly reduc
cost.
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registers)

e Sixteen 32-bit general registers

e Five-stage pipeline

e On-chip multiplier: Multiplication operations (32 bits x 32 bits -
executed in two to five cycles

e C language-oriented 62 basic instructions

Note: Some specifications on the slot illegal instruction differ f
conventional SH2 core. For details, see section 5.8, Us:
Notes in section 5, Exception Handling.

User break controller e Address, data value, access type, and data size are available
(UBC) setting as break conditions

e Supports the sequential break function
e Two break channels
U memory e 16 kbytes

Cache memory ¢ Unified cache, mixture of instructions and data
e 4-way set associative type
e Selection of write-back or write-through mode
e 16 kbytes
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— Number of access wait cycles
— Setting of idle wait cycles

— Specifying the memory to be connected to each area ene
connection to SRAM, SDRAM, and PCMCIA.

— Qutputs chip select signals (CS0, CS3, CS4, CS5B, and
corresponding area

SDRAM refresh function

— Supports auto-refresh and self-refresh modes
SDRAM burst access function

PCMCIA access function

— Conforms to the JEIDA Ver. 4.2 standard, two slots

Selection of big or little endian mode (The mode of all the are
switched collectively by a mode pin.)

Direct memory access
controller (DMAC)

Four channels; external request available for two of them
Burst mode and cycle steal mode

Outputs a transfer end signal of the channel handling an exte
request

Intermittent mode available (16 and 64 cycles supported)

Interrupt controller
(INTC)

Supports nine external interrupt pins (NMI, IRQ7 to IRQO)

On-chip peripheral interrupt: Priority level is independently se
each module

Vector address: Specified vector address for each interrupt s

User debugging
interface (H-UDI)

Supports the JTAG interface emulator
JTAG standard pins arranged
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Selection of four types of clock modes (PLL2 x2/x4 and clock/
resonator are selectable)

Ethernet controller
(EtherC)

MAC (Media Access Control) function

— Data frame assembly/disassembly (frame format conformi
IEEE802.3)

— CSMA/CD link management (collision prevention and colli
processing)

— CRC processing

— 512 bytes each for transmit/receive FIFO

— Full-duplex transmit/receive support

— Short frame/long frame detectable

Conforms to the MIl (Media Independent Interface) standard

— Conversion from 8-bit stream data in MAC layer to Ml nibl
stream

— Station management (STA function)

— 18 TTL-level signals

— 10/100 Mbps transfer rate adjustable

Magic Packet™* (WOL (Wake-On-LAN) output)

Ethernet controller
DMAC (EDMAC)

CPU load reduced with the descriptor management method
For transferring from EtherC receive FIFO to receive buffer x |

For transferring from transmit buffer to EtherC transmit FIFO >
channel

16-byte burst transfer improves the efficiency of system bus
Supports single frame and multiple buffer
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16 data pins
e The buffer RAM and the CPU of this LSI are connected in pa
internal bus

e The external device can access the desired register after the
index has been specified. (However, when the buffer RAM is
successively, the address is updated automatically.)

¢ Selection of endian mode
¢ Interrupt requested to the external device
¢ Internal interrupt requested to the CPU of this LSI

e Booting from the buffer RAM is enabled if the external device
stored the instruction code in the buffer RAM

Compare match timer e 16-bit counter

(CMT) e Generates compare match interrupts

e Two channels

Serial communication e  Synchronous and asynchronous modes
interface with FIFO

(SCIF) 16 bytes each for transmit/receive FIFO

e High-speed UART

e The UART supports FIFO stop and FIFO trigger

¢ Flow control enabled (channel 0 and channel 1 only)
e Three channels
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FOWET sUpply vullaye e |/U. .U 10 0.0V

Internal: 1.8+0.09 V (Two power sources are externally provid

Note: * Magic Packet™ is the registered trademark of Advance Micro Devices, Inc.
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access controller for
controller Ethernet
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)
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Figurel.1 Block Diagram
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Figurel.2 Pin Assignments
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correctly 1im there 1s a pin lett open.

VeeQ Input  Power Supply Power supply for input/output pins. All the VccQ p
connected to the system power supply. This LSI ¢
operate correctly if there is a pin left open.

VssQ Input  Ground Ground pins. All the VssQ pins must be connecte
system power supply (0 V). This LS| does not ope
correctly if there is a pin left open.

Clock Vce (PLL1) Input Power Supply Power supply pin for the on-chip PLL1 oscillator
for PLL1

Vss (PLL1) Input Ground for Ground pin for the on-chip PLL1 oscillator

PLLA1

Vcc (PLL2) Input Power Supply Power supply pin for the on-chip PLL2 oscillator

for PLL2

Vss (PLL2) Input Ground for Ground pin for the on-chip PLL2 oscillator

PLL2

EXTAL Input  External Clock Connects to a crystal resonator. An external clock
input on this pin. For details on connection of an €
clock, see section 8, Clock Pulse Generator (CPC

XTAL Output Crystal Connects to a crystal resonator.

CKIO Output System Clock Supplies the system clock to external devices.

Operating MD5, Input  Mode Setting These pins set operating mode. The signal levels

mode MD3 to MDO pins must not be changed during operation.

control Pins MD2 to MDO are used for setting clock mode
for setting bus width mode for area 0, and pin MD
setting endian.

System RES Input  Power-On This LSI enters the power-on reset state when thi

control Reset goes low.
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output

Bus CS0, CS3, Output Chip Select 0, Chip select signals for external memory and device
control CS4, CS5B, 3,4, 5B, 6B

CSeB

RD Output Read Indicates that data is read from an external device.

RD/WR Output Read/Write  Read/write signal

BS Output Bus Cycle Indicates start of a bus cycle.
Start

WE3 Output Most Indicates that bits 31 to 24 of data of external mem
Significant devices are written to.
Byte Write

WE2 Output Second Byte Indicates that bits 23 to 16 of data of external mem:
Write devices are written to.

WE1 Output Third Byte Indicates that bits 15 to 8 of data of external memol
Write devices are written to.

WEO Output Least Indicates that bits 7 to 0 of data of external memory
Significant devices are written to.
Byte Write

WAIT Input  Wait Input pin used to insert wait cycles into the bus cyc

accessing the external space

RAS Output RAS Connects to the RAS pin of SDRAM.

CAS Output CAS Connects to the CAS pin of SDRAM.

CKE Output Clock Enable Connects to the CKE pin of SDRAM.

DQMUU Output Most Selects bits 31 to 24 of SDRAM data bus.
Significant
Byte Select
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Slde

CE1B Output PCMCIA Card Chip enable for PCMCIA allocated to area 6
Select Lower
Side

CE2A Output PCMCIA Card Chip enable for PCMCIA allocated to area 5
Select Upper
Side

CE2B Output PCMCIA Card Chip enable for PCMCIA allocated to area 6
Select Upper
Side

ICIOWR Output PCMCIA1/O  Connects to the PCMCIA I/O write strobe pin.
Write Strobe

ICIORD Output PCMCIA1/O  Connects to the PCMCIA 1/O read strobe pin.
Read Strobe

WE Output PCMCIA Connects to the PCMCIA memory write strobe.
Memory Write
Strobe
10IS16 Input PCMCIA In little endian mode, this signal indicates 16-bit b
Dynamic Bus PCMCIA. In big endian mode, fix this pin low.
Sizing
Ethernet CRS Input  Carrier Sense Carrier sense pin
controller COoL Input  Collision Collision detect pin
MII_TXD3 to Output Transmit Data 4-bit transmit data pins
MII_TXDO
TX_EN Output Transmit Indicates that transmit data is on pins MII_TXD3 t

Enable MII_TXDO.
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MII_RXDS3 to MIl_RXDO pins

RX_ER Input  Receive Error Pin for detection of an error during reception
MDC Output Management Timing reference input for transfer information on tt
Clock pin
MDIO Input/ Management Bidirectional pin for management information transf
output Data I/O
WOL Output MAGIC Indicates that a Magic Packet™* has received.
Packet
Receive
LNKSTA Input Link Status Input pin for a link state from a PHY LSI.
EXOUT Output General Output pin to external devices
Output
Direct DREQf1, Input DMA transfer Input pins for external DMA transfer request
memory  DREQO request
accesTI DACK1, Output DMA transfer Request receive output pins for external DMA trans
controller DACKO request request
receive
TEND1, Output DMA transfer Output pins for DMA transfer end signal
TENDO end
Serial TXD2 to Output Transmit Data Transmit data pins
communi- TXDO
f:atlon RXD2 to Input Receive Data Receive data pins
|n.terface RXDO
with FIFO
SCK2 to Input/ Serial Clock  Clock input pins
SCKO output
RTSTand  Output Transmit Modem control pins. Supported only by SCIFO and
RTSO Request
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SIOFSYNCO Input/ SIOFO frame Input/output pin for frame synchronization signal c
output sync transmit/receive

TXD_SIO0 Output SIOFO Transmit data
transmit data

RXD_SIOO0 Input SIOFO receive Receive data
data

Host HIFD15to Input/ HIF Data Bus Address, data, and command input/output pins fol
interface  HIFDOO output

HIFCS Input  HIF Chip Chip select input for the HIF.
Select

HIFRS Input  HIF Register Controls the access type switching for the HIF.
Select

HIFWR Input  HIF Write Write strobe signal

HIFRD Input HIF Read Read strobe signal

HIFINT Output HIF Interrupt  Interrupt request to external devices by the HIF.

HIFMD Input  HIF Mode Specifies HIF boot mode.

HIFDREQ  Output HIF DMAC Requests DMAC transfer for the HIFRAM to exter
Transfer
Request

HIFRDY Output HIF Boot Indicates that a reset of the HIF has been cleared
Ready and the HIF is ready for accesses to it.

HIFEBL Input  HIF Pin HIF pins other than this pin are enabled by driving
Enable high.
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U pPOIts rAczo O mnpuv 3aclicidl rofrt s 101 TU=DIt gelicial INputoutput port
PA16 output
PB13 to Input/  General Port  Pins for 14-bit general input/output port
PB00O output
PC20 to Input/  General Port  Pins for 21-bit general input/output port
PCO00 output
PDO07 to Input/  General Port  Pins for 8-bit general input/output port
PDO0O output
PE24 to Input/ General Port  Pins for 25-bit general input/output port
PEOO output
Emulator ASEMD Input ASE Mode Specifies ASE mode.
interface This LSI enters ASE mode when this signal goes Ic
normal mode when this pin goes high. In ASE mod
functions for the emulator are available.
Testmode TESTMD  Input Test Mode Specifies test mode.
This LSI enters test mode when this signal goes lo\
signal high.
TESTOUT  Output Test Output  Output pin for testing. This pin should be open.
Physical  Vcc1A Input  Analog Power Analog power supply pin for the PHY
layer Supply 1 for
trans- PHY
ceiver -
PHY Vcc2A Input  Analog Power Analog power supply pin for the PHY
( ) Supply 2 for
PHY
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Input  PRHY Clock

This pins Is used to externally supply clocks to the
When clocks are supplied to the on-chip PHY fron
chip clock pulse generator (CPG), this pins shoulc
up to VeeQ or pulled down to VssQ.

TxP

Qutput Differential
Transmit Data

)

Differential transmit output (+) for the Ethernet circ
PHY.

XM

Output Differential
Transmit Data

¢

Differential transmit output (-) for the Ethernet circ
PHY.

RxP

Input  Differential
Receive Data

)

Differential receive input (+) for the PHY by the Et
circuit.

RxM

Input  Differential
Receive Data

()

Differential receive input (-) for the PHY by the Ett
circuit.

RENESAS
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Notes Fix all unused pins that have no weak keeper circuit to high or low level. Unused p
internally have weak keeper circuit need not to be fixed to high or low level. The w
keeper is a circuit that is included in I/O pins and fixes the input pins to high or low
pins are not driven from outside.

* Magic Packet™ is the trademark of Advanced Micro Devices, Inc.
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A8 RD o

A9 VeeQ Power
A10 A13 (0]

A1 A1 (0]

Al12 A07 O

A13 A03 O

Al4 AO01 o}

A15 PB12/CS3 10/0
B1 VssQ Power
B2 PD7/IRQ7/SCK2 10/1/10
B3 PA24/A24/TXD_SIO0 I0/0/0
B4 PA20/A20 10/0
B5 PA17/A17 10/0
B6 PB07/CE2B 10/0
B7 Vss Power
B8 PBOO/WAIT 10/1
B9 VssQ Power
B10 A15 (0]

B11 A09 o}

B12 A05 (0]

B13 A02 o}

B14 VssQ Power
B15 VeeQ Power

RENESAS
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PB13/Bo 10/0

c10 A12 0

c11 A08 0

Cc12 A04 o]

C13 A00 0

Cc14 PB04/RAS 10/0
Ci5 PB02/CKE 10/0
D1 PDO/IRQO/-/TENDO 10/1/-/O
D2 PD2/IRQ2/TxD1/DREQO 10/1/O/1
D3 PD3/IRQ3/RxD1/DACKO 1O/I/O
D4 PA23/A23/RXD_SIO0 10/0/1
D5 PA19/A19 10/0
D6 PB01/I0IS16 10/

D7 PB05/WE2 (BE2)/DQMUL/ICIORD 10/0/0/0
D8 CSso o]

D9 Al4 o

D10 A10 0

D11 A06 o]

D12 PB0O3/CAS 10/0
D13 RD/WR 0

D14 WE1/DQMLU/WE 0O/0/0
D15 WEO/DQMLL 0/0

E1 Vss Power
E2 Vcce Power
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PE23/HIFD14/R151/D30 10/10/0/10
F4 PE24/HIFD15/CTS1/D31 10/10/1/10
F12 D13 10
F13 D11 10
F14 D10 10
F15 D12 10
G PE18/HIFD09/TxD1/D25 10/10/0/10
G2 PE17/HIFD08/SCK0/D24 10/10/10/10
G3 PE19/HIFD10/RxD1/D26 10/10/1/110
G4 PE21/HIFD12/RTS0/D28 10/10/0/10
G12 D06 10
G13 D15 10
G14 D14 10
G15 D07 10
H1 PE16/HIFD07/RxD0/D23 10/10/1/10
H2 PE15/HIFD06/TxD0/D22 10/10/0/10
H3 Vss Power
H4 Vcce Power
H12 D03 10
H13 D05 10
H14 VeeQ Power
H15 VssQ Power
J1 PE13/HIFD04/-/D20 10/10/-110
J2 PE11/HIFD02/-/D18 10/10/-110

RENESAS
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PEOY/HIFDOO/-/D16 10/10/-/10
K4 PE10/HIFDO1/-/D17 10/10/-10
K12 Vce Power
K13 Vss Power
K14 D00 10
K15 CKIO ¢}
L1 PE06/HIFWR/SIOFSYNCO 10/1/10
L2 PEO5/HIFRD 10/1
L3 PEO7/HIFRS 10/1
L4 PEO3/HIFMD 10/
L12 NMI |
L13 ASEMD |
L14 TESTMD I
L15 MD1 |
M1 PEO04/HIFINT/TXD_SIO0 I0/0/0
M2 PE02/HIFDREQ/RXD_SIO0 10/0/1
M3 PEO1/HIFRDY/SIOMCLKO 10/0/1
M4 PC17/MDC 10/0
M5 TSTBUSA 10
M6 PC09/RX_ER 10/1
M7 PCO1/MII_RXD1 10/1
M8 PC13/TX_CLK 10/l
M9 PCO5/MII_TXD1/-/LINK 10/0/-/0
M10 Vcce Power
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Vcc1A Power
N5 EXRES1 I
N6 PC08/RX_DV 10/1
N7 PCO03/MII_RXD3 10/1
N8 PC11/TX_ER 10/0
N9 PCO7/MII_TXD3/-/DUPLEX 10/0/-/0
N10 Vss Power
N11 PC19/EXOUT 10/0
N12 TDO o]
N13 MDO I
N14 Vss (PLL1) Power
N15 Vcc (PLL1) Power
P1 PC15/CRS 10/1
P2 PC18/LNKSTA 10/1
P3 Vss1A Power
P4 Vcc2A Power
P5 Vss2A Power
P6 PCO02/MII_RXD2 10/1
P7 VssQ Power
P8 PC04/MII_TXD0/-/SPEED100 10/O/-/O
P9 PC12/TX_EN 10/0
P10 PC20/WOL 10/0
P11 CK_PHY I
P12 TCK I

RENESAS
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PCOO/MII_RXDO 10/1

R7 VeeQ Power
R8 PC10/RX_CLK 10/1

R9 PC06/MII_TXD2/-/CRS 10/O/-/O
R10 PC14/COL 10/1

R11 TESTOUT o

R12 MD3 |

R13 EXTAL |

R14 XTAL (0]

R15 Vce (PLL2) Power
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Post-increment register indirect (@Rn+)
Pre-decrement register indirect (@-Rn)

Register indirect with displacement (@disp:4, Rn)
Index register indirect (@RO0, Rn)

GBR indirect with displacement (@disp:8, GBR)
Index GBR indirect (@R0, GBR)

PC relative with displacement (@disp:8, PC)

PC relative (disp:8/disp:12/Rn)

Immediate (#imm:8)

2.2 Register Configuration

There are three types of registers: general registers (32-bit x 16), control registers (32-bi
system registers (32-bit x 4).
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R10

R11

R12

R13

R14

R15, SP (hardware stack pointer)0*2

Status register (SR)
31 9876543210

| -------------- M QI3 121110 ----ST|
Global base register (GBR)
31 0
| GBR [
Vector base register (VBR)
31 0
| VBR [
Multiply and accumulate register (MAC)
31 0
MACH
MACL
Procedure register (PR)
31 0
I PR |
Program counter (PC)
31 0
I PC |

Notes: 1. RO can be used as an index register in index register indirect or index GBR
indirect addressing mode. For some instructions, only RO is used as the
source or destination register.

2. R15 s used as a hardware stack pointer during exception handling.

Figure2.1 CPU Internal Register Configuration
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(GBR), and vector base register (VBR). SR indicates a processing state. GBR is used as
address in GBR indirect addressing mode for data transfer of on-chip peripheral module
VBR is used as a base address of the exception handling (including interrupts) vector tal

o Status register (SR)

Bit Read/

Bit name Default Write  Description

31to10 — AllO R/W Reserved
These bits are always read as 0. The write v
should always be 0.

9 M Undefined R/W Used by the DIVOU, DIVOS, and DIV1 instruc

8 Q Undefined R/W Used by the DIVOU, DIV0S, and DIV1 instruc

7 13 1 R/W Interrupt Mask

6 12 1 R/W

5 1 1 R/W

4 10 1 R/W

3,2 — AllO R/W Reserved
These bits are always read as 0. The write v:
should always be 0.

1 S Undefined R/W S

Used by the multiply and accumulate instruc
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e Global-base register (GBR)

This register indicates a base address in GBR indirect addressing mode. The GBR inc
addressing mode is used for data transfer of the on-chip peripheral module registers a
operations.

e Vector-base register (VBR)
This register indicates the base address of the exception handling vector table.

223 System Registers

There are four 32-bit system registers, designated two multiply and accumulate registers !
and MACL), a procedure register (PR), and program counter (PC).

e Multiply and accumulate registers (MAC)

This register stores the results of multiplication and multiply-and-accumulate operatic
e Procedure register (PR)

This register stores the return-destination address from subroutine procedures.
e Program counter (PC)

The PC indicates the point which is four bytes (two instructions) after the current exe
instruction.
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Mool vou Vilto. U

Other bits: Undefined

GBR Undefined
VBR H'00000000
System register MACH, MACL, PR Undefined
PC PC value set in the exception handling vectc
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Figure2.2 Register Data Format

232 Memory Data For mats
Memory data formats are classified into byte, word, and longword.

Byte data can be accessed from any address. If word data starting from boundary other th
longword data starting from a boundary other than 4n is accessed, an address error will o
such cases, the data accessed cannot be guaranteed. See figure 2.3.

Address A + 1 Address A + 3 Address A+ 10  Address A +8
Address A \ Address A + 2 \ Address A + 11 \ Address A + 9 J
31} 23 15} 7 9 31} 23 15y 7 9
AddressA  —| Byte 0 | Byte 1 | Byte 2 | Byte 3 Byte 3 | Byte 2 | Byte 1 | Byte 0 [«—Add
Address A + 4 —| Word 0 Word 1 Word 1 Word 0 <—Add
Address A + 8 — Longword Longword ~—Add
Big endian Little endian

Figure2.3 Memory Data Format

Either big endian and little endian formats can be selected according to the mode pin sett;
reset. For details on mode pin settings, see section 7, Bus State Controller (BSC).
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relative addressing mode with displacement.
2.4 Features of Instructions

24.1 RISC Type
The instructions are RISC-type instructions with the following features:

Fixed 16-Bit Length: All instructions have a fixed length of 16 bits. This improves pro
efficiency.

Onelnstruction per Cycle: Since pipelining is used, basic instructions can be executec
cycle. One cycle is 25ns with 40 MHz operation.

Data Size: The basic data size for operations is longword. Byte, word, or longword can
selected as the memory access size. Byte or word data in memory is sign-extended to lo
and then calculated. Immediate data is sign-extended to longword for arithmetic operatis
zero-extended to longword size for logical operations.

Table2.2 Word Data Sign Extension

CPU in this LSI Description Example of Other Cl
MOV.W  @(disp,PC),R1 Sign-extended to 32 bits, R1 ADD.W #H'1234,R0
ADD R1,RO becomes H'00001234, and is
then operated on by the ADD
-------- instruction.

.DATAW H'1234
Note: * Immediate data is accessed by @ (disp,PC).
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CPU in this LSI Description Example of Othe
BRA TRGET ADD is executed before branch to TRGET. ADD.W R1,R0O
ADD R1,R0 BRA TRGET

Multiply/M ultiply-and-Accumulate Operations: A 16 x 16 — 32 multiply operation i
executed in one to two cycles, and a 16 x 16 + 64 — 64 multiply-and-accumulate operati
to three cycles. A 32 x 32 — 64 multiply operation and a 32 x 32 + 64 — 64 multiply-an
accumulate operation are each executed in two to four cycles.

T Bit: The result of a comparison is indicated by the T bit in SR, and a conditional branc
performed according to whether the result is True or False. Processing speed has been im
by keeping the number of instructions that modify the T bit to a minimum.

Table2.4 T Bit

CPU in this LSI Description Example of Othe
CMP/GE R1,R0 When RO > R1, the T bit is set. CMP.W R1,R0O
BT TRGETO When RO > R1, a branch is made to TRGET0. BGE TRGET(
BF TRGETH1 When RO < R1, a branch is made to TRGET1. BLT TRGET"
ADD #-1,R0O The T bit is not changed by ADD. SUB.W #1,R0
CMP/EQ #0,R0 When RO = 0, the T bit is set. BEQ TRGET
BT TRGET A branch is made when RO = 0.
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DATA.W H'1234
32-bit immediate MOV.L  @(disp,PC),R0 MOV.L

#H'12

.DATA.L H'12345678
Note: * Immediate data is accessed by @ (disp,PC).

Absolute Addresses: When data is accessed by absolute address, place the absolute adc
in a table in memory beforehand. The absolute address value is transferred to a register |
method whereby immediate data is loaded when an instruction is executed, and the data
accessed using the register indirect addressing mode.

Table2.6  Accessto Absolute Address

Type CPU in this LSI Example of Oth
Absolute address MOV.L @(disp,PC),R1 MOV.B @H'12:
MOV.B @R1,R0

.DATA.L H'12345678
Note: * Immediate data is referenced by @ (disp,PC).

16-Bit/32-Bit Displacement: When data is accessed using the 16- or 32-bit displaceme
addressing mode, the displacement value is placed in a table in memory beforehand. Us:
method whereby immediate data is loaded when an instruction is executed, this value is
transferred to a register and the data is accessed using index register indirect addressing

Rev. 6.00 Jul. 15,2009 Pa
RENESAS REJOS



S e

Table 2.8 lists addressing modes and effective address calculation methods.

Table2.8 Addressing Modesand Effective Addresses

Addressing Instruction Calculatic
Mode Format Effective Address Calculation Method Formula
Register Rn Effective address is register Rn. —
direct (Operand is register Rn contents.)
Register @Rn Effective address is register Rn contents. Rn
indirect
Register @Rn+ Effective address is register Rn contents. A Rn
indirect with constant is added to Rn after instruction After instrt
post-increment execution: 1 for a byte operand, 2 for a word execution
operand, and 4 for a longword operand.
Byte: Rn +
Word: Rn
Longword:
— Rn
Register @-Rn Effective address is register Rn contents, Byte: Rn -
indirect with decremented by a constant beforehand: 1 for a Word: Rn
pre-decrement byte operand, 2 for a word operand, 4 for a
longword operand. Longword:
— Rn
(Instructior
executed \
after calcu
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Index @(R0, Rn) Effective address is sum of register Rn and RO Rn + RO
register indirect contents.
®)

| R0 |
GBR indirect @(disp:8, Effective address is register GBR contents with Byte: GB
with GBR) 8-bit displacement disp added. After disp is Word: G
displacement zero-extended, it is multiplied by 1 (byte), 2 %2 '

(word), or 4 (longword), according to the

operand size. Longwor

disp x 4

GBR
+ disp x 1/2/4

Index GBR @(Ro, Effective address is sum of register GBRand GBR + R
indirect GBR) RO contents.

GBR + RO
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PC&
disp (zero-extended) H'FFFFFFFC
+disp x4

PC relative disp:8 Effective address is PC with 8-bit displacement PC + disp
disp added after being sign-extended and
multiplied by 2.
PC
(sign-istsnded)
disp:12 Effective address is PC with 12-bit PC + disp

displacement disp added after being sign-
extended and multiplied by 2.

disp
(sign-extended)

PC + disp x 2
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#imm:8 8-bit immediate data imm of TRAPA instruction —
is zero-extended and multiplied by 4.

243

Instruction Formats

This section describes the instruction formats, and the meaning of the source and destin:
operands. The meaning of the operands depends on the instruction code. The following
are used in the table.

XXXX:

nmmm

nnnn:

dddd:

Instruction code
Source register
Destination register
Immediate data

Displacement

RENESAS
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control register or nnnn: pre- oOlU.L Oh,@-Rr
system register decrement register

indirect
m type nmmmm register Control register or LDC Rm,SR
15 0 direct system register
mmmm post- Control register or LDC.L @Rm+,S
increment register system register
indirect
nmmm register — JMP @Rm
indirect
PC relative using — BRAF Rm
Rm
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nnnn: * post-
increment register
indirect (multiply-
and-accumulate
operation)

nmmm post-
increment register
indirect

nnnn: register MOV.L @Rm+,
direct

mmmm register nnnn: pre- MOV.L Rm,@-
direct decrement register

indirect
nmmm register nnnn: index MOV.L Rm,@(

direct

register indirect

md type mmmmdddd: RO (register direct) MOV.B @ (disp
15 0 register indirect

Lo 00 ] ddd with displacement

nd4 type RO (register direct) nnnndddd: MOV.B RO, @«
15 0 register indirect

dddd with displacement

nmd type nmmm register nnnndddd: MOV.L Rm,@(
15 0 direct register indirect

[0 nnnn [rmm] dddd with displacement

nmmdddd:
register indirect
with displacement

nnnn: register MOV.L @/(disp
direct
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aaaadddaa: b label
PC relative

d12 type — dddddddddddd: BRA label
15 0 PC relative (Iabel—dis
=disp+PC)
nd8 type dddddddd: PC nnnn: register MOV.L @(disp,F
15 0 relative with direct
displacement
i type fitiiiii: Index GBR indirect AND.B #imm, @
15 0 immediate
oo o1 1] Piiiiiii: RO (register direct) AND #imm,R0
immediate
Piiiiiii: — TRAPA #imm
immediate
ni type Piiiiiii: nnnn: register ADD #imm,Rn
15 0 immediate direct
ool 1]

Note: * In multiply and accumulate instructions, nnnn is the source register.
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instructions

Immediate data transfer
Peripheral module data transfer

Structure data transfer

MOVA Effective address transfer

MOVT T bit transfer

SWAP Upper/lower swap

XTRCT Extraction of middle of linked registers
Arithmetic 21 ADD Binary addition 33
pperatign ADDC Binary addition with carry
instructions

ADDV Binary addition with overflow

CMP/cond Comparison

DIVA Division

DIV0OS Signed division initialization

DIVoU Unsigned division initialization

DMULS Signed double-precision multiplication

DMULU Unsigned double-precision

multiplication

DT Decrement and test

EXTS Sign extension

EXTU Zero extension

MAC Multiply-and-accumulate, double-

precision multiply-and-accumulate
MUL Double-precision multiplication
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operation

it~ LN

instructions NOT Bit inversion
OR Logical OR
TAS Memory test and bit setting
TST T bit setting for logical AND
XOR Exclusive logical OR

Shift 10 ROTL 1-bit left shift 14

instructions ROTR 1-bit right shift
ROTCL 1-bit left shift with T bit
ROTCR 1-bit right shift with T bit
SHAL Arithmetic 1-bit left shift
SHAR Arithmetic 1-bit right shift
SHLL Logical 1-bit left shift
SHLLn Logical n-bit left shift
SHLR Logical 1-bit right shift
SHLRn Logical n-bit right shift
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JMP

Unconditional branch

JSR Branch to subroutine procedure
RTS Return from subroutine procedure
System 11 CLRT T bit clear 31
control CLRMAC  MAC register clear
instructions
LDC Load into control register
LDS Load into system register
NOP No operation
RTE Return from exception handling
SETT T bit setting
SLEEP Transition to power-down mode
STC Store from control register
STS Store from system register
TRAPA Trap exception handling
Total: 62 142

RENESAS
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vr. U.pUldlIUII LUUC TCyisiel (XX): Memory operand
ng.C: g:frce ?eng;]izt:e?%tinaﬁon M/Q/T: Flag bits in SR
DEST: Destination 0000: RO & Logical AND of each bit
Rm: Source register 0001: R1 | Logical OR of each bit
Rn:. Destination 1 1 1 1 R15 A Exclusive logical OR of
register each bit
imm: Immediate data i Immediate data —: Logical NOT of each bit
disp: Displacement** dddd: Displacement <<n: n-bit left shift

>>n: n-bit right shift

Notes: 1. The table shows the minimum number of execution states. In practice, the nur
instruction execution states will be increased in cases such as the following:

¢ When there is contention between an instruction fetch and a data access
¢ When the destination register of a load instruction (memory — register) is als
by the following instruction
2. Scaled (x1, x2, or x4) according to the instruction operand size, etc.
For details, see SH-1/SH-2/SH-DSP Software Manual.
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A D

MOV. W Rm @Rn

Rm — (Rn) 0010nnnnnmMMMO001 1

MWV.L Rm @n Rm — (Rn) 0010nnnnmmmm0010 1

MOV. B @m Rn (Rm) — Sign extension ~ 0110nnnnnmmm®O000 1
— Rn

MOV. W @m Rn (Rm) — Sign extension ~ 0110nnnnnmmm0001 1
— Rn

MOV.L @m Rn (Rm) — Rn 0110nnnnnmMmMmO010 1

MWV. B Rm @Rn Rn-1 — Rn, Rm — (Rn)  0010nnnnnmm0100 1

MOV. W Rm @-Rn Rn—2 — Rn, Rm — (Rn)  0010nnnnnmm®©0101 1

MWV.L Rm @Rn Rn—-4 — Rn, Rm — (Rn)  0010nnnnnmm©0110 1

MOV. B @mt, Rn (Rm) — Sign extension ~ 0110nnnnnmmm®0100 1
— Rn,Rm+1 — Rm

MV. W @Rm+, Rn (Rm) — Sign extension ~ 0110nnnnnmmm0101 1
— Rn, Rm + 2 — Rm

MOV. L @Rmt+, Rn (Rm) —» Rn,Rm + 4 - Rm 0110nnnnmm©0110 1

MWV. B RO, @di sp, Rn) RO — (disp + Rn) 10000000nnnndddd 1

MOV. W RO, @ di sp, Rn) RO — (disp x 2 + Rn) 10000001nnnndddd 1

MOV.L Rm @di sp, Rn) Bm — (disp x 4 + Rn) 0001nnnnmmmdddd 1

MV. B @disp, R1), RO (disp + Rm) — Sign 10000100mmmdddd 1
extension — RO

MV. W @di sp, Rm), RO (disp x2+Rm)— Sign  10000101mmmmudddd 1
extension — RO

MOV.L @disp, R), Rn (disp x4+ Rm)— Rn 0101nnnnmmmdddd 1

MOV. B Rm @ RO, Rn) Rm — (RO + Rn) 0o0oonnnnmmmD100 1

MOV. W Rm @ RO, Rn) Rm — (RO + Rn) 0000nnnnMMMMO101 1
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MOV.L RO, @disp, BBR) RO — (disp x 4 + GBR) 11000010dddddddd 1

M. B  @disp, GBR), R0 (disp + GBR) — Sign 11000100dddddddd 1
extension - RO

MOV. W @ di sp, GBBR), RO (disp x 2 + GBR) - 11000101dddddddd 1
Sign extension - RO

MV.L @disp, GBR), R0 (dispx4+GBR) R0  11000110dddddddd 1

MWVA @disp, PC), RO dispx4+PC— R0 11000111dddddddd 1

MOVT Rn T—Rn 0000nnnn00101001 1

SWAP. BRm Rn Rm — Swap lowesttwo ~ 0110nnnnnmmmi000 1
bytes - Rn

SWAP. WRm Rn Rm — Swap two 0110nnnnnmmm1001 1
consecutive words — Rn

XTRCT Rm Rn Rm: Middle 32 bits of 0010nnnnnmm 101 1
Rn — Rn
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CVP/ EQ Rm Rn IfRn=Rm,1 > T 0011nnnnmmm®D000 1 (

CMP/ HS Rm Rn If Rn > Rm with 0011nnnnmmm®D010 1 (
unsigned data, 1 > T

CVP/ GE Rm Rn If Rn > Rm with signed 0011nnnnmmmmo011 1 (
data,1 > T

CWP/H Rm Rn If Rn > Rm with 00l1innnnmmmoD110 1 (
unsigned data, 1 > T

CVWP/ GT Rm Rn If Rn > Rm with signed 0011nnnnmmmmo0111 1 (
data,1 > T

CMP/ PZ Rn IfRNn>0,1->T 0100nnnn00010001 1 (

CMP/ PL Rn IfRn>0,1->T 0100nnnn00010101 1 (

CWVP/ STRRmM Rn If Rn and Rm have an 0010nnnnmmmi100 1 (
equivalent byte, 1 > T

D v1i Rm Rn Single-step division 0011nnnnmmmm0100 1 (
(Rn/Rm)

DIVOS RmRn MSB of Rn — Q, MSB 0010nnnnmmmo111 1 (
of Rm->M MQ->T

DI VOU 0 - M/Q/T 0000000000011001 1 (

DMULS. L Rm Rn Signed operation of 0011innnnmmmmi101 2 to 5% -

Rn x Rm — MACH,

MACL 32 x 32 — 64 bits
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EXTU. BRm Rn A byte in Rm is zero- 0110nnnnnmmmm100 1 —
extended — Rn

EXTU. WRm Rn A word in Rm is zero- 0110nnnnnmmd101 1 —
extended — Rn

MAC. L @Rmt+, @Rn+ Signed operation of (Rn) 0000nnnnmmMMML111 2 to 5* —
x (Rm) + MAC — MAC,
32 x 32 + 64 — 64 bits

MAC. W @mt+, @Rn+ Signed operation of (Rn) 0100nnnnnmm1111 2 to 4* —
x (Rm) + MAC — MAC,
16 x 16 + 64 — 64 bits

MJL.L RmRn Rn x Rm - MACL 0000nnnnmMMD111 2 to 5* —
32 x 32 - 32 bits

MJLS. WRm Rn Signed operation of Rn 0010nnnnmmmL111l 1 (3)* —
x Rm — MAC
16 x 16 — 32 bits

MULU. WRm Rn Unsigned operation of 0010nnnnmmm110 1 (3)* —
Rn x Rm — MAC
16 x 16 — 32 bits

NEG RmRn 0-Bm — Rn 0110nnnnmmmmi011 1 —

NEGC Rm Rn 0-BRm-T — Rn, 0110nnnnnmmmi010 1 B«
Borrow —» T

SUB Rm Rn Rn-Rm — Rn 0011nnnnmmmi000 1 —

SUBC Rm Rn Rn-Rm-T — Rn, 0011nnnnnmmi010 1 B
Borrow —» T
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mosurucuori Uperatlorl Louc Lyltlces
AND Rm Rn Rn & Rm — Rn 0010nnnnmmmmi001 1
AND #i mm RO RO & imm — RO 1100100%iiiiiiii 1
AND. B #i mm @ RO, GBR) (RO + GBR) & imm — 1100110%iiiiiiii 3
(RO + GBR)
NOT  Rm Rn ~Rm — Rn 0110nnnnmmm®D111 1
OoR Rm Rn Rn | Rm — Rn 0010nnnnmmmi011 1
OR #i mm RO RO | imm — RO 1100101%iiiiiiii 1
OR B #i mm @R0, GBR) (RO + GBR) |imm — 1100111%iiiiiiii 3
(RO + GBR)
TAS. B @n If(Rn)is 0,1 > T; 0100nnnn00011011 4
1 - MSB of (Rn)
TST RmRn Rn & Rm; if the result 0010nnnnmMmmMm000 1
is0,1—>T
TST #imm RO RO & imm; if the result 11001000iiiiiiii 1
is0,1—>T
TST. B #i nrm @ RO, GBR) (RO + GBR) & imm; 11001100iiiiiiii 3
if the resultis 0,1 > T
XOR RmRn Rn~ARm — Rn 0010nnnnmmm010 1
XOR #imMm RO RO Aimm — RO 11001010iiiiiiii 1
XOR B #i nmm @ RO, GBR) (RO + GBR) ~imm — 11001110iiiiiiii 3
(RO + GBR)
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SHLL Rn T« Rn«O0 0100nnnNN00000000 1 M
SHLR Rn 0—>Rn—>T 0100nnnn00000001 1 L
SHLL2 Rn Rn<<2 — Rn 0100nnnn00001000 1 —
SHLR2 Rn Rn>>2 - Rn 0100nnnn00001001 1 —
SHLL8 Rn Rn << 8 - Rn 0100nnnn00011000 1 —
SHLR8 Rn Rn>>8 — Rn 0100nnnn00011001 1 —
SHLL16 Rn Rn << 16 - Rn 0100nnnn00101000 1 —
SHLR16 Rn Rn>>16 — Rn 0100nnnn00101001 1 —
e Branch Instructions
Execution
Instruction Operation Code Cycles T
BF | abel If T=0,dispx2+PC— 10001011dddddddd 3/1* —
PC;
if T=1, nop
BF/ S | abel Delayed branch, if T = 0, 10001111dddddddd 2/1* —
disp x 2 + PC - PC;
it T=1, nop
BT | abel IfT=1,dispx2+PC— 10001001dddddddd 3/1* —
PC;
if T=0, nop
BT/ S | abel Delayed branch, if T = 1, 10001101dddddddd 2/1* —
disp x 2 + PC — PC;
if T=0, nop
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JSR @Rm

Delayed branch, PC — PR, 0100nmmm®D0001011 2

Rm — PC

RTS

Delayed branch, PR - PC  0000000000001011 2

Note: * One cycle when the branch is not executed.

e System Control Instructions

Execution

Instruction Operation Code Cycles
CLRT 0->T 0000000000001000 1
CLRVAC 0 - MACH, MACL 0000000000101000 1
LDC Rm SR Rm — SR 0100mMmmMMD0001110 6
LDC Rm GBR Rm — GBR 0100mmMD0011110 4
LDC Rm VBR Rm — VBR 0100mmMm®D0101110 4
LDC. L @rm+, SR (Rm) - SR, Am +4 - Rm 0100mMmmMD0000111 8
LDC. L @Rm+, GBR (Rm) > GBR, Rm + 4 —» 0100nmmMD0010111 4

Rm
LDC. L @rm+, VBR (Rm) — VBR, Rm + 4 - Rm 0100mmm®00100111 4
LDS Rm MACH Rm —» MACH 0100mmMMD0001010 1
LDS Rm MACL Rm — MACL 0100mmMMD0011010 1
LDS RmPR Rm — PR 0100mmMMD0101010 1
LDS. L @rm+, MACH (Rm) - MACH, Rm +4 —»  0100nmmm©00000110 1

Rm
LDS. L @m+, MACL (Rm) - MACL, Rm +4 -  0100nmm®»0010110 1

Rm
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STC VBR Rn VBR — Rn 0000nnnNN00100010 1
STC. L SR, @Rn Rn-4 — Rn, SR — (Rn) 0100nnnn00000011 1
STC. L GBR, @Rn Rn—-4 — Rn, GBR — (Rn)  0100nnnn00010011 1
STC. L VBR, @-Rn Rn-4 — Rn, VBR — (Rn) 0100nnnn00100011 1
STS MACH, Rn MACH — Rn 0000nnNNN00001010 1
STS MACL, Rn MACL — Rn 0000nnnn00011010 1
STS PR Rn PR - Rn 0000nnnNn00101010 1
STS. L MACH, @-Rn Rn—-4 — Rn, MACH — (Rn) 0100nnnn00000010 1
STS. L MACL, @Rn Rn—4 — Rn, MACL — (Rn) 0100nnnn00010010 1
STS. L PR, @Rn Rn—-4 — Rn, PR — (Rn) 0100nnnn00100010 1
TRAPA #i nm PC/SR — Stack area, 1100001%iiiiiiii 8

(imm x 4 + VBR) - PC

Note: * Number of execution cycles until this LSI enters sleep mode.

About the number of execution cycles:

The table lists the minimum number of execution cycles. In practice, the numb
execution cycles will be increased depending on the conditions such as:

e When there is a conflict between instruction fetch and data access
o When the destination register of a load instruction (memory — register) is al

by the instruction immediately after the load instruction.
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Power-on reset state Manual reset state
-

Reset state

Exception handling state
Request for internal power-on reset
or internal manual reset by the WDT

Request for End of
exception handling exception handling

Program execution state
N\

SLEEP instruction by SLEEP instruction by
clearing SSBY bit setting SSBY bit

______________ ;/__________________Li____ .

I
|

: Sleep mode Software standby mode

|

|

Request for NMI
or IRQ interrupt

Power-down moc

Figure2.4 CPU State Transition
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by SP. The start address of an exception handling routine 1s tetched from the exceptio
handling vector table and a branch to the address is made to execute a program.

Then the processing state enters the program execution state.
e Program execution state

The CPU executes programs sequentially.
e Power-down state

The CPU stops to reduce power consumption. The SLEEP instruction makes the CPU
sleep mode or software standby mode.
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e Replacement method: Least-recently-used (LRU) algorithm

311 Cache Structure

The cache holds both instructions and data and employs a 4-way set associative system.
composed of four ways (banks), and each of which is divided into an address section an
section. Each of the address and data sections is divided into 256 entries. The data of an
called a line. Each line consists of 16 bytes (4 bytes x 4). The data capacity per way is 4

(16 bytes x 256 entries), with a total of 16 kbytes in the cache (4 ways).

Figure 3.1 shows the cache structure.

Address array (ways 0 to 3) Data array (ways O to 3)
| —
1
Entry 0| v | U|Tag address Ol Lwo | Lw1 Lw2 | Lw3
Entry 1 1
Entry 255 | 255 |
24 (1 + 1+ 22) bits 128 (32 x 4) bits

-—

LWO to LW3: Longword data 0 to 3

255

LRU

6 bit

Figure3.1 Cache Structure
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Data Array: Holds 16-byte instruction and data. Entries are registered in the cache in lin
(16 bytes). The data array is not initialized by a power-on reset.

L RU: With the 4-way set associative system, up to four instructions or data with the sam
address can be registered in the cache. When an entry is registered, LRU shows which of
ways it is registered in. There are six LRU bits, controlled by hardware. The least-recentl
(LRU) algorithm is used to select the way.

When a cache miss occurs, six LRU bits indicate the way to be replaced. If a bit pattern ¢
those listed in table 3.1 is set in the LRU bits by software, the cache will not function cor
When changing the LRU bits by software, set one of the patterns listed in table 3.1.

The LRU bits are initialized to 000000 by a power-on reset.

Table3.1 LRU and Way to be Replaced

LRU (Bits 5 to 0) Way to be Replaced
000000, 000100, 010100, 100000, 110000, 110100 3
000001, 000011, 001011, 100001, 101001, 101011 2
000110, 000111, 001111, 010110, 011110, 011111 1
111000, 111001, 111011, 111100, 111110, 111111 0
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H'80000000 to H'9FFFFFFF  P1 Cacheable CB bit in CCR1
H'A0000000 to H'BFFFFFFF P2 Non cacheable —
H'C0000000 to H'DFFFFFFF  P3 Cacheable WT bit in CCR*
H'E0000000 to H'FFFFFFFF P4 Non cacheable (internal I/0) —

RENESAS
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e e -

write-back mode). Programs that change the contents of CCR1 should be placed in the ac

space that is not cached.

Initial
Bit Bit Name Value R/W

Description

31to4 — AllO R

Reserved

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

Cache Flush

Writing 1 flushes all cache entries meaning |
clears the V, U, and LRU bits of all cache er
0. This bit is always read as 0. Write-back tc
memory is not performed when the cache is

Write-Back

Indicates the cache operating mode for H'8C
to H'9FFFFFFF.

0: Write-through mode
1: Write-back mode

Write-Through

Indicates the cache operating mode for H'0C
to H'7FFFFFFF and H'C0000000 to H'DFFF

0: Write-back mode
1: Write-through mode
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331 Sear ching Cache

If the cache is enabled (the CE bit in CCRI1 is set to 1), whenever an instruction or data
H'00000000 to H'7FFFFFFF, H'8000000 to H'9FFFFFFF, and H'C0000000 to H'DFFFF
accessed, the cache will be searched to see if the desired instruction or data is in the cacl
3.2 illustrates the method by which the cache is searched.

Entries are selected using bits 11 to 4 of the memory access address and the tag address
entry is read. The address comparison is performed on all four ways. When the compari
a match and the selected entry is valid (V = 1), a cache hit occurs. When the comparisor
show a match or the selected entry is not valid (V = 0), a cache miss occurs. Figure 3.2
on way 1.
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255

ERERTE
CMPO|CMP1({CMP2|CMP3 1
Hit signal 1

CMPO: Comparison circuit 0
CMP1: Comparison circuit 1
CMP2: Comparison circuit 2
CMP3: Comparison circuit 3

Figure3.2 Cache Search Scheme

332 Read Access

Read Hit: In a read access, instructions and data are transferred from the cache to the CP
LRU bits are updated so that they point to the most recently hit way.

Read Miss: An external bus cycle starts and the entry is updated. The way to be replaced
in table 3.1. Data is updated in units of 16 bytes by updating the entry. When the desired
instruction or data is loaded from external memory to the cache, the instruction or data is
transferred to the CPU in parallel. When it is loaded to the cache, the U bit is cleared to 0
bit is set to 1, the LRU bits are updated so that they point to the most recently hit way. W
bit of the entry which is to be replaced by entry updating in write-back mode is 1, the cac
update cycle starts after the entry is transferred to the write-back buffer. After the cache ¢
its update cycle, the write-back buffer writes the entry back to the memory. Transfer is in
units.
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1S 0 b€ replaced by entry updating 1s 1, the cache-update cycle starts after the entry has
transferred to the write-back buffer. Data is written to the cache and the U bit and the V
to 1. The LRU bits are updated to indicate that the replaced way is the most recently upc
After the cache has completed its update cycle, the write-back buffer writes the entry ba
memory. Transfer is in 16-byte units. In write-through mode, no write to cache occurs i
miss; the write is only to the external memory.

334 Write-Back Buffer

When the U bit of the entry to be replaced in write-back mode is 1, the entry must be wi
to the external memory. To increase performance, the entry to be replaced is first transfe
write-back buffer and fetching of new entries to the cache takes priority over writing ba
external memory. After the fetching of new entries to the cache completes, the write-bac
writes the entry back to the external memory. During the write-back cycles, the cache c:
accessed. The write-back buffer can hold one line of cache data (16 bytes) and its physic
address. Figure 3.3 shows the configuration of the write-back buffer.

|PA (31to 4) |Longword 0 |Longword 1 |Longword 2 | Longword 3|

PA (31 to 4): Physical address to be written to external memory
Longword 0 to 3: One line of cache data to be written to external memory

Figure3.3 Write-Back Buffer Configuration

335 Coherency of Cache and External Memory

Coherency between the cache and the external memory must be ensured by software. W
memory shared by this LSI and another device is allocated to a cacheable address space
and write back the cache by accessing the memory-mapped cache, as required. Memory
shared by the CPU, DMAC, and E-DMAC of this LSI should also be handled in this wa
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specified. The address field specifies information for selecting the entry to be accessed; tl
field specifies the tag address, V bit, U bit, and LRU bits to be written to the address arra

In the address field, specify the entry address for selecting the entry, W for selecting the 1
for enabling or disabling the associative operation, and H'FO for indicating address array
As for W, 00 indicates way 0, O1 indicates way 1, 10 indicates way 2, and 11 indicates w

In the data field, specify the tag address, LRU bits, U bit, and V bit. Always clear the upr
bits (bits 31 to 29) of the tag address to 0. Figure 3.4 shows the address and data formats.
following three operations are available in the address array.

Address-Array Read: Read the tag address, LRU bits, U bit, and V bit for the entry that
corresponds to the entry address and way specified by the address field of the read instruc
reading, the associative operation is not performed, regardless of whether the associative
bit) specified in the address is 1 or 0.

Address-Array Write (Non-Associative Operation): Write the tag address, LRU bits, |
V bit, specified by the data field of the write instruction, to the entry that corresponds to t
address and way as specified by the address field of the write instruction. Ensure that the
associative bit (A bit) in the address field is set to 0. When writing to a cache line for whi
bit = 1 and the V bit =1, write the contents of the cache line back to memory, then write t
address, LRU bits, U bit, and V bit specified by the data field of the write instruction. Wt
written to the V bit, 0 must also be written to the U bit for that entry.
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e el i

The data array is allocated to HF1000000 to H'F1FFFFFF. To access a data array, the 3
address field (for read/write accesses) and 32-bit data field (for write accesses) must be
The address field specifies information for selecting the entry to be accessed; the data fi
specifies the longword data to be written to the data array.

In the address field, specify the entry address for selecting the entry, L for indicating the
position within the (16-byte) line, W for selecting the way, and H'F1 for indicating data
access. As for L, 00 indicates longword 0, 01 indicates longword 1, 10 indicates longwa
and 11 indicates longword 3. As for W, 00 indicates way 0, 01 indicates way 1, 10 indic
way 2, and 11 indicates way 3.

Since access size of the data array is fixed at longword, bits 1 and O of the address field
set to 00.

Figure 3.4 shows the address and data formats.

The following two operations on the data array are available. The information in the adc
is not affected by these operations.

Data-Array Read: Read the data specified by L of the address field, from the entry tha
corresponds to the entry address and the way that is specified by the address field.

Data-Array Write: Write the longword data specified by the data field, to the position
by L of the address field, in the entry that corresponds to the entry address and the way
by the address field.
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[o]o] o Tag address (28 o 10) LRU [x x|

(2) Data array access (both read and write accesses)

(a) Address specification
31 24 23 141312 11 4 3 2

I 1111 0001 P * | W | Entry address | L |‘

(b) Data specification
31

I Longword

[Legend]
* Don't care
X: 0 for read, don't care for write

Figure3.4 Specifying Addressand Data for Memory-Mapped Cache Acces
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R1=H F0000088; address array access, entry=B" 00001000, A-=1

MOV. L RO, @1

Reading Data of Specific Entry: The data section of a specific entry can be read from
memory-mapped cache access. The longword indicated in the data field of the data arra;
figure 3.4 is read into the register. In the example shown below, RO specifies the addres:
shows what is read.

; RO=H F100004C, data array access, entry=B 00000100
; Wy = 0, longword address = 3

’

MOV. L @0,Rl ; Longword 3 is read.
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e Address
H'E55F_C000 to HES5F_FFFF
e Priority
The U memory can be accessed from the I bus by the DMAC and E-DMAC and fro

bus by the CPU. In the event of simultaneous accesses from different buses, the acce
processed according to the priority. The priority is: I bus > L bus.

4.2 Usage Notes

In sleep mode, the U memory cannot be accessed by the DMAC and E-DMAC.
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Table5.1 Typesof Exceptionsand Priority

Exception Exception Source
Reset Power-on reset
H-UDI reset
Interrupt User break (break before instruction execution)

Address error

CPU address error (instruction fetch)

Instruction

General illegal instructions (undefined code)

lllegal slot instruction (undefined code placed immediately after a
delayed branch instruction*' or instruction that changes the PC
value*?)

Trap instruction (TRAPA instruction)

Address error

CPU address error (data access)

Interrupt

User break (break after instruction execution or operand break)

NMI

H-UDI

IRQ

On-chip Watchdog timer (WDT)

peripheral Ether controller (EtherC and E-DMAC)
modules

Compare match timer 0 and 1 (CMTO and CMT1)

Serial communication interface with FIFO (SCIFO,
SCIF1, and SCIF2)

Host interface (HIF)
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The exceptions are detected and the exception handling starts according to the timing sho

table 5.2.

Table5.2 Timing for Exception Detection and Start of Exception Handling

Exception

Timing of Source Detection and Start of Exception Ha

Reset Power-on reset

Started when the RES pin changes from low to high or wt
WDT overflows.

H-UDI reset

Started when the reset assert command and the reset neg
command are input to the H-UDI in this order.

Address error

Interrupt

Detected during the instruction decode stage and started
execution of the current instruction is completed.

Instruction  Trap instruction

Started by the execution of the TRAPA instruction.

General illegal
instructions

Started when an undefined code placed at other than a de
(immediately after a delayed branch instruction) is decode

lllegal slot
instructions

Started when an undefined code placed at a delay slot
(immediately after a delayed branch instruction) or an inst
that changes the PC value is detected.

When exception handling starts, the CPU operates

Exception Handling Triggered by Reset: The initial values of the program counter (PC
stack pointer (SP) are fetched from the exception handling vector table (PC from the add:
H'A0000000 and SP from the address H'A0000004). For details, see section 5.1.3, Excep
Handling Vector Table. H'00000000 is then written to the vector base register (VBR), an
(B'1111) is written to the interrupt mask bits (I3 to I0) in the status register (SR). The pro
starts from the PC address fetched from the exception handling vector table.
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All exception sources are given different vector numbers and vector table address offset
vector table addresses are calculated from these vector numbers and vector table addres:
During exception handling, the start addresses of the exception handling routines are fet
the exception handling vector table that is indicated by this vector table address.

Table 5.3 shows the vector numbers and vector table address offsets. Table 5.4 shows h

table addresses are calculated.

Table5.3 Vector Numbersand Vector Table Address Offsets

Exception Handling Source

Vector Number

Vector Table Address Off

Power-on reset PC 0 H'00000000 to H'00000003
H-UDI reset SP 1 H'00000004 to H'00000007
(Reserved by system) 2 H'00000008 to H'0000000E
3 H'0000000C to H'0000000F

General illegal instruction 4 H'00000010 to H'00000013
(Reserved by system) 5 H'00000014 to H'00000017
lllegal slot instruction 6 H'00000018 to H'0000001E
(Reserved by system) 7 H'0000001C to H'0000001F
8 H'00000020 to H'00000023

CPU address error 9 H'00000024 to H'00000027
(Reserved by system) 10 H'00000028 to H'0000002E
Interrupt NMI 11 H'0000002C to H'0000002F
User break 12 H'00000030 to H'00000033

H-UDI 13 H'00000034 to H'00000037
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1IRQ2 66 R 00000108 to 00000108

IRQ3 67 H'0000010C to H'0000010F

(Reserved by system) 68 H'00000110 to H'00000113

79 H'0000013C to H'0000013F

IRQ4 80 H'00000140 to H'00000143

IRQ5 81 H'00000144 to H'00000147

IRQ6 82 H'00000148 to H'0000014B

IRQ7 83 H'0000014C to H'0000014F

On-chip peripheral module* 84 H'00000120 to H'00000124
255 H'000003FC to H'000003FF

Note: * For details on the vector numbers and vector table address offsets of on-chip |
module interrupts, see table 6.2, Interrupt Exception Handling Vectors and Pric
section 6, Interrupt Controller (INTC).

Table5.4 Calculating Exception Handling Vector Table Addresses

Exception Source Vector Table Address Calculation

Resets Vector table address = H'/AO000000 + (vector table addres
= H'A0000000 + (vector number) x 4

Address errors, interrupts, Vector table address = VBR + (vector table address offset

instructions

= VBR + (vector number) x 4

Notes: 1. VBR: Vector base register
2. Vector table address offset: See table 5.3.
3. Vector number: See table 5.3.
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On-Chip

_wDT H-UDI Peripheral
Type RES Overflow Command CPU,INTC Module PFC,
Power-on reset Low — — Initialized Initialized Initial
High Overflow — Initialized Initialized Initial
H-UDI reset High Not Reset assert Initialized Initialized Initial

overflowed

command

522 Power-On Reset

Power-On Reset by RES Pin: When the RES pin is driven low, this LSI enters the pow
reset state. To reliably reset this LSI, the RES pin should be kept low for at least the osc
settling time when applying the power or when in standby mode (when the clock is halt
least 20 tcyc when the clock is operating. During the power-on reset state, CPU internal
all registers of on-chip peripheral modules are initialized.

In the power-on reset state, power-on reset exception handling starts when driving the R
high after driving the pin low for the given time. The CPU operates as follows:

1. The initial value (execution start address) of the program counter (PC) is fetched fro

exception handling vector table.

2. The initial value of the stack pointer (SP) is fetched from the exception handling vec

3. The vector base register (VBR) is cleared to H'00000000 and the interrupt mask bits
of the status register (SR) are set to HF (B'1111).

4. The values fetched from the exception handling vector table are set in PC and SP, th

program starts.

Be certain to always perform power-on reset exception handling when turning the syste:

on.
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<. 1he mitial value of the stack pointer (SF) 18 1etched from the exception handling vect

3. The vector base register (VBR) is cleared to H'00000000 and the interrupt mask bits (
of the status register (SR) are set to HF (B'1111).

4. The values fetched from the exception handling vector table are set in the PC and SP,
program starts.

523 H-UDI Reset

The H-UDI reset is generated by issuing the H-UDI reset assert command. The CPU ope
described below. For details, see section 21, User Debugging Interface (H-UDI).

1. The initial value (execution start address) of the program counter (PC) is fetched fron
exception handling vector table.

2. The initial value of the stack pointer (SP) is fetched from the exception handling vect

3. The vector base register (VBR) is cleared to H'00000000 and the interrupt mask bits (
in the status register (SR) are set to HF (B'1111).

4. The values fetched from the exception handling vector table are set in PC and SP, the
program starts.
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Instruction CPU Instruction fetched from even address None (normal)
fetch

Instruction fetched from odd address Address error
Data CPU Word data accessed from even address None (normal)
read/write Word data accessed from odd address Address error

Longword data accessed from a longword  None (normal)
boundary

Longword data accessed from other than a  Address error
long-word boundary

532 AddressError Exception Source

When an address error exception is generated, the bus cycle which caused the address e
the current instruction finishes, and then the address error exception handling starts. The
operates as follows:

1. The status register (SR) is saved to the stack.

2. The program counter (PC) is saved to the stack. The PC value to be saved is the star
of the instruction which caused an address error exception. When the instruction tha
the exception is placed in the delay slot, the address of the delayed branch instructio
placed immediately before the delay slot.

3. The start address of the exception handling routine is fetched from the exception har
vector table that corresponds to the generated address error, and the program starts e
from that address. This branch is not a delayed branch.
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NMI NMI pin (external input)
User break User break controller (UBC)
H-UDI User debug interface (H-UDI)
IRQ IRQO to IRQ7 pins (external input)
On-chip peripheral module Watchdog timer (WDT)
Ether controller (EtherC and E-DMAC)
Compare match timer (CMTO and CMT1)

Serial communication interface with FIFO
(SCIF0, SCIF1, and SCIF2)

Host interface (HIF)

Direct memory access controller (DMACO, 4
DMAC1, DMAC2, and DMAC3)

Serial I/0 with FIFO (SIOF) 1

— [ N| = | =[O =] = =

All interrupt sources are given different vector numbers and vector table address offsets.
details on vector numbers and vector table address offsets, see table 6.2, Interrupt Except
Handling Vectors and Priorities in section 6, Interrupt Controller (INTC).
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se; are 0 to 15. Lével 16 cannot be set. For details on IPRA to IPRG, see ‘sectioril 6.34,1
Priority Registers A to G (IPRA to IPRG).

Table5.8 Interrupt Priority

Type Priority Level Comment

NMI 16 Fixed priority level. Cannot be maske
User break 15 Fixed priority level. Can be masked.
H-UDI 15 Fixed priority level.

IRQ Oto 15 Set with interrupt priority level setting

On-chip peripheral module through G (IPRA to IPRG).

54.3 Interrupt Exception Handling

When an interrupt occurs, the interrupt controller (INTC) ascertains its priority level. NI
always accepted, but other interrupts are only accepted if they have a priority level high
priority level set in the interrupt mask bits (I3 to 10) of the status register (SR).

When an interrupt is accepted, exception handling begins. In interrupt exception handlir
CPU saves SR and the program counter (PC) to the stack. The priority level of the accej
interrupt is written to bits I3 to 10 in SR. Although the priority level of the NMI is 16, th
in bits I3 to I0 is H'F (level 15). Next, the start address of the exception handling routine
from the exception handling vector table for the accepted interrupt, and program executi
branches to that address and the program starts. For details on the interrupt exception ha
section 6.6, Interrupt Operation.
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lllegal slot Undefined code placed Delayed branch instructions: JMP, J:
instructions* immediately after a delayed BSR, RTS, RTE, BF/S, BT/S, BSRF,

branch instruction (delay slot) or s4r,ctions that changes the PC val

instructions that changes the PC JSR. BRA. BSR. RTS. RTE. BT. BE

value BF/S, BT/S, BSRF, BRAF, LDC Rm,
LDC.L @Rm+,SR

General illegal  Undefined code anywhere —
instructions* besides in a delay slot

Note: * The operation is not guaranteed when undefined instructions other than H'FCC(
H'FFFF are decoded.

55.2 Trap Instructions

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

1. The status register (SR) is saved to the stack.

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

3. The CPU reads the start address of the exception handling routine from the exception
vector table that corresponds to the vector number specified in the TRAPA instructior
program execution branches to that address, and then the program starts. This branch
delayed branch.

Rev. 6.00 Jul. 15, 2009 Page 76 of 816
REJ09B0237-0600 RENESAS



e -

rewrites the PC.

3. The start address of the exception handling routine is fetched from the exception har
vector table that corresponds to the exception that occurred. Program execution bran
that address and the program starts. This branch is not a delayed branch.

v A

554 General Illegal Instructions

When an undefined code placed anywhere other than immediately after a delayed branc
instruction (i.e., in a delay slot) is decoded, general illegal instruction exception handlin
The CPU handles the general illegal instructions in the same procedures as in the illegal
instructions. Unlike processing of illegal slot instructions, however, the program counte:
is stacked is the start address of the undefined code.

Rev. 6.00 Jul. 15,2009 Pa
RENESAS REJOS



Address lllegal Slot lllegal  Trap

Occurrence Timing Error Instruction Instruction Instruction Inte
Instruction in delay slot x#2 — x#2 — x
Immediately after interrupt S \ S !
disabled instruction*'

[Legend]

\: Accepted

x: Not accepted
—: Does not occur
Notes: 1. Interrupt disabled instructions: LDC, LDC.L, STC, STC.L, LDS, LDS.L, STS, al
2. An exception is accepted before the execution of a delayed branch instruction
However, when an address error or a slot illegal instruction exception occurs i
delay slot of the RTE instruction, correct operation is not guaranteed.
3. An exception is accepted after a delayed branch (between instructions in the ¢
and the branch destination).
4. An exception is accepted after the execution of the next instruction of an interr
disabled instruction (before the execution two instructions after an interrupt dis
instruction).
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Address error (other than above)

Address of instruction that .
SP = caused exception 32 bits

SR 32 bits

Interrupt T
Address of instruction .

SP = | after executed instruction 32 bits

SR 32 bits

Trap instruction

Address of instruction .
SP = | after TRAPA instruction 32 bits
SR 32 bits
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SR 32 bits
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stack is accessed during exception handling.

583 Address Errors Caused by Stacking for Address Error Exception Handli

When the SP value is not a multiple of 4, an address error will occur when stacking for «
handling (interrupts, etc.) and address error exception handling will start after the first e
handling is ended. Address errors will also occur in the stacking for this address error e>
handling. To ensure that address error exception handling does not go into an endless lo
address errors are accepted at that point. This allows program control to be passed to the
routine for address error exception and enables error processing.

When an address error occurs during exception handling stacking, the stacking bus cycl
executed. When stacking the SR and PC values, the SP values for both are subtracted by
therefore, the SP value is still not a multiple of 4 after the stacking. The address value o
during stacking is the SP value whose lower two bits are cleared to 0. So the write data
undefined.

584 Noteson Slot Illegal I nstruction Exception Handling

Some specifications on slot illegal instruction exception handling in this LSI differ from
the conventional SH2.

e Conventional SH2: Instructions LDC Rm,SR and LDC.LL. @Rm+,SR are not subject
illegal instructions.

e This LSI: Instructions LDC Rm,SR and LDC.L @Rm+,SR are subject to the slot ille
instructions.

The supporting status on our software products regarding this note is as follows:
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3. Others
The slot illegal instruction exception handling may be generated in this LSI in a case
instruction is described in assembler or when the middleware of the object is introduc
Note that a check-up program (checker) to pick up this instruction is available on our
Download and utilize this checker as needed.
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- ] |
SCIFO 1 (Interrupt request) > :
SCIF1 ! (Interrupt request) > !
1 |
SCIF2 ‘ (Interrupt request) > |
HIF 1 (Interrupt request) :
DMAGC ;(Interrupt request) !
| |
SIOF ‘ (Interrupt request) |
| |
! / I T DTER
| [ icro | m| i
| = i DTC
: IRQCR |
1 |
! IRQSR IPRA to IPRE '
| |
- J 2
| | >
| 1 o
! Bus ! T
1 Module bus interface ! g
| | §
| 1
| |
e INTC --------mmmmm oo -
[Legend]
UBC: User break controller HIF: Host interface
H-UDI: User debugging interface DMAC: Direct memory access controlle
WDT: Watchdog timer ICRO: Interrupt control register 0
E-DMAC: DMAC for Ethernet controller IRQCR: IRQ control register
CMT: Compare match timer IRQSR: IRQ status register
SCIF: Serial communications interface with FIFO IPRA to IPRG: Interrupt priority registers A to G
SR: Status register

Figure6.1 INTC Block Diagram
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6.3 Register Descriptions

The interrupt controller has the following registers. For details on the addresses of these
and the states of these registers in each processing state, see section 24, List of Register:

Interrupt control register 0 (ICRO)
IRQ control register (IRQCR)

IRQ status register (IRQSR)
Interrupt priority register A (IPRA)
Interrupt priority register B (IPRB)
Interrupt priority register C (IPRC)
Interrupt priority register D (IPRD)
Interrupt priority register E (IPRE)
Interrupt priority register F (IPRF)
Interrupt priority register G (IPRG)

RENESAS
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0: State or the NMI Input Is low
1: State of the NMI input is high

14t09 — AllO R

Reserved

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

8 NMIE 0 R/W

NMI Edge Select

0: Interrupt request is detected on the falling
the NMI input

1: Interrupt request is detected on the rising ¢
the NMI input

7t00 AllO R

Reserved

These bits are always read as 0. The write vz
should always be O.
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01:

10:

11:

pin IRQ7

Interrupt request is detected at the fal
of pin IRQ7

Interrupt request is detected at the ris
of pin IRQ7

Interrupt request is detected at both
and rising edges of pin IRQ7

13
12

IRQ61S
IRQ60S

0
0

R/W
R/W

IRQ6 Sense Select

Set the interrupt request detection mode fc
IRQ6.

00:

01:

10:

11:

Interrupt request is detected at the lo
pin IRQ6

Interrupt request is detected at the fal
of pin IRQ6

Interrupt request is detected at the ris
of pin IRQ6

Interrupt request is detected at both
and rising edges of pin IRQ6
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11:

Interrupt request is detected at both the
and rising edges of pin IRQ5

9 IRQ41S 0
8 IRQ40S 0

R/W
R/W

IRQ4 Sense Select

Set the interrupt request detection mode for
IRQ4.

00:

01:

10:

11:

Interrupt request is detected at the low
pin IRQ4

Interrupt request is detected at the falli
of pin IRQ4
Interrupt request is detected at the risir
of pin IRQ4

Interrupt request is detected at both the
and rising edges of pin IRQ4

7 IRQ31S 0
6 IRQ30S 0

R/W
R/W

IRQ3 Sense Select

Set the interrupt request detection mode for
IRQS3.

00:

01:

10:

11:

Interrupt request is detected at the low
pin IRQ3

Interrupt request is detected at the falli
of pin IRQ3

Interrupt request is detected at the risir
of pin IRQ3

Interrupt request is detected at both the
and rising edges of pin IRQ3
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11:

Interrupt request is detected at both
and rising edges of pin IRQ2

IRQ11S
IRQ10S

0
0

R/W
R/W

IRQ1 Sense Select

Set the interrupt request detection mode fc
IRQ1.

00:

01:

10:

11:

Interrupt request is detected at the loy
pin IRQ1

Interrupt request is detected at the fal
of pin IRQ1
Interrupt request is detected at the ris
of pin IRQ1

Interrupt request is detected at both
and rising edges of pin IRQ1

IRQ01S
IRQ00S

0
0

R/W
R/W

IRQO Sense Select

Set the interrupt request detection mode fc
IRQO.

00:

01:

10:

11:

Interrupt request is detected at the lo
pin IRQO

Interrupt request is detected at the fal
of pin IRQO

Interrupt request is detected at the ris
of pin IRQO

Interrupt request is detected at both
and rising edges of pin IRQO
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0: State of pin IRQ6 is low
1: State of pin IRQ6 is high

13

IRQ5L

0/1

Indicates the state of pin IRQ5.
0: State of pin IRQ5 is low
1: State of pin IRQ5 is high

12

IRQ4L

Oori

Indicates the state of pin IRQ4.
0: State of pin IRQ4 is low
1: State of pin IRQ4 is high

11

IRQ3L

Oor1

Indicates the state of pin IRQ3.
0: State of pin IRQ3 is low
1: State of pin IRQ3 is high

10

IRQ2L

Oor1

Indicates the state of pin IRQ2.
0: State of pin IRQ2 is low
1: State of pin IRQ2 is high

IRQ1L

Oor1

Indicates the state of pin IRQ1.
0: State of pin IRQ1 is low
1: State of pin IRQ1 is high

IRQOL

Oori

Indicates the state of pin IRQO.
0: State of pin IRQO is low
1: State of pin IRQO is high
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o When edge detection mode is selected
0: An IRQY7 interrupt has not been detected
[Clearing conditions]
— Writing 0 after reading IRQ7F = 1
— Accepting an IRQ7 interrupt
1: An IRQ7 interrupt request has been dete
[Setting condition]
Detecting the specified edge of pin IRQ7

6

IRQ6F

0

R/W

Indicates the status of an IRQ6 interrupt reg
¢ When level detection mode is selected
0: An IRQ6 interrupt has not been detected
[Clearing condition]
Driving pin IRQ6 high
1: An IRQ6 interrupt has been detected
[Setting condition]
Driving pin IRQ6 low
¢ When edge detection mode is selected
0: An IRQ6 interrupt has not been detected
[Clearing conditions]
— Writing 0 after reading IRQ6F = 1
— Accepting an IRQ6 interrupt
1: An IRQ6 interrupt request has been dete
[Setting condition]
Detecting the specified edge of pin IRQ¢
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o When edge detection mode is selected
0: An IRQ5 interrupt has not been detected
[Clearing conditions]
— Writing 0 after reading IRQ5F = 1
— Accepting an IRQ5 interrupt
1: An IRQ5 interrupt request has been detect
[Setting condition]
Detecting the specified edge of pin IRQ5
4 IRQ4F 0 R/W Indicates the status of an IRQ4 interrupt requ
e When level detection mode is selected

0: An IRQ4 interrupt has not been detected
[Clearing condition]
Driving pin IRQ4 high
1: An IRQ4 interrupt has been detected
[Setting condition]
Driving pin IRQ4 low
¢ When edge detection mode is selected
0: An IRQ4 interrupt has not been detected
[Clearing conditions]
— Writing 0 after reading IRQ4F = 1
— Accepting an IRQ4 interrupt
1: An IRQ4 interrupt request has been detect
[Setting condition]
Detecting the specified edge of pin IRQ4
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o When edge detection mode is selected
0: An IRQS interrupt has not been detected
[Clearing conditions]
— Writing 0 after reading IRQ3F = 1
— Accepting an IRQS interrupt
1: An IRQS interrupt request has been dete
[Setting condition]
Detecting the specified edge of pin IRQX

2

IRQ2F

0

R/W

Indicates the status of an IRQ2 interrupt reg
¢ When level detection mode is selected
0: An IRQ2 interrupt has not been detected
[Clearing condition]
Driving pin IRQ2 high
1: An IRQ2 interrupt has been detected
[Setting condition]
Driving pin IRQ2 low
¢ When edge detection mode is selected
0: An IRQ2 interrupt has not been detected
[Clearing conditions]
— Writing 0 after reading IRQ2F = 1
— Accepting an IRQ2 interrupt
1: An IRQ2 interrupt request has been dete
[Setting condition]
Detecting the specified edge of pin IRQZ
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o When edge detection mode is selected
0: An IRQ1 interrupt has not been detected
[Clearing conditions]
— Writing 0 after reading IRQ1F =1
— Accepting an IRQ1 interrupt
1: An IRQ1 interrupt request has been detect
[Setting condition]
Detecting the specified edge of pin IRQ1
0 IRQOF 0 R/W Indicates the status of an IRQO interrupt requ
e When level detection mode is selected

0: An IRQO interrupt has not been detected
[Clearing condition]
Driving pin IRQO high
1: An IRQO interrupt has been detected
[Setting condition]
Driving pin IRQO low
¢ When edge detection mode is selected
0: An IRQO interrupt has not been detected
[Clearing conditions]
— Writing 0 after reading IRQOF = 1
— Accepting an IRQO interrupt
1: An IRQO interrupt request has been detect
[Setting condition]
Detecting the specified edge of pin IRQO

Rev. 6.00 Jul. 15, 2009 Page 94 of 816
REJ09B0237-0600 RENESAS



15
14
13
12

IPR15
IPR14
IPR13
IPR12

O O O O

R/W
R/W
R/W
R/W

Set priority levels 1or the corresponding inte

source.

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

Priority level O (lowest)

Priority level 1
Priority level 2
Priority level 3
Priority level 4
Priority level 5
Priority level 6
Priority level 7
Priority level 8
Priority level 9
Priority level 10
Priority level 11
Priority level 12
Priority level 13
Priority level 14

Priority level 15 (highest)
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0111: Priority level 7
1000: Priority level 8
1001: Priority level 9
1010: Priority level 10
1011: Priority level 11
1100: Priority level 12
1101: Priority level 13
1110: Priority level 14
1111: Priority level 15 (highest)

7 IPR7 0 R/W Set priority levels for the corresponding intert
6 IPR6 0 R/W source.

5 IPR5 0 R/w  0000: Priority level O (lowest)

4 IPR4 0 R/W 0001: Priority level 1

0010: Priority level 2
0011: Priority level 3
0100: Priority level 4
0101: Priority level 5
0110: Priority level 6
0111: Priority level 7
1000: Priority level 8
1001: Priority level 9
1010: Priority level 10
1011: Priority level 11
1100: Priority level 12
1101: Priority level 13
1110: Priority level 14
1111: Priority level 15 (highest)
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0111: Priority level 7
1000: Priority level 8
1001: Priority level 9
1010: Priority level 10
1011: Priority level 11
1100: Priority level 12
1101: Priority level 13
1110: Priority level 14
1111: Priority level 15 (highest)

Note: Name in the tables above is represented by a general name. Name in the list of r
on the other hand, represented by a module name.

6.4 Interrupt Sources

6.4.1 External Interrupts

There are five types of interrupt sources: User break, NMI, H-UDI, IRQ, and on-chip pe
modules. Individual interrupts are given priority levels (0 to 16, with 0O the lowest and 1.
highest). Giving an interrupt a priority level of 0 masks it.

NMI Interrupt: The NMI interrupt is given a priority level of 16 and is always accepte
interrupt is detected at the edge of the pins. Use the NMI edge select bit (NMIE) in inter
control register 0 (ICRO) to select either the rising or falling edge. In the NMI interrupt
handler, the interrupt mask level bits (I3 to 10) in the status register (SR) are set to level
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the following change on the IRQ pin is detected: from high to low in falling edge detectic
from low to high in rising edge detection mode, and from low to high or from high to low
edge detection mode. The IRQ interrupt request by detecting the change on the pin is hel
interrupt request is accepted. It is possible to confirm that an IRQ interrupt request has be
detected by reading the IRQ flags (IRQ7F to IRQOF) in the IRQ status register (IRQSR).
interrupt request by detecting the change on the pin can be withdrawn by writing 0 to an |
after reading 1.

In the IRQ interrupt exception handling, the interrupt mask bits (I3 to I0) in the status reg
(SR) are set to the priority level value of the accepted IRQ interrupt. Figure 6.2 shows the
diagram of the IRQ7 to IRQO interrupts.

IRQSR.IRQNL
IRQCR.IRQN1S  |RQSR.IRQNF
IRQCR.IRQNOS
. Level q
IRQn pins detection o é ~ CPU|
3 " reque
Edge &
detection S Q—»
R
RESIRQnN
(Acceptance of IRQn interrupt/
writing O after reading IRQnF = 1) n=7t0

Figure6.2 Block Diagram of IRQ7 to IRQO Interrupts Control
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6.4.3 User Break Interrupt

A user break interrupt has a priority level of 15, and occurs when the break condition se
user break controller (UBC) is satisfied. User break interrupt requests are detected by ec
held until accepted. User break interrupt exception handling sets the interrupt mask leve
to 10) in the status register (SR) to level 15. For more details on the user break interrupt,
section 20, User Break Controller (UBC).

6.4.4 H-UDI Interrupt

User debugging interface (H-UDI) interrupt has a priority level of 15, and occurs when
interrupt instruction is serially input. H-UDI interrupt requests are detected by edge and
until accepted. H-UDI exception handling sets the interrupt mask level bits (I3-10) in the
register (SR) to level 15. For more details on the H-UDI interrupt, see section 21, User I
Interface (H-UDI).
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IRQ interrupts and on-chip peripheral module interrupt priorities can be set freely betwee
and 15 for each pin or module by setting interrupt priority registers A to G (IPRA to IPR(
However, when interrupt sources whose priority levels are allocated with the same IPR a
requested, the interrupt of the smaller vector number has priority. This priority cannot be
Priority levels of IRQ interrupts and on-chip peripheral module interrupts are initialized t
at a power-on reset. If the same priority level is allocated to two or more interrupt source:
interrupts from those sources occur simultaneously, they are processed by the default pric
order shown in table 6.2.

Table6.2 Interrupt Exception Handling Vectorsand Priorities
Interrupt Vector Vector Table L
Source Name  No. Starting Address IPR F
User break 12 H'00000030 — F
External pin NMI 11 H'0000002C —
H-UDI 13 H'00000034 —
External pin IRQO 64 H'00000100 IPRA15 to IPRA12
IRQ1 65 H'00000104 IPRA11 to IPRA8
IRQ2 66 H'00000108 IPRA7 to IPRA4
IRQ3 67 H'0000010C IPRA3 to IPRAO
IRQ4 80 H'00000140 IPRB15 to IPRB12
IRQ5 81 H'00000144 IPRB11 to IPRB8
IRQ6 82 H'00000148 IPRB7 to IPRB4
IRQ7 83 H'0000014C IPRB3 to IPRBO L
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SCIF channel 1 ERI_1 92 H'00000170 IPRD11 to IPRD8
RXI_1 93 H'00000174
BRI_1 94 H'00000178
TXI_1 95 H'0000017C
SCIF channel 2 ERI_2 96 H'00000180 IPRD7 to IPRD4
RXI_2 97 H'00000184
BRI_2 98 H'00000188
™XI_2 99 H'0000018C
HIF HIFI 100 H'00000190 IPRE15 to IPRE12
HIFBI 101 H'00000194 IPRE11 to IPRE8
DMAC DEIO 104 H'000001A0 IPRF15 to IPRF12
DEI1 105 H'000001A4 IPRF11 to IPRF8
DEI2 106 H'000001A8 IPRF7 to IPRF4
DEI3 107 H'000001AC IPRF3 to IPRFO
SIOF SIOFI 108 H'000001B0 IPRG15 to IPRG12

RENESAS
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1FRG). Interrupts that have lower-priority than that of the selected mnterrupt are 1gnore
interrupts that have the same priority level or interrupts within a same module occur
simultaneously, the interrupt with the highest priority is selected according to the pric
shown in table 6.2.

. The interrupt controller compares the priority level of the selected interrupt request w
interrupt mask bits (I3 to I0) in the status register (SR) of the CPU. If the priority leve
selected request is equal to or less than the level set in bits I3 to 10, the request is igno
the priority level of the selected request is higher than the level in bits 13 to 10, the int
controller accepts the request and sends an interrupt request signal to the CPU.

. The CPU detects the interrupt request sent from the interrupt controller in the decode
an instruction to be executed. Instead of executing the decoded instruction, the CPU s
interrupt exception handling.

. SR and PC are saved onto the stack.
6. The priority level of the accepted interrupt is copied to bits (I3 to I0) in SR.

. The CPU reads the start address of the exception handling routine from the exception
table for the accepted interrupt, branches to that address, and starts executing the prog
This branch is not a delayed branch.

Note: * Interrupt requests that are designated as edge-detect type are held pending unt

interrupt requests are accepted. IRQ interrupts, however, can be cancelled by -
the IRQ status register (IRQSR). Interrupts held pending due to edge detectior
cleared by a power-on reset or an H-UDI reset.
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I3tolo<
level 1472 No

Yes

Yes

<
A

| Save SR to stack |

y

| Save PC to stack |

Y

Copy interrupt
level to 13 to 10

Y

Read exception
vector table

Y

Branch to exception
handling routine

A

4

Level
interrup

~
No

Note: 13 to 10 are Interrupt mask bits in the status register (SR) of the CPU

Figure6.3 Interrupt Sequence Flowchart
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Notes: 1. PC is the start address of the next instruction (instruction at the return address) after the |

instruction.
2. Always make sure that SP is a multiple of 4

Figure6.4 Stack after Interrupt Exception Handling

6.7 Interrupt Response Time

Table 6.3 lists the interrupt response time, which is the time from the occurrence of an in
request until the interrupt exception handling starts and fetching of the first instruction of
interrupt handling routine begins.
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+m3 + m4). If
interrupt-mask
instruction follc
however, the t
be even longe

Time from start of interrupt
exception handling until
fetch of first instruction of
exception handling routine

8 x lcyc + m1 + m2
+m3

8 x lcyc + m1 + m2
+m3

Performs the s
and SR, and v
address fetch.

starts
Interrupt Total: 9xlcyc+2xPcyc 9 xlcyc+ 3 x Pcyc
response +m1+m2+m3 +mi1+m2+m3
time +X + X
Minimum?: 12 x leyc + 12 x Icyc + SR, PC, and v
2 x Pcyc 3 x Pcyc are all in on-ct
or cache hit oc
write back mo«
Maximum: 16 x lcyc + 16 x lcyc +
2 x Pecyc + 2 x 3 x Pecyc + 2 x
(m1+m2+m3)+ (M1 +m2+m3)+
m4 m4
Notes: * Inthe case thatm1=m2=m3=m4 =1 x Icyc.

m1 to m4 are the number of cycles needed for the following memory accesse
m1: SR save (longword write)
m2: PC save (longword write)
m3: Vector address read (longword read)

m4: Fetch first instruction of interrupt service routine
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e External address space

— A maximum 32 or 64 Mbytes for each of the areas, CS0, CS3, CS4, CS5B, and (
totally 256 Mbytes (divided into five areas)

— A maximum 64 Mbytes for each of the six areas, CS0, CS3, CS4, CS5, and CS6,
320 Mbytes (divided into five areas)

— Can specify the normal space interface, byte-selection SRAM, SDRAM, PCMC]
address space

— Can select the data bus width (8, 16, or 32 bits) for each address space. (The CS(
width can only be selected from 8 or 16 bits.)

— Can control the insertion of wait cycles for each address space
— Can control the insertion of wait cycles for each read access and write access

— Can control the insertion of idle cycles in the consecutive access for five cases
independently: read-write (in same space/different space), read-read (in same
space/different space), or the first cycle is a write access

e Normal space interface

— Supports the interface that can directly connect to the SRAM

e SDRAM interface
— Can connect directly to SDRAM in area 3
— Multiplex output for row address/column address
— Efficient access by single read/single write
— High-speed access by bank-active mode

— Supports auto-refreshing and self-refreshing
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— Specifies the refresh interval by setting the refresh counter and clock selection

— Can execute consecutive refresh cycles by specifying the refresh counts (1, 2, 4, 6
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CS6BWCR| =

RWTCNT |~=p—|

CSOBCR |~

 [Gsssmorn <>

Module bus

vvall
WAIT > controller
CS0, CS3, CS4, <
CS5B (CE1A), - Area
CS6B (CE1B) controller |
MD5 > ~
E3, DQMUU),
BE2, DOMUU), B Memory
E1, DAMUU,WE), = controller
EO0, DQMLL),
ICIORD,
CAS,
10IS16 >
A
Refresh
controller
[Legend]
CMNCR: Common control register

CSnWCR: CSn space wait control register (n =0, 3, 4, 5B, 6B)

RWTCNT: Reset wait counter

CSnBCR: CSn space bus control register (n =0, 3, 4, 5B, 6B)

SDCR: SDRAM control register

RTCSR:  Refresh timer control/status register
RTCNT. Refresh timer counter

RTCOR: Refresh time constant register

Figure7.1 Block Diagram of BSC
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/asynchronous), or PCMCIA is accessed. Asserted at the same
as CAS assertion in SDRAM access.

CS0, CS3, CS4 Output Chip Select
CS5B/CETA Output Chip Select

Chip enable for PCMCIA allocated to area 5 when PCMCIA is i
CE2A Output  Chip enable for PCMCIA allocated to area 5 when PCMCIA is i
CS6B/CE1B Output Chip Select

Chip enable for PCMCIA allocated to area 6 when PCMCIA is i
CE2B Output Chip enable for PCMCIA allocated to area 6 when PCMCIA is i
RD/WR Output Read/Write

Connects to WE pins when SDRAM or byte-selection SRAM is
RD Output Read Pulse Signal (read data output enable signal)

Strobe signal to indicate a memory read cycle when PCMCIA i
ICIOWR Output  Strobe signal to indicate 1/0 write when PCMCIA is in use.
ICIORD Output Strobe signal to indicate I/O read when PCMCIA is in use.
WES3(BE3) Output Indicates that D31 to D24 are being written to.

Connected to the byte select signal when byte-selection SRAM
WE2(BE2) Output Indicates that D23 to D16 are being written to.

Connected to the byte select signal when byte-selection SRAM
WET(BE1)/WE Output Indicates that D15 to D8 are being written to.

Connected to the byte select signal when byte-selection SRAM
Strove signal to indicate a memory write cycle when PCMCIA i
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DQMUU, Output Connected to the DQMxx pin when SDRAM is in use.

DAMUL, DQMUU: Select signal for D31 to D24
DQMLU,
DQMLL DQMUL: Select signal for D23 to D16

DQMLU: Select signal for D15 to D8
DQMLL: Select signal for D7 to DO

WAIT Input  External wait input

MD5, MD3 Input  MD5: Selects data alignment (big endian or little endian)
MD3: Specifies area 0 bus width (8/16 bits)

Note: * As pins A25 to A16 act as general I/O ports immediately after a power-on res
or pull-down these pins outside the LS| as needed.

7.3 Area Overview

7.3.1 AreaDivision

The architecture of this LSI has 32-bit address space. The upper three address bits divid
into areas PO to P4, and the cache access methods can be specified for each area. For de
section 3, Cache. Each area indicated by the remaining 29 bits is divided into ten areas (
are reserved) when address map 1 is selected or eight areas (three areas are reserved) wi
map 2 is selected. The address map is selected by the MAP bit in CMNCR. The BSC cc
areas indicated by the 29 bits.

As listed in tables 7.2 and 7.3, memory can be connected directly to five physical areas
LSI, and the chip select signals (CS0, CS3, CS4, CS5B, and CS6B) are output for each :
is asserted during area O access.
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Area P4 (H'E0000000 to HEFFFFFFF) is an I/O area and is allocated to internal register
addresses. Therefore, area P4 does not become shadow space.

H'00000000 F Area 0 (CS0)

Area 1 (reserved)
Area 2 (reserved)
Area 3 (CS3)

Area 4 (CS4)

Area 5A (reserved)
Area 5B (CS5B)
Area 6A (reserved)
Area 6B (CS6B)

B
H'20000000

”
H'40000000

>
H'60000000

H'80000000 [

F Area 7 (reserved)
H'A0000000 [} I .
po | I;I Physical address space
R JR—
H'C0000000 i /
P3 /
IR SR
H'E0000000 [}
P4
IR N
Address Space

Figure7.2 Address Space

7.3.3 AddressMap

The external address space has a capacity of 256 Mbytes and is divided into five areas. T
memory to be connected and the data bus width are specified for individual areas. The ad
map for the external address space is shown in table 7.2.
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Byte-selection SRAM

H'14000000 to H'15FFFFFF  Area 5A Reserved area* 32 Mbyte

H'16000000 to H'17FFFFFF  Area 5B Normal memory 32 Mbyte
Byte-selection SRAM

H'18000000 to H'19FFFFFF  Area 6A Reserved area* 32 Mbyte

H'1A000000 to H'1{BFFFFFF  Area 6B Normal memory 32 Mbyte
Byte-selection SRAM

H'1C000000 to H'1FFFFFFF  Area 7 Reserved area* 64 Mbyte

Note: * Do not access the reserved area. If the reserved area is accessed, the correc
operation cannot be guaranteed.

Table7.3 AddressMap 2 (CMNCR.MAP = 1)

Physical Address Area Memory to be Connected Capacity
H'00000000 to H'03FFFFFF  Area 0 Normal memory 64 Mbyte
H'04000000 to H'07FFFFFF  Area 1 Reserved area*' 64 Mbyte
H'08000000 to H'OBFFFFFF  Area 2 Reserved area*' 64 Mbyte
H'0C000000 to H'OFFFFFFF  Area 3 Normal memory 64 Mbyte
Byte-selection SRAM
SDRAM
H'10000000 to H'13FFFFFF  Area 4 Normal memory 64 Mbyte
Byte-selection SRAM
H'14000000 to H'17FFFFFF  Area 5**  Normal memory 64 Mbyte

Byte-selection SRAM
PCMCIA
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734 Area 0 Memory Type and Memory Bus Width

The memory bus width in this LSI can be set for each area. In area 0, the bus width is sel
from 8 bits and 16 bits at a power-on reset by the external pin setting. The bus width of o
is set by the register. The correspondence between the memory type, external pin (MD3),
width is listed in table 7.4.

Table7.4 Correspondence between External Pin (MD3), Memory Type, and Bus

for CSO
MD3 Memory Type Bus Width
1 Normal memory 8 bits
0 16 bits

735 Data Alignment

This LSI supports the big endian and little endian methods of data alignment. The data al
is specified using the external pin (MDS5) at a power-on reset as shown in table 7.5.

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

MD5 Endian
0 Big endian
1 Little endian
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CS5B space bus control register for area SB (CSSBBCR)
CS6B space bus control register for area 6B (CS6BBCR)
CSO0 space wait control register for area 0 (CSOWCR)

CS3 space wait control register for area 3 (CS3WCR)

CS4 space wait control register for area 4 (CS4WCR)
CS5B space wait control register for area SB (CSSBWCR)
CS6B space wait control register for area 6B (CS6BWCR)
SDRAM control register (SDCR)

Refresh timer control/status register (RTCSR)

Refresh timer counter (RTCNT)

Refresh time constant register (RTCOR)

RENESAS
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LA

Dl bl it

Selects the address map for the external address
The address maps to be selected are shown in te
and 7.3.

0: Selects address map 1

1: Selects address map 2

11to5 — All O R Reserved
These bits are always read as 0. The write value
always be 0.

4 — 1 R Reserved
This bit is always read as 1. The write value shot
always be 1.

3 ENDIAN  0/1* R Endian Flag

Fetches the external pin (MDS5) state for specifyir

at a power-on reset. The endian setting for all the

spaces are set by this bit. This is a read-only bit.

0: External pin (MD5) for specifying endian was
low at a power-on reset. This LSl is operated :
endian.

1: External pin (MD5) for specifying endian was ¢
high at a power-on reset. This LSl is being op
little endian.

2 — 1 R Reserved

This bit is always read as 1. The write value shot
always be 1.
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0. AIgnh Impedance In stanaby moae
1: Driven in standby mode

Note: * The external pin (MD5) state for specifying endian is sampled at a power-on |
When big endian is specified, this bit is read as 0 and when little endian is sp
this bit is read as 1.

74.2 CSn Space Bus Control Register (CSnBCR) (n=0, 2, 3, 4, 5B, 6B)

CSnBCR specifies the type of memory connected to each space, data-bus width of each
the number of wait cycles between access cycles.

Do not access external memory other than area 0 until setting CSnBCR is completed.

Initial
Bit Bit Name Value R/W Description
31, 30 — AllO R Reserved
These bits are always read as 0. The write valus
always be 0.
29 IWWA1 1 R/W Idle Cycles between Write-Read Cycles and Wr
28 Wwwo 1 rw  Cycles

Specify the number of idle cycles to be inserted
access to a memory that is connected to the are
write and read cycles or write and write cycles
consecutively are the target cycle.

000: No idle cycle inserted
001: 1 idle cycle inserted

010: 2 idle cycles inserted
011: 4 idle cycles inserted
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001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted

24 — 0 R Reserved
This bit is always read as 0. The write value shot
always be 0.

23 IWRWS1 1 R/W Idle Cycles for Read-Write in Same Space

22 IWRWSO 1 R/W Specify the number of idle cycles to be inserted ¢

access to a memory that is connected to the are:
read and write cycles which are performed conse
and are accessed to the same area are the targe

000: No idle cycle inserted
001: 1 idle cycle inserted

010: 2 idle cycles inserted
011: 4 idle cycles inserted

21 — 0 R Reserved

This bit is always read as 0. The write value shot
always be 0.
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18 — 0 R Reserved
This bit is always read as 0. The write value shc

always be 0.
17 IWRRS1 1 R/W Idle Cycles for Read-Read in Same Space
16 IWRRSO 1 R/W Specify the number of idle cycles to be inserted

access to a memory that is connected to the are
read and read cycles which are performed cons
and are accessed to the same area are the targ

000: No idle cycle inserted
001: 1 idle cycle inserted

010: 2 idle cycles inserted
011: 4 idle cycles inserted
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0111: Reserved (setting prohibited)
1000: Reserved (setting prohibited)
1001: Reserved (setting prohibited)
1010: Reserved (setting prohibited)
1011: Reserved (setting prohibited)
1100: Reserved (setting prohibited)
1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)
For details on memory type in each area, see takt
and 7.3.
11 — 0 R Reserved

This bit is always read as 0. The write value shot
always be 0.
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2. When area 5 or 6 is specified as PC
space, the bus width can be specifie
either 8 bits or 16 bits.

3. If area 3 is specified as SDRAM sps
bus width cannot be specified as 8 |

4. These bits must be specified to eith
before accessing to memory in othe

area 0.
8t0 0 — AllO R Reserved
These bits are always read as 0. The write valu
always be O.
Note: * CSOBCR fetches the external pin state (MD3) that specify the bus width at a|
reset.
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initial

Bit Bit Name Value R/W Description

311013 — AllO R Reserved
These bits are always read as 0. The write value
always be 0.

12 SWi1 0 R/W Number of Delay Cycles from Address, CSn Ass

rw  RD, WEn (BEn) Assertion

Specify the number of delay cycles from address
assertion to RD and WEn (BEn) assertion.

00: 0.5 cycles
01: 1.5 cycles

11 SWo

10: 2.5 cycles
11: 3.5 cycles
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0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

WM

RW

External Wait Mask Specification

Specifies whether or not the external wait input
The specification by this bit is valid even when t
of access wait cycle is 0.

0: External wait is valid

1: External wait is ignored

5to2

AllO

Reserved

These bits are always read as 0. The write valus
always be 0.

HWH1
HWO

R/W
R/W

Number of Delay Cycles from RD, WEn (BEn) r
Address, CSn negation

Specify the number of delay cycles from RD ant
(BEN) negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

Rev. 6.00 Jul. 15,2009 Pag
RENESAS REJOS



(signal used as stfobej and asserts the RD/W
during the write access cycle (signal used as

1: Asserts the WEnN (BEn) signal during the read
access cycle (used as status) and asserts the
signal at the write timing (used as strobe)

19to 11 — AllO R Reserved
These bits are always read as 0. The write value
always be 0.
10 WR3 1 R/W Number of Access Wait Cycles
WR2 0 R/W Specify the number of wait cycles that are neces
WR1 1 R/W read access.
WRO 0 R/W 0000: 0 cycle
0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)
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el Sl

e CS4WCR

Bit

Bit Name

Initial
Value R/W

Description

31 to 21

AllO R

Reserved

These bits are always read as 0. The write valus
always be 0.

20

BAS

Byte Access Selection for Byte-Selection SRAN

Specifies the WEn (BEn) and RD/WR signal tim
the byte-selection SRAM interface is used.

0: Asserts the WEn (BEn) signal at the read/wr
(signal used as strobe) and asserts the RD/V
during the write access cycle (signal used as

1: Asserts the WEnN (BEn) signal during the rea
access cycle (signal used as status)and asse
RD/WR signal at the write timing (signal use«
strobe)

19

Reserved

This bit is always read as 0. The write value shc
always be 0.
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101: 4 cycles
110: 5cycles
111: 6 cycles

15t013 — AllO R

Reserved

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

12 Swi1 0 RW
11 SWo 0 R/W

Number of Delay Cycles from Address, CSn Ass
RD, WEn (BEn) Assertion

Specify the number of delay cycles from address
assertion to RD and WEn (BEn) assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

WM

RW

External Wait Mask Specification

Specifies whether or not the external wait input
The specification by this bit is valid even when t
of access wait cycles is 0.

0: External wait is valid

1: External wait is ignored

5to2

AllO

Reserved

These bits are always read as 0. The write valus

HWH1
HWO

R/W
R/W

always be 0.

Number of Delay Cycles from RD, WEn (BEn) r
Address, CSn negation

Specify the number of delay cycles from RD ant
(BEN) negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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(read access wait)

001: O cycle
010: 1 cycle
011: 2cycles
100: 3cycles
101: 4 cycles
110: 5cycles
111: 6 cycles
15t0 13 — AllO R Reserved
These bits are always read as 0. The write value
always be 0.
12 SwWi1 0 R/W Number of Delay Cycles from Address, CSn Ass
11 SWo 0 R/W RD, WEn (BEn) Assertion

Specify the number of delay cycles from address
assertion to RD and WEnN (BEn) assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

WM

RW

External Wait Mask Specification

Specify whether or not the external wait input is
specification by this bit is valid even when the ni
access wait cycle is 0.

0: External wait is valid

1: External wait is ignored

5to2

AllO

Reserved

These bits are always read as 0. The write valus

HWH1
HWO

R/W
R/W

always be 0.

Number of Delay Cycles from RD, WEn (BEn) r
Address, CSn negation

Specify the number of delay cycles from RD ant
(BEN) negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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(signal used as stfobej and asserts the RD/W
during the write access cycle (signal used as

1: Asserts the WEnN (BEn) signal during the read
access cycle (used as status) and asserts the
signal at the write timing (used as strobe)

19t0o 13 — AllO R Reserved
These bits are always read as 0. The write value
always be 0.
12 SwWi1 0 R/W  Number of Delay Cycles from Address, CSn Ass:
11 SWo 0 R/W RD, WEn (BEn) Assertion

Specify the number of delay cycles from address
assertion to RD and WEn (BEn) assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

WM

RW

External Wait Mask Specification

Specifies whether or not the external wait input
The specification by this bit is valid even when t
of access wait cycle is 0.

0: External wait is valid

1: External wait is ignored

5to2

AllO

Reserved

These bits are always read as 0. The write valus
always be 0.

HWH1
HWO

R/W
R/W

Number of Delay Cycles from RD, WEn (BEn) r
Address, CSn negation

Specify the number of delay cycles from RD ant
(BEN) negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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wait for the completion of precharge in the follow
cases.

e From the start of auto-precharge to the issuir
ACTV command for the same bank.
e From the issuing of the PRE/PALL commanc
issuing of the ACTV command for the same |
e From the issuing of the PALL command duril
refreshing to the issuing of the REF comman
e From the issuing of the PALL command duril
refreshing to the issuing of the SELF comma
00: 0 cycle (no wait cycle)
01: 1 cycle
10: 2 cycles
11: 3 cycles

12 — 0 R Reserved

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

11 WTRCD1 O R/W Wait Cycle Number from ACTV Command to
10 WTRCDO 1 R/W READ(A)/WRIT(A) Command

Specify the number of minimum wait cycles from
the ACTV command to issuing the READ(A)/WF
command.

00: 0 cycle (no wait cycle)
01: 1 cycle

10: 2 cycles

11: 3 cycles
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11: Reserved (setting prohibited)

6,5 — All O R Reserved
These bits are always read as 0. The write valu
always be 0.

4 TRWLA 0 R/W Wait Cycle Number for Precharge Start Wait

3 TRWLO 0 R/W Specify the number of minimum wait cycles ins

wait for the start of precharge in the following c
e From the issuing of the WRITA command b
to the start of the auto-precharge in the SDI

The ACTV command for the same bank is i
after issuing the WRITA command in non-b
mode.

To confirm how many cycles should be nee
SDRAM between receiving the WRITA comr
the auto-precharge start, refer to the data s
each SDRAM. Set this bit so that the cycle
that data sheets should not exceed the cycl
set by this bit.

e From the issuing of the WRIT command by
the issuing of the PRE command.

A different row address in the same bank is
in bank active mode.

00: 0 cycle (no wait cycle)
01: 1 cycle

10: 2 cycles

11: 3 cycles
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o From the self-refreshing release to the issuin

ACTV/REF/MRS command.
00: 2 cycles
01: 3 cycles
10: 5 cycles
11: 8 cycles
PCMCIA:
e CS5BWCR, CS6BWCR
Initial
Bit Bit Name Value R/W Description
31t022 — AllO R Reserved
These bits are always read as 0. The write value
always be 0.
21 SA1 0 R/W Space Attribute Specification
20 SA0 0 R/W Specify memory card interface or I/O card interfa

the PCMCIA interface is selected.
o SA1
0: Specifies memory card interface when A28
1: Specifies I/O card interface when A25 = 1
¢ SAO0
0: Specifies memory card interface when A25
1: Specifies I/O card interface when A25 =0
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0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

3.5 cycles
4.5 cycles
5.5 cycles
6.5 cycles
7.5 cycles
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved
Reserved

~ o~~~ o~ o~~~

setting prohibited
setting prohibited
setting prohibited
setting prohibited
setting prohibited
setting prohibited
setting prohibited
setting prohibited

—_— = = = = — — —
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0111: 26 cycles
1000: 30 cycles
1001: 33 cycles
1010: 36 cycles
1011: 38 cycles
1100: 52 cycles
1101: 60 cycles
1110: 64 cycles
1111: 80 cycles

6 WM 0 R/W External Wait Mask Specification

Specify whether or not the external wait input is \
specification by this bit is valid even when the nu
access wait cycle is 0.

0: External wait is valid
1: External wait is ignored

5,4 — All O R Reserved

These bits are always read as 0. The write value
always be 0.
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0110: 6.5 cycles
0111: 7.5 cycles
1000: 8.5 cycles
1001: 9.5 cycles
1010: 10.5 cycles
1011: 11.5 cycles
1100: 12.5 cycles
1101: 13.5 cycles
1110: 14.5 cycles
1111: 15.5 cycles
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B WA Wil T W AT R R

Specifies whether or not the refreshing SDRAM i
performed.

0: Refreshing is not performed
1: Refreshing is performed

10 RMODE 0 R/W Refresh Control
Specifies whether to perform auto-refreshing or s
refreshing when the RFSH bit is 1. When the RF:
1 and this bit is 1, self-refreshing starts immediat
When the RFSH bit is 1 and this bit is 0, auto-refi
starts according to the contents that are set in R
RTCNT, and RTCOR.
0: Auto-refreshing is performed
1: Self-refreshing is performed
9 — 0 R Reserved
This bit is always read as 0. The write value shot
always be 0.
8 BACTV 0 R/W Bank Active Mode
Specifies whether to access in auto-precharge m
(using READA and WRITA commands) or in ban
mode (using READ and WRIT commands).
0: Auto-precharge mode (using READA and WR
commands)
1: Bank active mode (using READ and WRIT col
7t05 — All O R Reserved

These bits are always read as 0. The write value
always be 0.
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always be 0.
1 A3COL1 0 R/W Number of Bits of Column Address for Area 3

0 A3COLO O R/W Specify the number of bits of the column addres
area 3.

00: 8 bits

01: 9 bits

10: 10 bits

11: Reserved (setting prohibited)

745 Refresh Timer Control/Status Register (RTCSR)
RTCSR specifies various items about refresh for SDRAM.

When RTCSR is written to, the upper 16 bits of the write data must be H'A5S5A to cance
protection.

Initial
Bit Bit Name Value R/W Description
31to8 — All O R Reserved
These bits are always read as 0. The write value ¢
always be 0.
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6 — 0 R Reserved
This bit is always read as 0. The write value should
be 0.
5 CKS2 0 R/W  Clock Select
CKS1 0 R/W  Select the clock input to count-up the refresh timer
CKSO0 0 rw (RTCNT).

000: Stop the counting-up
001: B¢/4

010: By/16

011: By/64

100: B¢/256

101: B¢/1024

110: B¢/2048

111: B¢/4096
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011: 6 times
100: 8 times
101: Reserved (setting prohibited)
110: Reserved (setting prohibited)
111: Reserved (setting prohibited)

7.4.6 Refresh Timer Counter (RTCNT)

RTCNT is an 8-bit counter that increments using the clock selected by bits CKS2 to CK
RTCSR. When RTCNT matches RTCOR, RTCNT is cleared to 0. The value in RTCN'I

to 0 after counting up to 255. When RTCNT is written to, the upper 16 bits of the write
be H'AS5A to cancel write protection.

Initial
Bit Bit Name Value R/W Description
31to8 — AllO R Reserved
These bits are always read as 0. The write valu
always be 0.
7t00 — AllO R/W 8-bit Counter
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Bit Bit Name Value R/W Description

31to8 — All O R Reserved
These bits are always read as 0. The write value
always be 0.

7t00 — AllO R/W 8-bit Counter
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LIHCC Udld DUS WIULLS (O, 10, dlll J2 UILS ) dlC dvalldUlC 101 HHOLUal HICIHIOL Y dlltd Uy Llo=5C1
SRAM. Two data bus widths (16 and 32 bits) are available for SDRAM. Two data bus \
and 16 bits) are available for PCMCIA interface. Data alignment is performed in accord
the data bus width of the device and endian. This also means that when longword data i
a byte-width device, the read operation must be done four times. In this LSI, data alignn
conversion of data length is performed automatically between the respective interfaces.

Tables 7.6 to 7.11 show the relationship between endian, device data width, and access 1

Table7.6 32-Bit External Device/Big Endian Access and Data Alignment

Data Bus Strobe Signals
WEB3(BES3), WE2(BE2), WE1(BET)
Operation D31to D24 D23 to D16 D15to D8 D7to DO DQMUU DQMUL  DQMLU
Byte access at 0 Data — — — Assert — —
7t00
Byte access at 1 — Data — — — Assert —
7100
Byte access at 2 — — Data — — — Assert
7t00
Byte access at 3 — — — Data — — —
7t00

Word access at 0 Data Data — — Assert Assert —

15t0 8 7t00

Word access at 2 — — Data Data — — Assert
15t0 8 7t00

Longword access at0 Data Data Data Data Assert Assert Assert
31to24 23to16 15t08 7100
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Byte access at 3 — —

— Data

7t00
Word access at 0 — — Data Data Assert
15t0 8 7t00
Word access at 2 — — Data Data Assert
15t0 8 15t0 8
Longword 1sttime — — Data Data Assert
accessat0 atO 31to24 23to 16
2nd time — — Data Data Assert
at2 15t0 8 7t00
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Byte access at 3

— Data

7t00
Word 1st time — Data — — —
accessat0 ato 15t0 8
2nd time — Data — — —
at1 7t00
Word 1st time — Data — — —
accessat2 at2 15t0 8
2nd time — Data — — —
at3 7t00
Longword 1st time — Data — — —
accessat0 atO 31t024
2nd time — Data — — —
at 1 2310 16
3rd time — Data — — —
at2 15t0 8
4th time — Data — — —
at3 7t00
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Byte access at 3 Data — — — Assert — —
7t00

Word access at 0 — — Data Data — — Assert

15t0 8 7t00

Word access at 2 Data Data — — Assert Assert —
15t0 8 7t00

Longword access at 0 Data Data Data Data Assert Assert Assert
31t024 23to16 15t08 7to0
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Byte access at 3 — — Data — — — Assert
7t00

Word access at 0 — — Data Data — — Assert
15108 7t00

Word access at 2 — — Data Data — — Assert
15t0 8 7t00

Longword 1sttime — — Data Data — — Assert
accessat0 atO 15t0 8 7t00
2nd time — — Data Data — — Assert
at2 31t024 23to0 16

Rev. 6.00 Jul. 15,2009 Pag
RENESAS REJOS



Byte access at 3 — — — Data

7t00
Word 1sttime — — — Data
accessat0 ato 7t00
2nd time — — — Data
at1 15t0 8
Word 1sttime — — — Data
accessat2 at2 7t00
2nd time — — — Data
at3 15t0 8
Longword 1sttime — — — Data
accessat0 atO 7t00
2nd time — — — Data
at 1 15108
3rd time — — — Data
at2 2310 16
4th time — — — Data
at3 31t024
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RD/WR N\

Read RD : \ : /

Write

Figure7.3 Normal Space Basic Access Timing (No-Wait Access)

There is no output signal which informs external devices of the access size when readin;
Although the least significant bit of the address indicates the correct address when the a
starts, 16-bit data is always read from a 16-bit device. When writing, only the WEn (BE
for the byte to be written to is asserted.

When buffers are placed on the data bus, the RD signal should be used to control the bu
RD/WR signal indicates the same state as a read cycle (driven high) when no access has
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] | —— ] Y
' ' ' ' ' ' ' '

— 1 —
soro K00 X X

Figure7.4 Consecutive Accessto Normal Space (1): Bus Width = 16 bits,
Longword Access, CShWCR.WM = 0 (Access Wait = 0, Cycle Wait = 0)
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Figure7.5 Consecutive Accessto Normal Space (2): Bus Width = 16 bits
Longword Access, CShWCR.WM =1 (Access Wait = 0, Cycle Wait = 0)
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WE2(BE2) :
D15 A0
: CS
D8 oF
ET(BET) Vo7
D7 :

: 1/00
Do WE
WEO(BEO)

A16

A0
cs
OE
1107

1100
WE

A16

A0
cs
OE
1107

/00
WE

Figure 7.6 Example of 32-Bit Data-Width SRAM Connection
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1/07

L——o&

/00

Figure7.7 Exampleof 16-Bit Data-Width SRAM Connection

128 kwords x 8 bits

This LSI SRAM
A16 A16
A0 A0
CSn Cs
RD OE
D7 1107
DO 1/100
WEO(BED) WE

Figure7.8 Example of 8-Bit Data-Width SRAM Connection
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Figure7.9 Wait Timing for Normal Space Access (Software Wait Only)

When the WM bit in CSnWCR is cleared to 0, the external wait signal (WAIT) is also sai
The WAIT pin sampling is shown in figure 7.10. In this example, two wait cycles are ins
software wait. The WAIT signal is sampled at the falling edge of the CKIO signal in the
immediately before the T2 cycle (T1 or Tw cycle).
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b | : : : : : : "N —
{W(BEn) i : : | : | : L :/i_

Write | | . | . | X [ X | .
° _:-( 1 1 T )_
war TUTTITOUCCOOON 4 /0 \GUTTyTT

s TN )

Figure7.10 Wait Cycle Timing for Normal Space Access (Wait cycle Insertion us
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Th T T2 Tf

| | I | I | I : I

| | | | |
A25toA0:X X:

w1
S S S A

| | | |
RD/WR
e
== T T |

RO Ve o

Read : | : | : | | :
D ] | ] | ||:}_:7|
Wen@E) j i jW

Write{ | ! | v o
D — V—

Figure7.11 Example of Timing when CSn Assertion Period is Extended
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Burst read/single write (burst length 1) and burst read/burst write (burst length 1) are su
the SDRAM operating mode.

Commands for SDRAM can be specified by RAS, CAS, RD/W, and specific address ¢
These commands are shown below.

e NOP

o Auto-refreshing (REF)

o Self-refreshing (SELF)

e All banks precharge (PALL)

e Specified bank precharge (PRE)
e Bank active (ACTV)

e Read (READ)

e Read with precharge (READA)
e  Write (WRIT)

e Write with precharge (WRITA)
e Write mode register (MRS)

The byte to be accessed is specified by DQMUU, DQMUL, DQMLU and DQMLL. Re:
writing is performed for a byte whose corresponding DQMxx is low. For details on the
relationship between DQMxx and the byte to be accessed, refer to section 7.5.1, Endian
Size and Data Alignment.
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CAS CAS
RD/WR WE
D31 11015
D16 1/00
DQMUU DQMU
DQMUL DML
D15
S A13
DO E
o %0
CKE
CLK
CS
RAS
CAS
WE
1/015
1/00
DQMU
DQML

Figure7.12 Example of 32-Bit Data-Width SDRAM Connection

Rev. 6.00 Jul. 15,2009 Page 158 of 816
REJ09B0237-0600 RRENESAS



LA WAL TS

DO 1100
DQMLU DQMU
DQMLL DQML

Figure7.13 Example of 16-Bit Data-Width SDRAM Connection

Address Multiplexing: An address multiplexing is specified so that SDRAM can be co
without external multiplexing circuitry according to the setting of bits BSZ1 and BSZO0
CSnBCR, AnROW1 and AnROWO and AnCOL1 AnCOLO in SDCR. Tables 7.12 to 7.
the relationship between those settings and the bits output on the address pins. Do not sj
those bits in the manner other than this table, otherwise the operation of this LSI is not g
A25 to A18 are not multiplexed and the original values of address are always output on

When the data bus width is 16 bits (BSZ[1:0] = B'10), pin AO of SDRAM specifies a we
address. Therefore, connect this AO pin of SDRAM to pin Al of this LSI; pin A1l pin of
to pin A2 of this LSI, and so on. When the data bus width is 32 bits (BSZ[1:0] = B'11), ;
SDRAM specifies a long word address. Therefore, connect this AO pin of SDRAM to pi
this LSI; pin Al pin of SDRAM to pin A3 of this LSI, and so on.
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1nis ROW column FIns ot Inis ROW column Fins or
LSI Address Address SDRAM  Function LSl Address Address SDRAM
A7 A25 A17 Unused A7 A24 A17
A6 A24 Al6 A16  A23 A16
A15 A23 A15 A15 A23+ A23+* A13 (BA1)
Al4 A22#% AP A12 (BA1) Specifies Al4 A22+ A2+ A12 (BAO)
A3 A21¥ A21# A11 (BAQ) Pank A3 A21 A13 A11
A12 A20 L/H+ A10/AP  Specifies A12 A20 L/H*! A10/AP
address/
precharge
Al1 A19 Al1 A9 Address A1 Al9 A1 A9
A0 A18 A10 A8 A10  A18 A10 A8
A9 A17 A9 A7 A9 A7 A9 A7
A8 A16 A8 A6 A8 Al6 A8 A6
A7 Al5 A7 A5 A7 Al5 A7 A5
A6 Al4 A6 A4 A6 Al4 A6 A4
A5 A13 A5 A3 A5 A13 A5 A3
A4 A12 A4 A2 A4 A12 A4 A2
A3 Al1 A3 Al A3 Al1 A3 Al
A2 A10 A2 A0 A2 A10 A2 A0
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A0 A8

A0

A0

A8

A0

Example of memory connection

Example of memory connection

One 64-Mbit product (512 kwords x 32 bits x 4 banks, 8-

bit column product)

Two 16-Mbit products (512 kwords x 16 bits x 2 banks, 8-

bit column product)

One 128-Mbit product (1 Mword x 32 bits X 4
column product)

Two 64-Mbit product (1 Mword x 16 bits x 4 |
column product)

Notes: 1. L/His a bit used in the command specification; it is fixed low or high accordin
access mode.

2. Bank address specification

3. Applicable only to a 64-Mbit product

Table7.13 Relationship between Register Settings (BSZ[1:0], ASROW/[1:0], and
A3COL[1:0]) and Address Multiplex Output (2)

Setting Setting
A3 A3 A3 A3
BSzZ ROW COL BSzZ ROW CcoL
[1:0] [1:0] [1:0] [1:0] [1:0] [1:0]
11 11
(32 01 01 (32 01 10
bits) (12 bits) (9 bits) bits) (12 bits) (10 bits)
Output Output
Pins of Output Output Pins of Output Output
This Row Column Pins of This Row Column Pins of
LSI Address Address SDRAM  Function LSI Address Address SDRAM
A17 A26 A17 Unused A17 A27 A17
A16 A25 A16 A16 A26 A16
A15 A24+ A24:* A13 (BA1) Specifies A15 A25+° A25+ A13 (BA1)
Al4 A23# A23+° A12 (BAO) bank Al4 A24# A24#* A12 (BAO)
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A12 A21 L/H#' A10/AP  Specifies A12 A22 L/H#' A10/AP

address/

precharge
A1 A20 A1 A9 Address A1l A21 A1l A9
A10 A19 A10 A8 A10 A20 A10 A8
A9 A18 A9 A7 A9 A19 A9 A7
A8 A17 A8 A6 A8 A18 A8 A6
A7 A16 A7 A5 A7 A17 A7 A5
A6 A15 A6 A4 A6 A16 A6 A4
A5 Al4 A5 A3 A5 A15 A5 A3
A4 A13 A4 A2 A4 Al14 A4 A2
A3 A12 A3 Al A3 A13 A3 Al
A2 A1 A2 AO A2 A12 A2 AO
Al A10 A1l Unused A1l A1 A1l
A0 A9 A0 AO A10 AO
Example of memory connection Example of memory connection

One 256-Mbit product (2 Mwords x 32 bits x 4 banks, 9- One 512-Mbit product (4 Mwords x 32 bits x 4

bit column product) bit column product)
Two 128-Mbit products (2 Mwords x 16 bits x 4 banks, 9-  Two 256-Mbit product (4 Mwords x 16 bits x 4
bit column product) bit column product)

Notes: 1. L/H is a bit used in the command specification; it is fixed low or high according
access mode.

2. Bank address specification
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A17 A26 A17 Unused

A16 A25+ A25% A14 (BA1) Specifies bank
A15 A24+ A24:* A13 (BAO)

Al4 A23 Al4 A12 Address

A13 A22 A13 A11

A12 A21 L/H#' A10/AP Specifies addres:
A1l A20 A1l A9 Address

A10 A19 A10 A8

A9 A18 A9 A7

A8 A17 A8 A6

A7 A16 A7 A5

A6 A15 A6 A4

A5 Al4 A5 A3

A4 A13 A4 A2

A3 A12 A3 Al

A2 A11 A2 A0

Al A10 Al Unused

A0 A9 A0

Example of memory connection

One 512-Mbit product (4 Mwords x 32 bits x 4 banks, 9-bit column product)
Two 256-Mbit products (4 Mwords x 16 bits x 4 banks, 9-bit column product)

Notes: 1. L/His a bit used in the command specification; it is fixed low or high accordin
access mode.

2. Bank address specification
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s nuUwWw Lulairnm s vl s nUwW wouiruinnt s vl

LSl Address Address SDRAM Function LSl Address Address SDRAM

A7 A25 A17 Unused A17  A25 A7

Al6 A24 Al6 A16 A24 A16

Al5 A23 A15 A15 A23 A15

Al4 A22 Al4 Al4 A22+ A2+ A13 (BA1)

A13 A21 A21 A13 A21+ A21# A12 (BAO)

A12 A20% A20% A11 (BAO) Specifies A12 A20 A12 Al1
bank

A11 A19 L/H#' A10/AP  Specifies A1 A19 L/H+' A10/AP
address/
precharge

A10 A18 A10 A9 Address A10  A18 A10 A9

A9 A7 A9 A8 A9 A7 A9 A8

A8 Al6 A8 A7 A8 Al6 A8 A7

A7 A15 A7 A6 A7 Al5 A7 A6

A6 Al4 A6 A5 A6 Al4 A6 A5

A5 A13 A5 A4 A5 A13 A5 A4

A4 A12 A4 A3 A4 A12 A4 A3

A3 A11 A3 A2 A3 Al1 A3 A2

A2 A10 A2 Al A2 A10 A2 Al

Al A9 Al AO Al A9 Al A0

A0 A8 A0 Unused A0 A8 A0
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One 16-Mbit product (512 kwords x 16 bits x 2 banks, 8- One 64-Mbit products (1 Mword x 16 bits x 4
bit column product) column product)

Notes: 1. L/H is a bit used in the command specification; it is fixed low or high accordin
access mode.

2. Bank address specification

Table7.16 Relationship between Register Settings (BSZ[1:0], ASBROW/[1:0], and
A3COL[1:0]) and Address Multiplex Output (5)

Setting Setting
A3 A3 A3 A3
BSz ROW COL BSz ROW COoL
[1:0] [1:0] [1:0] [1:0] [1:0] [1:0]
10(16 01 (12 10(16 01 (12
bits) bits) 01 (9 bits) bits) bits) 10 (10 bits)
Output Output
Pins of Output Output Pins of Output Output
This Row Column Pins of This Row Column Pins of
LSI Address Address SDRAM  Function LSI Address Address SDRAM
A17 A26 A17 Unused A17 A27 A17
A16 A25 A16 A16 A26 A16
A15 A24 A15 A15 A25 A15
Al4 A23+* A23+ A13 (BA1) Specifies Al4 A24+* A24+ A13 (BA1)
A13 A22+#2 A22+#2 A12 (BAO) bank A13 A23+#2 A23# A12 (BAO)
A12 A21 A12 Al Address A12 A22 A12 A1
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address/

precharge

A10 A19 A10 A9 Address A10 A20 A10 A9
A9 A18 A9 A8 A9 A19 A9 A8
A8 A17 A8 A7 A8 A18 A8 A7
A7 A16 A7 A6 A7 A17 A7 A6
A6 A15 A6 A5 A6 A16 A6 A5
A5 A14 A5 A4 A5 A15 A5 A4
A4 A13 A4 A3 A4 Al14 A4 A3
A3 A12 A3 A2 A3 A13 A3 A2
A2 Al A2 Al A2 A12 A2 Al
Al A10 Al A0 A1l Al1 A1l AO
AO A9 AO Unused A0 A10 A0

Example of memory connection Example of memory connection

One 128-Mbit product (2 Mwords x 16 bits x 4 banks, 9- One 256-Mbit product (4 Mwords x 16 bits x 4
bit column product) bit column product)

Notes: 1. L/His a bit used in the command specification; it is fixed low or high according
access mode.

2. Bank address specification
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s nuUwW Lulairnm s vl s nuUwW wouinuinnt s vl
LSl Address Address SDRAM Function LSl Address Address SDRAM
A7 A26 A17 Unused A7 A27 A7
Al6 A25 Al6 A16 A26 A16
A15 A24+° A24+* A14 (BA1) Specifies A15 A25+ A25+ A14 (BA1)
Al4 A23#* A23+° A13 (BAO) bank Al4 A24#* A24+* A13 (BAO)
A13 A22 A13 Al2 Address A13  A23 A13 Al2
A12 A21 Al2 Al1 A12 A22 A12 Al1
A1 A20 L/H A10/AP  Specifies A1 A21 L/H*! A10/AP
address/
precharge
A10 A19 A10 A9 Address A0 A20 A10 A9
A9 A18 A9 A8 A9 Al9 A9 A8
A8 A17 A8 A7 A8 Al8 A8 A7
A7 A16 A7 A6 A7 A7 A7 A6
A6 A15 A6 A5 A6 Al6 A6 A5
A5 Al4 A5 A4 A5 A15 A5 A4
A4 A13 A4 A3 A4 Al4 A4 A3
A3 A12 A3 A2 A3 A13 A3 A2
A2 Al1 A2 Al A2 A12 A2 Al
Al A10 Al AO Al Al1 Al A0
A0 A9 A0 Unused A0 A10 A0
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One 256-Mbit product (4 Mwords x 16 bits x 4 banks, 9- One 512-Mbit product (8 Mwords x 16 bits x 4
bit column product) bit column product)
Notes: 1. L/H is a bit used in the command specification; it is fixed low or high according
access mode.
2. Bank address specification

Burst Read: A burst read occurs in the following cases with this LSI.

1. Access size in reading is larger than data bus width.

2. 16-byte transfer in cache miss.
3. 16-byte transfer by DMAC and E-DMAC (access to non-cacheable area)

This LSI always accesses the SDRAM with burst length 1. For example, read access of b
length 1 is performed consecutively four times to read 16-byte consecutive data from the
that is connected to a 32-bit data bus. The number of bursts in this access is four.

Rev. 6.00 Jul. 15, 2009 Page 168 of 816

REJ09B0237-0600 RRENESAS



10 Vlitlo 1
32 bits
16 bytes 4

Figures 7.14 and 7.15 show timing charts in burst read. In burst read, the ACTV comma
output in the Tr cycle, the READ command is issued in the Tcl, Tc2, and Tc3 cycles, th
command is issued in the Tc4 cycle, and the read data is latched at the rising edge of the
clock (CKIO) in the Td1 to Td4 cycles. The Tap cycle is used to wait for the completior
auto-precharge induced by the READ command in the SDRAM. In the Tap cycle, a nev
command will not be issued to the same bank. However, other banks can be accessed. T
of Tap cycles is specified by bits WTRP1 and WTRPO in CS3WCR.

In this LSI, wait cycles can be inserted by specifying bits in CSnWCR to connect the SI
with variable frequencies. Figure 7.15 shows an example in which wait cycles are insert
number of cycles from the Tr cycle where the ACTV command is output to the Tcl cyc
the READA command is output can be specified using bits WTRCD1 and WTRCDO in
When bits WTRCD1 and WTRCDO is set to one cycle or more, a Trw cycle where the !
command is issued is inserted between the Tr cycle and Tcl cycle. The number of cycle
Tcl cycle where the READA command is output to the Td1 cycle where the read data i
can be specified by bits A3CL1 and A3CLO bits in CS3WCR in CS3WCR. This numbe
corresponds to the synchronous DRAM CAS latency. The CAS latency for the synchror
DRAM is normally defined as up to three cycles. However, the CAS latency in this LSI
specified as one to four cycles. This CAS latency can be achieved by connecting a latch
between this LSI and the synchronous DRAM.
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Note: * Address pin to be connected to pin A10 of SDRAM.

Figure7.14 Burst Read Basic Timing (Auto Precharge)
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Note: * Address pin to be connected to pin A10 of SDRAM.

Figure7.15 Burst Read Wait Specification Timing (Auto Precharge)
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Note: * Address pin to be connected to pin A10 of SDRAM.

Figure7.16 Basic Timing for Single Read (Auto Precharge)
Burst Write: A burst write occurs in the following cases in this LSI.

1. Access size in writing is larger than data bus width.
2. Write-back of the cache
3. 16-byte transfer by DMAC and E-DMAC (access to non-cacheable area)

This LSI always accesses SDRAM with burst length 1. For example, write access of burs
is performed consecutively four times to write 16-byte consecutive data to the SDRAM tl
connected to a 32-bit data bus. The relationship between the access size and the number ¢
is shown in table 7.18.
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Note: * Address pin to be connected to pin A10 of SDRAM.

Figure7.17 Basic Timing for Burst Write (Auto Precharge)
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Note: * Address pin to be connected to pin A10 of SDRAM.

Figure7.18 Basic Timing for Single Write (Auto-Precharge)

Bank Active: The synchronous DRAM bank function is used to support high-speed acce
the same row address. When the BACTYV bit in SDCR is 1, accesses are performed using
commands without auto-precharge (READ or WRIT). This function is called bank-active

When a bank-active function is used, precharging is not performed when the access ends.
accessing the same row address in the same bank, it is possible to issue the READ or WR
command immediately, without issuing an ACTV command. Since synchronous DRAM
internally divided into several banks, it is possible to keep one row address in each bank :
If the next access is to a different row address, a PRE command is first issued to precharg
relevant bank, then when precharging is completed, the access is performed by issuing ar
command followed by a READ or WRIT command. If this is followed by an access to a
row address, the access time will be longer because of the precharging performed after th
request is issued. The number of cycles between issuance of the PRE command and the 2
command is determined by bits WTRP1 and WTRPO in CSnWCR.
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Likewise, a single write cycle without auto-precharge is shown in figure 7.22, a single v
for the same row address in figure 7.23, and a single write cycle for different row addre:
figure 7.24.

In figure 7.20, a Tnop cycle in which no operation is performed is inserted before the T«
issues the READ command. The Tnop cycle is inserted to secure two cycles of CAS lat
the DQMxx signal that specifies which byte data is read from SDRAM. If the CAS later
specified as two cycles or more, the Tnop cycle is not inserted because the two cycles of
can be secured even if the DQMxx signal is asserted after the Tc cycle.

When bank active mode is set, if only accesses to the respective banks in the area 3 are
considered, as long as accesses to the same row address continue, the operation starts w
cycle in figure 7.19 or 7.22, followed by repetition of the cycle in figure 7.20 or 7.23. A
a different area during this time has no effect. When a different row address is accessed
bank active state, the bus cycle shown in figure 7.21 or 7.24 is executed instead of that i
7.20 or 7.23. In bank active mode, too, all banks become inactive after a refresh cycle.

Rev. 6.00 Jul. 15,2009 Pag
RENESAS REJOS



Note: * Address pin to be connected to pin A10 of SDRAM.

Figure7.19 Burst Read Timing (No Auto Precharge)
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Note: * Address pin to be connected to pin A10 of SDRAM.

Figure7.20 Burst Read Timing (Bank Active, Same Row Address)
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Note: * Address pin to be connected to pin A10 of SDRAM.

Figure7.21 Burst Read Timing (Bank Active, Different Row Addresses)
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Note: * Address pin to be connected to pin A10 of SDRAM.

Figure7.22 Single Write Timing (No Auto Precharge)
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Note: * Address pin to be connected to pin A10 of SDRAM.

Figure7.23 Single Write Timing (Bank Active, Same Row Addr ess)
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Note: * Address pin to be connected to pin A10 of SDRAM.

Figure7.24 Single Write Timing (Bank Active, Different Row Addresses

Refreshing: This LST has a function for controlling synchronous DRAM refreshing. Au
refreshing can be performed by clearing the RMODE bit to 0 and setting the RFSH bit t
SDCR. A consecutive refreshing can be performed by setting bits RRC2 to RRCO in R
synchronous DRAM is not accessed for a long period, self-refreshing mode, in which th
consumption for data retention is low, can be activated by setting both the RMODE bit :
RFSH bit to 1.

1. Auto-refreshing

Refreshing is performed at intervals determined by the input clock selected by bits C
CKSO in RTCSR, and the value set by in RTCOR. The value of bits CKS[2:0] in R
should be set so as to satisfy the given refresh interval for the synchronous DRAM u
make the settings for RTCOR, RTCNT, and the RMODE, then make the CKS[2:0] :
RRCJ[2:0] settings. When the clock is selected by bits CKS[2:0], RTCNT starts cour
from the value at that time. The RTCNT value is constantly compared with the RTC
and if the two values are the same, a refresh request is generated and an auto-refresh
performed for the number of times specified by the RRC[2:0]. At the same time, RT
cleared to 0 and the count-up is restarted.
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Note: * Address pin to be connected to pin A10 of SDRAM.

Figure7.25 Auto-Refreshing Timing
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clearing self-refreshing mode so that auto-refreshing is performed at the correct inte:
When self-refreshing is activated from the auto-refreshing mode, only clearing the R
to 1 resumes auto-refreshing mode. If it takes long time to start the auto-refreshing,
RTCNT to the value of RTCOR — 1 starts the auto-refreshing immediately.

After self-refreshing has been set, the self-refreshing mode continues even in standb
and is maintained even after recovery from standby mode by an interrupt.

Since the BSC registers are initialized at a power-on reset, the self-refreshing mode :
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Note: * Address pin to be connected to pin A10 of SDRAM.
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Figure7.26 Sef-Refreshing Timing

Relationship between Refresh Requests and Bus Cycles: If a refresh request occurs du
cycle execution, the refresh cycle must wait for the bus cycle to be completed.

If a new refresh request occurs while the previous refresh request is not performed, the pi
refresh request is deleted. To refresh correctly, a bus cycle longer than the refresh interva
bus busy must be prevented.

Power-On Sequence: In order to use synchronous DRAM, mode setting must first be pe
after turning the power on. To perform synchronous DRAM initialization correctly, the B
registers must first be set, followed by writing to the synchronous DRAM mode register.

writing to the synchronous DRAM mode register, the address signal value at that time is

by a combination of the @, M, ﬁ, and RD/WR signals. If the value to be set is X,
the address of HFSFDS5000 + X in words. In this operation, the data is ignored. To set bu
read/single write, burst read/burst write, CAS latency 2 to 3, wrap type = sequential, and

length 1 supported by the LSI, arbitrary data is written to the addresses shown in table 7.’
bytes. In this case, Os are output at the external address pins of A12 or later.
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@ DUulst Icad/ourst wWitce (DULStUICZUL 1)

Data Bus Width CAS Latency Access Address External Add!
16 bits 2 H'F8FD5040 H'0000040

3 H'F8FD5060 H'0000060
32 bits 2 H'F8FD5080 H'0000080

3 H'F8FD50CO0 H'00000C0

Mode register setting timing is shown in figure 7.27. The PALL command (all bank pre
command) is firstly issued. The REF command (auto-refreshing command) is then issue
times. The MRS command (mode register write command) is finally issued. Idle cycles,
number is specified by bits WTRP1 and WTRPO in CSnWCR, are inserted between the
the first REF commands. Idle cycles, of which number is specified by bits WTRC1 and
in CSnWCR, are inserted between the REF and REF commands, and between the 8th R
MRS commands. In addition, one or more idle cycles are inserted between the MRS anc
command.

It is necessary to keep idle time of certain cycles for SDRAM before issuing the PALL «
after turning the power on. Refer the manual of the SDRAM for the idle time to be need
the pulse width of the reset signal is longer then the idle time, mode register setting can
immediately after the reset, but care should be taken when the pulse width of the reset s
shorter than the idle time.
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Note: * Address pin to be connected to pin A10 of SDRAM.

Figure7.27 Write Timing for SDRAM Mode Register (Based on JEDEC)

7.5.6 Byte-Selection SRAM Interface

The byte-selection SRAM interface is for access to SRAM which has a byte-selection pir
(BEn)). This interface is used to access to SRAM which has 16-bit data pins and upper a1
byte selection pins, such as UB and LB.

When the BAS bit in CSnWCR is cleared to O (initial value), the write access timing of tl
selection SRAM interface is the same as that for the normal space interface. While in rea
of a byte-selection SRAM interface, the byte-selection signal is output from the WEn (BI
which is different from that for the normal space interface. The basic access timing is shc
figure 7.28. In write access, data is written to the memory according to the timing of the
selection pin (WEn (BEn)). For details, refer to the data sheet for the corresponding mem

If the BAS bit in CSnWCR is set to 1, the WEn (BEn) pin and RD/WR pin timings chang
basic access timing is shown in figure 7.29. In write access, data is written to the memory
according to the timing of the write enable pin (RD/WR). The data hold timing from RD/
negation to data write must be secured by setting bits HW1 to HWO0 in CSnWCR. Figure
shows the access timing when a software wait is specified.
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Figure7.28 Basic Access Timing for Byte-Selection SRAM (BAS = 0)
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Figure7.29 Basic Access Timing for Byte-Selection SRAM (BAS=1)
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Figure7.30 Wait Timing for Byte-Selection SRAM (BAS = 1) (Softwar e Wait
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Figure7.31 Example of Connection with 32-Bit Data-Width Byte-Selection SF

64 kwords x 16 bits

This LS SRAM
A16 A16
Al Al
CSn CS
RD OE
RD/WR WE
D15 1/0 15
DO /o0
WET(BET) UB
WEO(BED) B

Figure7.32 Example of Connection with 16-Bit Data-Width Byte-Selection SF

Rev. 6.00 Jul. 15,2009 Page 190 of 816
REJ09B0237-0600 RRENESAS



when the FCMUCIA mtertace 1s used, the bus s1z€ must be specified as ¢ bits or 10 Dits
BSZ1 and BSZ0 in CS5BBCR or CS6BBCR.

Figure 7.33 shows an example of a connection between this LSI and the PCMCIA card.
insertion and removal of the PCMCIA card with the system power turned on, tri-state bt
be connected between the LSI and the PCMCIA card.

In the JEIDA and PCMCIA standards, operation in big endian mode is not clearly defin
Consequently, the provided PCMCIA interface in big endian mode is available only for
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Figure7.33 Example of PCMCIA Interface Connection

Rev. 6.00 Jul. 15, 2009 Page 192 of 816
REJ09B0237-0600

RENESAS




Tpem1 Tpemiw Tpemiw Tpemiw Tpcm2
—— PP ——— >

CKIOJ\/\/\/\/\f/

Read

X
)<
)<
MENNEEES
L A ey
m_—\/—
{72 >

Figure7.34 Basic Access Timing for PCMCIA Memory Card Interface
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Figure7.35 Wait Timing for PCMCIA Memory Card Interface
(TED[3:0] = B'0010, TEH[3:0] = B'0001, Software Wait = 1, Hardwar e Wait -

When 32 Mbytes of the memory space are used as an IC memory card interface, a port is
generate the REG signal that switches between the common memory and attribute memo
the memory space used for the IC memory card interface is 16 Mbytes or less, pin A24 c:
used as the REG signal by allocating 16-Mbyte memory space to each the common mem
and the attribute memory space.
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Area 5 : H'14000000
Area 5 : H'15000000
Area 5 : H'16000000

H'17000000
Area 6 : H'18000000
Area 6 : H'19000000
Area 6 : H'1A000000

H'1B000000

Attribute memory

Common memory

1/0 space

Attribute memory

Common memory
1/0 space

Figure7.36 Example of PCMCIA Space Assignment (CSSBWCR.SA[1:0] =
CS6BWCR.SA[1:0] = B'10)

Basic Timing for I/O Card Interface: Figures 7.37 and 7.38 show the basic timings fo
PCMCIA 1/O card interface.

The I/O card and IC memory card interfaces are specified by an address to be accessed.
area 5 of the physical space is specified as the PCMCIA and both bits SA1 and SAO in (
are set to 1, the I/O card interface can automatically be specified by accessing the physic
addresses from H'16000000 to H'17FFFFFF and from H'14000000 to H'1 SFFFFFF. Wh
of the physical space is specified as the PCMCIA and both bits SA1 and SAO in CS6BV
set to 1, the I/O card interface can automatically be specified by accessing the physical ¢
from H'1A000000 to H'1BFFFFFF and from H'18000000 to H'19FFFFFF.

Note that areas to be accessed as the PCMCIA I/O card must be non-cached (space P2).

If the PCMCIA card is accessed as an I/O card in little endian mode, dynamic bus sizing
I/0 bus can be achieved using the IOIS16 signal. If the IOIS16 signal is driven high in a
I/0 bus cycle while the bus width of area 6 is specified as 16 bits, the bus width is recog
bits and data is accessed twice in units of eight bits in the I/O bus cycle to be executed.
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Figure7.37 Basic Timingfor PCMCIA I/O Card Interface
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Figure7.38 Wait Timing for PCMCIA I/O Card Interface
(TED[3:0] =B'0010, TEH[3:0] = B'0001, Software Wait = 1, Hardwar e Wait

Tpci0  Tpeiow Tpcit  Tpcitw  Tpcitw  Tpoitw Tpcilw  Tpci2  Tpei2w  Tpei0  Tpciow  Tpeil  Tpeitw  Tpeitw  Tpciw  Tpeitw  Tp
r T T T T T T " T T T T T T T L

TTEEXTRTTETTERATTRTARARERERIRATIRITTAL | % \ILLTLTIATTRYRTRTTRTTRTTTTYRTRATRUTIRATRNTRRARIRINRG
foste \_--\\\\\\\\\\\\\\\\\ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

Figure7.39 Timing for Dynamic Bus Sizing of PCMCIA 1/O Card Interfe
(TED[3:0] =B'0010, TEH[3:0] = B'0001, Software Waits = 3)
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cycles (idle cycles) are shown below.

Consecutive accesses are write-read or write-write
Consecutive accesses are read-write for different areas
Consecutive accesses are read-write for the same area

Consecutive accesses are read-read for different areas

M

Consecutive accesses are read-read for the same area

7.5.9 Others

Reset: The bus state controller (BSC) can be initialized completely only by a power-on r
power-on reset, all signals are negated and output buffers are turned off regardless of the
state. All control registers are initialized. In standby mode and sleep mode, control regist
BSC are not initialized.

Some flash memories may stipulate a minimum time from reset release to the first access
ensure this minimum time, the BSC supports a 7-bit counter (RWTCNT). At a power-on
RWTCNT contents are cleared to 0. After a power-on reset, RWTCNT is counted up in
synchronization with the CKIO signal and an external access will not be generated until
RWTCNT is counted up to H'O07F.

Accessfrom the Site of the L Sl Internal Bus Master: There are three types of LSI inte
buses: a cache bus, internal bus, and peripheral bus. The CPU and cache memory are con
the cache bus. Internal bus masters other than the CPU and BSC are connected to the inte
Low-speed peripheral modules are connected to the peripheral bus. Internal memory othe
cache memory and debugging modules such as the UBC are connected to both the cache
internal bus. Access from the cache bus to the internal bus is enabled but access from the
bus to the cache bus is disabled. This gives rise to the following problems.
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(4n + 2), the CPU performs four consecutive longword accesses to perform a cache fill «
on the external interface. For a cache-through area, the CPU performs access according
actual access addresses. For an instruction fetch to an even word boundary (4n), the CP1
longword access. For an instruction fetch to an odd word boundary (4n + 2), the CPU pe
word access.

For a read cycle of a cache-through area or an on-chip peripheral module, the read cycle
accepted and then read cycle is initiated. The read data is sent to the CPU via the cache |

In a write cycle for the cache area, the write cycle operation differs according to the cac
methods.

In write-back mode, the cache is first searched. If data is detected at the address corresp
the cache, the data is then re-written to the cache. In the actual memory, data will not be
until data in the corresponding address is re-written. If data is not detected at the addres:
corresponding to the cache, the cache is updated. In this case, data to be updated is first
the internal buffer, 16-byte data including the data corresponding to the address is then 1
data in the corresponding access of the cache is finally updated. Following these operati
write-back cycle for the saved 16-byte data is executed.

In write-through mode, the cache is first searched. If data is detected at the address corre
to the cache, the data is re-written to the cache simultaneously with the actual write via
bus. If data is not detected at the address corresponding to the cache, the cache is not up
an actual write is performed via the internal bus.

Since the BSC incorporates a 1-stage write buffer, the BSC can execute an access via th
bus before the previous external bus cycle is completed in a write cycle. If the on-chip n
read or written after the external low-speed memory is written, the on-chip module can |
accessed before the completion of the external low-speed memory write cycle.
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crystal resonator or external clock input is in use.

Four clocks generated independently

An internal clock (I$) for the CPU and cache; a peripheral clock (P¢) for the on-chiy
peripheral modules; a bus clock (B¢ = CKIO) for the external bus interface; and a cl
for the on-chip PHY.

Frequency change function

Frequencies of the internal clock, peripheral clock, and clock for the PHY can be ch
independently using the PLL circuit and divider circuit within the CPG. Frequencies
changed by software using the frequency control register (FRQCR) and PHY clock |
control register (MCLKCR) settings.

Power-down mode control

The clock can be stopped in sleep mode and software standby mode and specific mo
be stopped using the module standby function.
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CKIO

XTAL

EXTAL

MD2
MD1
MDO

[Legend]
FRQCR:
STBCR:
STBCR2:
STBCRS3:
STBCR4:

MCLKCR:

L — !
Divider 1
y _Internal
. = (19)
_| PLLcircuit 1 > x1/2 |—
(x1, x2)
] x1/4
> Bus cloc
i > B¢ = Cl
Crystal oscillator | pLL circuit 2 | (Bo
E + (x2, x4)
_ __ Peripher
(P¢)
T CPG control unit
E—» Clock freq_u ency Standby control circuit
control circuit
FRQCR |MCLKCR || STBCR || STBCR2 | | STBCR3 | | STBCR4 |
( Bus interface
A
Y
|Internal busl
Frequency control register
Standby control register

Standby control register 2
Standby control register 3
Standby control register 4
PHY clock frequency control register

Figure8.1 Block Diagram of CPG
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I e e

connected to the XTAL and EXTAL pins. The crystal oscillator can be used by setting t
operating mode.

Divider 1: Divider 1 generates clocks with the frequencies used by the internal clock, p
clock, and bus clock. The frequency output as the internal clock is always the same as tl
deviderl output. The frequency output as the bus clock is automatically selected so that
same as the frequency of the CKIO signal according to the multiplication ratio of PLL c
The frequencies can be 1, 1/2, or 1/4 times the output frequency of PLL circuit 1, as lon
stays at or above the frequency of the CKIO pin. The division ratio is set in the frequenc
register.

Divider 2: Divider 2 generates a clock that is supplied to the on-chip PHY. Divider 2 m
25-MHz frequency for the on-chip PHY that requires 25-MHz clock. The output clock ¢
canbe 1, 1/2, 1/4, or 1/5 times the output frequency of PLL circuit 1. The division ratio
the PHY clock frequency control register.

Clock Frequency Control Circuit: The clock frequency control circuit controls the clc
frequency using pins MD0O, MD1, and MD2, the frequency control register, and PHY cl
frequency control register.

Standby Control Circuit: The standby control circuit controls the state of the on-chip «
circuit and other modules during clock switching and in software standby mode.

Frequency Control Register: The frequency control register has control bits assigned
following functions: clock output/non-output from the CKIO pin, the frequency multipl;
ratio of PLL circuit 1, and the frequency division ratio of the peripheral clock.

Standby Control Register: The standby control register has bits for controlling the pov
modes. For details, see section 10, Power-Down Modes.
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MD1 Input Set the clock operating mode.

MD2 Input Set the clock operating mode.
Clock input pins XTAL Output Connects a crystal resonator.
EXTAL  Input Connects a crystal resonator or an external ¢

Clock output pin CKIO Output Outputs an external clock.

Note: * The values of these mode control pins are sampled only at a power-on reset o
software standby with the MDCHG bit in STBCR to 1. This can prevent the err
operation of this LSI.

8.3 Clock Operating M odes

Table 8.2 shows the relationship between the mode control pins (MD2 to MD0) combina
the clock operating modes. Table 8.3 shows the usable frequency ranges in the clock ope
modes and the frequency range of the input clock.

Table8.2 MaoaodeControl Pinsand Clock Operating M odes

Clock Pin Values Clock 1/0

Operating

Mode MD2 MD1 MDO Source Output PLL2 PLL1 CKIO Freque
1 0 0 1 EXTAL CKIO ON (x4) ON (x1, x2) (EXTAL) x 4
2 0 1 0 Crystal resonator CKIO ON (x4) ON (x1, x2) (Crystal resol
5 1 0 1 EXTAL CKIO ON (x2) ON (x1, x2) (EXTAL) x 2
6 1 1 0 Crystal resonator CKIO ON (x2) ON (x1, x2) (Crystal resol
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Mode 6: The frequency of the on-chip crystal oscillator output is doubled by PLL circu
then the clock is supplied to the LSI. Since the crystal oscillation frequency ranging 10 ]
MHz can be used, the CKIO frequency ranges from 20 MHz to 50 MHz.

Table8.3 Possible Combination of Clock Modes and FRQCR Values

Input Clock
Frequency Range
FRQCR (P¢ must be equal CK
Register PLL PLL Clock Ratio* to or lower than Fre
Mode Value Circuitl  Circuit2 (I:B:P) 31.25 MHz) Ra
1or2 H1000 ON (x1) ON (x4) 4:4:4 10 MHz to 40
H1001  ON(x1) ON (x4)  4:4:2 15.625 MHz 62.
H'1003 ON (x1) ON (x4) 4:4:1
H'1101 ON (x2) ON (x4) 8:4:4
H'1103 ON (x2) ON (x4) 8:4:2
50r6 H'1000 ON (x1) ON (x2) 2:2:2 10 MHz to 20
H1001  ON(x1) ON(x2)  2:2:1 25 MHz 50
H'1003 ON (x1) ON (x2) 2:2:1/2
H'1101 ON (x2) ON (x2) 4:2:2
H'1103 ON (x2) ON (x2) 4:2:1

Note: * Input clock is assumed to be 1.
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5. The division ratio of divider 2 is selected from x1, x1/2, x1/4, or x1/5. This is set by
clock frequency control register.

6. The output frequency of PLL circuit 1 is the product of the frequency of the CKIO pi
multiplication ratio of PLL circuit 1. It is set by the frequency control register.

7. The bus clock frequency is always set to be equal to the frequency of the CKIO pin.

8. The clock mode, the FRQCR register value, and the frequency of the input clock shot
decided to satisfy the range of operating frequency specified in section 25, Electrical
Characteristics, with referring to table 8.3.

8.4 Register Descriptions
The CPG has the following registers.

For details on the addresses of these registers and the states of these registers in each proc
state, see section 24, List of Registers.

e Frequency control register (FRQCR)
e PHY clock frequency control register (MCLKCR)
84.1 Frequency Control Register (FRQCR)

FRQCR is a 16-bit readable/writable register that specifies whether a clock is output fron
CKIO pin in standby mode, the frequency multiplication ratio of PLL circuit 1, and the fi
division ratio of the peripheral clock. Only word access can be used on FRQCR.

FRQCR is initialized by a power-on reset due to the external input signal. However, it is
initialized by a power-on reset due to a WDT overflow.
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unstabie UAIU CIOCK Wrien Ieaving sonware
mode can be prevented.

0: Output level of the CKIO signal is fixed |
software standby mode.

1: Clock input to the EXTAL pin is output t
pin during software standby mode in clo
or 5. However, the output level of the CI
fixed low for two cycles of P$ when cha
the normal mode to the standby mode.
prevents hazard which occurs when the
the CKIO signal is changed from the PL
to the EXTAL signal.

11 — 0 R Reserved
This bit is always read as 0. The write value
always be 0.
10 STC2 R/W PLL Circuit 1 Frequency Multiplication Ratic
STCH R/W 000: x1
STCO R/W 001: x2
Other values: Setting prohibited
7t03 — All O R Reserved

These bits are always read as 0. The write
should always be 0.
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8.4.2 PHY Clock Frequency Control Register (MCLKCR)

MCLKCR is an 8-bit readable/writable register. This register must be written to in words
upper byte of the word data must be H'SA and the lower byte is the write data.

Initial
Bit Bit Name Value R/W Description
7 FLSCSH1 0 R/W Source Clock Select
6 FLSCSO0 1 R/W Select the source clock.

00: PLL1 output clock

01: PLL1 output clock

10: Setting prohibited

11: Setting prohibited
5t03 — All O R Reserved

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

2 FLDIVS2 0 R/W Divider Select
FLDIVS1T 1 R/W Set the division ratio of PLL1 output.
0 FLDIVSO 1 R/W 000: x1
001: x1/2
011: x1/4
100: x1/5

Other values: Setting prohibited
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1. In the initial state, the multiplication ratio of PLL circuit 1 is 1.
2. Set a value that satisfies the given PLL lock time in the WDT and stop the WDT. The
following must be set.
— TME bit in WTCSR = 0: WDT stops
— Bits CKS2 to CKSO0 in WTCSR: Division ratio of WDT count clock
— WTCNT: Initial counter value

3. Set the desired value in bits STC2 to STCO while the MDCHG bit in STBCR is 0. Th
ratio can also be set in bits PFC2 to PFCO.

4. This LSI pauses internally and the WDT starts incrementing. The internal and periphe
clocks both stop and only the WDT is supplied with the clock. The clock will continu
output on the CKIO pin.

5. Supply of the specified clock starts at a WDT count overflow, and this LSI starts ope:
again. The WDT stops after it overflows.

Notes: 1. When the MDCHG bit in STBCR is set to 1, changing the FRQCR value has |
on the operation immediately. For details, see section 8.5.3, Changing Clock (
Mode.

2. The multiplication ratio should be changed after completion of the operation,
chip peripheral module is operating. The internal and peripheral clocks are stc
during the multiplication ratio is changed. The communication error may occt
peripheral module communicating to the external IC, and the time error may c
the timer unit (except the WDT). The edge detection of external interrupts (N
IRQ7 to IRQO) cannot be performed.
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the operation immediately. For details, see section 8.5.3, Changing Clock Operz
Mode.

853 Changing Clock Operating Mode

The values of the mode control pins (MD2 to MDO) that define a clock operating mode
at a power-on reset and software standby while the MDCHG bit in STBCR is set to 1 re

Even if changing the FRQCR with the MDCHG bit set to 1, the clock mode cannot imm
be changed to the specified clock mode. This change can be reflected as a multiplicatior
division ratio after leaving software standby mode to change operating modes. Reducing
settling time without changing again the multiplication ratio after the operating mode ch
possible by the use of this.

The procedures for the mode change using software standby mode are described below.

1. Set bits MD2 to MDO to the desired clock operating mode.
2. Set both the STBY and MDCHG bits in STBCR to 1.

3. Set the adequate value to the WDT so that the given oscillation settling time can be
Then stop the WDT.

4. Set FRQCR to the desired mode. Set bits STC2 to STCO to the desired multiplicatios
this time, a division ratio can be set in bits PFC2 to PFCO0. During the operation befc
mode change, the clock cannot be changed to the specified clock.

5. Enter software standby mode using the SLEEP instruction.
6. Leave software standby mode using an interrupt.

7. After leaving software standby mode, this LSI starts the operation with the value of -
that has been set before the mode change.
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-y JLUEE ommm PRl e T
! T ] CL1=10to 33 pF
! [ 1 CL2=10to 33 pF
: Rl | ] Rl = 1MQ
EXTAL XTAL ' Note: The values for CL1, CL2, and

the damping resistance RI
should be determined after
consultation with the crystal
This LSI resonator manufacturer.

Figure8.2 Noteon Using a Crystal Resonator

Notes on Using External Clocks: When external clocks are input from the EXTAL pin
XTAL pin open. In order to prevent a malfunction due to the reflection noise caused in
line which connected to XTAL pin, cut this signal line as short as possible.

Notes on Bypass Capacitor: A multilayer ceramic capacitor must be inserted for each
and Vcc as a bypass capacitor. The bypass capacitor must be inserted as close as possibl
power supply pins of the LSI. Note that the capacitance and frequency characteristics of
bypass capacitor must be appropriate for the operating frequency of the LSI.

Digital power supply pairs for internal logic

A7-B7, E2-E1, E13-E12, H4-H3, K12-K13, M10-N10
Power supply pairs for input and output

Al1-B1, A9-B9, B15-B14, H14-H15, K1-K2, R7-P7, P13-P14
Power supply pairs for PLL

N15-N14, R15-P15

Analog power supply pairs for PHY

N4-(N3, AP3), P4-P5

No ground available that can be paired with R5 (Vcc3A)
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J_ | Power supply
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Figure8.3 Noteon UsingaPLL Oscillator Circuit
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The WDT has the following features:

e Can be used to ensure the clock settling time.

The WDT can be used when leaving software standby mode and the temporary stanc
which occur when the clock frequency is changed.

e Can switch between watchdog timer mode and interval timer mode.
e Internal resets in watchdog timer mode
Internal resets are generated when the counter overflows.
e Interrupts are generated in interval timer mode
Interval timer interrupts are generated when the counter overflows.
e Choice of eight counter input clocks
Eight clocks (x1 to x1/4096) that are obtained by dividing the peripheral clock can t
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Figure9.1 Block Diagram of WDT
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overflow occurs, it generates a reset in watchdog timer mode and an interrupt in interval
mode. WTCNT is not initialized by an internal power-on reset due to the WDT overflov
is initialized to H'00 by a power-on reset input to the pin and an H-UDI reset.

Use a word access to write to WTCNT, with H'SA in the upper byte. Use a byte access
WTCNT.

Note: The writing method for WTCNT differs from other registers so that the WTCN"
cannot be changed accidentally. For details, see section 9.2.3, Notes on Register

9.22 Watchdog Timer Control/Status Register (WTCSR)

WTCSR is an 8-bit readable/writable register composed of bits to select the clock used |
counting, bits to select the timer mode and overflow flags, and enable bits.

WTCSR holds its value in the internal reset state due to the WDT overflow. WTCSR is
to H'00 by a power-on reset input to the pin and an H-UDI reset. To use it for counting t
settling time when leaving software standby mode, WTCSR holds its value after a coun
overflow.

Use a word access to write to WTCSR, with H'AS in the upper byte. Use a byte access t
WTCSR.

Note: The writing method for WTCNT differs from other registers so that the WTCN"
cannot be changed accidentally. For details, see section 9.2.3, Notes on Register
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or an interval timer.
0: Interval timer mode
1: Watchdog timer mode

Note: If WT/IT is modified when the WDT i
operating, the up-count may not be
correctly.

Reserved

This bit is always red as 0. The write value s
always be 0.

4 WOVF 0 R/W

Watchdog Timer Overflow

Indicates that WTCNT has overflowed in wa
timer mode. This bit is not set in interval time

0: No overflow

1: WTCNT has overflowed in watchdog time

3 IOVF 0 R/W

Interval Timer Overflow

Indicates that WTCNT has overflowed in int
timer mode. This bit is not set in watchdog ti
mode.

0: No overflow
1: WTCNT has overflowed in interval timer r
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011: P¢ /32 (328 ps)

100: P /64 (655 ps)

101: P¢ /256 (2.62 ms)
110: P$ /1024 (10.49 ms)
111: P /4096 (41.94 ms)

Note: If bits CKS2 to CKS0 are modified \
WDT is operating, the up-count ma
performed correctly. Ensure that th
are modified only when the WDT is
operating.

9.23 Noteson Register Access

The watchdog timer counter (WTCNT) and watchdog timer control/status register (WT(
more difficult to write to than other registers. The procedure for writing to these register
below.

Writingto WTCNT and WTCSR: These registers must be written by a word transfer
instruction. They cannot be written by a byte or longword transfer instruction. When wr
WTCNT, set the upper byte to H'SA and transfer the lower byte as the write data, as sho
figure 9.2. When writing to WTCSR, set the upper byte to H'AS5 and transfer the lower t
write data. This transfer procedure writes the lower byte data to WTCNT or WTCSR.
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931 Canceling Softwar e Standbys

The WDT can be used to cancel software standby mode with an NMI interrupt or externa
interrupt (IRQ). The procedure is described below. (The WDT does not run when resets ¢
for canceling, so keep the RES pin low until the clock stabilizes.)

1.

Before transition to software standby mode, always clear the TME bit in WTCSR to (
the TME bit is 1, an erroneous reset or interval timer interrupt may be generated whet
count overflows.

Set the type of count clock used in the CKS2 to CKSO bits in WTCSR and the initial
the counter in WTCNT. These values should ensure that the time till count overflow i
than the clock oscillation settling time.

Move to software standby mode by executing a SLEEP instruction to stop the clock.

4. The WDT starts counting by detecting the change of input levels of the NMI or IRQ 1

When the WDT count overflows, the CPG starts supplying the clock and the processc
resumes operation. The WOVF flag in WTCSR is not set when this happens.

Since the WDT continues counting from H'00, set the STBY bit in STBCR to 0 in the
processing program and this will stop the WDT to count. When the STBY bit remain:
LSI again enters software standby mode when the WDT has counted up to H'80. This
standby mode can be canceled by a power-on reset.
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stops temporarily. The WDT starts counting.

. When the WDT count overflows, the CPG resumes supplying the clock and the proc
resumes operation. The WOVF flag in WTCSR is not set when this happens.

. WTCNT stops at the value of H'00.

. Before changing WTCNT after the execution of the frequency change instruction, al
confirm that the value of WTCNT is H'00 by reading WTCNT.

9.33 Using Watchdog Timer Mode

. Set the WT/IT bit in WTCSR to 1, set the type of count clock in bits CKS2 to CKSO
the initial value of the counter in WTCNT.

. Set the TME bit in WTCSR to 1 to start the count in watchdog timer mode.

3. While operating in watchdog timer mode, rewrite the counter periodically to H'0O to

the counter from overflowing.

. When the counter overflows, the WDT sets the WOVF flag in WTCSR to 1 and gen
power-on reset. WTCNT then resumes counting.
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94 Usage Notes
Pay attention to the following points when using the WDT.

While using the WDT in interval mode, no overflow occurs by the H'00 immediately afte
H'FF to WDTCNT. (IOVF in WTCSR is not set.)

The overflow occurs at the point when the count reaches H'00 after one cycle.

This phenomenon does not occur when the WDT is used in watchdog timer mode.
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This LSI has the following power-down modes.

e Sleep mode
o Software standby mode

e Module standby mode (cache, U-memory, UBC, H-UDI, and on-chip peripheral mo

Table 10.1 shows the methods to make a transition from the program execution state, as
the CPU and peripheral module states in each mode and the procedures for canceling ea

Table10.1 States of Power-Down M odes

State
On-Chip
CPU On-Chip Peripheral Can
Mode Transition Method CPG CPU Register Memory Modules Pins  Proc
Sleep Execute SLEEP Runs Halts Held Halts Run Held o |
instruction with (contents ‘
STBY bit in STBCR remained) |
cleared to 0.
o |
Software Execute SLEEP Halts Halts Held Halts Halt Held o |
standby instruction with (contents . |
STBY bit in STBCR remained)
setto 1.
Module Set MSTP bits in Runs Runs Held Specified Specified Held o
standby STBCR2 to module module |
STBCR4 to 1. halts halts
(contents .
remained) |
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There are following registers used for the power-down modes. For details on the addressc
these registers and the states of these registers in each processing state, see section 24, Li;
Registers.

Standby control register (STBCR)

Standby control register 2 (STBCR2)
Standby control register 3 (STBCR3)
Standby control register 4 (STBCR4)
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software standby mode

6to4

AllO

R

Reserved

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

MDCHG

0

R/W

MD2 to MDO Pin Control

Specifies whether or not the values of pins
MDO are reflected in software standby mo«
values of pins MD2 to MDO are reflected a
from software standby mode by an interruyj
the MDCHG bit has been set to 1.

0: The values of pins MD2 to MOO are not
in software standby mode.

1: The values of pins MD2 to MDO are refle
software standby mode.

2to0

AllO

R

Reserved

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

1: Clock supply to H-UDI halted

6 MSTP9

R/W

Module Stop Bit 9

When this bit is set to 1, the supply of the cl
the UBC is halted.

0: UBC operates
1: Clock supply to UBC halted

5 MSTP8

R/W

Module Stop Bit 8

When this bit is set to 1, the supply of the cl
the DMAC is halted.

0: DMAC operates
1: Clock supply to DMAC halted

4,3 —

AllO

Reserved

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

2 MSTP5

R/W

Module Stop Bit 5

When this bit is set to 1, the supply of the cl
the cache memory is halted.

0: Cache memory operates
1: Clock supply to cache memory halted

1 MSTP4

R/W

Module Stop Bit 4

When this bit is set to 1, the supply of the cl
the U memory is halted.

0: U memory operates
1: Clock supply to the U memory halted
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Bit

Bit Name

Initial
Value

R/W

Description

7105

AllO

Reserved

These bits are always read as 0. The write val
always be 0.

MSTP15

R/W

Module Stop Bit 15

When this bit is set to 1, the supply of the cloc
CMT is halted.

0: CMT operates
1: Clock supply to CMT halted

Reserved

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

MSTP13

R/W

Module Stop Bit 13

When this bit is set to 1, the supply of the cloc
SCIF2 is halted.

0: SCIF2 operates
1: Clock supply to SCIF2 halted

MSTP12

R/W

Module Stop Bit 12

When this bit is set to 1, the supply of the cloc
SCIF1 is halted.

0: SCIF1 operates
1: Clock supply to SCIF1 halted
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STBCRA4 is an 8-bit readable/writable register that controls the operation of modules in p

down mode.

Initial
Bit Bit Name Value R/W

Description

7t05 — AllO R

Reserved

These bits are always read as 0. The write valu
always be 0.

4 MSTP23 0 R/W

Module Stop Bit 23

When this bit is set to 1, the supply of the clock
HIF is halted.

0: HIF operates
1: Clock supply to HIF halted

Reserved

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

2 MSTP21 0 R/W

Module Stop Bit 21

When this bit is set to 1, the supply of the clock
SIOF is halted.

0: SIOF operates
1: Clock supply to SIOF halted

1 MSTP20 0 R/W

Module Stop Bit 20

When this bit is set to 1, the supply of the clock
PHY is halted.

0: PHY-IF operates
1: Clock supply to PHY-IF halted
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1041 Transition to Sleep Mode

Executing the SLEEP instruction when the STBY bit in STBCR is 0 causes a transition
program execution state to sleep mode. Although the CPU halts immediately after exect
SLEEP instruction, the contents of its internal registers remain unchanged. The on-chip
modules continue to operate in sleep mode and the clock continues to be output to the C

104.2 Canceling Sleep Mode

Sleep mode is canceled by an interrupt other than a user break (NMI, H-UDI, IRQ, and
peripheral module) or a reset.

Canceling with Interrupt: When a user-break, NMI, H-UDI, IRQ, or on-chip peripher
interrupt occurs, sleep mode is canceled and interrupt exception handling is executed. W
priority level of an IRQ or on-chip peripheral module interrupt is lower than the interrug
level set in the status register (SR) of the CPU, an interrupt request is not accepted preve
sleep mode from being canceled.

Canceling with Reset: Sleep mode is canceled by a power-on reset or an H-UDI reset.

Rev. 6.00 Jul. 15,2009 Pag
RENESAS REJOS



modules registers in software standby mode.

Table10.3 Register Statesin Software Standby Mode

Module Registers Initialized Registers Retair
Interrupt controller (INTC) — All registers
Clock pulse generator (CPG) — All registers
User break controller (UBC) — All registers
Bus state controller (BSC) — All registers
Direct memory access controller (DMAC) — All registers
Ethernet controller (EtherC) — All registers
Direct memory access controller for — All registers
Ethernet controller (E-DMAC)

I/O port — All registers
User debugging interface (H-UDI) — All registers
Serial communication interface with FIFO — All registers

(SCIFO to SCIF2)
Compare match timer (CMTO and CMT1) All registers —

Host interface (HIF) — All registers
Serial 10 with FIFO (SIOF) — All registers
Ethernet physical layer transceiver (PHY) Some registers* Some registers*

Note: * For details, see section 22, Ethernet Physical Layer Transceiver (PHY).
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Canceling with Interrupt: The WDT can be used for hot starts. When an NMI or IRQ
detected, the clock will be supplied to the entire LSI and software standby mode will be
after the time set in the timer control/status register of the WDT has elapsed. Interrupt e:
handling is then executed. After the branch to the interrupt handling routine, clear the S’
STBCR. WTCNT stops automatically. If the STBY bit is not cleared, WTCNT continue
operation and a transition is made to software standby mode* when it reaches H'80. Thi
prevents data destruction due to the voltage rise by an unstable power supply voltage.

IRQ cancels the software standby mode when the input condition matches the specified
condition while the IRQn1S and IRQnOS bits in IRQCR are not B'00 (settings other tha
level detection). When the priority level of an IRQ interrupt is lower than the interrupt n
set in the status register (SR) of the CPU, the execution of the instruction following the
instruction starts again after the cancellation of software standby mode. When the priori
an IRQ interrupt is higher than the interrupt mask level set in the status register (SR) of
IRQ interrupt exception handling is executed after the cancellation of software standby |

Note: * This software standby mode can be canceled only by a power-on reset.
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Figure10.1 Canceling Standby Modewith STBY Bit in STBCR

Canceling with Reset: Software standby mode is canceled by a power-on reset. Keep the
low until the clock oscillation settles. The internal clock will continue to be output to the
pin.

10.6  Module Standby M ode

10.6.1 Transition to Module Standby Mode

Setting the MSTP bits in the standby control registers (STBCR2 to STBCR4) to 1 halts t
of clocks to the corresponding on-chip peripheral modules. This function can be used to 1
power consumption in normal mode.

In module standby mode, the states of the external pins of the on-chip peripheral module:
depending on the on-chip peripheral module and port settings. Almost all of the registers
previous state.

10.6.2 Canceling M odule Standby Function

The module standby function can be canceled by clearing the MSTP bits in STBCR2 to
to 0, or by a power-on reset.
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11.1 Features

e Transmission and reception of Ethernet/IEEE802.3 frames

e Supports 10/100 Mbps receive/transfer

e Supports full-duplex and half-duplex modes

e Conforms to IEEE802.3u standard MII (Media Independent Interface)
e Magic Packet detection and Wake-On-LAN (WOL) signal output

e Conforms to IEEE802.3x flow control
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Command status
interface

Ml

\

PHY

Figure11l.1 Configuration of EtherC
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Timing reference signal for the RX-DV, MII_RXD3 to Ml
RX-ER signals

TX-EN* Output  Transmit Enable
Indicates that transmit data is ready on pins MII_TXD3 t
MII_TXDO.
MII_TXD3to Output Transmit Data
MILTXDo* 4-bit transmit data
TX-ER* Output  Transmit Error
Notifies the PHY-LSI of error during transmission
RX-DV* Input Receive Data Valid
Indicates that valid receive data is on pins MII_RXDS3 to
MII_RXDO.
MII_RXD3 to Input Receive Data
MII_RXDO* 4-bit receive data
RX-ER* Input Receive Error
Identifies error state occurred during data reception.
CRS Input Carrier Detection
Carrier detection signal
COL Input Collision Detection
Collision detection signal
MDC Output Management Data Clock
Reference clock signal for information transfer via MDIC
MDIO Input/ Management Data I/O
Output

Bidirectional signal for exchange of management inform
between this LSl and PHY
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MAC address high register (MAHR)

MAC address low register (MALR)

Receive frame length register (RFLR)

PHY status register (PSR)

Transmit retry over counter register (TROCR)
Delayed collision detect counter register (CDCR)
Lost carrier counter register (LCCR)

Carrier not detect counter register (CNDCR)

CRC error frame counter register (CEFCR)

Frame receive error counter register (FRECR)
Too-short frame receive counter register (TSFRCR)
Too-long frame receive counter register (TLFRCR)
Residual-bit frame counter register (RFCR)
Multicast address frame counter register (MAFCR)
IPG register IPGR)

Automatic PAUSE frame set register (APR)
Manual PAUSE frame set register (MPR)

PAUSE frame retransfer count set register (TPAUSER)
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Bit Bit Name Value R/IW

Description

31to20 — AllO R

Reserved

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

19 ZPF 0 R/W

0 time parameter PAUSE Frame Use Enable

0: Disables PAUSE frame control in which the
parameter is 0.

The next frame is transmitted after the time
indicated by the Timer value has elapsed. \
EtherC receives a PAUSE frame with the ti
indicated by the Timer value set to 0, the P.
frame is discarded.

1: Enables PAUSE frame control in which the
parameter is 0.

A PAUSE frame with the Timer value set to
transmitted when the number of data in the
FIFO is less than the FCFTR value before 1
indicated by the Timer value has not elapse
the EtherC receives a PAUSE frame with tf
indicated by the Timer value set to 0, the tr
wait state is canceled.

18 PFR 0 R/W

PAUSE Frame Receive Mode
0: PAUSE frame is not transferred to the E-DI
1: PAUSE frame is transferred to the E-DMAC

17 RXF 0 R/W

Receive Flow Control Operating Mode
0: PAUSE frame detection function is disablec
1: Receive flow control function is enabled

Rev. 6.00 Jul. 15, 2009 Page 238 of 816
REJ09B0237-0600

RENESAS



with an error.

1: A frame with a CRC error is received as a
without an error.

For a frame with an error, a CRC error is refl
the ECSR of the E-DMAC and the status of t
descriptor. For a frame without an error, the 1
received as normal frame.

11,10 — AllO R Reserved
These bits are always read as 0. The write v:
should always be 0.

9 MPDE 0 R/W Magic Packet Detection Enable
Enables or disables Magic Packet detection
hardware to allow activation from the Etherne
0: Magic Packet detection is not enabled
1: Magic Packet detection is enabled

8,7 — AllO R Reserved
These bits are always read as 0. The write v:
should always be 0.

6 RE 0 R/W Reception Enable

If a frame is being received when this bit is s
from receive function enabled (RE = 1) to dis
= 0), the receive function will be enabled unti
of the corresponding frame is completed.

0: Receive function is disabled
1: Receive function is enabled
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always be 0.
3 ILB 0 R/W Internal Loop Back Mode
Specifies loopback mode in the EtherC.

0: Normal data transmission/reception is perfc

1: When DM = 1, data loopback is performed
the MAC in the EtherC.

2 ELB 0 R/W External Loop Back Mode

This bit value is output directly to this LSI’s ge
purpose external output pin (EXOUT). This bit
for loopback mode directives, etc., in the LSI,
EXOUT pin. In order for LSI loopback to be
implemented using this function, the LSI must
pin corresponding to the EXOUT pin.

0: Low-level output from the EXOUT pin

1: High-level output from the EXOUT pin
1 DM 0 R/W Duplex Mode

Specifies the EtherC transfer method.

0: Half-duplex transfer is specified
1: Full-duplex transfer is specified
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11.3.2 EtherC Status Register (ECSR)

ECSR is a 32-bit readable/writable register and indicates the status in the EtherC. This s
be notified to the CPU by interrupts. When 1 is written to the PSRTO, LCHNG, MPD, :
the corresponding flags can be cleared. Writing O does not affect the flag. For bits that g
interrupt, the interrupt can be enabled or disabled according to the corresponding bit in |

The interrupts generated due to this status register are indicated in the ECI bit in EESR.

Initial
Bit Bit Name Value R/W Description
31to5 — All O R Reserved

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

4 PSRTO 0 R/W PAUSE Frame Retransfer Retry Over

Indicates that during the retransfer of PAUS
when the flow control is enabled, the numbe
has exceeded the upper limit set in the auto
PAUSE frame retransfer count set register
(TPAUSER).

0: Number of PAUSE frame retransfers has
exceeded the upper limit

1: Number of PAUSE frame retransfers has
the upper limit

3 — 0 R Reserved

This bit is always read as 0. The write value
always be 0.
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Indicates that a Magic Packet has been dete
the line.

0: Magic Packet has not been detected
1: Magic Packet has been detected

0 ICD 0 R/W

lllegal Carrier Detection

Indicates that the PHY has detected an illege
on the line. If a change in the signal input fror
PHY occurs before the software recognition y
the correct information may not be obtained.
the timing specification for the PHY used.

0: LSI has not detected an illegal carrier on tt
1: LSI has detected an illegal carrier on the i
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0: Interrupt notification by the PSRTO bit is
1: Interrupt notification by the PSRTO bit is

Reserved

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

LCHNGIP

R/W

LINK Signal Changed Interrupt Enable
0: Interrupt notification by the LCHNG bit is
1: Interrupt notification by the LCHNG bit is

MPDIP

R/W

Magic Packet Detection Interrupt Enable
0: Interrupt notification by the MPD bit is dis
1: Interrupt notification by the MPD bit is en:

ICDIP

R/W

lllegal Carrier Detection Interrupt Enable
0: Interrupt notification by the ICD bit is disa
1: Interrupt notification by the ICD bit is enal
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Indicates the level of the MDIO pin.

2 MDO 0 R/W MIl Management Data-Out

Outputs the value set to this bit from the MDIO
when the MMD bit is 1.

1 MMD 0 R/W MIl Management Mode

Specifies the data read/write direction with resg
the MII.

0: Read direction is indicated
1: Write direction is indicated

0 MDC 0 R/W MII Management Data Clock

Outputs the value set to this bit from the MDC
supplies the MII with the management data clo
the method of accessing the Ml registers, see
11.4.4, Accessing MIl Registers.
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MA16 These bits are used to set the upper 32 bits of
address.
If the MAC address is 01-23-45-67-89-AB
(hexadecimal), the value set in this register is
H'01234567.

11.36 MAC AddressLow Register (MALR)

MALR is a 32-bit readable/writable register that specifies the lower 16 bits of the 48-bit
address. The settings in this register are normally made in the initialization process after
The MAC address setting must not be changed while the transmitting and receiving fun
enabled. To switch the MAC address setting, return the EtherC and E-DMAC to their in
by means of the SWR bit in EDMR before making settings again.

Initial
Bit Bit Name Value R/W Description
31t0 16 — All O R Reserved
These bits are always read as 0. The write \
should always be O.
15to 0 MA15to MAO AllO R/W MAC Address Bits 15t0 0
These bits are used to set the lower 16 bits
MAC address.

If the MAC address is 01-23-45-67-89-AB
(hexadecimal), the value set in this register
H'000089AB.
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11to0 RFL11to All O R/W Receive Frame Length 11 to O

RFLO The frame length described here refers to all

from the destination address up to and incluc
CRC data. Frame contents from the destinati
address up to and including the data are actt
transferred to memory. CRC data is not inclu
the transfer.

When data that exceeds the specified value i
received, the part of the data that exceeds th
specified value is discarded.

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 H'FFF: 2,048 bytes
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signal output from the PHY to the LNKSTA |
the polarity, refer to the PHY specifications |
connected.

11.3.9 Transmit Retry Over Counter Register (TROCR)

TROCR is a 32-bit counter that indicates the number of frames that were unable to be tr
in 16 transmission attempts including the retransfer. When 16 transmission attempts hax
TROCR is incremented by 1. When the value in this register reaches H'FFFFFFFF, the
halted. The counter value is cleared to O by a write to this register with any value.

Initial
Bit Bit Name Value R/W Description
31to 0 TROC31 to AllO R/W  Transmit Retry Over Count

TROCO These bits indicate the number of frames th

unable to be transmitted in 16 transmission
including the retransfer.
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11.311 Lost Carrier Counter Register (LCCR)

LCCR is a 32-bit counter that indicates the number of times the carrier was lost during d:
transmission. When the value in this register reaches H'FFFFFFFF, the count is halted. T’
counter value is cleared to 0 by writing to this register with any value.

Initial
Bit Bit Name Value R/W Description
31to0 LCC31to All O R/W Lost Carrier Count
LCCO These bits indicate the number of times the ¢

was lost during data transmission.

11.3.12 Carrier Not Detect Counter Register (CNDCR)

CNDCR is a 32-bit counter that indicates the number of times the carrier could not be def
while the preamble was being sent. When the value in this register reaches H'FFFFFFFF,
is halted. The counter value is cleared to O by a write to this register with any value.

Initial
Bit Bit Name Value R/W Description
31to 0 CNDC31 to All 0 R/W Carrier Not Detect Count
CNDCO These bits indicate the number of times the ¢

was not detected.
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11.3.14 Frame Receive Error Counter Register (FRECR)

FRECR is a 32-bit counter that indicates the number of frames input from the PHY for
receive error was indicated by the RX-ER pin. FRECR is incremented each time the RX
becomes active. When the value in this register reaches H'FFFFFFFF, the count is halte
counter value is cleared to 0 by a write to this register with any value.

Initial
Bit Bit Name Value R/W Description
31to 0 FREC31 to All 0 R/W Frame Receive Error Count
FRECO These bits indicate the count of errors durin

reception.

11.3.15 Too-Short Frame Receive Counter Register (TSFRCR)

TSFRCR is a 32-bit counter that indicates the number of frames of fewer than 64 bytes
been received. When the value in this register reaches HFFFFFFFF, the count is halted.
counter value is cleared to 0 by a write to this register with any value.

Initial
Bit Bit Name Value R/W Description
31to 0 TSFC31 to AllO R/W Too-Short Frame Receive Count
TSFCO These bits indicate the count of frames rece

a length of less than 64 bytes.
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31t00 TLFC31 1o All 0 R/W Too-Long Frame Recelve Count

TLFCO These bits indicate the count of frames recei
a length exceeding the value in RFLR.

11.3.17 Residual-Bit Frame Counter Register (RFCR)

RFCR is a 32-bit counter that indicates the number of frames received containing residua
(less than an 8-bit unit). When the value in this register reaches H'FFFFFFFF, the count i
The counter value is cleared to O by a write to this register with any value.

Initial
Bit Bit Name Value R/W Description
31to 0 RFC31to AllO R/W Residual-Bit Frame Count
RFCO These bits indicate the count of frames recei

containing residual bits.

11.3.18 Multicast Address Frame Counter Register (MAFCR)

MAFCR is a 32-bit counter that indicates the number of frames received with a specified
address. When the value in this register reaches H'FFFFFFFF, the count is halted. The co
value is cleared to O by a write to this register with any value.

Initial
Bit Bit Name Value R/W Description
31to 0 MAFC31 to AllO R/W Multicast Address Frame Count
MAFCO These bits indicate the count of multicast frar

received.
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4t00 IPG4toIPGO H'13 R/W Inter Packet Gap
Sets the IPG value every 4-bit time.
H'00: 20-bit time
H'01: 24-bit time

H'13: 96-bit time (Initial value)

H'1F: 144-bit time

11.3.20 Automatic PAUSE Frame Set Register (APR)

APR sets the TIME parameter value of the automatic PAUSE frame. When transmitting
automatic PAUSE frame, the value set in this register is used as the TIME parameter of
PAUSE frame.

Initial
Bit Bit Name Value R/W Description
311016 — All O R Reserved

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

15to 0 AP15to APO AIlO R/W Automatic PAUSE

Sets the TIME parameter value of the auton
PAUSE frame. At this time, 1 bit means 512
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Sets the TIME parameter value of the manua
frame. At this time, 1 bit means 512-bit time.
values are undefined.

11.3.22 PAUSE Frame Retransfer Count Set Register (TPAUSER)

TPAUSER sets the upper limit of the number of times of the PAUSE frame retransfer. T1
must not be changed while the transmitting function is enabled.

Initial
Bit Bit Name Value R/W Description
31to16 — AllO R Reserved
These bits are always read as 0. The write vz
should always be 0.
15to0 TPAUSE15 AllO R/W Upper Limit of the Number of Times of PAUS
to TPAUSEO Retransfer

H'0000: Unlimited number of times of retrans
H'0001: Retransfer once

H'FFFF: Number of times of retransfer is 655
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Retransfer
processing*1

Failure of 15
retransfer attempts
or collision
after 512-bit time

Error detection
notification

[Legend]
FDPX: Full Duplex

Error

Normal transmission

Carrier
non-detection

W

Collision

‘ Error
C

X

SFD
transmission

ollision*2

A

Data
transmission

Collision*2

HDPX: Half Duplex
SFD: Start Frame Delimiter
Notes:

transmission

1. Transmission retry processing includes both jam transmission that depends on collisior

detection and the 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 transmitted. When a collision is detected during the transmission of data greate

than 512 bits, only jam is transmitted and transmission based on the back-off algorithm

is not retried.

Figure11l.2 EtherC Transmitter State Transitions

1. When the transmit enable (TE) bit is set, the transmitter enters the transmit idle state.
2. When a transmit request is issued by the transmit E-DMAC, the EtherC sends the pre
after a transmission delay equivalent to the frame interval time. If full-duplex transfer
selected, which does not require carrier detection, the preamble is sent as soon as a tr:

request is issued by the E-DMAC.
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the E-DMAC. Figure 11.3 shows the state transitions of the EtherC receiver.
lllegal carrier |
detection
RX-DV negation
A
> ldle > Start of frame »| Wait for SFD
TP = Preamble reception reception
1 detection
SFD
reception
Reception < v
halted RE reset
< Destination address|
Promiscuous and other reception
station destination address o
Reset Own destination ¢
or broadcast
or multicast
Receive error v promiscuous
detection
< Error - Data
Error detection | reception
notification*
. End of
Receive _error reception
detection
Y
CRC
Normal reception reception
[Legend]

SFD: Start frame delimiter
Note: * The error frame also transmits data to the buffer.

Figure11.3 EtherC Receiver State Transmissions
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MII Frame Timing
Each MII Frame timing is shown in figure 11.4.

1143

o LT LT L L L LT LT L L L L L L L LT
: : : : : : g L i
X[ X Daa
Figure11.4 (1) MII Frame Transmit Timing (Normal Transmission)
© Preamble X , ,
I AN

TX-CLK
TX

MII_TXDO
CRS
coL

TXD3 to TXDO
TX
MII_TXD3 to

RENESAS

Figure11.4 (2) MII Frame Transmit Timing (Collision)
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Figure11.4 (4) MII Frame Receive Timing (Normal Reception)

RX-CLK

MII_RXD3 to

MII_RXDO

Figure11.4 (5) MII Frame Receive Timing (Reception Error (1))

RX-CLK

{(

RX-DV
MII_RXD3 to

MII_RXDO

Figure11.4 (6) MII Fame Receive Timing (Reception Error (2))
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Iltem FRE ol OF FRYAD | REGAD 1A 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
[Legend]
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 address is 1 (sequential write starting with the MSB).
This bit changes depending on the PHY address.
REGAD: Write of 0001 if the register address is 1 (sequential write starting with the MSB).
This bit changes depending on the PHY register address.
TA: Time for switching data transmission source on Ml 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

(a) Write: Independent bus release (notation: X) performed
(b) Read: Bus already released in TA; data control unnecessary

Figure1l.5 MII Management Frame Format
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I
(2) Write to PHY interface ‘ ‘ ‘

register (1 @ (3)
MMD = 1 1-bit data write timing
MDO = write data relationship

MDC =1

(8) Write to PHY interface
register

MMD = 1

MDO = write data
MDC =0

Figure11.6 (1) 1-Bit Data Write Flowchart

Rev. 6.00 Jul. 15,2009 Pag
RENESAS REJOS



(3) Write to PHY interface
register

MMD =0
MDC =0

Figure11.6 (2) BusRelease Flowchart (TA in Read in Figure 11.5)

(1) Write to PHY interface
register

MMD =0 MDC

MDC =1
MDI x

(2) Read from PHY
interface register read

MMD =0 m @ @O
MMC =1 1-bit data read timing
MDI is read data relationship

(8) Write to PHY interface
register

MMD =0
MDC =0

Figure11.6 (3) 1-Bit Data Read Flowchart

Rev. 6.00 Jul. 15, 2009 Page 260 of 816
REJ09B0237-0600 RENESAS



gyl v L4L.U\77) HIULpPUHivul it DUo tlCaoc T TUVWLUHIAL LT L T v ite il riyul X

1145 Magic Packet Detection

The EtherC has a Magic Packet detection function. This function provides a Wake-On-1
(WOL) facility that activates various peripheral devices connected to a LAN from the he
or other source. This makes it possible to construct a system in which a peripheral devic
a Magic Packet sent from the host device or other source, and activates itself. When the
Packet is detected, data is stored in the FIFO of the E-DMAC by the broadcast packet tt
received data previously and the EtherC is notified of the receiving status. To return to 1
operation from the interrupt processing, initialize the EtherC and E-DMAC by using the
in the E-DMAC mode register (EDMR).

With a Magic Packet, reception is performed regardless of the destination address. As a
function is valid, and the WOL pin enabled, only in the case of a match with the destina
address specified by the format in the Magic Packet. Further information on Magic Pack
found in the technical documentation published by AMD Corporation.

The procedure for using the WOL function with this LSI is as follows.

1. Disable interrupt source output by means of the various interrupt enable/mask regist

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 interrupt
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 a Magic Packet is detected, an interrupt is sent to the CPU. The WOL pin noti
peripheral LSIs that the Magic Packet has been detected.
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b

Packet IPG*

.y

(1]

Case B
(long IPG)

[2] [3] (4] ~—

Note: * IPG may be longer than the set value, depending on the state of the circuit and the s

Figure11.7 Changing |PG and Transmission Efficiency

11.4.7 Flow Control

The EtherC supports flow control functions conforming to IEEE802.3x in full-duplex op
Flow control can be applied to both receive and transmit operations. The methods for trar
PAUSE frames when controlling flow are as follows:

Automatic PAUSE Frame Transmission: For receive frames, PAUSE frames are autor
transmitted when the number of data in the receive FIFO (included in E-DMAC) reaches
set in the flow control FIFO threshold register (FCFTR) of the E-DMAC. The TIME par:
included in the PAUSE frame at this time is set by the automatic PAUSE frame setting re
(APR). The automatic PAUSE frame transmission is repeated until the number of data in
receive FIFO becomes less than the FCFTR setting as the receive data is read from the F]

The upper limit of the number of retransfers of the PAUSE frame can also be set by the a
PAUSE frame retransfer count set register (TPAUSER). In this case, PAUSE frame trans
is repeated until the number of data becomes FCFTR value set or below, or the number o
transmits reaches the value set by TPAUSER. The automatic PAUSE frame transmission
enabled when the TXF bit in the EtherC mode register (ECMR) is 1.
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Figure 11.8 shows the example of connection to a DP83846AVHG by National Semico:

Corporation.

MIl (Media Independent Interface)

This LSI

TX-ER
MII_TXD3
MII_TXD2
MII_TXD1
MII_TXDO

TX-EN

TX-CLK
MDC
MDIO
MII_RXD3
MII_RXD2
MII_RXD1
MII_RXDO
RX-CLK
CRS
CcoL
RX-DV
RX-ER

DP83846AVHG

A

Y

A A A

A 4

A

A A

TXER
TXD3
TXD2
TXD1
TXDO
TXEN
TXCLK
MDC
MDIO
RXD3
RXD2
RXD1
RXDO
RXCLK
CRS
CcoL
RXDV
RXER

Figure11.8 Example of Connection to DP83846AVHG
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e Flow Control Defect 1

Once a PAUSE frame is received while the receiving flow control is enabled in full-d
mode (the RXF bit in ECMR = 1), each time when the local station receives a normal
frame (non-PAUSE frame without a CRC error), the TIME parameter specified by th
frame that has been previously received is incorrectly applied. As a result, unnecessat
time is generated to slow down the transmission throughput. The TIME parameter va
maintained until another PAUSE frame is received.

This defect can be prevented if the destination station supports the function to transm
time PAUSE frame as the same as this LSI does. Enable the use of O time PAUSE fra
this LSI (the ZPF bit in ECMR = 1) before the 0 time PAUSE frame is received from
destination station. This clears the TIME parameter incorrectly maintained in the Ethe
prevents the unnecessary waiting time for transmission to be generated.

Note: This defect may be generated only in the R4S76190. In the R4S76191, the defect
corrected.
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Note: This defect may be generated only in the R4S76190. In the R4S76191, the defec
corrected.
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121

Features

The E-DMAC has the following features:

e The load on the CPU is reduced by means of a descriptor management system

e Transmit/receive frame status information is indicated in descriptors

e Achieves efficient system bus utilization through the use of block transfer (16-byte t

o Supports single-frame/multi-buffer operation

Transmit
descriptor

Receive
descriptor

Transmit
buffer

=
=

eceive
ife

AN o T

External memory

This LSI

External bus
<:> interface

Internal bus

E-DMAC

Internal
bus
interface

Descriptor

information

Transmit
DMAC

Descriptor
information

<+

Receive
DMAC

Transmit
F Fi

V

Figure12.1 Configuration of E-DMAC, and Descriptorsand Buffers
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o EtherC/E-DMAC status interrupt permission register (EESIPR)
e Transmit/receive status copy enable register (TRSCER)

e Receive missed-frame counter register (RMFCR)

e Transmit FIFO threshold register (TFTR)

e FIFO depth register (FDR)

e Receiving method control register (RMCR)

e E-DMAC operation control register (EDOCR)

e Receive buffer write address register (RBWAR)

e Receive descriptor fetch address register (RDFAR)

e Transmit buffer read address register (TBRAR)

e Transmit descriptor fetch address register (TDFAR)

e Flow control FIFO threshold register (FCFTR)

e Transmit interrupt register (TRIMD)
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Bit

Bit Name

Initial
value

Ittt ity ufidsd

R/W

Description

31to7

AllO

Reserved

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

DE

RW

E-DMAC Data Endian Convert

Selects whether or not the endian format is
on data transfer by the E-DMAC. However,
format of the descriptors and E-DMAC regis
are not converted regardless of this bit settir

0: Endian format not converted (big endian)
1: Endian format converted (little endian)

DL1
DLO

R/W
R/W

Descriptor Length

These bits specify the descriptor length.
00: 16 bytes

01: 32 bytes

10: 64 bytes

11: Reserved (setting prohibited)

3to1

AllO

Reserved

These bits are always read as 0. The write \
should always be 0.
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When B¢ = 33 MHz: 1.94 uS
This bit is always read as 0.

0: Writing 0 is ignored (E-DMAC operation is
affected)

1: Writing 1 resets the EtherC and E-DMAC &
automatically cleared

1222 E-DMAC Transmit Request Register (EDTRR)

The EDTRR is a 32-bit readable/writable register that issues transmit directives to the E-
When transmission of one frame is completed, the next descriptor is read. If the transmit
descriptor active bit in this descriptor has the "active" setting, transmission is continued. |
transmit descriptor active bit has the "inactive" setting, the TR bit is cleared and operatio:
transmit DMAC is halted.

Initial
Bit Bit Name value R/W Description
31to1 — All O R Reserved

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

0 TR 0 R/W Transmit Request

0: Transmission-halted state. Writing O does |
transmission. Termination of transmission
controlled by the active bit in the transmit c

1: Start of transmission. The relevant descrip
read and a frame is sent with the transmit :
setto 1
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31to1 — All O R Reserved

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

0 RR 0 R/W Receive Request

0: The receive function is disabled*

1: A receive descriptor is read and the E-DN
ready to receive

Note: * If the receive function is disabled during frame reception, write-back is not pe
successfully to the receive descriptor. Following pointers to read a receive de
become abnormal and the E-DMAC cannot operate successfully. In this case
the E-DMAC reception enabled again, execute a software reset by the SWR
EDMR. To make the E-DMAC reception disabled without executing a softwar
set the RE bit in ECMR. Next, after the E_DMAC has completed the receptiol
write-back to the receive descriptor has been confirmed, disable the receive f
this register.
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TDLAO The lower bits are set as follows according to
specified descriptor length.

16-byte boundary: TDLAS3 to TDLAO = 0000
32-byte boundary: TDLA4 to TDLAO = 00000

64-byte boundary: TDLA5 to TDLAO = 00000

1225 ReceiveDescriptor List Address Register (RDLAR)

RDLAR is a 32-bit readable/writable register that specifies the start address of the receive
descriptor list. Descriptors have a boundary configuration in accordance with the descript
indicated by the DL bit in EDMR. This register must not be written to during reception.
Modifications to this register should only be made while reception is disabled by the RR
in the E-DMAC Receive Request Register (EDRRR).

Initial
Bit Bit Name value R/W Description
31to0 RDLA31to AllO R/W Receive Descriptor Start Address

RDLAO The lower bits are set as follows according to
specified descriptor length.

16-byte boundary: RDLAS3 to RDLAO = 0000
32-byte boundary: RDLA4 to RDLAO = 0000C

64-byte boundary: RDLAS5 to RDLAO = 0000C
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Bit

Bit Name

Initial
value

R/W

Description

31

0

R

Reserved

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

30

TWB

R/W

Write-Back Complete

Indicates that write-back from the E-DMAC 1
corresponding descriptor has completed. TF
operation is enabled when the TIS bit in TRI
to1.

0: Write-back has not completed, or no tran:
directive

1: Write-back has completed

29to 27

AllO

Reserved

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

26

TABT

0

R/W

Transmit Abort Detection

Indicates that frame transmission by the Eth
been aborted because of an error during tra

0: Frame transmission has not been abortec
transmit directive

1: Frame transmit has been aborted
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0: Receive frame counter has not overflowed
1: Receive frame counter overflows

23 ADE 0 R/W

Address Error

Indicates that the memory address that the E
tried to transfer is found illegal.

0: lllegal memory address not detected (norrn
operation)
1: lllegal memory address detected
Note: When an address error is detected, the
halts transmitting/receiving. To resume

operation, set the E-DMAC again after
reset by means of the SWR bit in EDM

22 ECI 0 R

EtherC Status Register Interrupt Source

This bit is a read-only bit. When the source o
ECSR interrupt in the EtherC is cleared, this |
cleared.

0: EtherC status interrupt source has not bee
detected

1: EtherC status interrupt source has been de
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transmission descriptor valid bit (TACT) in tt
descriptor is not set, transmission is comple
this bit is set to 1. After frame transmission,
DMAC writes the transmission status back t
descriptor.

0: Transfer not complete, or no transfer dire
1: Transfer complete

20

TDE

R/W

Transmit Descriptor Empty

Indicates that the transmission descriptor va
(TACT) in the descriptor is not set when the
reads the transmission descriptor when the
descriptor is not the last one of the frame fol
buffer frame processing. As a result, an incc
frame may be transmitted.

0: Transmit descriptor active bit TACT =1d
1: Transmit descriptor active bit TACT =0 d

When transmission descriptor empty (TDE =
occurs, execute a software reset and initiate
transmission. In this case, the address that |
the transmit descriptor list address register |
transmitted first.

19

TFUF

0

R/W

Transmit FIFO Underflow

Indicates that underflow has occurred in the
FIFO during frame transmission. Incomplete
sent onto the line.

0: Underflow has not occurred
1: Underflow has occurred
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receive descriptor and initiating receiving.
0: Receive descriptor active bit RACT = 1 nof
1: Receive descriptor active bit RACT = 0 detf

16 RFOF

R/W

Receive FIFO Overflow

Indicates that the receive FIFO has overflowe
frame reception.

0: Overflow has not occurred
1: Overflow has occurred

15t012 —

AllO

Reserved

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

11 CND

R/W

Carrier Not Detect

Indicates the carrier detection status.

0: A carrier is detected when transmission ste
1: A carrier is not detected when transmissiol

10 DLC

R/W

Detect Loss of Carrier

Indicates that loss of the carrier has been det
during frame transmission.

0: Loss of carrier not detected
1: Loss of carrier detected

RW

Delayed Collision Detect

Indicates that a delayed collision has been de
during frame transmission.

0: Delayed collision not detected
1: Delayed collision detected
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0: Multicast address frame has not been rec
1: Multicast address frame has been receive

6,5

AllO

R

Reserved

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

RRF

R/W

Receive Residual-Bit Frame
0: Residual-bit frame has not been received
1: Residual-bit frame has been received

RTLF

R/W

Receive Too-Long Frame

Indicates that the frame more than the numt
receive frame length upper limit set by RFLF
EtherC has been received.

0: Too-long frame has not been received
1: Too-long frame has been received

RTSF

R/W

Receive Too-Short Frame

Indicates that a frame of fewer than 64 byte:
received.

0: Too-short frame has not been received
1: Too-short frame has been received

PRE

RW

PHY Receive Error
0: PHY receive error not detected
1: PHY receive error detected

CERF

R/W

CRC Error on Received Frame
0: CRC error not detected
1: CRC error detected
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30

TWBIP

RW

Write-Back Complete Interrupt Permission
0: Write-back complete interrupt is disabled

1: Write-back complete interrupt is enabled

29to 27

AllO

Reserved

These bits are always read as 0. The write vall
always be 0.

26

TABTIP

R/W

Transmit Abort Detection Interrupt Permission
0: Transmit abort detection interrupt is disablec
1: Transmit abort detection interrupt is enablec

25

RABTIP

R/W

Receive Abort Detection Interrupt Permission
0: Receive abort detection interrupt is disabled

1: Receive abort detection interrupt is enabled

24

RFCOFIP

R/W

Receive Frame Counter Overflow Interrupt Per
0: Receive frame counter overflow interrupt is «
1: Receive frame counter overflow interrupt is

23

ADEIP

R/W

Address Error Interrupt Permission
0: Address error interrupt is disabled
1: Address error interrupt is enabled

22

ECIIP

RW

EtherC Status Register Interrupt Permission
0: EtherC status interrupt is disabled
1: EtherC status interrupt is enabled

21

TCIP

R/W

Frame Transmit Complete Interrupt Permissior
0: Frame transmit complete interrupt is disable
1: Frame transmit complete interrupt is enable
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1: Frame received interrupt is enabled

17

RDEIP

0

R/W

Receive Descriptor Empty Interrupt Permissic
0: Receive descriptor empty interrupt is disab
1: Receive descriptor empty interrupt is enabl

16

RFOFIP

0

R/W

Receive FIFO Overflow Interrupt Permission
0: Receive FIFO overflow interrupt is disablec

1: Receive FIFO overflow interrupt is enabled

15t0 12

AllO

Reserved

These bits are always read as 0. The write va
always be 0.

11

CNDIP

R/W

Carrier Not Detect Interrupt Permission
0: Carrier not detect interrupt is disabled
1: Carrier not detect interrupt is enabled

10

DLCIP

R/W

Detect Loss of Carrier Interrupt Permission
0: Detect loss of carrier interrupt is disabled

1: Detect loss of carrier interrupt is enabled

CDIP

RW

Delayed Collision Detect Interrupt Permission
0: Delayed collision detect interrupt is disable
1: Delayed collision detect interrupt is enable

TROIP

R/W

Transmit Retry Over Interrupt Permission
0: Transmit retry over interrupt is disabled
1: Transmit retry over interrupt is enabled
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1: Receive residual-bit frame interrupt is enabl

R/W

Receive Too-Long Frame Interrupt Permission
0: Receive too-long frame interrupt is disabled
1: Receive too-long frame interrupt is enabled

R/W

Receive Too-Short Frame Interrupt Permission
0: Receive too-short frame interrupt is disablec
1: Receive too-short frame interrupt is enabled

R/W

PHY-LSI Receive Error Interrupt Permission
0: PHY-LSI receive error interrupt is disabled

1: PHY-LSI receive error interrupt is enabled

3 RTLFIP
2 RTSFIP
1 PREIP

0 CERFIP

R/W

CRC Error on Received Frame
0: CRC error on received frame interrupt is dis
1: CRC error on received frame interrupt is enc
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Bit

Bit Name

Initial
value

R/W

Description

31to12

AllO

Reserved

These bits are always read as 0. The write va
always be 0.

11

CNDCE

R/W

CND Bit Copy Directive

0: Indicates the CND bit state in bit TFS3 in tt
descriptor

1: Occurrence of the corresponding interrupt |
indicated in bit TFS3 of the transmit descriy

10

DLCCE

R/W

DLC Bit Copy Directive

0: Indicates the DLC bit state in bit TFS2 of tt
descriptor

1: Occurrence of the corresponding interrupt i
indicated in bit TFS2 of the transmit descriy

CDCE

R/W

CD Bit Copy Directive

0: Indicates the CD bit state in bit TFS1 of the
descriptor

1: Occurrence of the corresponding interrupt |
indicated in bit TFS1 of the transmit descrif

TROCE

R/W

TRO Bit Copy Directive

0: Indicates the TRO bit state in bit TFSO of tt
descriptor

1: Occurrence of the corresponding interrupt |
indicated in bit TFSO of the receive descrip
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0: Indicates the RRF bit state in bit RFS4 of the
descriptor

1: Occurrence of the corresponding interrupt is
indicated in bit RFS4 of the receive descriptc

3 RTLFCE

R/W

RTLF Bit Copy Directive

0: Indicates the RTLF bit state in bit RFS3 of tt
descriptor

1: Occurrence of the corresponding interrupt is
indicated in bit RFS3 of the receive descriptc

2 RTSFCE

R/W

RTSF Bit Copy Directive

0: Indicates the RTSF bit state in bit RFS2 of tt
receive descriptor

1: Occurrence of the corresponding interrupt is
indicated in bit RFS2 of the receive descripic

1 PRECE

R/W

PRE Bit Copy Directive

0: Indicates the PRF bit state in bit RFS1 of the
descriptor

1: Occurrence of the corresponding interrupt is
indicated in bit RFS1 of the receive descriptc

0 CERFCE

RW

CEREF Bit Copy Directive

0: Indicates the CERF bit state in bit RFSO of t
receive descriptor

1: Occurrence of the corresponding interrupt is
indicated in bit RFSO of the receive descriptc
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These bits are always read as 0. The write \
should always be 0.

15t00 MFC15to  AllO R Missed-Frame Counter
MFCO

Indicate the number of frames that are disce
not transferred to the receive buffer during r
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These bits are always read as 0. The write ve
should always be 0.

10to 0 TFT10 to AllO R/W Transmit FIFO threshold

TFTO When setting a transmit FIFO, the FIFO must
a smaller value than the specified value of the
capacity by FDR.

H'00: Store and forward modes
H'01 to H'OC: Setting prohibited
H'OD: 52 bytes
H'OE: 56 bytes

H'1F: 124 bytes
H'20: 128 bytes

H'3F: 252 bytes
H'40: 256 bytes

H'7F: 508 bytes
H'80: 512 bytes
H'81 to H'200: Setting prohibited

Note: When starting transmission before one frame of data write has completed, take ca
generation of the underflow.
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TFDO

prAbivrns it et

These bits specify the depth of the transmit
After the start of the transmission and recep
setting cannot be changed.

000: 256 bytes
001: 512 bytes
Other than above: Setting prohibited

7103 — AllO R Reserved
These bits are always read as 0. The write \
should always be 0.
2t00 RFD2 to B'001 R/W Receive FIFO Depth
RFDO

These bits specify the depth of the receive F
the start of the transmission and reception, 1
cannot be changed.

000: 256 bytes
001: 512 bytes
Other than above: Setting prohibited
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0: When reception of one frame is completed
DMAC writes the receive status into the de
and clears the RR bit in EDRRR

1: When reception of one frame is completed
DMAC writes the receive status into the de
reads the next descriptor, and prepares to
the next frame
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Specifies E-DMAC operation when transmit
underflow or receive FIFO overflow occurs.

0: E-DMAC operation continues when unde
overflow occurs

1: E-DMAC operation halts when underflow
overflow occurs

AEC

R/W

Address Error Control

Indicates detection of an illegal memory ado
attempted E-DMAC transfer.

0: lllegal memory address not detected (nor
operation)

1: E-DMAC stops its operation due to illegal
address detection

Note: To resume the operation, set the E-DI
after software reset by means of the &
EDMR.

EDH

R/W

E-DMAC Halted
0: The E-DMAC is operating normally

1: The E-DMAC has been halted by NMI pin
E-DMAC operation is restarted by writing

Reserved

This bit is always read as 0. The write value
always be 0.
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12.2.15 Receiving-Descriptor Fetch Address Register (RDFAR)

RDFAR stores the descriptor start address that is required when the E-DMAC fetches de:
information from the receiving descriptor. Which receiving descriptor information is use
processing by the E-DMAC can be recognized by monitoring addresses displayed in this
The address from which the E-DMAC is actually fetching a descriptor may be different f
value read from this register.

Initial
Bit Bit Name value R/W Description
31to0 RDFA31to AllO R Receiving-Descriptor Fetch Address
RDFAO These bits can only be read. Writing is prohib

12.2.16 Transmission-Buffer Read Address Register (TBRAR)

TBRAR stores the address of the transmission buffer when the E-DMAC reads data from
transmission buffer. Which addresses in the transmission buffer are processed by the E-I
can be recognized by monitoring addresses displayed in this register. The address from w
E-DMAC is actually reading in the buffer may be different from the value read from this

Initial
Bit Bit Name value R/W Description
31to0 TBRA31to AlO R Transmission-Buffer Read Address

TBRAO These bits can only be read. Writing is prohikt
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TEEAY These bits can only be read. Writing is prohi

12.2.18 Flow Control FIFO Threshold Register (FCFTR)

FCFTR is a 32-bit readable/writable register that sets the flow control of the EtherC (set
threshold on automatic PAUSE transmission). The threshold can be specified by the def
receive FIFO data (RFD2 to RFDO0) and the number of receive frames (RFF2 to RFFO0).
condition to start the flow control is decided by taking OR operation on the two threshol
Therefore, the flow control by the two thresholds is independently started.

When flow control is performed according to the RFD bits setting, if the setting is the s:
depth of the receive FIFO specified by the FIFO depth register (FDR), flow control is st
the remaining FIFO is (FIFO data — 64) bytes. For instance, when RFD in FDR =1 and
FCFTR = 1, flow control is started when (512 — 64) bytes of data is stored in the receive
The value set in the RFD bits in this register should be equal to or less than those in FD]

Initial
Bit Bit Name  value R/W Description
31to19 — All O R Reserved

These bits are always read as 0. The write \
should always be 0.
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the receive FIFO

15t03 — AllO — Reserved
These bits are always read as 0. The write ve
should always be 0.
2 RFD2 0 R/W Receive Byte Flow Control Threshold
RFD1 0 R/W 000: When (256 — 64) bytes of data is stored
0 RFDO 0 R/W receive FIFO
001: When (512 — 64) bytes of data is stored
receive FIFO

Other than above: Setting prohibited

12.2.19 Transmit Interrupt Register (TRIMD)

TRIMD is a 32-bit readable/writable register that specifies whether or not to notify write-
completion for each frame using the TWB bit in EESR and an interrupt on transmit operz

Initial
Bit Bit Name value R/W Description
31to1 — AllO R Reserved
These bits are always read as 0. The write ve
should always be 0.
0 TIS 0 R/W Transmit Interrupt Setting

0: Write-back completion for each frame is nc

1: Write-backed completion for each frame us
TWB bit in EESR is notified
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Before starting transmission/reception, the communication program creates transmit anc
descriptor lists in memory. The start addresses of these lists are then set in the transmit ¢
descriptor list start address registers.

The descriptor start address must be aligned so that it matches the address boundary acc
the descriptor length set by the E-DMAC mode register (EDMR). The transmit buffer st
can be aligned with a byte, a word, and a longword boundary.

(1) Transmit Descriptor

Figure 12.2 shows the relationship between a transmit descriptor and the transmit buffer
According to the specification in this descriptor, the relationship between the transmit ft
transmit buffer can be defined as one frame/one buffer or one frame/multi-buffer.
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Figure12.2 Relationship between Transmit Descriptor and Transmit Buffe
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suspended.
0: The transmit descriptor is invalid.

Indicates that valid data has not been wri
bit by the CPU, or this bit has been reset
back operation on termination of E-DMA(
transfer processing (completion or suspe
transmission)

If this state is recognized in an E-DMAC
read, the E-DMAC terminates transmit pr
and transmit operations cannot be contin
restart is necessary)

1: The transmit descriptor is valid.

Indicates that valid data has been writter
transmit buffer by the CPU and frame tra
processing has not yet been executed, o
frame transfer is in progress

When this state is recognized in an E-DN
descriptor read, the E-DMAC continues v
transmit operation

30

TDLE

0

R/W

Transmit Descriptor List End

After completion of the corresponding buffer
the E-DMAC references the first descriptor.
specification is used to set a ring configurati
transmit descriptors.

0: This is not the last transmit descriptor list
1: This is the last transmit descriptor list
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COrltallis i Ot Iralmice (Ifalmic 1s CONciuuc!

10: Transmit buffer indicated by this descriptt
of frame (frame is not concluded)

11: Contents of transmit buffer indicated by tt
descriptor are equivalent to one frame (or
frame/one buffer)

27 TFE 0 RW

Transmit Frame Error

Indicates that one or other bit of the transmit
status indicated by bits 26 to 0 is set. Whethe
the transmit frame status information is copie
bit is specified by the transmit/receive status
enable register.

0: No error during transmission
1: An error occurred during transmission

26to0 TFS26to AllO RW
TFSO

Transmit Frame Status

TFS26 to TFS4: Reserved (The write value s
always be 0.)

TFS3: Carrier Not Detect (corresponds to CN
EESR)

TFS2: Detect Loss of Carrier (corresponds to
in EESR)

TFS1: Delayed Collision Detect (corresponds
in EESR)

TFSO0: Transmit Retry Over (corresponds to T
EESR)
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can be set in byte units.

15to0 — AllO R Reserved
These bits are always read as 0. The write \
should always be 0.

(c) Transmit Descriptor 2 (TD2)

TD2 specifies the 32-bit transmit buffer start address. The transmit buffer start address s
be aligned with a byte, a word, or a longword boundary.
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R|R|R|[R|R
roo [A|D|F|FIF RFS26 to RFSO
clL|pP|PlE
TlE[1]0
mo RBL 15 0 4
31 16 RDL >
31 0
RD2 RBA
Padding (4 bytes)

T~

Valid receive de

Figure 12.3 Relationship between Receive Descriptor and Receive Buffer
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Vreception.i
0: The receive descriptor is invalid.

Indicates that the receive buffer is not re:
(access disabled by E-DMAC), or this bit
reset by a write-back operation on termin
DMAC frame transfer processing (compls
suspension of reception).

If this state is recognized in an E-DMAC
read, the E-DMAC terminates receive pre
and receive operations cannot be contint

Reception can be restarted by setting R/
and executing receive initiation.

1: The receive descriptor is valid

Indicates that the receive buffer is ready
enabled) and processing for frame transf
FIFO has not been executed, or that fran
is in progress.

When this state is recognized in an E-DN\
descriptor read, the E-DMAC continues v
receive operation.

30

RDLE

0

R/W

Receive Descriptor List Last

After completion of the corresponding buffet
the E-DMAC references the first receive des
This specification is used to set a ring confic
the receive descriptors.

0: This is not the last receive descriptor list
1: This is the last receive descriptor list
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11: Contents of receive buffer indicated by th
descriptor are equivalent to one frame (or
frame/one buffer)

27 RFE 0 R/W Receive Frame Error

Indicates that one or other bit of the receive f
status indicated by bits 26 to 0 is set. Whethe
the receive frame status information is copiec
bit is specified by the transmit/receive status
enable register.

0: No error during reception
1: A certain kind of error occurred during rece
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RFS7:

RFS6:

RSF5:

RFS4:

RFS3:

RFS2:

RFS1:

RFSO:

Multicast address frame received (c«
to RMAF bit in EESR)

CAM entry unregistered frame recei
(corresponds to the RUAF bit in EES

Reserved (The write value should al
be 0.)

Receive residual-bit frame error (cor
to RRF bit in EESR)

Receive too-long frame error (corres
RTLF bit in EESR)

Receive too-short frame error (corre
RTSF bit in EESR)

PHY-LSI receive error (corresponds
in EESR)

CRC error on received frame (corres
CERF bit in EESR)
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1,514 bytes, excluding the CRC data. Theref
the receive buffer length specification, a valu
bytes (H'05F0) that takes account of a 16-byt
boundary is set as the maximum receive fran

15to0 RDL AllO R/W Receive Data Length

These bits specify the data length of a receiv
stored in the receive buffer.

The receive data transferred to the receive b
not include the 4-byte CRC data at the end o
frame. The receive frame length is reported &
number of words (valid data bytes) not includ
CRC data.

(c) ReceiveDescriptor 2 (RD2)

RD2 specifies the 32-bit receive buffer start address. The receive buffer start address mus
aligned with a longword boundary. However, when SDRAM is connected, it must be alig
a 16-byte boundary.

12.3.2 Transmission

When the transmit function is enabled and the transmit request bit (TR) is set in the E-DN
transmit request register (EDTRR), the E-DMAC reads the descriptor used last time from
transmit descriptor list (in the initial state, the descriptor indicated by the transmission de
start address register (TDLAR)). If the setting of the TACT bit in the read descriptor is ac
E-DMAC reads transmit frame data sequentially from the transmit buffer start address sp
by TD2, and transfers it to the EtherC. The EtherC creates a transmit frame and starts trar
to the MII. After DMA transfer of data equivalent to the buffer length specified in the de:
the following processing is carried out according to the TFP value.
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Iransmission riowcnart

This LSI + memory E-DMAC Transmit FIFO EtherC

EtherC/E-DMAC > -
initialization o
Descriptor and
transmit
buffer setting
Transmit directive _

Descriptor read

—

Transmit data transfer
Descriptor write-back \
" Descriptorread \

Transmit data transfer

\

/

\ Frame transmis
-

Transmission
completed

Descriptor write-back

Figure12.4 Sample Transmission Flowchart
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frame reception is completed, or if frame reception is suspended because of a certain kinc
the E-DMAC performs write-back to the relevant descriptor (RFP =11 or 01), and then e
receive processing. The E-DMAC then reads the next descriptor and enters the receive-st
state again.

To receive frames continuously, the receive enable control bit (RNC) must be set to 1 in 1
receive control register (RCR). After initialization, this bit is cleared to O.
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Descriptor read /

/ Frame recep

Receive data transfer

P Descriptor write-back

Descriptorread

—

Receive data transfer

~_ Descriptor write-back Reception

Descriptor read (receive completed
ready for the next frame)

Figure12.5 Sample Reception Flowchart
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bit cleared to 0, immediately. The next descriptor is then read, and the position within th
frame is determined on the basis of bits TFP1 and TFPO (continuing [B'00] or end [B'01]
case of a continuing descriptor, the TACT bit is cleared to 0, only, and the next descripto
immediately. If the descriptor is the final descriptor, not only is the TACT bit cleared to
write-back is also performed to the TFE and TFS bits at the same time. Data in the buffe
transmitted between the occurrence of an error and write-back to the final descriptor. If ¢
interrupts are enabled in the EtherC/E-DMAC status interrupt permission register (EESIF
interrupt is generated immediately after the final descriptor write-back.

Descriptors | |

E-DMAC

« Descriptor read
Inactivates TACT 1

«-Descriptor read
Inactivates TACT 1

«-Descriptor read
Inactivates TACT | 1

Descriptor read -

- Untransmitted
| data is not
transmitted
| aftererror
| occurrence | | One frame

Descriptor is
~— only processed.

TTI|TT
AD|FF
CL|PP [
TE|10 —
00|10 ——
00|00
00|00 [
Inactivates TACT (change 1 to 0) | Transn
1000 oceurrt
0
0
0

o|lo|o| o

ol 1 1 \»
Inactivates TACT and writes TFE, TFS 19 10 ' t Buffer
NE——
[ rans
| | [ untra

Figure12.6 E-DMAC Operation after Transmit Error
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e N S~

(EESIPR), an interrupt is generated immediately after the write-back. If there is a new {
receive request, reception is continued from the buffer after that in which the error occu

Descriptors |

RR|RR
AD|FF
cL|PP
TE|[1o0 —> Ny
o010

Start

00 00
00 00 g
Inactivates RACT and writes RFE, RFS | — Rect
1 1 0|0 1 <:| occu
E-DMAC __ Descriptor read
‘ Write-back | 1 0 00 L h N
1o0loo0 S— \New
conti
10 00 I~
10 00
R t Buffer
11 00
N
=3
I I —

Figure12.7 E-DMAC Operation after Receive Error
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(d4) 11 Ulls CAalllplc, DUUL UIC TeLCpUuull HItciiupt allt L allsiiinssiO Hiteiiupt sOoultes Ol L,
used. Firstly, reception interrupt source A from the EtherC or E-DMAC sets bit A in |

and an interrupt is generated.

(b) The interrupt handler writes 1 to bit A to clear it.

(c) If clearing of bit A by writing of a 1 and generation of the transmission-interrupt sour
signal by the EtherC or E-DMAC take place simultaneously, bit A will be cleared but
status bit for transmission-interrupt source B in EESR might not be set.

Data to be written to EESR

)Y

'
H'00000001!

prm—" ) w——
Failure to generate |
interrupt source B d

, , @ , , , , .0). © @

1 1 1 1 1 1 1 1 ' 1 1 1
Internal clock (16) _I | | | | L(' I I I I L

1 . . 1 1 H Simultaneous clearing of the bit H .
Reception interrupt source A ' ' ' ' b¥_wrmng of a 1 and generation ' '
generated by EtherC/E-DMAC J | H ! ! ' \ofinterrupt source B. ! !

) F

1 1 1 1 1 1 1 ' 1 1 1
Transmission interrupt source B! "'~ _ - K K K K K i i : i i
generated by EtherC/E-DMAC | TR | | | | I | | I I | |

T T S T T ™)) T T & t T T

Ty

! Ly ! ! L ! U R !
Bit A in EESR 1 1 | 1 1 A 1 1 ' L 1 1

' ' ' Reception interrupt source A 1 . ! ' \ o
Bit B in EESR 1 H + |is setin bit A of EESR. ! ! : ! ! !

1 1 1 1 I 1 1 B 1 1 1
Write access to EESR ' ' ' ' ' ' '
by software ! ! ! L ' \ l | A !

i i i i i i

' ' '

' ' '

' ' '

Only bit A of EESR
is cleared by software.

>
Bit clearing

non-setting of bit B.

by writing a 1

= = = = :Expected

Figure12.8 Timing of the Case where Setting of the Interrupt Source Bit in EESR

DMAC Fails
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30 TWB Write-back complete Yes —

29 — Reserved — —

28 — Reserved — —

27 — Reserved — —

26 TABT Transmit abort detected Yes Reflected in
TDO bit8
(TFS8)

25 RABT Receive abort detected No Reflected in
RDO bit8
(RFS8)

24 RFCOF  Receive frame counter overflow Yes —

23 ADE Address error No —

22 ECI EtherC status register interrupt No —

source

21 TC Frame transmission complete Yes Reflected in
TDO bit31
(TACT)

20 TDE Transmit descriptor empty No —

19 TFUF Transmit FIFO underflow Yes —

18 FR Frame received No Reflected in
RDO bit31
(RACT)

17 RDE Receive descriptor empty No —

16 RFOF Receive FIFO overflow Yes Reflected in
RDO bit9
(RFS9)
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10 DLC

Loss of carrier detected

Yes

Reflected in
TDO bit2
(TFS2)

Delayed collision detected

Yes

Reflected in
TDO bit1
(TFS1)

8 TRO

Transmit retry over

Yes

Reflected in
TDO bit0
(TFSO0)

7 RMAF

Multicast address frame received

No

Reflected in
RDO bit7
(RFS7)

Reserved

Receive frame discard request
asserted

No

Reflected in
RDO bit5
(RFS5)

4 RRF

Residual-bit frame received

No

Reflected in
RDO bit4
(RFS4)

3 RTLF

Overly long frame received

No

Reflected in
RDO bit3
(RFS3)

2 RTSF

Overly short frame received

No

Reflected in
RDO bit2
(RFS2)

1 PRE

PHY receive error

No

Reflected in
RDO bit1
(RFS1)
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Check the TACT bit in the transmit descriptor. TACT = 0 indicates that the transmis

complete.

Bit 26 (TABT): Transmit abort detection interrupt source bit in EESR may not be se

Since the state of the interrupt source is written back to the relevant descriptor, checl

transmit descriptor (TDO) to confirm the error status.

Bit 24 (RFCOF): Receive frame counter overflow interrupt source bit in EESR may

However, even if the software is not notified of the interrupt despite the frame count

overflowed, the upper layer (e.g. TCP/IP) can recognize the error because this LSI d

frame. After departure from the overflow state, storage in the receive FIFO proceeds

from the head of the next frame. Therefore, no problem with the system arises.
Bit 21 (TC): Frame transmission complete interrupt source bit in EESR may not be «
For transmission-related processing, either procedure (a) or (b) given below is effect
(a) Transmission processing without interrupt handling of the frame transmission co
interrupt
1. Prepare multiple transmit descriptors so that multiple frames can be transmitt
2. After setting the transmit descriptors, set bit 0 (TR) in the E-DMAC transmi
register (EDTRR) to start transmission.

3. Before setting the next frame for transmission in the descriptor (when a tran
task arises), check the TACT bit of the corresponding transmit descriptor.

4. If the TACT bit is clear, set the frame for transmission in the corresponding
descriptor and set the TR bit in EDTRR to start transmission. If the TACT b
1, do not set the transmit descriptor until the next timing.

(b) For systems where completion of the transmission of each frame must be confirn
is, set frame for transmission — initiate transmission — complete frame transmi:
set the next frame for transmission — ...)

1. Check the TACT bit in the last descriptor of the frame for transmission and ¢
that TACT = 0, which means that the transmission was completed.
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check the transmit descriptor (TDO) to confirm the error status.

(2) Example of a counter measure when the softwar e configuration is based on the
transmit completeinterrupt

The following descriptions are of sample countermeasures for cases when software proce
based on the frame transmit complete interrupt (bit 21 (TC) in EESR).

If the TC interrupt source bit (bit 21) in EESR is not set on completion of transmission, tl
will continue to wait for the TC interrupt, leading to stoppage of transmission. This situat
when the interrupt handler writes a 1 to clear the bit. The sample method given as case (a
takes the above possibility into account and avoids the problem by monitoring the transm
descriptor in interrupt processing for interrupts other than the TC interrupt.

The sample method given as case (b) below avoids the above problem by setting a timeot
for retry processing when multiple transmit descriptors are in use.

Note: The countermeasure should be the one that best suits the structure of your driver .
software.

Rev. 6.00 Jul. 15, 2009 Page 310 of 816
REJ09B0237-0600 RENESAS



transmission task arises), check the TACT bit in the corresponding transmit descript
5. If the TACT bit is clear, set the frame for transmission in the corresponding transmit
and start transmission by setting the TR bit in EDTRR. If the TACT bit is set to 1, tu
condition flag and make an OS service call (e.g. to acquire the semaphore) to place t
transmission task in the waiting state.
Note: Before setting the TR bit in EDTRR, always read the TR bit and make sure that

6. Wait until the transmission task leaves the waiting state. There are two conditions fo
the OS service call (e.g. returning the semaphore) from the interrupt handler to take
out of the waiting state.

— Generation of a TC interrupt

— Generation of an interrupt other than the TC interrupt while the condition flag is
TACT = 0. Elimination of unwanted processing by checking the TACT bit is on
when the condition flag is on. The condition flag should be turned off after the ta
the waiting state.

7. When the transmission task has left the waiting state and entered execution, set the t
frame in the corresponding transmit descriptor and then set the TR bit in EDTRR to
transmission.
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| corresponding transmit descriptor. |

No

4. TACT = 0?

Yes 5. I Turn the condition flag on.

Make an OS service call to place
the transmission task in a waiting state.

5. | After setting the corresponding transmit

7. | descriptor, set the TR bitin EDTRR to 1.

]

Has the transmission task
been brought out of the waiting state
ky the interrupt handler2

TC: EESR frame transmission complete
3: Processing added as the countermeasure for the problem

Yes

nterrupt processing for intel
other than TC

Is the condition flag or

Yes

Read the TACT bit of the corres
transmit descriptor.

TACT = 0?

Yes

Make an OS service call to brin
transmission task out of the wai

Turn off the condition fla

B E—

End

Figure12.9 Countermeasure by Monitoring the Transmit Descriptor in Process
Interrupts Other than the Frame Transmit Complete (TC) Interrupt
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Note: Before setting the TR bit in EDTRR, always read the TR bit and make sure that

5. When the transmission task has left the waiting state and entered the execution state
time limit, set the frame for transmission in the corresponding transmit descriptor an
the TR bit in EDTRR to start transmission. Taking the transmission task out of the w
state should be done by the interrupt handler when the TC interrupt is generated.

6. When the timeout limit is reached, check the TACT bit in the corresponding transmi
descriptor. If the TACT bit is clear, set the frame for transmission in the correspondi
transmit descriptor and set the TR bit in EDTRR to start transmission. If the TACT
1, place the transmission task in a waiting state by making an OS service call of a ro
a timeout function, or execute a software reset to initialize all of the modules associa
Ethernet functionality.
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TACT =0?

Yes

4. |After setting the corresponding transmit
5. |descriptor, set the TR bit in EDTRR to 1.

»>

Yes
Nterrupt processimg for int
other than TC

Place the transmission task in a waiting
state by calling an OS service routine
with a timeout function.

as the transmission
task left the waiting state

ithin the specified time2,

Timeout

|

Read the TACT bit of the correspond|

transmit descriptor.

TACT =0?

Yes

TC: EESR frame transmission complete

1 Processing added as the countermeasure for the problem

Figure12.10 Method of Adding Timeout Processing
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length of the remaining frame data and the value of the transmit FIFO pointer.

The relationship between the stoppage of E-DMAC operation and the state of the transn
shown below.

The data for transmission, which are placed in external memory (transmit buffer), are D
transferred by the E-DMAC to the transmit FIFO and output from the MII pin via the E
module. The transmit FIFO write pointer (WP) is used when the E-DMAC writes the da
transmission to the transmit FIFO, and the transmit FIFO read pointer (RP) is used whei
EtherC module reads the data for transmission from the transmit FIFO.

1. After a software reset, the transmit FIFO will have been initialized, and WP and RP
the minimum and maximum values, respectively, of the transmit FIFO capacity.

2. When the E-DMAC starts DMA transfer, WP is incremented when the data for trans
are written to the transmit FIFO. On the other hand, RP is incremented when the dat:
to the transmit FIFO are read out by the EtherC module.

Note: The transmit FIFO only stores the data of a single frame that is being processed.
not store data extending over multiple frames. This means that the E-DMAC do
transfer the next frame to the transmit FIFO until the data of the frame being prc
read from the transmit FIFO.

3. If the E-DMAC fails to get the bus mastership for a system-related reason, the DMA
does not proceed and a transmit underflow occurs (WP = RP < frame length). Read :
the transmit FIFO by the EtherC is then terminated and RP is initialized (to the maxi
value of the size of the transmit FIFO).

4. On again acquiring the bus mastership, the E-DMAC resumes DMA transfer of the 1
data of the frame. However, if the transmit FIFO becomes full despite a failure to w
the remaining frame data from the point when the transmit FIFO underflowed, the E
waits for the transmit FIFO to become empty before transferring further remaining ¢
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Increment
| RP

Minimum
transmit FIFO capacity

Data for transmission is read
by EtherC

1. Initial state after software reset 2. Writing and reading of the data for trans

Data for transmission is written
by the E-DMAC.

Transmit FIFO Transmit FIFO‘

Maximum <+ RP <—RP
transmit FIFO capacity ‘) - Transmit FIFO
Initial state is full

WP <—RP WP
Minimum
transmit FIFO capacity

Data for transmission is read by EtherC Reading of data for transmission
by EtherC is terminated.
3. Transmit-FIFO underflow has occurred 4. Point where the problem makes the E-D

WP: Transmit FIFO write poir
RP: Transmit FIFO read poin

Figure12.11 Operation when E-DMAC Stopsand the Transmit FIFO
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e e = L e S
with a maximum specified time as the timeout limit, and are based on the countermeasu
explained in section 12.4.1, Usage Notes on SH-Ether EtherC/E-DMAC Status Register

The constant specified time corresponds to the timeout limit stated in section 12.4.1, Us
on SH-Ether EtherC/E-DMAC Status Register (EESR). The maximum specified time st
set with reference to the maximum times taking retry processing into consideration, as g
table 12.2. Derive n, the number of repetitions of the constant specified time, from this 1
specified time. If transfer takes more than the maximum specified time, this indicates th
DMAC has stopped due to a transmission underflow. In this case, execute a software re:
initialize the EtherC and E-DMAC modules. Since the receiving side will also be initial
software reset, the receiving side may require processing in a higher-level layer (e.g. TC

Note: The countermeasure should be the one that best suits the structure of your drive:
software.

(2) Countermeasurefor the case where the softwar e handles transmission withot
of TC interrupts

The countermeasure described under (a), Processing transmission without handling of tl
transmission complete (TC) interrupt, below, is based on the method explained in the de
of bit 21 in (1) Countermeasure of section 12.4.1, Usage Notes on SH-Ether EtherC/E-I
Status Register (EESR).
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to O (counter 1 1s the variable that indicates the number of repetitions of the timer oper
measure the specified constant period).

Start counting by the timer.

7. When the specified constant period has elapsed, stop the timer counter and check the
in the corresponding transmit descriptor.

8. If the TACT bit is clear, set the frame for transmission in the corresponding transmit ¢
and set the TR bit in EDTRR to start transmission. If the TACT bit is set to 1, increm
counter i.

9. While the TACT bit is found to be 1 in step 8 and the value of counter i is less than n,

steps 6 to 8 until the maximum specified time is reached (the maximum specified tim
be set with reference to the maximum times in consideration of retry processing givet
12.2, and from this maximum specified time, determine n, the number of repetitions ¢
specified constant period; n is determined by the user with reference to table 12.2).
If counter i reaches or exceeds n, the maximum specified time has elapsed and we car
that the E-DMAC has stopped due to a transmit underflow. Initialize the EtherC and |
modules by setting the software-reset bit SWR in the E-DMAC mode register (EDMI
re-making initial settings for the Ethernet module, initialize the transmit/receive desct
and transmit/receive buffers.
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Yes

5. | Atter setting the corresponding transmit
8. | descriptor, set the TR bit in EDTRR to 1.

Read the TACT bit of
the corresponding
transmit descriptor.

Issue a software reset to
initialize the EtherC and
E-DMAC modules.

Make initial settings of the
EtherC and E-DMAC modules.,

Initialize the transmit/receive

descriptors and transmit/receive
buffers.

(EESR).
2. Set n with reference to the maximum specified time values in table 12.2.
E : Processing added as the countermeasure for the problem

Notes: 1. The specified constant period is the timeout period mentioned in section 12.4.1, Usage Notes on SH-Ether EtherC/E-DMAC Status

Figure12.12 Processing Transmission without Handling of the TC Interrt
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maximum specified time

1. Prepare multiple transmit descriptors so that multiple frames can be transmitted.

2. After setting the transmit descriptors, start transmission by setting bit O (TR) in the E-
transmit request register (EDTRR).

3. Before setting the next frame for transmission in the transmit descriptor (when a trans
task arises), check the TACT bit in the transmit descriptor.

4. If the TACT bit is clear, set the frame for transmission in the corresponding transmit ¢
and start transmission by setting the TR bit in EDTRR. If the TACT bit is set to 1, set
to O (counter i is the variable that indicates the number of calls of the OS service routi
timeout function). Then, place the transmission task in a waiting state by calling the (
(e.g. acquire a semaphore that has a timeout limit).

Note: Before setting the TR bit in EDTRR, always read the TR bit and make sure that ']

5. When the transmission task has left the waiting state and entered the execution state v
specified constant period, set the frame for transmission in the corresponding transmi
descriptor and then set the TR bit in EDTRR to start transmission. The transmission t
should be taken out of the waiting state by the interrupt handler initiated by generatio
TC interrupt.

6. If the transmission task has not left the waiting state within the specified constant per
increment counter i. Then, if i < n, check the TACT bit in the corresponding transmit
descriptor. The value for counting, n, is determined by the user with reference to table

7. If the TACT bit is clear, set the frame for transmission in the corresponding transmit ¢
and set the TR bit in EDTRR to start transmission. If the TACT bit is set to 1, return t
transmission task to the waiting state by calling an OS service routine that has a timec
function, and then repeat steps 5 and 6.
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Yes End

4. |After setting the corresponding transmit
5. |descriptor, set the TR bit in EDTRR to 1.

|
Call an OS service routine with
a timeout function to place the
transmission task in a waiting state.

»

as the transmission task ™
left the waiting state within_ *
Re constant specified time2

Issue a software reset to
initialize the EtherC and

Read the TACT bit of the E-DMAC modules.
corresponding transmit
descriptor. Make initial settings of the
EtherC and E-DMAC modules
Initialize the transmit/receive
descriptors and transmit/receiv
7. TACT =0? No

Yes

Notes: 1. The specified constant period is the timeout period mentioned in section 12.4.1, Usage Notes on SH-Ether EtherC/E-DMAC Status R
(EESR).
2. Set n with reference to the maximum specified time values in table 12.2.
D : Processing added as the countermeasure for the problem

Figure12.13 Countermeasurefor the Case with TC Interrupt-Driven Software: Ac
Timeout Processing within the Limit Imposed by the Maximum Specified Tir
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oul Clalicls (twO cllallllcls Cdll 1TLCIVe dil TALCLAl 1Cgquest)
4-Gbyte physical address space

Data transfer unit is selectable: Byte, word (2 bytes), longword (4 bytes), and 16 byt
(longword x 4)

Maximum transfer count: 16,777,216 transfers

Address mode: Dual address mode or single address mode can be selected.

Transfer requests:

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

— SCIFO, SCIF1, SCIF2, and SIOFO

Selectable bus modes:

Cycle steal mode (normal mode and intermittent mode) or burst mode can be selecte
Selectable channel priority levels:

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

Interrupt request: An interrupt request can be generated to the CPU after transfers er
specified counts.

External request detection: There are following four types of DREQ input detection.
— Low level detection

— High level detection

— Rising edge detection

— Falling edge detection

Transfer request acknowledge signal:

Active levels for DACK and TEND can be set independently.
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request signal

| DMA transfer

¢
| ! DMAOR |<
|
Request ‘—,

priority
control DMASRO,
DMASR1

DMA transfer acknowledge signal

DEIn

Interrupt controller

@ .
— D
D

ROM ' interface
< D
=
RAM U A
External \/

1/0 (memory
mapped) C> [Legend]
Bus state SARn: DMA source address register

External C> controller DARnN: DMA destination address regist

1/0 (with DMATCRn: DMA transfer count register
acknowledge- CHCRn: DMA channel control register

ment) DMAOR: DMA operation register
N DMASRO,

SAARA NARKT DMASR1:  DMA extended resource selectc
DACKO, DACK1 DElIn: DMA transfer-end interrupt requ
TENDO, TEND1 n: 01,23

DREQO, DREQ1

Figure13.1 Block Diagram of DMAC
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DMA transfer request
acknowledge

DACKO Output

DMA transfer request acknow
output from channel 0 to exte
device

DMA transfer end

DMA transfer end of DMAC c
output of

DMA transfer request

DMA transfer request input fr
external device to channel 1

DMA transfer request
acknowledge

DMA transfer request acknow
output from channel 1 to exte
device

DMA transfer end

TENDO Output
DREQ1 Input

DACK1 Output
TEND1 Output

DMA transfer end of DMAC ¢
output
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e DMA channel control register_0 (CHCR_0)
Channd 1:

o DMA source address register_1 (SAR_1)

e DMA destination address register_1 (DAR_1)
e DMA transfer count register_1 (DMATCR_1)
e DMA channel control register _1 (CHCR_1)

Channel 2:

¢ DMA source address register_2 (SAR_2)

e DMA destination address register_2 (DAR_2)
e DMA transfer count register_2 (DMATCR_2)
e DMA channel control register_2 (CHCR_2)

Channdl 3:

o DMA source address register_3 (SAR_3)

e DMA destination address register_3 (DAR_3)
e DMA transfer count register_3 (DMATCR_3)
e DMA channel control register_3 (CHCR_3)

Common:

e DMA operation register (DMAOR)
e DMA extended resource selector 0 (DMARSO)
o DMA extended resource selector 1 (DMARSI)
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DAR are 32-bit readable/writable registers that specify the destination address of a DM,
During a DMA transfer, these registers indicate the next destination address. When the ¢
transferred from an external device with the DACK in single address mode, the DAR is

To transfer data in 16 bits or in 32 bits, specify the address with 16-bit or 32-bit address
When transferring data in 16-byte units, a 16-byte boundary must be set for the destinat
value. The initial value is undefined.

13.3.3 DMA Transfer Count Registers0to 3(DMATCR_0to DMATCR_3)

DMATCR are 32-bit readable/writable registers that specify the DMA transfer count. Tl
of transfers is 1 when the setting is H'00000001, 16,777,215 when H'OOFFFFFF is set, a
16,777,216 (the maximum) when H'00000000 is set. During a DMA transfer, these regi
indicate the remaining transfer count.

The upper eight bits of DMATCR are always read as 0, and the write value should alwa
transfer data in 16 bytes, one 16-byte transfer (128 bits) counts one. The initial value is
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LCICULIS WICUITT UNLW 1o UCLTULLICU Dy UvTiiull
overrun 1. This bit is valid only in CHCR_0 anc
CHCR_1. This bit is always reserved and read
CHCR_2 and CHCR_3. The write value shoulc
be 0.

0: Detects DREQ by overrun 0
1: Detects DREQ by overrun 1

22 TL 0 R/W

Transfer End Level

Specifies whether the TEND signal output is hi
or low active.

This bit is valid only in CHCR_0 and CHCR_1.
is always reserved and read as 0 in CHCR2 ar
CHCR_3. The write value should always be 0.

0: Low-active output of TEND
1: High-active output of TEND

21018 — AllO R

Reserved

These bits are always read as 0. The write val
always be 0.

17 AM 0 R/W

Acknowledge Mode

Selects whether DACK is output in data read c
data write cycle in dual address mode.

In single address mode, DACK is always outpt
regardless of the specification by this bit.

This bit is valid only in CHCR_0 and CHCR_1.
is always reserved and read as 0 in CHCR_2 ¢
CHCR_3. The write value should always be 0.

0: DACK output in read cycle (dual address m
1: DACK output in write cycle (dual address m
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it

DMO

L

R/W

T W d LET TRALIAAE R 7 VAT VALY VAW Y Ty 0

Specify whether the DMA destination addresst
incremented, decremented, or left fixed. (In s
address mode, the DM1 and DMO bits are igr
when data is transferred to an external device
DACK.)

00: Fixed destination address (setting prohibi
byte transfer)

01: Destination address is incremented (+1 in
transfer, +2 in word-unit transfer, +4 in lor
unit transfer, +16 in 16-byte transfer)

10: Destination address is decremented (—1 i
transfer, =2 in word-unit transfer, —4 in lor
unit transfer; setting prohibited in 16-byte

11: Setting prohibited

13
12

SM1
SMO

R/W
R/W

Source Address Mode 1, 0

Specify whether the DMA source address is

incremented, decremented, or left fixed. (In s
address mode, SM1 and SMO bits are ignore
data is transferred from an external device wi

00: Fixed source address (setting prohibited i
transfer)

01: Source address is incremented (+1 in byt
transfer, +2 in word-unit transfer, +4 in lor
unit transfer, +16 in 16-byte transfer)

10: Source address is decremented (-1 in by
transfer, —2 in word-unit transfer, —4 in lor
unit transfer; setting prohibited in 16-byte

11: Setting prohibited
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0 0 1 1 External request, single address mode

External device with DACK — Externa
space

Auto request

Setting prohibited

—_

Setting prohibited

o|o|o| o

Setting prohibited

—_

Selected by DMA extended resource ¢

Setting prohibited

Setting prohibited

o|o|o| o

Setting prohibited

Setting prohibited

—_
—_

Setting prohibited

Setting prohibited

a|la|lo|lo| m| w0l m| || O
| OoO|=|O|=|O|=|O|—=|O|—=+|O

Setting prohibited

Note: External request specification is valid only
CHCR_0 and CHCR_1. None of the exter
request can be selected in CHCR_2 and (
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01: DREQ detected at falling edge
10: DREQ detected in high level
11: DREQ detected at rising edge

B

R/W

Transfer Bus Mode

Specifies the bus mode when DMA transfers d:
0: Cycle steal mode

1: Burst mode

TS1
TSO

R/W
R/W

Transfer Size 1, 0
Specify the size of data to be transferred.

Select the size of data to be transferred when t
or destination is an on-chip peripheral module r
which transfer size is specified.

00: Byte size

01: Word size (2 bytes)

10: Longword size (4 bytes)

11: 16-byte unit (four longword transfers)

R/W

Interrupt Enable

Specifies whether or not an interrupt request is
to the CPU at the end of the DMA transfer. Set
to 1 generates an interrupt request (DEI) to the
when the TE bit is set to 1.

0: Interrupt request is disabled.

1: Interrupt request is enabled.
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10 Clear the | E DIt, the | E DIt shoula be written 1
reading 1.

Even if the DE bit is set to 1 while this bit is set t
transfer is not enabled.

0: During the DMA transfer or DMA transfer has
interrupted

[Clearing condition]
Writing 0 after TE = 1 read

1: DMA transfer ends by the specified count (DM
0)

DMA Enable

Enables or disables the DMA transfer. In auto re
mode, DMA transfer starts by setting the DE bit
bit in DMAOR to 1. In this time, all of the bits TE
and AE in DMAOR must be 0. In an external rec
peripheral module request, DMA transfer starts
transfer request is generated by the devices or
modules after setting the bits DE and DME to 1.
case, however, all of the bits TE, NMIF, and AE
0, which is the same as in the case of auto requ
mode. Clearing the DE bit to 0 can terminate the
transfer.

0: DMA transfer disabled
1: DMA transfer enabled

Note: * Writing O is possible to clear the flag.
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IoHowing.
(1) In the case of intended bit clear, please write 0 after reading 1 to the flag.
(2) In the other cases, please write 1 to the flag.

If the flag is not used, it is no problem to write O to flag (in the case of intended bit c
0 after reading 1 to the flag).
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12 CMS0 0 R/W

M RRAl IV M Y Mt Iy ™

Select either normal mode or intermittent mode i
steal mode.

It is necessary that all channel's bus modes are
cycle steal mode to make valid intermittent mode

00: Normal mode
01: Setting prohibited
10: Intermittent mode 16

Executes one DMA transfer in each of 16 clc
external bus clock.

11: Intermittent mode 64

Executes one DMA transfer in each of 64 clc
external bus clock.

11,10 — AllO R

Reserved

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

PR1 0 R/W
PRO 0 R/W

Priority Mode 1, 0

Select the priority level between channels when
transfer requests for multiple channels simultane

00: CHO > CH1 > CH2 > CH3
01: CHO > CH2 > CH3 > CH1
10: Setting prohibited

11: Round-robin mode

7t03 — AllO R

Reserved

These bits are always read as 0. The write value
always be 0.
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1: DMAC address error occurs

1 NMIF 0 R/(W)* NMI Flag

Indicates that an NMI interrupt occurred. If this
DMA transfer is disabled even if the DE bit in C
the DME bit in DMAOR are set to 1. This bit ca
cleared by writing O after reading 1.
When the NMI is input, the DMA transfer in pro
be done in one transfer unit. When the DMAC i
operational, the NMIF bit is set to 1 even if the
interrupt was input.
0: No NMI interrupt
[Clearing condition]
Writing NMIF = 0 after NMIF = 1 read
1: NMI interrupt occurs

0 DME 0 R/W DMA Master Enable
Enables or disables DMA transfers on all chant
DME bit and the DE bit in CHCR are set to 1, tr
enabled. In this time, all of the bits TE in CHCF

and AE in DMAOR must be 0. If this bit is clear
transfer, transfers in all channels are terminate

0: Disables DMA transfers on all channels
1: Enables DMA transfers on all channels

Note: * Writing O is possible to clear the flag.
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following.

(1) In the case of intended bit clear, please write 0 after reading 1 to the flag.

(2) In the other cases, please write 1 to the flag.

If the flag is not used, it is no problem to write O to flag (in the case of intended bit cl
0 after reading 1 to the flag).

If an interrupt is generated by the flag and the flag causing the interrupt is read in an i
handler routine, this case does not apply to the foregoing notice. However if there is &
possibility that another flag bit in the register is set at the timing of reading the registe
follow the workaround described above.
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DMARSO

Initial

Bit Bit Name Value R/W Description
15 C1MID5 0 R/W Transfer request module ID5 to IDO for DMA cf
14 CIMID4 0 rw  (MID)
13 CIMID3 0 R/W See table 13.2.
12 CiMID2 0 R/W
11 C1MID1 0 R/W
10 CiMIDO O R/W
9 C1RID1 0 R/W Transfer request register ID1 and IDO for DMA
8 C1RIDO 0 rw (RID)

See table 13.2.
7 COMID5 0 R/W Transfer request module ID5 to IDO for DMA cf
6 COMID4 0 rw  (MID)
5 COMID3 0 R/W See table 13.2.
4 comiD2 0 R/W
3 COMID1 0 R/W
2 CoMIDO O R/W
1 CORID1 0 R/W Transfer request register ID1 and IDO for DMA
0 CORIDO 0 rw (RID)

See table 13.2.
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(RID)

8 C3RIDO 0 R/W
See table 13.2.
7 C2MID5 0 R/W Transfer request module ID5 to IDO for DMA che
6 CoMID4 0 rw  (MID)
5 C2MID3 0 R/W See table 13.2.
4 camiD2 0 R/W
3 C2MID1 0 R/W
2 C2mMIDO 0 R/W
1 C2RID1 0 R/W Transfer request register ID1 and IDO for DMA c
0 C2RIDO 0 rw (RID)

See table 13.2.

Table13.2 Transfer Request Sources

Peripheral  Setting Value for One

Module Channel (MID + RID) MID RID Function
SCIFO0 H'21 001000 01 Transmit
H'22 10 Receive
SCIF1 H'25 001001 01 Transmit
H'26 10 Receive
SCIF2 H'29 001010 01 Transmit
H'2A 10 Receive
SIOFO0 H'51 010100 01 Transmit
H'52 10 Receive
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register (DMAOR), and DMA extended resource selectors (DMARS) are set, the DMA!
data according to the following procedure:

1. Checks to see if transfer is enabled (DE = 1, DME = 1, TE = 0, AE = 0, NMIF = 0)

2. When a transfer request occurs while transfer is enabled, the DMAC transfers one tr
of data (depending on the TS0 and TS1 settings). In auto request mode, the transfer |
automatically when the DE bit and DME bit are set to 1. The DMATCR value will t
decremented for each transfer. The actual transfer flows vary by address mode and b

3. When the specified number of transfer have been completed (when DMATCR reach
transfer ends normally. If the IE bit in CHCR is set to 1 at this time, a DEI interrupt
the CPU.

4. When an address error or an NMI interrupt is generated, the transfer is aborted. Tran
also aborted when the DE bit in CHCR or the DME bit in DMAOR is changed to 0.
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Transfer request %2

occurs?*1

Bus mode,
%3 transfer request mode,
v DREQ detection selection
Transfer (1 transfer unit); system

DMATCR - 1 — DMATCR, SAR and DAR
updated

NMIF =1
orAE=10orDE=0
or DME = 0?

DMATCR = 0?

( Transfer aborted )

DEI interrupt request (when IE = 1) |

NMIF =1
orAE=10orDE=0
or DME = 0?

No

¢ Transfer end ) ( Normal end )

Notes: 1. In auto-request mode, transfer begins when the NMIF, AE, and TE bits are all 0 and the DE a
DME bits are set to 1.
2. DREAQ = level detection in burst mode (external request) or cycle-steal mode.
3. DREQ = edge detection in burst mode (external request), or auto-request mode in burst mod

Figure13.2 DMA Transfer Flowchart
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transfer request signal internally. When the DE bits in CHCR and the DME bit in DMA
to 1, the transfer begins so long as the AE and NMIF bits in DMAOR are all 0.

External Request M ode: In this mode, a transfer is performed at the request signals (D
DREQ1) of an external device. This mode is valid only in channel 0 and channel 1. Cho
the modes shown in table 13.3 according to the application system. When this mode is s
the DMA transfer is enabled (DE = 1, DME = 1, TE = 0, AE = 0, NMIF = 0), a transfer
performed upon a request at the DREQ input.

Table13.3 Selecting External Request Modes with RS Bits

RS3 RS2 RS1 RSO Address Mode Source Destinatior
0 0 0 0 Dual address Any Any
mode
1 0 Single address  External memory, External de
mode memory-mapped DACK
external device
1 External device with  External me
DACK memory-me
external de

Choose to detect DREQ by either the edge or level of the signal input with the DL bit ar
in CHCR_0 and CHCR_1 as shown in table 13.4. The source of the transfer request doe
to be the data transfer source or destination.
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acknowledge signal DACK for the accepted DREQ, the DREQ pin again becomes reque:
enabled state.

When DREQ is used by level detection, there are following two cases by the timing to de
next DREQ after outputting DACK.

e Opverrun O: Transfer is aborted after the same number of transfer has been performed -
requests.

e Overrun 1: Transfer is aborted after transfers have been performed for (the number of
plus 1) times.

The DO bit in CHCR selects this overrun O or overrun 1.

Table13.5 Selecting External Request Detection with DO Bit

CHCR_0 or CHCR_1

DO External Request
0 Overrun 0
Overrun 1

On-Chip Peripheral Module Request M ode: In this mode, a transfer is performed at th
request signal of an on-chip peripheral module. Transfer request signals comprise the trar
empty transfer request and receive data full transfer request from the SCIFO, SCIF1, SCII
SIOFO set by DMARSO and DMARS 1.

When this mode is selected, if the DMA transfer is enabled (DE =1, DME =1, TE =0, 2
NMIF = 0), a transfer is performed upon the input of a transfer request signal.
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Request DMA Transter

RS[3:0] MID RID Source Request Signal Source Destinati
1000 001000 01 SCIFO TXIO (transmit FIFO data Any SCFTDR
transmitter empty interrupt)
10 SCIFO RXIO (receive FIFO data SCFRDRO Any
receiver full interrupt)
001001 01  SCIF1 TXH (transmit FIFO data Any SCFTDR
transmitter empty interrupt)
10 SCIF1 RXI1 (receive FIFO data SCFRDR1 Any
receiver full interrupt)
001010 01 SCIF2 TXI2 (transmit FIFO data Any SCFTDR
transmitter empty interrupt)
10 SCIF2 RXI2 (receive FIFO data SCFRDR2 Any
receiver full interrupt)
010100 01  SIOFO TXIO (transmit FIFO data Any SITDRO
transmitter empty interrupt)
10 SIOFO RXIO (receive FIFO data SIRDRO Any
receiver full interrupt)

13.4.3 Channd Priority

When the DMAC receives simultaneous transfer requests on two or more channels, it tr.
data according to a predetermined priority. Two modes (fixed mode and round-robin mc
selected by the PR1 and PRO bits in DMAOR.

Fixed Mode: In this mode, the priority levels among the channels remain fixed. There ¢
kinds of fixed modes as follows:

e CHO>CHI >CH2>CH3
e CHO>CH2>CH3>CHI

These are selected by the PR1 and the PRO bits in DMAOR.
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oty vordact

CH1>CH2 > CH3 > CHO
after transfer

(2) When channel 1 is transferred

Initial priority order [CHO S~ CH1>CH2 > CHS]

|CH2>CH3>CHO>CH1|

Priority order
after transfer

(3) When channel 2 is transferred

Initial priority order | CHO > CH1>CH2 > CH3 |
] ] L

Y ¥

Priority order
after transfer

Post-transfer priority order A Y
when there is an CH2 > CH3 > CHO > CH1 |
immediate transfer

request to channel 1 only

(4) When a channel 3 is transferred

Initial priority order | CHO > CH1 > CH2 > CH3 |

!

|CHO>CH1>CH2>CH3|

Priority order
after transfer

Channel 1 becomes bottom
priority.

The priority of channel 0, which
was higher than channel 1, is also
shifted.

Channel 2 becomes bottom
priority.

The priority of channels 0 and 1,
which were higher than channel 2,
are also shifted. If immediately
after there is a request to transfer
channel 1 only, channel 1 becomes
bottom priority and the priority of
channels 0 and 3, which were
higher than channel 1, are also
shifted.

Priority order does not change.

Figure13.3 Round-Robin Mode
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(channel 3 waits for transfer).
When the channel 1 transfer ends, channel 1 becomes lowest priority.
The channel 3 transfer begins.

When the channel 3 transfer ends, channels 3 and 2 shift downward in priority so th:
3 becomes the lowest priority.

Transfer request  Waiting channel(s) DMAC operation Channel priority
(1) Channels 0 and 3
~ —T1— (2)ChannelOtransfer « 0>1>2>3
(3) Channel 1 — B starts
Priority order
1,3 (4) Channel 0 transfer changes 1525350
ends /
—— (5) Channel 1 transfer
starts
l Priority order
3 (6) Channel 1 transfer changes 2>3>0>1
ends
—— (7) Channel 3 transfer /
starts
None l Priority order
changes
—L—  (8) Channel 3 transfer 0>1>2>3

ends

Figure 13.4 Changesin Channd Priority in Round-Robin Mode
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External Mapped On-Chip

Device with External External Peripheral  X/Y
Source DACK Memory Device Module U N
External device with DACK  Not Dual, Dual, Not Nof

available single single available ave
External memory Dual, single Dual Dual Dual Du:
Memory-mapped external Dual, single Dual Dual Dual Du:
device
On-chip peripheral module  Not Dual Dual Dual Du:

available

Notes: 1. Dual: Dual address mode
2. Single: Single address mode

3. For on-chip peripheral modules, 16-byte transfer is available only by registers
can be accessed in longword units.
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)
)

Transfer source
module

Address bus

Data bus

Transfer destination
module

~~—  ~—

The SAR value is an address, data is read from the transfer source module,
and the data is temporarily stored in the DMAC.

First bus cycle

Memory

Transfer source
module

Address bus
Data bus

Transfer destination
module

~~—  ~—

The DAR value is an address and the value stored in the data buffer in the
DMAC is written to the transfer destination module.

Second bus cycle

Figure13.5 Data Flow of Dual Address Maode

Auto request, external request, and on-chip peripheral module request are available 1
transfer request. DACK can be output in read cycle or write cycle in dual address mq
channel control register (CHCR) can specify whether the DACK is output in read cy
write cycle.
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D31 to DO

/S

8l

3

WEnR

DACKn
(Active-low) ! \ /

E Data read cycle
. (1st cycle)

Data write cycle

B e —
(2nd cycle)
Note: In transfer between external memories, with DACK output in the read cycle,

DACK output timing is the same as that of CSn.

Figure13.6 Example of DMA Transfer Timingin Dual Mode
(Source: Ordinary Memory, Destination: Ordinary Memory)
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LALCIH Al dUlliToo VUo LALTIH Al Udla VUuo

~
This LSI m R »)
E External
DMAC ! memory
N ]
|/ !
v |/ External device
TN with DACK
UL\
DACK
DREQ
------ + Data flow

Figure13.7 Data Flow in Single Address Mode

Two kinds of transfer are possible in single address mode: (1) transfer between an e
device with DACK and a memory-mapped external device, and (2) transfer between
external device with DACK and external memory. In both cases, only the external re
signal (DREQ) is used for transfer requests.
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ckio T\ L\

A5t A0 X X

CSn \ : / " «—— Select signal to external memory space
RD \__/ '

~<—— Address output to external memory space

~<—— Read strobe signal to external memory space

D31 to DO ’\ ; Data output from external memory space

DACKn ™ N\_ 1 /T | <—— DACK signal (active-low) to external device with DACK

(b) External memory space (ordinary memory) — external device with DACK

Figure13.8 Exampleof DMA Transfer Timingin Single AddressMode

Bus Modes: There are two bus modes: cycle steal mode and burst mode. Select the mode
TB bits in the channel control register (CHCR).

e Cycle-Steal Mode
— Normal mode

In cycle-steal normal mode, the bus mastership is given to another bus master afte
transfer-unit (byte, word, longword, or 16-byte unit) DMA transfer. When anothe:
request occurs, the bus mastership is obtained from the other bus master and a trar
performed for one transfer unit. When that transfer ends, the bus mastership is pas
other bus master. This is repeated until the transfer end conditions are satisfied.
In cycle-steal normal mode, transfer areas are not affected regardless of settings o
transfer request source, transfer source, and transfer destination.

Figure 13.9 shows an example of DMA transfer timing in cycle-steal normal mode. T
conditions shown in the figure are:

— Dual address mode
— DREQ low level detection
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master whenever a unit of transfer (byte, word, longword, or 16-byte unit) 1s con
the next transfer request occurs after that, the DMAC gets the bus mastership fro
bus master after waiting for 16 or 64 clocks in B¢ count. The DMAC then transf
one unit and returns the bus mastership to other bus master. These operations are
until the transfer end condition is satisfied. It is thus possible to make lower the t
occupation by DMA transfer than cycle-steal normal mode.

When the DMAC gets again the bus mastership, DMA transfer can be postponed
entry updating due to cache miss.

This intermittent mode can be used for all transfer section; transfer request sourc
source, and transfer destination. The bus modes, however, must be cycle steal me
channels.
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Bus cycle:X CPU X CPU X CPU XDMACXDMACX CPU CPU XDMACXDMACX CPU x:
Read/Write Read/Write

Figure13.10 Example of DMA Transfer in Cycle Steal I ntermittent M ode
(Dual Address, DREQ Low L evel Detection)

e Burst Mode
In burst mode, once the DMAC obtains the bus mastership, the transfer is performed
continuously without releasing the bus mastership until the transfer end condition is s
In external request mode with level detection of the DREQ pin, however, when the D
is not active, the bus mastership passes to the other bus master after the DMAC transt
request that has already been accepted ends, even if the transfer end conditions have r
satisfied.

Burst mode cannot be used when the on-chip peripheral module is the transfer reques

Figure 13.11 shows DMA transfer timing in burst mode.

DREQ \ /
Bus cycle X CPU X cPUX CPU XOMACKDMACKDMACKDMACKXDMACKDMACK CPU X

Read Write Read Write Read Write

Figure13.11 DMA Transfer Examplein Burst Mode
(Dual Address, DREQ Low Level Detection)
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External memory and external memory  All*' B/C 8/16/32/128  (

External memory and memory-mapped  All*' B/C 8/16/32/128  (
external device
Memory-mapped external device and All*' B/C 8/16/32/128 (
memory-mapped external device
External memory and on-chip peripheral ~ All** C 8/16/32/128+*° (
module
Memory-mapped external device and All#2 ] 8/16/32/128*° (
on-chip peripheral module
On-chip peripheral module and on-chip ~ All** C 8/16/32/128*° (
peripheral module

Single  External device with DACK and external External B/C 8/16/32 (
memory
External device with DACK and memory- External B/C 8/16/32 (

mapped external device

B: Burst mode, C: Cycle steal mode

Notes: 1.
2.

External requests and auto requests are all available.

External requests, auto requests, and on-chip peripheral module requests are
available. However, for on-chip peripheral module requests, the request sour
must be designated as the transfer source or the transfer destination.

Access size permitted for the on-chip peripheral module register functioning ¢
transfer source or transfer destination.

If the transfer request is an external request, channels 0 and 1 are only avail
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high-priority execution).

This example is illustrated in figure 13.12. If there are channels with conflicting burst tra
transfer for the channel with the highest priority is performed first.

In DMA transfer for more than one channel, the DMAC does not give the bus mastership
bus master until all conflicting burst transfers have finished.

DMA DMA DMA DMA DMA DMA DMA
XCPU CH1XCH1 cHo A cHi A CHo CH1XCH1 CPUX

CHO CH1 CHO

CPU DMAC CH1 DMAC CHO and CH1 DMAC CH1 CPU
Burst mode Cycle-steal mode Burst mode

Priority: CHO > CH1
CHO: Cycle-steal mode
CH1: Burst mode

Figure13.12 Bus Statewhen Multiple Channels are Operating

In round-robin mode, the priority changes according to the specifications shown in figure
Note that a channel operating in cycle steal mode cannot be handled together with a chan
operating in burst mode.

Rev. 6.00 Jul. 15, 2009 Page 356 of 816
REJ09B0237-0600 RENESAS



Bus cycle X _cru_X__cpu_ X _pbmac X__cru X

TWW aceeptance ||y s2nd acceptance
DREQ \ Non-sensitive period\

. A\

(Rising edge) '

DACK
(High-active) :—» Acceptance started

Figure13.13 Example of DREQ Input Detection in Cycle Steal Mode Edge De

Bus cycle X _cpu X__cpu_ X DMAC X cPu_ X

. 1st acceptance . 2nd acceptance

DRE
verun 0, |\ Non-sensitive periog N L
high-level)

DACK | |

(High-active) — Acceptance started

Bus cycle X _cru X cpu X bmac X cpu X
» 1st acceptance .. 2nd acceptance

varmun 1, | \Norsensitive period i Norsensiive pera

high-level)

DACKn | |

(High-active) — Acceptance started

Figure13.14 Example of DREQ Input Detection in Cycle Steal Mode L evel De
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CKIO

Bus cycle X CcPUu X CPU X DMAC
1st acceptance

.

2nd acceptance

DREQ
(Overrun 0, — " NN LT R &
high-level)
DACK
(High-active)

;—» Acceptance
started

CKIO
Bus cycle X CPU X CPU X DMAC DMAC
., 1st acceptance .. 2nd acceptance , 3rd acceptance
DREQ W ) \‘:J
(Overrun 1, » \\Non-sen v\
high-level)
DACK [
(High-active) — —
' Acceptance ' Acceptance
started started

Figure13.16 Example of DREQ Input Detection in Burst Mode L evel Detect
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When an 8-bit or 16-bit external device is accessed in longword units, or when an 8-bit
device is accessed in word units, the DACK output is divided because of the data alignn
example is illustrated in figure 13.18.
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WEn

DACKn —\
(Active-low)

/A AN N\ AR N

Note: The DACK is asserted for the last transfer unit
of the DMA transfer. When the transfer unit is
divided into several bus cycles and the CS is
negated between bus cycles, the DACK is also
divided.

Figure 13.18 Example of BSC Ordinary Memory Access
(No Wait, Idle Cycle 1, Longword Accessto 16-Bit Device)
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- e A S W

burst mode and cycle steal mode
2. When the channel to be used in burst mode is set to dual address mode, and DACK
data write cycle

3. When the DMAC cannot obtain the bus mastership consecutively even though a trar
demand of cycle steal has been received after the completion of burst transfer

This phenomenon is avoided by taking either of three measures shown below.

e Measure 1
After confirming the completion of burst transfer (TE bit = 1), perform the DMA tra
other cycle steal mode
e Measure 2
The channel to be used in burst mode should not be set to output DACK in data writ
e Measure 3

When the DMA transfer is simultaneously performed in two or more channels, set a
channels to burst mode or cycle steal mode
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e 32-bit access to the 8-bit space,

e 16-bit access to the 8-bit space, or

e 32-bit access to the 16-bit space

is performed with either of the following idle cycle settings made:

o Idle cycles between write-write cycles IWW = 01 or more)

o Idle cycles between read-read cycles in the same spaces IWRRS = 01 or more)

o External wait mask specification (WM = 0).

In addition to the above conditions, the following conditions are included depending on t
detection method of DREQ.

e For DREQ level detection: only write access

e For DREQ edge detection: both write access and read access

Phenomenon: The detection timings of the DREQ pin in the above access are shown in fi
13.19 to 13.22.

I I

I I

I I
Bus cycle ?( CPU DD( | DMAC write or read
I

! 1st acceptance 2nd acceptance
DREQ ?—|
(Rising edge) j I g% I 3rd acceptance pe

Non-sensitive period Non-sensitive period

e ST L L L]

Figure13.19 Example of DREQ Input Detection in Cycle Steal M ode Edge Det
When DACK isDivided to 4 by Idle Cycles
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Bus cycle :X

I

I
DREQ | 1st acceptance
(Overrun 0, i 2 1
high-level) : Non-sensitivé ‘period Non-sensitive pe:riod

I

I

(DI-lAig():h}factive) _’—33_’ I_I _I L

]
]
| DMAC write

2nd acceptance : 3rd acceptance possible
T

|

|

|

L

|

|

|
O
A d

|

|

|

I
I
Bus oycle Coru XX T OwACwie
| | T
I I
DREQ | 1st acceptange 1 2nd acceptancé 3rd acceptance possible
(Overrun 1, T !
high-level) I Non-sensitivé perfod Non-sensitive period

Rﬁgh}factive) —E—SS—! L] | L]

Figure13.21 Example of DREQ Input Detection in Cycle Steal Mode L evel De
When DACK isDivided to 4 by Idle Cycles
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e

e '
| | I
Bus cycle - DMAC write 1| X

I I \

| | —»
DREQ | 1st acceptance L 2nd acceptance 3rd acceptance possible
(Overrun 1, T :
high-level) ! Non-sensitive’perlod Non-sensitive deriod

DACK | 5 '
(High-active) : 1 l_! l_

Figure13.22 Example of DREQ Input Detection in Cycle Steal Mode L evel Det
When DACK isDivided to 2 by Idle Cycles

(3) Notes

For the external access described in (2) above, note the following.
1. When the DREQ edge is detected, input one DREQ edge at maximum in the bus cycl

2. When the DREQ level is detected in overrun 0, negate the DREQ input in the bus cyc
the detection of the first DACK output negation and before the second DACK output

3. When the DREQ level is detected in overrun 1, negate DREQ input after the detectio
first DACK output assertion and before the second DACK output assertion.
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DMA transfer end can be confirmed by checking whether the TE bit in CHCR is set to |

To suspend DMA transfer, clear the DE bit in CHCR to 0.

Rev. 6.00 Jul. 15,2009 Pag
RENESAS REJOS



Rev. 6.00 Jul. 15, 2009 Page 366 of 816
REJ09B0237-0600 RENESAS



Any of rour mternal Clocks (F¢/o, FQ/52, FQ/126, and FQ/O12) can be selected mdaep
for each channel.

Interrupt request on compare match

When not in use, CMT can be stopped by halting its clock supply to reduce power
consumption.

Figure 14.1 shows a block diagram of CMT.

P¢/32 Po/512 Po/32 Po/512
Po/8 Po/128 Po/8 Po/128

Control circuit H Clock selection | | Control circuit H Clock selection |

2 2l.l1gl.1e =l |zl e
b SHENE REINENE
3| (3] 3] |5] I3 3| 3] 5] 3
o (&)
Channel 0 Channel 1
A4 .
Module bus in
---------------------------------- [0 el
[Legend] {__Internal bu
CMSTR: Compare match timer start register
CMCSR: Compare match timer control/status register
CMCOR: Compare match timer constant register
CMCNT: Compare match counter
CMI: Compare match interrupt

Figure14.1 Block Diagram of Compare Match Timer
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e Compare match counter_1 (CMCNT_1)
e Compare match constant register_1 (CMCOR_1)

1421 CompareMatch Timer Start Register (CMSTR)

CMSTR is a 16-bit register that selects whether compare match counter (CMCNT) opera
stopped.

CMSTR is initialized to H'0000 by a power-on reset and a transition to standby mode.
Initial
Bit Bit Name value R/W  Description

15t02 — AllO R Reserved

These bits are always read as 0. The write valu
always be 0.

1 STR1 0 R/W  Count Start 1

Specifies whether compare match counter 1 op
is stopped.

0: CMCNT_1 count is stopped
1: CMCNT_1 count is started
0 STRO 0 R/W  Count Start 0

Specifies whether compare match counter 0 op
is stopped.

0: CMCNT_O0 count is stopped
1: CMCNT_O0 count is started

Rev. 6.00 Jul. 15, 2009 Page 368 of 816
REJ09B0237-0600 RENESAS



always be 0.

CMF

R/(W)* Compare Match Flag

Indicates whether or not the values of CMCN
CMCOR match.

0: CMCNT and CMCOR values do not match
[Clearing condition]

When 0 is written to this bit

1: CMCNT and CMCOR values match

6

CMIE

0

R/W

Compare Match Interrupt Enable

Enables or disables compare match interrupt
generation when CMCNT and CMCOR values
(CMF=1).

0: Compare match interrupt (CMI) disabled
1: Compare match interrupt (CMI) enabled

5t02

AllO

R

Reserved

These bits are always read as 0. The write val
always be 0.
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11: P¢/512

Note: * Only 0 can be written, to clear the flag.

14.23 CompareMatch Counter (CMCNT)

CMCNT is a 16-bit register used as an up-counter. When the counter input clock is select
bits CKS1 and CKSO in CMCSR and the STR bit in CMSTR is set to 1, CMCNT starts ¢
using the selected clock.

When the value in CMCNT and the value in compare match constant register (CMCOR)
CMCNT is cleared to H'0000 and the CMF flag in CMCSR is set to 1.

CMCNT is initialized to H'0000 by a power-on reset and a transition to standby mode.

14.24 CompareMatch Constant Register (CMCOR)
CMCOR is a 16-bit register that sets the interval up to a compare match with CMCNT.

CMCOR is initialized to HFFFF by a power-on reset and is initialized to H'FFFF in stan
mode.
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igulc 15.4 S5HOWS UIC UpPLldaliull U1 UIC CcOpalc ditll coOulitct.

CMCNT1 value Counter cleared by compare

/ match with CMCOR1

CMCOR1

H'0000 Time

Figure14.2 Counter Operation

1432 CMCNT Count Timing

One of four internal clocks (P¢/8, P$/32, P9/128, and Pd/512) obtained by dividing the ]
can be selected with bits CKS1 and CKS0O in CMCSR. Figure 14.3 shows the timing.

Peripheral Zlyz)irkat(i;g) —l I_l |—5‘7—| I_l I_l r&—l I_l I_l I_l
Count clock | cll\gcr:]k | . W‘

e
P P

CMCNTT X ;’ N jf X

Figure14.3 Count Timing
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14.4.2 Timing of Setting Compare Match Flag

When CMCOR and CMCNT match, a compare match signal is generated and the CMF b
CMCSR is set to 1. The compare match signal is generated in the last cycle in which the
match (when the CMCNT value is updated to H'0000). That is, after a match between CN
and CMCNT, the compare match signal is not generated until the next CMCNT counter «
input. Figure 14.4 shows the timing of CMF bit setting.

Peripheral operating |_
clock (P¢) ]
Counter clock (Nclt) ;&th
CMCNTH N X .
CMCOR1 N

Compare match
signal

Figure14.4 Timing of CMF Setting

14.4.3 Timing of Clearing Compare Match Flag

The CMF bit in CMCSR is cleared by reading 1 from this bit, then writing 0.
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Peripheral operating
clock (P¢)
Address X CMCNT ><

Internal write

Counter clear

CMCNT N >< H'0000

Figure14.5 Conflict between Write and Compare-Match Processes of CM(C

Rev. 6.00 Jul. 15,2009 Pag
RENESAS REJOS



Address X CMCNT X

Internal write

CMCNT count-up
enable

CMCNT N X M

Figure14.6 Conflict between Word-Write and Count-Up Processes of CM ClI
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Peripheral operating
clock (P¢)
Address >< CMCNTH X

Internal write

CMCNT count-up
enable

CMCNTH N X M

CMCNTL X >< X

Figure14.7 Conflict between Byte-Write and Count-Up Processes of CMC

1454  Conflict between Write Processesto CMCNT with the Counting Stopped
CMCOR

Writing the same value to CMCNT with the counting stopped and CMCOR is prohibite
written, the CMF flag in CMCSR is set to 1 and CMCNT is cleared to H'0000.
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15.1.1 Features

e Asynchronous serial communication:

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

— Data length: 7 or 8 bits

— Stop bit length: 1 or 2 bits

— Parity: Even, odd, or none

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

— Break detection: Break is detected when a framing error is followed by at least o

the space 0 level (low level). It is also detected by reading the RxD level directly
port data register when a framing error occurs.

e Synchronous mode:

— Serial data communication is synchronized with a clock signal. The SCIF can co
with other chips having a synchronous communication function. There is one ser
communication format.

— Data length: 8 bits

— Receive error detection: Overrun errors

e Full duplex communication: The transmitting and receiving sections are independen

SCIF can transmit and receive simultaneously. Both sections use 16-stage FIFO buff

high-speed continuous data transfer is possible in both the transmit and receive direc

e On-chip baud rate generator with selectable bit rates
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e A time-out error (DR) can be detected when receiving 1n asynchronous mode.

Rev. 6.00 Jul. 15, 2009 Page 378 of 816
REJ09B0237-0600 RENESAS



RXU —™ | sUhonh | L] SLlonh SCR
Baud rate | Po/4
SCSPTR generator
S —
Transmission/ Porie
reception
control e——— P (/64
TxD
Parity generation I Clock
Parity check
External clock
SCK
— TXI
CTS RXI
ERI
RTS BRI
SCIF
[Legend]

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

SCFSR: Serial status register

SCBRR: Bit rate register

SCSPTR:Serial port register
SCFCR: FIFO control register
SCFDR: FIFO data count register
SCLSR: Line status register

Figure15.1 Block Diagram of SCIF

RENESAS
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noyucol U ocliu pitl niov I\J noyucol U SCliu

Clear to send pin CTSO I/0 Clear to send

1 Serial clock pin SCK1 /0 Clock I/O
Receive data pin RxD1 Input Receive data input
Transmit data pin TxD1 OQutput  Transmit data output
Request to send RTS1 Output  Request to send
Clear to send pin CTS1 Input Clear to send

2 Serial clock pin SCK2 I/0 Clock 1/0
Receive data pin RxD2 Input Receive data input
Transmit data pin TxD2 Output  Transmit data output
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Bit rate register_0 (SCBRR_0)

FIFO control register_0 (SCFCR_0)

FIFO data count register_0 (SCFDR_0)
Serial port register_0 (SCSPTR_0)

Line status register_0 (SCLSR_0)

Receive FIFO data register_1 (SCFRDR_1)
Transmit FIFO data register_1 (SCFTDR_1)
Serial mode register_1 (SCSMR_1)

Serial control register_1 (SCSCR_1)

Serial status register_1 (SCFSR_1)

Bit rate register_1 (SCBRR_1)

FIFO control register_1 (SCFCR_1)

FIFO data count register_1 (SCFDR_1)
Serial port register_1 (SCSPTR_1)

Line status register_1 (SCLSR_1)

Receive FIFO data register_2 (SCFRDR_2)
Transmit FIFO data register_2 (SCFTDR_2)
Serial mode register_2 (SCSMR_2)

Serial control register_2 (SCSCR_2)

Serial status register_2 (SCFSR_2)

Bit rate register_2 (SCBRR_2)

FIFO control register_2 (SCFCR_2)

FIFO data count register_2 (SCFDR_2)
Serial port register_2 (SCSPTR_2)

Line status register_2 (SCLSR_2)
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(SCRSR) into SCFRDR for storage. Continuous reception is possible until 16 bytes are s

The CPU can read but not write to SCFRDR. If data is read when there is no receive data
SCFRDR, the value is undefined. When this register is full of receive data, subsequent se
is lost.

SCFRDR is initialized to undefined value by a power-on reset.

Initial
Bit Bit Name value R/W Description
7t00 — Undefined R FIFO for transmits serial data

15.3.3 Transmit Shift Register (SCTSR)

SCTSR transmits serial data. The SCIF loads transmit data from the transmit FIFO data r
(SCFTDR) into SCTSR, then transmits the data serially from the TxD pin, LSB (bit 0) fi
transmitting one data byte, the SCIF automatically loads the next transmit data from SCF
SCTSR and starts transmitting again. The CPU cannot read or write to SCTSR directly.
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Initial
Bit Bit Name value R/W  Description

7100 — Undefined W FIFO for transmits serial data

1535  Serial Mode Register (SCSMR)

SCSMR is a 16-bit register that specifies the SCIF serial communication format and sels
clock source for the baud rate generator.

The CPU can always read and write to SCSMR. SCSMR s initialized to H'0000 by a pc
reset.

Initial
Bit Bit Name value R/W  Description
15to8 — AllO R Reserved
These bits are always read as 0. The write valu
always be 0.
7 C/A 0 R/W  Communication Mode

Selects whether the SCIF operates in asynchro
synchronous mode.

0: Asynchronous mode

1: Synchronous mode
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Selects whether to add a parity bit to transmit data
check the parity of receive data, in asynchronous 1
synchronous mode, a parity bit is neither added nc
checked, regardless of the PE setting.

0: Parity bit not added or checked
1: Parity bit added and checked*

Note: * When PE is set to 1, an even or odd parit)
added to t_ransmit data, depending on the

mode (O/E) setting. Receive data parity is
according to the even/odd (O/E) mode sef

4 O/E 0 R/W

Parity mode

Selects even or odd parity when parity bits are adc

checked. The O/E setting is used only in asynchro

mode and only when the parity enable bit (PE) is s

enable parity addition and checking. The O/E setti

ignored in synchronous mode, or in asynchronous
when parity addition and checking is disabled.

0: Even parity*'

1: Odd parity**

Note: 1. If even parity is selected, the parity bit is
transmit data to make an even number ¢
the transmitted character and parity bit
combined. Receive data is checked to s
has an even number of 1s in the receive
character and parity bit combined.

2. If odd parity is selected, the parity bit is -
transmit data to make an odd number of
transmitted character and parity bit coml
Receive data is checked to see if it has
number of 1s in the received character ¢
bit combined.
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0: One stop bit
When transmitting, a single 1-bit is added «
of each transmitted character.

1: Two stop bits
When transmitting, two 1 bits are added at
each transmitted character.

— 0 R Reserved
This bit is always read as 0. The write value s
always be 0.

CKS1 0 R/W  Clock Select 1 and 0

CKS0 0 R/W  Select the internal clock source of the on-chig

generator. Four clock sources are available. |
P¢/16 and P¢/64. For further information on
source, bit rate register settings, and baud raf
section 15.3.8, Bit Rate Register (SCBRR).

00: P¢

01: P§/4

10: Py/16

11: P¢/64

Note: P¢: Peripheral clock
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7 TIE 0 R/W  Transmit Interrupt Enable

Enables or disables the transmit-FIFO-data-en
interrupt (TXI).

Serial transmit data in the transmit FIFO data r
(SCFTDRY) is send to the transmit shift register
(SCTSR). Then, the TDFE flag in the serial ste
register (SCFSR) is set to1 when the number c
SCFTDR becomes less than the number of

transmission triggers. At this time, a TXI is req

0: Transmit-FIFO-data-empty interrupt request
disabled*

1: Transmit-FIFO-data-empty interrupt request
enabled

Note: * The TXI interrupt request can be clear
writing a greater number of transmit d
the specified transmission trigger num
SCFTDR and by clearing the TDFE bi
after reading 1 from the TDFE bit, or ¢
cleared by clearing this bit to 0.
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are disabled*

1: Receive-data-full interrupt (RXI), receive-e
interrupt (ERI), and break interrupt (BRI) re
are enabled

Note: * RXI interrupt requests can be clearec
reading the DR or RDF flag after it h
set to 1, then clearing the flag to 0, o
clearing RIE to 0. ERI or BRI interrup
can be cleared by reading the ER, Bl
ORER flag after it has been set to 1,
clearing the flag to O, or by clearing F
REIE to 0.

TE

R/W

Transmit Enable

Enables or disables the SCIF serial transmitte
0: Transmitter disabled

1: Transmitter enabled*

Note: * Serial transmission starts after writin
transmit data into SCFTDR. Select tt
format in SCSMR and SCFCR and re
transmit FIFO before setting TE to 1.
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b e Dl

detected in asynchronous mode, or
synchronous clock input is detected
synchronous mode. Select the recei
in SCSMR and SCFCR and reset thi
FIFO before setting RE to 1.

3 REIE 0 R

Receive Error Interrupt Enable

Enables or disables the receive-error (ERI) inte
and break (BRI) interrupts. The setting of REIE
valid only when RIE bit is set to 0.

0: Receive-error interrupt (ERI) and break inte!
(BRI) requests are disabled*

1: Receive-error interrupt (ERI) and break inte:
(BRI) requests are enabled

Note: * ERI or BRI interrupt requests can be ¢
reading the ER, BR or ORER flag afte
been set to 1, then clearing the flag to
clearing RIE and REIE to 0. Even if RI
to 0, when REIE is set to 1, ERI or BR
interrupt requests are enabled.

Reserved

This bit is always read as 0. The write value st
always be 0.
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(SCSMR), then set CKE1 and CKEO.
e Asynchronous mode

00: Internal clock, SCK pin used for input pin
signal is ignored. The state of the SCK pi
on both the SCKIO and SCKDT bits.)

01: Internal clock, SCK pin used for clock out
(The output clock frequency is 16 times tt

10: External clock, SCK pin used for clock ing
(The input clock frequency is 16 times the

11: Setting prohibited

e Synchronous mode

00: Internal clock, SCK pin used for serial clo
01: Internal clock, SCK pin used for serial clo
10: External clock, SCK pin used for serial clc
11: Setting prohibited
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Bit Bit Name value RIW Description

15 PERS3 0 R Number of Parity Errors

14 PER2 0 R Indicate the number of data including a parity

13 PER{ 0 R the.receive data stored in the r(_ece_ive FIFO d
register (SCFRDR). The value indicated by b

12 PERO 0 R 12 represents the number of parity errors in
When parity errors have occurred in all 16-by
receive data in SCFRDR, PER3 to PERO she

11 FER3 0 R Number of Framing Errors

10 FER2 0 R Indicate the number of data including a frami

9 FER{ 0 R in the receive data stored in SCFRDR. The v
indicated by bits 11 to 8 represents the numt

8 FERO 0 R

framing errors in SCFRDR. When framing er
occurred in all 16-byte receive data in SCFR
FERS3 to FERO show 0.
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1: A framing error or parity error has occurrt
[Setting conditions]

e ERis setto 1 when the stop bit is O afte
whether or not the last stop bit of the rec
is 1 at the end of one data receive oper:

e ER s setto 1 when the total number of
receive data plus parity bit does not mat
even/odd parity specified by the O/E bit

Notes: 1. Clearing the RE bit to 0 in SCSCI
affect the ER bit, which retains its
value. Even if a receive error occ
receive data is transferred to SCF
the receive operation is continuec
or not the data read from SCRDF
a receive error can be detected b
and PER bits in SCFSR.

2. In two stop bits mode, only the fir
is checked; the second stop bit is
checked.
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1: End of transmission

[Setting conditions]

o TEND is set to 1 when the chip is a powe
reset

e TEND is setto 1 when TE is cleared to 0
serial control register (SCSCR)

e TEND is setto 1 when SCFTDR does no
receive data when the last bit of a one-by
character is transmitted
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Humber

[Clearing conditions]

e TDFE is cleared to 0 when data exceed
specified transmission trigger number is
SCFTDR after 1 is read from the TDFE
then 0 is written

e TDFE is cleared to 0 when DMAC write
exceeding the specified transmission tri
number to SCFTDR

1: The number of transmit data in SCFTDR

or less than the specified transmission tri
number*

[Setting conditions]
e TDFE is set to 1 by a power-on reset

o TDFE is set to 1 when the number of tre
in SCFTDR has become equal to or les:
specified transmission trigger number a:
of transmission

Note: * Since SCFTDR is a 16-byte FIFO r
the maximum number of data that
written when TDFE is 1 is "16 minu
specified transmission trigger numt
attempt is made to write additional
data is ignored. The number of dat:
SCFTDR is indicated by the upper
SCFDR.
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arter it nas been set 1o 1, then writes 0 10
1: Break signal received*
[Setting condition]

o BRKis setto 1 when data including a fral
error is received, and a framing error occ
space 0 in the subsequent receive data

Note: * When a break is detected, transfer ¢

receive data (H'00) to SCFRDR stor
detection. When the break ends and

receive signal becomes mark 1, the
of receive data resumes.

3 FER 0 R

Framing Error

Indicates a framing error in the data read fro
next receive FIFO data register (SCFRDR) ir
asynchronous mode.

0: No receive framing error occurred in the n
read from SCFRDR

[Clearing conditions]
o FERis cleared to 0 when the chip underg
power-on reset

e FER s cleared to 0 when no framing errc
present in the next data read from SCFR

1: A receive framing error occurred in the ne;
read from SCFRDR.

[Setting condition]

e FERis setto 1 when a framing error is pi
the next data read from SCFRDR
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o PERis cleared to 0 when no parity errot
in the next data read from SCFRDR

1: A receive parity error occurred in the dat:
from SCFRDR

[Setting condition]

o PER s setto 1 when a parity error is pre
the next data read from SCFRDR
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Lvieallrlyg COraitors)

o RDF is cleared to 0 by a power-on reset

o RDF is cleared to 0 when the SCFRDR is
until the number of receive data in SCFR
becomes less than the specified receive |
number after 1 is read from RDF and thel
written

1: The number of receive data in SCFRDR is

than the specified receive trigger number

[Setting condition]

o RDF is set to 1 when a number of receive
more than the specified receive trigger nt
stored in SCFRDR*

Note: * SCFTDR is a 16-byte FIFO register.
RDF is 1, the specified receive trigge
number of data can be read at the ir
If an attempt is made to read after al
in SCFRDR has been read, the data
undefined. The number of receive d:

SCFRDR is indicated by the lower 8
SCFDR.
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Lvieallrlyg COraitors)

e DR is cleared to 0 when the chip underg
power-on reset

e DRis cleared to 0 when all receive dat:
after 1 is read from DR and then 0 is wr

1: Next receive data has not been received

[Setting conditions]

e DRis setto 1 when SCFRDR contains |
than the specified receive trigger numbe
next data has not yet been received afte
elapse of 15 ETU from the last stop bit.

Note: * This is equivalent to 1.5 frames wit
1-stop-bit format. (ETU: elementar

Note: * The only value that can be written is 0 to clear the flag.
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e Asynchronous mode:

_ Pd -
T B4x221x B X 10° -1

e Synchronous mode:

N=— 0 q08 -1
8 x 221 x B

B: Bit rate (bits/s)

N: SCBRR setting for baud rate generator (0 < N < 255)
(The setting value should satisfy the electrical characteristics.)

P¢: Operating frequency for peripheral modules (MHz)

n: Baud rate generator clock source (n =0, 1, 2, 3) (for the clock sources and \
n, see table 15.2.)
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7 [N+ 1) xBx64x 2 |

Table 15.3 lists examples of SCBRR settings in asynchronous mode, and table 15.4 lists
of SCBRR settings in synchronous mode.

Table15.3 Bit Ratesand SCBRR Settingsin Asynchronous Mode

P (MHz)
5 6 6.14

Bit Rate (bits/s) n N Error (%) n N Error (%) n N
110 2 88 —-0.25 2 106 -0.44 2 108
150 2 64 0.16 2 77 0.16 2 79
300 1 129 0.16 1 155 0.16 1 159
600 1 64 0.16 1 77 0.16 1 79
1200 0 129 0.16 0 155 0.16 0 159
2400 0 64 0.16 0 77 0.16 0 79
4800 0 32 —-1.36 0 38 0.16 0 39
9600 0 15 1.73 0 19 -2.34 0 19
19200 0 7 1.73 0 —-2.34 0 9
31250 0 4 0.00 0 0.00 0 5
38400 0 3 1.73 0 -2.34 0 4
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4800 0 0.00 0 51 0.16 0 (
9600 0 23 0.00 0 25 0.16 0 31 (
19200 0 11 0.00 0 12 0.16 0 15 (
31250 0 6 5.33 0 7 0.00 0 9 -
38400 0 5 0.00 0 6 —6.99 0 7 (
P¢ (MHz)

10 12 12.288 14.7
Bit Rate Error Error Error
(bits/s) n N % n N (%) n N (%) n N
110 2 177 -025 2 212 003 2 217 008 3 64
150 2 129 016 2 155 016 2 159 000 2 191
300 2 64 0.16 2 77 0.16 2 79 0.00 2 95
600 1 129 0.16 1 155 0.16 1 159 0.00 1 191
1200 1 64 016 1 77 016 1 79 000 1 95
2400 0 129 0.16 O 155 0.16 O 159 0.00 O 191
4800 0 64 0.16 O 77 0.16 O 79 0.00 O 95
9600 0 32 -136 0 38 0.16 O 39 000 O 47
19200 0 15 173 O 19 0.16 0 19 0.00 O 23
31250 0 9 0.00 O 11 0.00 O 11 240 O 14
38400 0 7 173 O 9 -2.34 0 9 0.00 O 11
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&TVV v &evi V.1V vV &Yy V.Wv 1 v.lv 1 rr
4800 0 103 0.16 O 127 0.00 O 129 0.16 O 15!
9600 0 51 016 O 63 000 O 64 016 O 77
19200 0 25 016 O 31 000 O 32 -136 0 38
31250 0 15 000 O 19 -170 0 19 000 O 23
38400 0 12 016 O 15 000 O 15 173 0 19
P¢ (MHz)
24.576 28.7 30
Bit Rate Error Error Error
(bits/s) n N (%) n N (%) n N (%)
110 3 108 0.08 3 126 031 3 132 0.13
150 3 79 0.00 3 92 046 3 97 035
300 2 159 0.00 2 186 -0.08 2 194 0.16
600 2 79 0.00 2 92 046 2 97 -0.35
1200 1 159 0.00 1 186 -0.08 1 194 0.16
2400 1 79 0.00 1 92 046 1 97 -0.35
4800 0 159 0.00 O 186 -0.08 0 194 -1.36
9600 0 79 000 O 92 046 O 97 035
19200 0 39 000 O 46 061 O 48 035
31250 0 24 170 O 28 -1.03 O 29 0.00
38400 0 19 000 O 22 155 0 23 1.73
Note: Settings with an error of 1% or less are recommended.

RENESAS
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v ca9 | 1 199 < <
10k 0 124 0 199 1 99 1 178 1 187
25k 0 49 0 79 0 159 1 71 1 74
50k 0 24 0 39 0 79 0 143 O 149
100k — — 0 19 0 39 0 71 0 74
250k 0 4 0 7 0 15 — — 0 29
500k — — 0 3 0 7 — — 0 14
M — — 0 1 0 3 — — — —
2M 0 0* 0 1 — — — —
[Legend]
Blank: No setting possible
— Setting possible, but error occurs
*: Continuous transmission/reception is disabled.
Note: Settings with an error of 1% or less are recommended.
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9.8304 307200 0 0
12 375000 0 0
14.7456 460800 0 0
16 500000 0 0
19.6608 614400 0 0
20 625000 0 0
24 750000 0 0
24.576 768000 0 0
28.7 896875 0 0
30 937500 0 0

RENESAS
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19.6608 4.9152 307200
20 5.0000 312500
24 6.0000 375000
24.576 6.1440 384000
28.7 7.1750 448436
30 7.5000 468750

Table15.7 Maximum Bit Rateswith External Clock I nput (Synchronous M ode)

P¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (bi
5 0.8333 833333.3

8 1.3333 1333333.3

16 2.6667 2666666.7

24 4.0000 4000000.0

28.7 4.7833 4783333.3

30 5.0000 5000000.0
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10 RSTRG2 0 R/W  RTS Output Active Trigger

9 RSTRGH1 0 R/W  When the number of receive data in the recei
8 RSTRGO 0 R/W register (SCFRDR) becomes more than the n
shown below, the RTS signal is set to high.

These bits are available only in SCFCR_0 an
SCFCR_1. In SCFCR_2, these bits are reser
initial value is 0 and the write value should al

000: 15
001: 1
010: 4
011: 6
100: 8
101: 10
110: 12
111: 14

Rev. 6.00 Jul. 15,2009 Pag
RENESAS REJOS



10: 8
11: 14
e Synchronous mode
00: 1
01:2
10: 8
11: 14

5 TTRGH1 0 R/W  Transmit FIFO Data Trigger 1 and O

4 TTRGO 0 R/W  Set the specified transmit trigger number. The
FIFO data register empty (TDFE) flag in the se
status register (SCFSR) is set when the numb
transmit data in the transmit FIFO data registe
(SCFTDR) becomes less than the specified tri
number shown below.
00: 8 (8)*
01: 4 (12)*
10: 2 (14)*
11: 0 (16)*
Note: * Values in parentheses mean the numt

remaining bytes in SCFTDR when the
flag is set to 1.
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operationé regardless of the input va
RTS pin state has no effect on recei\
operations, either.

TFRST

0

R/W

Transmit FIFO Data Register Reset

Disables the transmit data in the transmit FIF
register and resets the data to the empty stat

0: Reset operation disabled*
1: Reset operation enabled

Note: * Reset operation is executed by a pov
reset.

RFRST

0

R/W

Receive FIFO Data Register Reset

Disables the receive data in the receive FIFO
register and resets the data to the empty stat

0: Reset operation disabled*
1: Reset operation enabled

Note: * Reset operation is executed by a pov
reset.

LOOP

0

R/W

Loop-Back Test

Internally connects the transmit output pin (T
receive input pin (RxD) and enables loop-bac

0: Loop back test disabled
1: Loop back test enabled
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These bits are always read as 0. The write val
always be 0.

12 T4 0 R Indicate the number of non-transmitted data st

11 T3 0 R SCFTDR. H'00 means no transmit data, and H
means that SCFTDR is full of transmit data.

10 T2 0 R

9 T 0 R

8 TO 0 R

7t05 — AllO R Reserved
These bits are always read as 0. The write val
always be 0.

4 R4 0 R Indicate the number of receive data stored in S

3 R3 0 R H'00 means no receive data, and H'10 means
SCFRDR full of receive data.

2 R2 0 R

1 R1 0 R

0 RO 0 R
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Initial

Bit Bit Name value R/W Description

15t08 — All O R Reserved
These bits are always read as 0. The write va
always be 0.

7 RTSIO 0 R/W  RTS Port Input/Output Control
Controls the RTS pin in combination with the
in this register and the MCE bit in SCFCR.
This bit is reserved in SCPTR_2 of SCIF chal
since SCIF channel 2 does not support the flc

6 RTSDT —* R/W  RTS Port Data

Controls the RTS pin in combination with the
in this register and the MCE bit in SCFCR. Se
RTS pin function in the PFC (pin function con
beforehand.

MCE RTSIO RTSDT: RTS pin state

0 0 x: Input (initial state)

0 1 0: Low level output
0 1 1: High level output
1 X X: Sequence output acc

modem control logic

x:

The RTS pin state is read from this bit instea
value. This bit is reserved in SCPTR_2 of SC

2 since SCIF channel 2 does not support the
control.
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beforehand.
MCE CTSIO CTSDT: CTS pin state

0 0 x: Input (initial state)

0 1 0: Low level output

0 1 1: High level output

1 X X: Input to modem contre

x: |
The CTS pin state is read from this bit instead
value. This bit is reserved in SCPTR_2 of SCII

2 since SCIF channel 2 does not support the fl
control.

3 SCKIO 0 R/W

SCK Port Input/Output Control

Controls the SCK pin in combination with the &
in this register, the C/A bit in SCSMR, and bits
and CKEO in SCSCR.
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according to

logic
0 1 0 x X: External cloc
serial core Ic
0 1 1 x x: Setting prohi
1 0 0 X X: Internal clocl
according to
logic
1 0 1 x x: Internal clocl
according to
logic
1 1 0 X x: External cloc
serial core Ic
1 1 1 x x: Setting prohi
X:
The SCK pin state is read from this bit instea
value.
SPBIO 0 R/W  Serial Port Break Input/Output Control

Controls the TxD pin in combination with the -
in this register and the TE bit in SCSCR.
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to serial core logic
x: |
The RxD pin state is read from this bit instead
value.

Note: * This bit is read as an undefined value and the setting value is 0.
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ORER

0

R/(W)* Overrun Error

Indicates the occurrence of an overrun erro
0: Receiving is in progress or has ended no
[Clearing conditions]

e ORERis cleared to 0 when the chip is a
reset

e ORER is cleared to 0 when 0 is written :
read from ORER.

1: An overrun error has occurred **
[Setting condition]

e ORER is set to 1 when the next serial re
finished while receive FIFO data are full

Notes: 1. Clearing the RE bit to 0 in SCS(
not affect the ORER bit, which r
previous value.

2. The receive FIFO data register |
hold the data before an overrun
occurred, and the next receive ¢
extinguished. When ORER s se
SCIF can not continue the next
receiving.

Note:

*

The only value that can be written is 0 to clear the flag.
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The SCIF clock source 1s selected by the combination of the CKE1 and CKEO bits 1n the
control register (SCSCR), which is shown in table 15.9.

Asynchronous M ode;

Data length is selectable: 7 or 8 bits.

Parity bit is selectable. So is the stop bit length (1 or 2 bits). The combination of the p
selections constitutes the communication format and character length.

In receiving, it is possible to detect framing errors, parity errors, receive FIFO data fu
overrun errors, receive data ready, and breaks.

The number of stored data bytes is indicated for both the transmit and receive FIFO r

An internal or external clock can be selected as the SCIF clock source.

— When an internal clock is selected, the SCIF operates using the on-chip baud rate
generator.

— When an external clock is selected, the external clock input must have a frequency
the bit rate. (The on-chip baud rate generator is not used.)

Synchronous M ode:

The transmission/reception format has a fixed 8-bit data length.

In receiving, it is possible to detect overrun errors (ORER).

An internal or external clock can be selected as the SCIF clock source.

— When an internal clock is selected, the SCIF operates using the on-chip baud rate
generator, and outputs a serial clock signal to external devices.

— When an external clock is selected, the SCIF operates on the input serial clock. Tt
chip baud rate generator is not used.
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2 bits

1 0 Set 1 bit
1 2 bits
1 * * * Synchronous 8 bits Not set None

Note: * :Don't care

Table15.9 SCSMR and SCSCR Settingsand SCIF Clock Source Selection

SCSCR
SCSMR Settings SCIF Transmit/Receive Clock
Bit 7 Bitl BitO Clock
C/IA CKE1l CKEO Mode Source SCK Pin Function
0 0 0 Asynchronous Internal  SCIF does not use the SCK pin.
of the SCK pin depends on both
and SCKDT bits.
1 Clock with a frequency 16 times
is output.
1 0 External Input a clock with frequency 16 ti
bit rate.
1 — Setting prohibited.
1 0 * Synchronous Internal  Serial clock is output.
Input the serial clock.

0 External

Setting prohibited.

Note: * :Don't care
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serial communication, the communication line is normally held in the mark (high) state. "
monitors the line and starts serial communication when the line goes to the space (low) st
indicating a start bit. One serial character consists of a start bit (low), data (LSB first), pa
(high or low), and stop bit (high), in that order.

When receiving in asynchronous mode, the SCIF synchronizes at the falling edge of the s
The SCIF samples each data bit on the eighth pulse of a clock with a frequency 16 times
rate. Receive data is latched at the center of each bit.

Idle state
(mark state
1

Serial
data

LSB MSB
0 DO | D1 D2 | D3 | D4 | D5 | D6 | D7 | o/t 1 1
Start Parity | Stop bit
bit Transmit/receive data bit
1 bit 7 or 8 bits 1 bitor 1 or 2 bits
none

One unit of transfer data (character or frame)

Figure15.2 Example of Data Format in Asynchronous Communication
(8-Bit Data with Parity and Two Stop Bits)
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0o 1 o0 |START| 8-bit data | P |31

0o 1 1 |sTART] 8-bit data [P s
1 0 0 |sTART] 7-bit data [sToP|

1 0 1 | START | 7-bit data |sTop|sTOP|

1 1 0 |START] 7-bit data | P [sor|
1 1 A |START| 7-bit data | P [sTOP[s
[Legend]

START: Start bit
STOP: Stop bit
P: Parity bit

Clock: An internal clock generated by the on-chip baud rate generator or an external clc
from the SCK pin can be selected as the SCIF transmit/receive clock. The clock source |
by the C/A bit in the serial mode register (SCSMR) and bits CKE1 and CKEQ in the ser
register (SCSCR) (table 15.9).

When an external clock is input at the SCK pin, it must have a frequency equal to 16 tin
desired bit rate.

When the SCIF operates on an internal clock, it can output a clock signal at the SCK pir
frequency of this output clock is equal to 16 times the desired bit rate.
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allsiiit Udld s0O0S LU U Ividl K Stdle allol LT UIL 15 ClodaltUl O U, Ol UIC 1 1'Ro 1 DIt oLl
and reset SCFTDR before TE is set again to start transmission.

When an external clock is used, the clock should not be stopped during initialization or s
operation. SCIF operation becomes unreliable if the clock is stopped.
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Inosusn (leaving | &, RE, 1IE, 11] 141 vvalt al least one DIt Interval, then
| and RIE bits cleared to 0) | set the TE bit or RE bit in SCSCR
T to 1. Also set the RIE, REIE, and

| Set data transfer format in SCSMR | TIE bits.
| [2] Setting the TE bit enables the TxD

) and RxD pins to be used.
| Set value in SCBRR |6 When transmitting, the SCIF will go
Wait to the mark state; when receiving,
it will go to the idle state, waiting for
a start bit.

1-bit interval elapsed?

Yes

Set RTRG1-0 and TTRG1-0 bits
in SCFCR, and clear TFRST
and RFRST bits to 0
Il
Set TE and RE bits in SCSCR to 1, [4]
and set TIE, RIE, and REIE bits
|

( End of initialization )

Figure 15.3 Sample Flowchart for SCIF Initialization
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Yes

Write transmit data in SCFTDR,
and read 1 from TDFE flag
and TEND flag in SCFSR,

then clear to 0

All data transmitted?

Yes

| Read TEND flag in SCFSR |

Yes

Break output?

Yes
Clear SPBDT to 0 and
set SPBIO to 1
|

| Clear TE bit in SCSCR to 0 |
|

End of transmission

13

from the TDFE and TEND flags, then
clearto 0.

The number of transmit data bytes
that can be written is 16 - (transmit
trigger set number).

[2] Serial transmission continuation

[3

procedure:

To continue serial transmission, read
1 from the TDFE flag to confirm that
writing is possible, then write data to
SCFTDR, and then clear the TDFE
flag to 0.

Break output at the end of serial
transmission:

To output a break in serial
transmission, clear the SPBDT bit to
0 and set the SPBIO bit to 1 in
SCSPTR, then clear the TE bit in
SCSCR to 0.

In [1] and [2], it is possible to
ascertain the number of data bytes
that can be written from the number
of transmit data bytes in SCFTDR
indicated by the upper 8 bits of
SCFDR.

Figure15.4 SampleFlowchart for Transmitting Serial Data
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generated.

The serial transmit data is sent from the TxD pin in the following order.

A.
B.
C.

D.
E.

Start bit: One-bit 0 is output.

Transmit data: 8-bit or 7-bit data is output in LSB-first order.

Parity bit: One parity bit (even or odd parity) is output. (A format in which a par
not output can also be selected.)

Stop bit(s): One or two 1 bits (stop bits) are output.

Mark state: 1 is output continuously until the start bit that starts the next transmis
sent.

. The SCIF checks the SCFTDR transmit data at the timing for sending the stop bit. If
present, the data is transferred from SCFTDR to SCTSR, the stop bit is sent, and the
transmission of the next frame is started. If there is no transmit data, the TEND flag
is set to 1, the stop bit is sent, and then the line goes to the mark state in which 1 is o

continuously.
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TXl interrupt
request

Data written to SCFTDR

TXI interrupt
request

and TDFE flag read as 1
then cleared to 0 by TXI
interrupt handler

One frame

Figure 155 Exampleof Transmit Operation

(8-Bit Data, Parity, One Stop Bit)

4. When modem control is enabled, transmission can be stopped and restarted in accord:
the CTS input value. When CTS is set to 1, if transmission is in progress, the line goe
mark state after transmission of one frame. When CTS is set to O, the next transmit da

output starting from the start bit.

Figure 15.6 shows an example of the operation when modem control is used (only for

channel 0).
Start Parity Stop Start
bit B bit  bit B bit B
- ) ) )
Serial data |o DO | D1 D7 [or1] 1 0 [po|D1 D7| 011
TxD (( ((
) )
((
)
CTS

{(

A

Drive high before stop bit

Figure15.6 Example of Operation Using Modem Control (CTS)
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then clear the DR, ER, BRK,
and ORER flags to 0. In the
case of a framing error, a
break can also be detected by
reading the value of the RxD
pin.

R, DR, BRK or ORER =17

Error handling
[2] SCIF status check and receive

| ReadRDFflaginscFsr | (21 data read:
Read SCFSR and check that

No RDF = 1, then read the receive
data in SCFRDR, read 1 from
the RDF flag, and then clear

Yes the RDF flag to 0. The
Read receive data in 'gans1|t|on oflthebRI?(F; fIag f;okr)n
SCFRDR, and clear RDF ‘°RX|°.ar: aiso vel entified by
flag in SCFSR to 0 an RATInterrupt.

[3] Serial reception continuation
procedure:

3] To continue serial reception,

read at least the receive
trigger set number of receive

i data bytes from SCFRDR
Clear RE bit in SCSCR to 0 ’
| A | read 1 from the RDF flag, then

clear the RDF flag to 0. The
End of reception number of receive data bytes
in SCFRDR can be

ascertained by reading from
SCRFDR.

All data received?

Yes

Figure15.7 Sample Flowchart for Receiving Serial Data (1)
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FITLVUIVE GlTVl Tal iy

—

Yes

|

Break handling |

T

Yes

\

| Read receive data in SCFRDR |

Clear DR, ER, BRK flags
in SCFSR,
and ORER flag in SCLSR, to 0

End

Figure15.8 Sample Flowchart for Receiving Serial Data (2)
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C. Overrun check: The SCIF checks that the ORER flag is 0, indicating that the ove
has not occurred.

D. Break check: The SCIF checks that the BRK flag is 0, indicating that the break s
set.

If all the above checks are passed, the receive data is stored in SCFRDR.
Note: When a parity error or a framing error occurs, reception is not suspended.

. If the RIE bit in SCSCR is set to 1 when the RDF or DR flag changes to 1, a receive
data-full interrupt (RXI) request is generated. If the RIE bit or the REIE bit in SCSC
1 when the ER flag changes to 1, a receive-error interrupt (ERI) request is generated
RIE bit or the REIE bit in SCSCR is set to 1 when the BRK or ORER flag changes t
break reception interrupt (BRI) request is generated.
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RXI interrupt

request Data read and RDF flag ERI interrupt rec
One frame read as 1 then cleared to generated by re
0 by RXI interrupt handler error

Figure15.9 Exampleof SCIF Receive Operation
(8-Bit Data, Parity, One Stop Bit)

5. When modem control is enabled, the RTS signal is output depending on the empty st:
SCFRDR. When RTS is 0, reception is possible. When RTS is 1, this indicates that th
SCFRDR is full and no extra data can be received. (Only for channel O and channel 1

Figure 15.10 shows an example of the operation when modem control is used.

Start Parity Stop Start
bit « bit  bit ( bit ((
) ) T A
Serial data |0|D0|D1|D2| |D7|0/1|1 |0|D0|D1| |D7|0/1|
RXD { )

{

1)

{(
N

Figure 15.10 Example of Operation Using Modem Control (RTS)
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, One unit of transfer data (character or frame)

' S

Synchronization I l I | I | I | I | I | I | I | I I I
clock f
' LSB MSB

Serial data A XBitOXBiHXBitZXBitSXBit4XBi15XBit6XBit7E N
| o

Don’t care Don’t care

Note: * High except in continuous transfer

Figure15.11 Data Format in Synchronous Communication

In synchronous serial communication, each data bit is output on the communication line
falling edge of the serial clock to the next. Data is guaranteed valid at the rising edge of
clock. In each character, the serial data bits are transmitted in order from the LSB (first)
MSB (last). After output of the MSB, the communication line remains in the state of the
synchronous mode, the SCIF transmits data by synchronizing with the falling edge of th
clock, and receives data by synchronizing with the rising edge of the serial clock.
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simultaneously with the transmission of n characters of dummy data.

Transmitting and Receiving Data SCIF Initialization (Synchronous M ode): Before
transmitting, receiving, or changing the mode or communication format, the software mu
the TE and RE bits to 0 in the serial control register (SCSCR), then initialize the SCIF. C
TE to 0 initializes the transmit shift register (SCTSR). Clearing RE to 0, however, does n
initialize the RDF, PER, FER, and ORER flags and receive data register (SCRDR), whicl
their previous contents.

Figure 15.12 shows a sample flowchart for initializing the SCIF.
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UV (U UIT TITAL OlTY.
Set CKE1 and CKEO bits
in SCSCR (leaving TE, RE, TIE, | [2] [5] Setthe TE or RE bit in SCSCR
and RIE bits cleared to 0) to 1. Also set the TEI, RIE, and
T REIE bits to enable the TxD,
RxD, and SCK pins to be used.
Set data transfer format [3] When transmitting, the TxD pin
in SCSMR i
T will go to th_e_ma_rk state.
Set value in SCBRR 4] When receiving in clocked

synchronous mode with the

Wait synchronization clock output (clock
master) selected, a clock starts to
be output from the SCIF_CLK pin
at this point.

1-bit interval elapsed?

Set RTRG1-0 and TTRG1-0 bits
in SCFCR, and clear TFRST
and RFRST bits to 0

Set TE and RE bits in SCSCR 5]
to 1, and set TIE, RIE,
and REIE bits

End of initialization

Figure15.12 Sample Flowchart for SCIF Initialization
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Read TDFE and TEND flags
in SCFSR while they are 1, then (] [2] Serial transmission continuation
clearthemto 0 procedeure:
To continue serial transmission, read
) No 1 from the TDFE flag to confirm that
Al data transmitted? writing is possible, them write data to
Vos (2] SCFTDR, and then clear the TDFE
flag to 0.

| Read TEND flag in SCFSR |

Yes

| Clear TE bit in SCSCR to 0 |

End of transmission

Figure 15.13 Sample Flowchart for Transmitting Serial Data
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generated.

If clock output mode is selected, the SCIF outputs eight synchronous clock pulses. I
external clock source is selected, the SCIF outputs data in synchronization with the i
clock. Data is output from the TxD pin in order from the LSB (bit 0) to the MSB (bi

The SCIF checks the SCFTDR transmit data at the timing for sending the MSB (bit

is present, the data is transferred from SCFTDR to SCTSR, the MSB (bit 7) is sent, -
serial transmission of the next frame is started. If there is no transmit data, the TENI
SCFSR is set to 1, the MSB (bit 7) is sent, and then the TxD pin holds the states.

4.

After the end of serial transmission, the SCK pin is held in the high state.

Figure 15.14 shows an example of SCIF transmit operation.

Synchronization

=

L LI L

LT LI L L

clock
LSB ) MSB )
Serial data gito X Bit1 X . X Btz X Bito X Bit1 X X Bit6 X Bit7
« «
TDFE 9
[(§
TEND 2 2
[(§ [(§
TXI Data written to SCFTDR  TX|
interrupt | and TDFE flag cleared  interrupt
request to 0 by TXIinterrupt  request
handler
One frame

Figure15.14 Example of SCIF Transmit Operation

RENESAS
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| No Error hand”ng uich reau uic receive Uala il ovirnunm,
'\—/‘ and clear the RDF flag to 0. The transitic
| Read RDF flag in SCFSR | 2] of the RDF flag from 0 to 1 can also be
identified by an RXI interrupt.

No [3] Serial reception continuation procedure:
To continue serial reception, read at lea:

the receive trigger set number of receive

Yes data bytes from SCFRDR, read 1 from tt
Read receive data in 13] RDF flag, then clear the RDF flag to 0.
SCFRDR, and clear RDF The number of receive data bytes in
flag in SCFSR to 0 SCFRDR can be ascertained by reading
SCFRDR.
‘AII data received?
Yes

| Clear RE bit in SCSCR to 0 |

End of reception

Figure15.15 Sample Flowchart for Receiving Serial Data (1)

Error handling

| Overrun error handling |

| clear ORER flag in SCLSR 10 0 |

End

Figure15.16 Sample Flowchart for Receiving Serial Data (2)
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Figure 15.17 shows an example of SCIF receive operation.

Synchronization
clock

Serial data x Bit 7

LSB MSB

LU LU U

))
_). ( C -
Bit 0 N X Bit 7

[

))
gito X Bit1 X X Bite X Bit7
«

)

«

[

)

RDF
ORER
RXI
interrupt
request

)]
[(§
Data read from RXI
SCFRDR and interrupt
RDF flag cleared request
to 0 by RXI
interrupt handler

One frame

[(§

f

BRI interrupt reque
by overrun error

Figure 15.17 Example of SCIF Receive Operation

RENESAS
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Read the ORER flag in SCLSR to
Yes identify any error, perform the
- N appropriate error handling, then clear
Write transmit data to SCFTDR the ORER flag to 0. Reception cannot
Read TDFE and TEND flags [1] be resumed while the ORER flag is
in SCFSR while they are 1, then

setto 1.
clear them to 0

[3] SCIF status check and receive data
read:

Read SCFSR and check that RDF =
1, then read the receive data in
SCFRDR, and clear the RDF flag to
0. The transition of the RDF flag from
0 to 1 can also be identified by an RXI
interrupt.

| Read ORER flag in SCLSR |

Error handling [4] Serial transmission and reception
continuation procedure:

To continue serial transmission and
reception, read 1 from the RDF flag
and the receive data in SCFRDR, and
clear the RDF flag to 0 before
receiving the MSB in the current
frame. Similarly, read 1 from the

TDFE flag to confirm that writing is
Read receive data in possible before transmitting the MSB
SCFRDR, and clear RDF [3] in the current frame. Then write data
flag in SCFSR to 0 to SCFTDR and clear the TDFE flag
to 0.
All data received?
Yes
Clear TE and RE bits Note: When switching from a transmit operatior
in SCSCR to 0 (4] or receive operation to simultaneous
| transmission and reception operations,
clear the TE and RE bits to 0, and then
(End of transmission and reception) set them simultaneously to 1.

Figure15.18 Sample Flowchart for Transmitting/Receiving Serial Data
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When RXI request is enabled by RIE bit and the RDF or DR flag in SCFSR is set to 1, ¢
interrupt request is generated. The RXI interrupt request caused by DR flag is generated
asynchronous mode.

When BRI request is enabled by RIE bit or REIE bit and the BRK flag in SCFSR or OR
SCLSR is set to 1, a BRI interrupt request is generated.

When ERI request is enabled by RIE bit or REIE bit and the ER flag in SCFCR is set to
interrupt request is generated.

When the RIE bit is set to 0 and the REIE bit is set to 1, SCIF request ERI interrupt and
interrupt without requesting RXI interrupt.

The TXI interrupt indicates that transmit data can be written, and the RXI interrupt indi
there is receive data in SCFRDR.

Table 15.11 SCIF Interrupt Sources

Interrupt Interrupt Priorif
Source Description Enable Bit Reset
ERI Interrupt initiated by receive error (ER) RIE or REIE High
RXI Interrupt initiated by receive data FIFO full (RDF) or RIE

data ready (DR)
BRI Interrupt initiated by break (BRK) or overrun error  RIE or REIE

(ORER)
TXI Interrupt initiated by transmit FIFO data empty TIE

(TDFE) Low
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— | Reset
RTS R Bit6
Q D
N| b RTSDT
C
I SPTRW Modem control er
signal*
RTS signal

S
L]ZPTRR

SPTRW: SCSPTR write
SPTRR: SCSPTR read

Note: * The modem control function is specified for the RTS pin by setting the MCE bit in SCFCR.

Figure15.19 RTSIO Bit, RTSDT Bit, and RTS Pin
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et~ Lt

CTS signal

N~

L]gDTRR

SPTRW: SCSPTR write
SPTRR: SCSPTR read

Note: * The modem control function is specified for the CTS pin by setting the MCE bit in SCFCR.

Figure15.20 CTSIO Bit, CTSDT Bit, and CTS Pin

RENESAS
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| Lo Clock output enat
Sirial clock output
» Serial clock input
Serial input enabl

N
l~

SPTRR

SPTRW: SCSPTR write
SPTRR: SCSPTR read

Note: * These signals control the SCK pin according to the settings of the C/A bit in SCSMR
and bits CKE1 and CKEO in SCSCR.

Figure15.21 SCKIO Bit, SCKDT Bit, and SCK Pin

Reset

R Bit 1
Q D
SPBIO

T Internal data bus
SPTRW

Reset

TxD R
Q D

\I b SPBDT

SPTRW

Bit 0

Transmit enable s

Serial transmit de

SPTRW: SCSPTR write

Figure15.22 SPBIO Bit, SPBDT Bit, and TxD Pin
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e e

tngger number, the TDFE flag will be set to 1 again after being read as 1 and cleared
TDEFE clearing should therefore be carried out when SCFTDR contains more than the
trigger number of transmit data bytes.

The number of transmit data bytes in SCFTDR can be found from the upper 8 bits of
data count register (SCFDR).

2. SCFRDR Reading and RDF Flag

The RDF flag in the serial status register (SCFSR) is set when the number of receive
in the receive FIFO data register (SCFRDR) has become equal to or greater than the
trigger number set by bits RTRG1 and RTRGO in the FIFO control register (SCFCR)
RDF is set, receive data equivalent to the trigger number can be read from SCFRDR,
efficient continuous reception.
However, if the number of data bytes in SCFRDR is equal to or greater than the trigg
number, the RDF flag will be set to 1 again if it is cleared to 0. RDF should therefore
cleared to O after being read as 1 after all the receive data has been read.
The number of receive data bytes in SCFRDR can be found from the lower 8 bits of t
data count register (SCFDR).

3. Break Detection and Processing
Break signals can be detected by reading the RxD pin directly when a framing error (
detected. In the break state the input from the RxD pin consists of all Os, so the FER f
and the parity error flag (PER) may also be set. Note that, although transfer of receive
SCFRDR is halted in the break state, the SCIF receiver continues to operate.
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J. KRECCIVE Ddla S>ampling 11ming and KReCC1ve viargin (Asyncnronous viode)

The SCIF operates on a base clock with a frequency of 16 times the transfer rate. In
the SCIF synchronizes internally with the fall of the start bit, which it samples on the
clock. Receive data is latched at the rising edge of the eighth base clock pulse. The t
shown in figure 15.24.

16 clocks |

8 clocks |

012345678910111213141501 2 3 456 7 8 9 1011121314150 1 2 3
Base clock | [|[LILTLILILLI UL LA LU L LA LU L L

—7.5 clocks +7.5 clocks

Start bit DO |

D1

Receive data=
(F{xD)-;I

Synchronization
sampling timing -

Data sampling
timing

m |
wm |

Figure15.24 Receive Data Sampling Timingin Asynchronous Mode

Rev. 6.00 Jul. 15,2009 Pag
RENESAS REJOS



- -

From equation 1, if F =0 and D = 0.5, the receive margin is 46.875%, as given by eqt
Equation 2;

When D =0.5 and F=0:
M = (0.5 - 1/(2 x 16)) x 100%
=46.875%
This is a theoretical value. A reasonable margin to allow in system designs is 20% to
6. Prohibited Multiple Pin Allocation for Channel 1
Although signals SCK1, RxD1, and TxD1 can be respectively assigned to multiple pi
PD4 or PE20, PD3 or PE19, and PD2 or PE18, either of them must be selected. For e:
signal SCK1 is assigned to both pins PD4 and PE20, correct operation of the SCIF is
guaranteed.
7. Status of the TxD and RTS Pins When the TE Bit is Cleared
The TxDi (i=0, 1, 2) and RTSj (j =0, 1) pins usually function as output pins during ¢
communication. However, even if these functions are selected by the pin function cor
(PFC), the internal weak keeper drives the pins to unstable levels as long as the TE bi
SCSCRI (1=0, 1, 2) is cleared. To make these pins always function as output pins (re
of the value of the TE bit), set SCSPTRi (i =0, 1, 2) and PFC in the following order.
a. Set the SPBIO and SPBDT bits in SCSPTRIi (i =0, 1, 2). Set the RTSIO and RTS
SCSPTRj (j=0, 1).
b. Select the TxDi (i =0, 1, 2) and RTSj (j =0, 1) pins with the PFC.
8. Interval from when the TE bit in SCSCR is Set to 1 until a Start Bit is Transmitted in
Asynchronous Mode
In the SCIF included in former products, a start bit is transmitted after the internal equ
to one frame. In the SCIF included in this product, however, a start bit is transmitted ¢
after the TE bit is set to 1.
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— MSB first for data transmission

— Supports a maximum of 48-kHz sampling rate

— Synchronization by either frame synchronization pulse or left/right channel switc
— Supports CODEC control data interface

— Connectable to linear, audio, or A-Law or p-Law CODEC chip

— Supports both master and slave modes

Serial clock

— An external pin input or internal clock (P¢) can be selected as the clock source.
Interrupts: One type

DMA transfer

— Supports DMA transmission and reception by a transfer request for transmission
reception

SPI mode

— Fixed master mode can perform the full-duplex communication with the SPI slax
continuously.

— Selects the falling/rising edge of the SCK as data sampling.
— Selects the clock phase of the SCK as a transmit timing.
— Selects one slave device.

— The length of transmit/receive data is fixed to 8 bits.
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Po

L —— l L -
A

Transmit control Receive control

data data
M
A
1/AMCLK - l ’
Baud rate Timing
generator control ¥
L b
A
v Vv v
SIOFMCLK SIOFSCK SIOFSYNC

SIOFTxD SIOFRxD

Figure16.1 Block Diagram of SIOF
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SIOF0_SYNC SIOFSYNC (SS0) I/0 Frame synchronous signal

(SS00) (common to transmission/i

In SPI mode, fixed to outp
selects slave device 0.

SIOF0_TxD SIOFTxD (MOSI) Output  Transmit data
(MOSIO)
SIOF0_RxD SIOFRxD (MISO) Input Receive data
(MISO0)

Note: * The pins are abbreviated as SIOFMCLK, SIOFSCK, SIOFSYNC, SIOFTxD, ¢
SIOFRxD in the following descriptions. In SPI mode, the pins are called SCK
MOSI, and MISO.
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e Receive data register_0 (SIRDR_0)

o Transmit control data register_0 (SITCR_0)
e Receive control data register_0 (SIRCR_0)
o Status register_0 (SISTR_0)

o Interrupt enable register_0 (SIIER_0)

e FIFO control register_0 (SIFCTR_0)

e Clock select register_0 (SISCR_0)

o Transmit data assign register_0 (SITDAR_0)
e Receive data assign register_0 (SIRDAR_0)
o Control data assign register_0 (SICDAR_0)
e SPI control register_0 (SPICR_0)
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10: Master mode 1
11: Master mode 2

13 SYNCAT 0 R/W SIOFSYNC Pin Valid Timing

Indicates the position of the SIOFSYNC signal
output as a synchronization pulse.

0: At the start-bit data of frame
1: At the last-bit data of slot

12 REDG 0 R/W Receive Data Sampling Edge

0: The SIOFRxD signal is sampled at the falling
SIOFSCK (The SIOFTxD signal is transmitte
rising edge of SIOFSCK.)

1: The SIOFRxD signal is sampled at the rising
SIOFSCK (The SIOFTxD signal is transmitte
falling edge of SIOFSCK.)

Note: This bit is valid only in master mode.
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1101: Data length is 16 bits and frame length is |
1110: Data length is 16 bits and frame length is
1111: Data length is 16 bits and frame length is

Note: When data length is specified as 8 bits, c
data cannot be transmitted or received.

x: Don't care

7 TXDIZ 0 R/W

SIOFTxD Pin Output when Transmission is Inva
0: High output (1 output) when invalid
1: High-impedance state when invalid

Note: Invalid means when disabled, and when a
is not assigned as transmit data or control
being transmitted.

6 RCIM 0 R/W

Receive Control Data Interrupt Mode

0: Sets the RCRDY bit in SISTR when the conte
SIRCR change.

1: Sets the RCRDY bit in SISTR each time wher
SIRCR receives the control data.

Reserved

This bit is always read as 0. The write value sho
always be 0.
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Table16.2 Operation in Each Transfer Mode

Transfer Mode Master/Slave SIOFSYNC Bit Delay Control Data |

Slave mode 1 Slave Synchronous SYNCDL bit Slot position
pulse

Slave mode 2 Slave Synchronous Secondary FS
pulse

Master mode 1 Master Synchronous Slot position
pulse

Master mode 2 Master L/R No Not supported

Note: * The control data method is valid only when the FL3 to FLO bits are specified

Don’t care.)
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e |[f this bit is set to 1, the SIOF initializes the
rate generator and initiates the operation. /
same time, the SIOF outputs the clock gen
the baud rate generator to the SIOFSCK pi

This bit is initialized in module stop mode.

14 FSE 0 R/W

Frame Synchronous Signal Output Enable
This bit is valid in master mode.

0: Disables the SIOFSYNC output (outputs 0)
1: Enables the SIOFSYNC output

e |[f this bit is set to 1, the SIOF initializes the
counter and initiates the operation.
This bit is initialized in module stop mode.

13to 10 — AllO R

Reserved

These bits are always read as 0. The write val
always be 0.
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Transmit data Is stored In the transmit F1r

transmission of data from the SIOFTxD pi
e This bit is initialized upon a transmit reset
This bit is initialized in module stop mode.

8 RXE 0 R/W Receive Enable

0: Disables data reception from SIOFRxD

1: Enables data reception from SIOFRxD

e This bit setting becomes valid at the start
frame (at the rising edge of the SIOFSYN!

e When the 1 setting for this bit becomes vz
SIOF begins the reception of data from th
SIOFRxD pin. When receive data is store:
receive FIFO, the SIOF issues a receptior

request according to the setting of the RF
SIFCTR.

e This bit is initialized upon receive reset.
This bit is initialized in module stop mode.

7t02 — AllO R Reserved

These bits are always read as 0. The write va
always be 0.
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SIOF XD pin 10 1, and initializes the transn
register and transmit-related status. The fo
are initialized.

— SITDR
— SITCR
— Transmit FIFO write pointer and read p
— TCRDY, TFEMP, and TDREQ bits in S
— TXE bit

0 RXRST 0 R/W

Receive Reset

0: Does not reset receive operation

1: Resets receive operation

This bit setting becomes valid immediately.
should be cleared to 0 before setting the re
be initialized.

When the 1 setting for this bit becomes val
SIOF immediately disables reception from
SIOFRxD pin, and initializes the receive da
register and receive-related status. The foll
are initialized.

— SIRDR

— SIRCR

— Receive FIFO write pointer and read pc
— RCRDY, RFFUL, and RDREQ bits in S
— RXE bit
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31to16 SITDL AllO Lett-Channel Transmit Data
15100 Specify data to be output from the SIOFTxD |
channel data. The position of the left-channel
the transmit frame is specified by the TDLA b
SITDAR.
e These bits are valid only when the TDLE |
SITDAR is setto 1.
15t00 SITDR All O w Right-Channel Transmit Data
15t00

Specify data to be output from the SIOFTxD |
right-channel data. The position of the right-c
data in the transmit frame is specified by the |
in SITDAR.

e These bits are valid only when the TDRE
TLREP bit in SITDAR are set to 1 and cle
respectively.
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the receive frame is specified by the RDLA bit

SIRDAR.

e These bits are valid only when the RDLE b
SIRDAR is setto 1.

15to 0 SIRDR Undefined R Right-Channel Receive Data
15t0 0

Store data received from the SIOFRxD pin as |
channel data. The position of the right-channel
the receive frame is specified by the RDRA bit
SIRDAR.

e These bits are valid only when the RDRE &
SIRDAR is setto 1.
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15100

Specify data to be output from the SIOFTxXD |
control channel 0 transmit data. The position
control channel 0 data in the transmit or recei
is specified by the CDOA bit in SICDAR.

e These bits are valid only when the CDOE
SICDARis setto 1.

15t0 0

SITCH
15100

AllO

R/W

Control Channel 1 Transmit Data

Specify data to be output from the SIOFTxXD |
control channel 1 transmit data. The position
control channel 1 data in the transmit or recei
is specified by the CD1A bit in SICDAR.

e These bits are valid only when the CD1E
SICDARis setto 1.
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specified by the CDOA bit in SICDAR.
e These bits are valid only when the CDOE b
SICDARis setto 1.

15to0 SIRC1 AllO R Control Channel 1 Receive Data
15100

Store data received from the SIOFRxD pin as «
channel 1 receive data. The position of the cor
channel 1 data in the transmit or receive frame
specified by the CD1A bit in SICDAR.

e These bits are valid only when the CD1E b
SICDARis setto 1.
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always be 0.

14

TCRDY

0

Transmit Control Data Ready

0: Indicates that a write to SITCR is disabled

1: Indicates that a write to SITCR is enabled

e If SITCR is written when this bit is cleared t
is over-written and the previous contents of
are not output from the SIOFTxD pin.

e This bit is valid when the TXE bit in SITCR

e This bit indicates a state of the SIOF. If SIT'
written, the SIOF clears this bit.

o If the issue of interrupts by this bit is enable
SIOF interrupt is issued.

13

TFEMP

0

Transmit FIFO Empty

0: Indicates that transmit FIFO is not empty

1: Indicates that transmit FIFO is empty

e This bit is valid when the TXE bit in SICTR |

e This bit indicates a state; if SITDR is written
clears this bit.

o If the issue of interrupts by this bit is enable
SIOF interrupt is issued.
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wie 1 rvvivi DIt oirev 1 m.

When using transmit data transfer through the D
this bit is always cleared by one DMAC access.
DMAC access, when conditions for setting this b
satisfied, the SIOF again indicates 1 for this bit.

This bit is valid when the TXE bit in SICTR is
This bit indicates a state; if the size of empty
the transmit FIFO is less than the size specif
the TFWM bit in SIFCTR, the SIOF clears thi
If the issue of interrupts by this bit is enabled
SIOF interrupt is issued.

11 — 0 R Reserved
This bit is always read as 0. The write value sho
always be O.

10 RCRDY 0 R Receive Control Data Ready

0: Indicates that the SIRCR stores no valid data.

1

: Indicates that the SIRCR stores valid data.

If SIRCR is written when this bit is set to 1, S
modified by the latest data.

This bit is valid when the RXE bit in SICTR is
This bit indicates a state of the SIOF. If SIRC
read, the SIOF clears this bit.

If the issue of interrupts by this bit is enabled
SIOF interrupt is issued.
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8

RDREQ

0

Receive Data Transfer Request

0: Indicates that the size of valid space in the re
FIFO does not exceed the size specified by 1
bit in SIFCTR.

1: Indicates that the size of valid space in the re
FIFO exceeds the size specified by the RFW
SIFCTR.

A receive data transfer request is issued when
space in the receive FIFO exceeds the size spe
the RFWM bit in SIFCTR.

When using receive data transfer through the L
bit is always cleared by one DMAC access. Aft
access, when conditions for setting this bit are |
the SIOF again indicates 1 for this bit.

e This bit is valid when the RXE bit in SICTR

e This bit indicates a state; if the size of valid
the receive FIFO is less than the size speci
RFWM bit in SIFCTR, the SIOF clears this |

o If the issue of interrupts by this bit is enable
SIOF interrupt is issued.

7,6

AllO

R

Reserved

These bits are always read as 0. The write valu
always be 0.
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e This bit is valid when the TXE bit or RXE bit |
is 1.
e When 1 is written to this bit, the contents are

o If the issue of interrupts by this bit is enabled
SIOF interrupt is issued.

4 FSERR 0 R/W Frame Synchronization Error
0: Indicates that no frame synchronization error
1: Indicates that a frame synchronization error o

A frame synchronization error occurs when the r
frame synchronization timing appears before the
data or control data transfers have been comple

If a frame synchronization error occurs, the SIOF
performs transmission or reception for slots that

transferred.
e This bit is valid when the TXE or RXE bit in €
1.

e When 1 is written to this bit, the contents are
Writing 0 to this bit is invalid.

o If the issue of interrupts by this bit is enabled
SIOF interrupt is issued.
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e VvVnen 1 Is written 10 this DIt, the contents ar
Writing 0 to this bit is invalid.

o If the issue of interrupts by this bit is enable
SIOF interrupt is issued.

2 TFUDF 0 R/W Transmit FIFO Underflow
0: No transmit FIFO underflow
1: Transmit FIFO underflow

A transmit FIFO underflow means that loading
transmission has occurred when the transmit F
empty.

When a transmit FIFO underflow occurs, the SI
repeatedly sends the previous transmit data.

e This bit is valid when the TXE bit in SICTR |

e When 1 is written to this bit, the contents ar
Writing 0 to this bit is invalid.

o If the issue of interrupts by this bit is enable
SIOF interrupt is issued.
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e VVnen 1 Is written 10 tnis DIt, the contents are
Writing 0 to this bit is invalid.

o If the issue of interrupts by this bit is enabled
SIOF interrupt is issued.
0 RFOVF 0 R/W Receive FIFO Overflow

0: No receive FIFO overflow

1: Receive FIFO overflow

A receive FIFO overflow means that writing has
when the receive FIFO is full.

When a receive FIFO overflow occurs, the SIOF
overflow, and receive data is lost.

e When 1 is written to this bit, the contents are
Writing 0 to this bit is invalid.

o If the issue of interrupts by this bit is enabled
SIOF interrupt is issued.
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interrupts. .
0: Used as a CPU interrupt
1: Used as a DMA transfer request to the DMA

14

TCRDYE

R/W

Transmit Control Data Ready Enable
0: Disables interrupts due to transmit control de
1: Enables interrupts due to transmit control da

13

TFEMPE

R/W

Transmit FIFO Empty Enable
0: Disables interrupts due to transmit FIFO emy
1: Enables interrupts due to transmit FIFO emp

12

TDREQE

R/W

Transmit Data Transfer Request Enable

0: Disables interrupts due to transmit data trans
requests

1: Enables interrupts due to transmit data trans
requests

11

RDMAE

R/W

Receive Data DMA Transfer Request Enable

Transmits an interrupt as an interrupt to the CP
transfer request. The RDREQE bit can be set &
interrupts.

0: Used as a CPU interrupt
1: Used as a DMA transfer request to the DMA

10

RCRDYE

R/W

Receive Control Data Ready Enable
0: Disables interrupts due to receive control daj

1: Enables interrupts due to receive control dat
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AllO

Reserved

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

5 SAERRE

R/W

Slot Assign Error Enable
0: Disables interrupts due to slot assign error
1: Enables interrupts due to slot assign error

4 FSERRE

R/W

Frame Synchronization Error Enable
0: Disables interrupts due to frame synchronizat

1: Enables interrupts due to frame synchronizati

3 TFOVFE

R/W

Transmit FIFO Overflow Enable
0: Disables interrupts due to transmit FIFO over
1: Enables interrupts due to transmit FIFO overfl

2 TFUDFE

R/W

Transmit FIFO Underflow Enable
0: Disables interrupts due to transmit FIFO unde
1: Enables interrupts due to transmit FIFO undel

1 RFUDFE

R/W

Receive FIFO Underflow Enable
0: Disables interrupts due to receive FIFO under
1: Enables interrupts due to receive FIFO underi

0 RFOVFE

R/W

Receive FIFO Overflow Enable
0: Disables interrupts due to receive FIFO overfl
1: Enables interrupts due to receive FIFO overflc
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D

010: Setting prohibited
011: Setting prohibited

100: Issue a transfer request when 12 or more
the transmit FIFO are empty.

101: Issue a transfer request when 8 or more s
the transmit FIFO are empty.

110: Issue a transfer request when 4 or more s
the transmit FIFO are empty.

111: Issue a transfer request when 1 or more s
transmit FIFO are empty.

¢ A transfer request to the transmit FIFO is is
the TDREQE bit in SISTR.

e The transmit FIFO is always used as 16 sta
FIFO regardless of these bit settings.

12
11
10

TFUA4
TFUA3
TFUA2
TFUA1
TFUAO

o O O O =

T TV TV 1V T

Transmit FIFO Usable Area

Indicate the number of words that can be transt
the CPU or DMAC as B'00000 (full) to B'10000
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1011 ISSue a transier request wnen o or more Sie
the receive FIFO are valid.

110: Issue a transfer request when 12 or more s
the receive FIFO are valid.

111: Issue a transfer request when 16 stages of
receive FIFO are valid.

e A transfer request to the receive FIFO is issL
RDREQE bit in SISTR.

e The receive FIFO is always used as 16 stage
FIFO regardless of these bit settings.

4 RFUA4 0 R Receive FIFO Usable Area

3 RFUA3 0 R Indicate the number of words that can be transfe
2 RFUA2 0 R the CPU or DMAC as B'00000 (empty) to B'100(
1 RFUA1 0 R

0 RFUAO 0 R
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1: Uses P¢ as the master clock

The master clock is the clock input to the baud
generator.

14 MSIMM R/W Master Clock Direct Selection
0: Uses the output clock of the baud rate gener
serial clock
1: Uses the master clock itself as the serial cloc
13 — R Reserved
This bit is always read as 0. The write value sh
always be 0.
12 BRPS4 0 R/W Prescalar Setting
11 BRPS3 0 R/W Set the master clock division ratio according to
10 BRPS2 0 R/W value of the prescalar of the baud rate generatc
9 BRPS1 0 R/W The range of settings is from B'00000 (x 1/1) to
(x 1/32).
8 BRPSO 0 R/W
7t03 — R Reserved

These bits are always read as 0. The write valu
always be 0.
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101: Setting prohibited
110: Setting prohibited
111: Prescalar output x 1/1*

The final frequency division ratio of the baud rate
generator is determined by BRPS x BRDV (max
1/1024).

Note: *This setting is valid only when the BRPS:
BRPSO0 bits are set to B'00000.

16.3.11 Transmit Data Assign Register (SITDAR)

SITDAR is a 16-bit readable/writable register that specifies the position of the transmit d
frame (slot number).

Initial

Bit Bit Name Value R/W  Description
15 TDLE 0 R/W  Transmit Left-Channel Data Enable

0: Disables left-channel data transmission

1: Enables left-channel data transmission
14t012 — AllO R Reserved

These bits are always read as 0. The write valu

always be 0.
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1: Enables right-channel data transmission

TLREP

0

R/W

Transmit Left-Channel Repeat

0: Transmits data specified in the SITDR bit in
right-channel data

1: Repeatedly transmits data specified in the €
SITDR as right-channel data

e This bit setting is valid when the TDRE bit

e When this bit is set to 1, the SITDR setting
ignored.

54

AllO

R

Reserved

These bits are always read as 0. The write val
always be 0.

o = N W

TDRAS3
TDRA2
TDRA1
TDRAO

o O O o

RW
R/W
RW
R/W

Transmit Right-Channel Data Assigns 3 to 0

Specify the position of right-channel data in a
frame as B'0000 (0) to B'1110 (14).

1111: Setting prohibited

e Transmit data for the right channel is speci
SITDR bit in SITDR.
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141012 — All O Reserved
These bits are always read as 0. The write value
always be 0.
11 RDLAS 0 R/W  Receive Left-Channel Data Assigns 3 to 0
10 RDLA2 0 R/W  Specify the position of left-channel data in a rec
9 RDLA1 0 R/W frame as B'0000 (0) to B'1110 (14).
8 RDLAO 0 R/\w  1111: Setting prohibited
¢ Receive data for the left channel is stored in
SIRDL bit in SIRDR.
7 RDRE 0 R/W  Receive Right-Channel Data Enable
0: Disables right-channel data reception
1: Enables right-channel data reception
6to 4 — AllO R Reserved
These bits are always read as 0. The write value
always be 0.
3 RDRA3 0 R/W  Receive Right-Channel Data Assigns 3to 0
2 RDRA2 0 R/W  Specify the position of right-channel data in a re
1 RDRA1 0 R/W frame as B'0000 (0) to B'1110 (14).
0 RDRAO 0 R/\w  1111: Setting prohibited

¢ Receive data for the right channel is stored i
SIRDR bit in SIRDR.
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1: Enables transmission and reception of cont
0 data

14 to 12

AllO

R

Reserved

These bits are always read as 0. The write val
always be 0.

11
10

CDOA3
CDO0A2
CDOA1
CDOAO

o O O o

R/W
RW
R/W
RW

Control Channel 0 Data Assigns 3to 0

Specify the position of control channel 0 data i
receive or transmit frame as B'0000 (0) to B'1-

1111: Setting prohibited

e Transmit data for the control channel O dat
specified in the SITDO bit in SITCR.

¢ Receive data for the control channel 0 datz
in the SIRDO bit in SIRCR.

CD1E

R/W

Control Channel 1 Data Enable

0: Disables transmission and reception of cont
channel 1 data

1: Enables transmission and reception of cont
1 data

6to4

AllO

R

Reserved

These bits are always read as 0. The write val
always be 0.
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16.3.14 SPI Control Register (SPICR)

SPICR is a 16-bit readable/writable register that specifies the operating mode of the SPIL.

Initial

Bit Bit Name Value R/W Description
15 SPIM 0 R/W SPI Mode

Selects the SIOF operating mode.

0: Operates as the SIOF.

1: The SIOF operates in master mode of the SP'
14 — 0 R Reserved

This bit is always read as 0. The write value sho

always be 0.
13 CPHA 0 R/W SPI Clock Phase

Selects the SPI clock phase.

0: Samples data at the first edge of the SCK.

1: Samples data at the second edge of the SCK.
12 CPOL 0 R/W SPI Clock Polarity

Selects the SPI clock polarity.
0: The SCK is high-active, and goes low in the ic
1: The SCK is low-active, and goes high in the ic
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always be 0.

5 SSAST1 0 R/W Setting of SS Assert
4 SSASTO O R/W Set the setup timing of the SS for the SCK.
e CPHA=0
(Unit: SCK clock)
SSAST[1:0] SS Setup SS Hold
00 0.5 clock 0 clock
01 1 clock 0.5 clocl
10 1.5 clock 1 clock
11 2 clock 1.5 clock
e CPHA=1
(Unit: SCK clock)
SSAST[1:0] SS Setup SS Holo
00 0 clock 0.5 clocl
01 0.5 clock 1 clock
10 1 clock 1.5 clock
11 1.5 clock 2 clock
3,2 — All O R Reserved

These bits are always read as 0. The write valu
always be 0.
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Figure 16.2 shows connections for supply of the serial clock.

MCLK BRG 1/1 to 1/1024 MCLK
SIOFMCLK —»| 4 > Timing
Po > ] control
G_|780KE
A
SIOFSCK .—>—{ ~N

Figure16.2 Serial Clock Supply
Table 16.3 shows an example of serial clock frequency.
Table16.3 SIOF Serial Clock Frequency

Sampling Rate

Frame Length 8 kHz 44.1 kHz 48 kHz
32 bits 256 kHz 1.4112 MHz 1.536 MHz
64 bits 512 kHz 2.8224 MHz 3.072 MHz
128 bits 1.024 MHz 5.6448 MHz 6.144 MHz
256 bits 2.048 MHz 11.289 MHz 12.289 MHz
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(a) Synchronous pulse

1 frame

. >
SIOFSCK _|_|_|_U_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_ _|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_|_U_|.
sioFsyne | | [

SIOFTXD o
SIOFRXD _@OOOOO .
_,I_L_ Start bit data
1-bit delay
(b) LR

1 frame ‘,

I
siorsck ST ...

SIOFSYNC __|

r

SIOFTxD

SIOFRxD @QQOOOOO '@QQOOCOO C
Start bit of left channel data | Start bit of right channel data

| (1/2 frame length) R (1/2 frame length) ‘|
""No delay o i

Figure 16.3 Serial Data Synchronization Timing
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M TR 1 | 1

|
SIOFSYNC | 1o

SIOFSYNC

SIOFTXD :)(

X_—X

X: SIOFTXD

SIOFRxD  ——(

A

| I | | | I. I.

-

A T

Receive timing Receiv

Transmit timing

Transn

Figure16.4 SIOF Transmit/Receive Timing

16.4.3 Transfer Data For mat

The SIOF performs the following transfer.

e Transmit/receive data: Transfer of 8-bit data/16-bit data/16-bit stereo data
e Control data: Transfer of 16-bit data (uses the specific register as interface)

Transfer Mode: The SIOF supports the following four transfer modes as listed in table
transfer mode can be specified by the TRMD1 and TRMDO bits in SIMDR.

Table16.4 Serial Transfer M odes

Transfer Mode SIOFSYNC Bit Delay Control Data
Slave mode 1 Synchronous pulse SYNCDL bit Slot position
Slave mode 2 Synchronous pulse Secondary FS
Master mode 1 Synchronous pulse Slot position
Master mode 2 L/R No Not supported
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0111 8 128 8-bit monaural data
10xx 16 16 16-bit monaural data
1100 16 32 16-bit monaural/sterec
1101 16 64 16-bit monaural/sterec
1110 16 128 16-bit monaural/sterec
1111 16 256 16-bit monaural/sterec

Note: x: Don't care.

Slot Position: The SIOF can specify the position of transmit data, receive data, and contr
a frame (common to transmission and reception) by slot numbers. The slot number of eac
specified by the following registers.

e Transmit data: SITDAR
e Receive data: SIRDAR
e Control data: SICDAR

Only 16-bit data is valid for control data. In addition, control data is always assigned to tl
slot number both in transmission and reception.
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\c) 1YV VIl ol LU Uatad

31 24 23 16 15 87 0

R-channel data

L-channel data

(b) 16-bit monaural data
31 24 23 16 15 87 0

Data

(c) 8-bit monaural data
31 24 23 16 15 87 0

Data

(d) 16-bit stereo data (left and right same audio output) data
31 24 23 16 15 87 0

Data '

Figure16.5 Transmit/Receive Data Bit Alignment

Note: In the figure, only the shaded areas are transmitted or received as valid data. Da
unshaded areas is not transmitted or received.

Monaural or stereo can be specified for transmit data by the TDLE bit and TDRE bit in
Monaural or stereo can be specified for receive data by the RDLE bit and RDRE bit in
To achieve left and right same audio output while stereo is specified for transmit data, s
TLREP bit in SITDAR. Tables 16.6 and 16.7 show the audio mode specification for tra
and that for receive data, respectively.
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Bit

Mode RDLE RDRE
Monaural 1 0
Stereo 1 1

Note: Left and right same audio mode is not supported in receive data.
To execute monaural transmission or reception, use the left channel.

Control Data: Control data is written to or read from by the following registers.

e Transmit control data write: SITCR (32-bit access)
e Receive control data read: SIRCR (32-bit access)

Figure 16.6 shows the control data and bit alignment in SITCR and SIRCR.

(a) Control data: One channel
31 24 23 16 15 87 0

Control data
(channel 0)

(b) Control data: Two channels

31 24 23 16 15 87 0
Control data i Control data
(channel 0) ] (channel 1)

Figure16.6 Control Data Bit Alignment
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16.45 Control Data I nterface

Control data performs control command output to the CODEC and status input from the
The SIOF supports the following two control data interface methods.

¢ Control by slot position
e Control by secondary FS

Control data is valid only when data length is specified as 16 bits.

Control by Slot Position (Master Mode 1, Slave Mode 1): Control data is transferred
frames transmitted or received by the SIOF by specifying the slot position of control dat
method can be used in both SIOF master and slave modes. Figure 16.7 shows an examp
control data interface timing by slot position control.

1 frame

-
e nnnnnhnnanhnnnssnninnninneinn
SIOFSYNC _I—I

SIOFTxD .
| L-cgatnnel r(]30ntr<?lo R_thatnnm r(Eontroll1 —_—
SIOFRxD ata channel ata channe
Slot No.0  Slot No.1  Slot No.2 Slot No.3
Specifications: TRMD[1:0]=00 or 10, REDG=0, FL[3:0]=1110 (Frame length: 128 b
TDLE=1, TDLA[3:0]=0000, TDRE=1, TDRA[3:0]=0010,
RDLE=1, RDLA[3:0]=0000, RDRE=1, RDRA[3:0]=0010,
CDOE=1, CDOA[3:0]=0001, CD1E=1, CD1A[3:0]=0011

Figure16.7 Control DataInterface (Slot Position)
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synchronously with the secondary FS.

Figure 16.8 shows an example of the control data interface timing by the secondary FS.

1 frame
N 1/2 frame L 1/2 frame |
siorsex UL . ULy
SIOFSYNC I INormaI FS I_ISecondary FS |_|_
SIOFTXD : f :
|L-channe| —_ | Contrql | —_—
data channel 0
SIOFRXD Sot % _ Slot
No.0 LSB=1 (Secondary FS request) No.0
Specifications: TRMD[1:0]=01, REDG=0, FL[3:0]=1110 (Frame length: 128 bits),
TDLE=A, TDLA[3:0]=0000, TDRE=0, TDRA[3:0]=0000,
RDLE=1, RDLA[3:0]=0000, RDRE=0, RDRA[3:0]=0000,
CDOE=1, CDOA[3:0]=0000, CD1E=0, CD1A[3:0]=0000

Figure16.8 Control Data I nterface (Secondary FS)
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e FIFO transmit request: TDREQ (transmit interrupt source)
e FIFO receive request: RDREQ (receive interrupt source)

The request conditions for FIFO transmit or receive can be specified individually. The r
conditions for the FIFO transmit and receive are specified by the TFWM?2 to TFWMO b
RFWM2 to RFWMO bits in SIFCTR, respectively. Tables 16.9 and 16.10 summarize th
conditions specified by SIFCTR.

Table16.9 Conditionsto Issue Transmit Request

Number of
TFWM2 to TFWMO Requested Stages Transmit Request Us
000 1 Empty area is 16 stages Snr
100 4 Empty area is 12 stages or more
101 8 Empty area is 8 stages or more
110 12 Empty area is 4 stages or more
111 16 Empty area is 1 stage or more Lau

Table 16.10 Conditionsto I ssue Receive Request

Number of
RFWM2 to RFWMO Requested Stages Receive Request Us
000 1 Valid data is 1 stage or more Sn
100 4 Valid data is 4 stages or more
101 8 Valid data is 8 stages or more
110 12 Valid data is 12 stages or more
111 16 Valid data is 16 stages Lal
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SIFCTK.
The above indicate possible data numbers that can be transferred by the CPU or DM/
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R
6 | Setthe SITDR register |
7 $ Set transmit data T_ransmission and reception ar
Transmit SITDR from SIOFTXD simultaneously (Even when tra
synchronously with SIOFSYNC ;g‘rf’;f;ee?ﬁed:ﬂ;‘} yanem
[ ican be masked by setting the |
: “
RDREQ =17
Yes
9 | Read SIRDR register | Read receive data
10 [Transmission and reception ar
isimultaneously, please check t
in SISTR (the transmit FIFO is
build a waiting loop to check th
lcommunication finished.
1 | Clear the TXE bit and RXE bit in SICTR to 0 Disable transmission End transmission
12 To be prepared for the transmission/
| Clear the FSE bit in SICTR to 0 | reception that is resumed later, set
the FSE bit to '0' to synchronize
J the frame in this LSI.
13 | Set the MSSEL bit in SISCR to 1 | To be Prepareq for the transmission/
T reception that is resumed later,
[ setthe BPRS to 00000 and the BRDV to 111in SISCR | [nitialize inside the baud rate
! generator.
Apply a pulse to bits TxRST and RxRST
in the SICTR (input 0—1-0)
¥
Set the SISCR to set the baud rate and the master
clock source again
14 1 If communication is not to be
resumed (branching to No), no
- further setting is needed. To return
Change communication to the same communication mode,
go back to setting of FSE at step 3
of this flowchart.
15 With FSE = 0, TXE = 0, and RXE = 0 hel Go on to 'Start' of the corresponding
start setting other bits. flowchart.

Note: * When interrupts due to transmit data underflow are enabled, after setting the no. 6 transmit data, the TXE bit should be set to 1.

Figure16.9 (1) Transmission/Reception Operation in Master M ode (Example of R
and Full-Duplex Transmission by the CPU with TDM AE=0)
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Yes

6 | Set SITDR register | Set transmit data

7 i Transmission
| Transmit SITDR from SIOFTXD |

synchronously with SIOFSYNC
[

* Please check the TFEMP bit in
SISTR (the transmit FIFO is
empty?) and build a waiting loop
to check the communication
finished.

[ Clear the TXE bit in SICTR to 0 | Disable transmission End of transmission

10 L To be prepared for the transmission/
| Clear the FSE bitin SICTR to 0 | reception that is resumed later, set
the FSE bit to '0' to synchronize
‘ the frame in this LSI.

reception that is resumed later,
| initialize inside the baud rate
generator.

Y . e
11 | Set the MSSEL bitin SISCR to 1 | To be prepared for the transmission/
¥

| Set the BPRS to 00000 and the BRDV to 111 in SISCR
¥
Apply a pulse to bits TXRST and RxRST
in the SICTR (input 0—1—-0)

[]
Set the SISCR register to set the baud rate
and the master clock source again

12 If communication is not to be
resumed (branching to No), no
Change further setting is needed. To return
communication to the same communication mode,
mode ? go back to setting of FSE at step 3
of this flowchart.

13 | With FSE = 0, TXE = 0, and RXE = 0 held, | Go on to 'Start of the corresponding
start setting other bits. flowchart.

Note: * When interrupts due to transmit data underflow are enabled, after setting the no. 6 transmit data, the TXE bit should be set to 1.

Figure16.9 (2) Transmission Operation in Master Mode (Example of Half-D
Transmission by the CPU with TDM AE=0)
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I I | S i,,,i,,,,-- o | T T T
3 Start SIOFSCK output Output serial clock
4 Set the FSE and RXE bits 3etntar}eoﬁttaLttfgLér%r::b?gnchronous Output frame syncl

in SICTR to 1 ; e%ep“ s signal
. - | i S
Store SIOFRXD receive data in SIRDR foquest actording
5 synchronously with SIOFSYNC receive FIFO thres
value
Reception
7 Read SIRDR | Read receive data
Transfer
ended?
8 Yes Set to disable reception End reception
Clear the RXE bitin SICTRto0 |
End

Figure 16.10 Example of Receive Operation in Master Mode
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L ] rame syncnronous -
input
Set transmit data
5 Transmit SITDR from SIOFTXD )
synchronously with SIOFSYNC Transmit
Transfer
ended?
Yes Set to disable transmission End transmission
6 | Clear the TXE bitin SICTR to 0 |
End

Figure16.11 Example of Transmit Operation in Slave Mode
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input

Store SIOFRXD receive data in SIRDR
3 synchronously with SIOFSYNC

Issue receive transf
according to the rec
FIFO threshold valt

RDREQ =172

Reception

5 Read SIRDR

Read receive data

Set to disable reception

Clear the RXE bit in SICTR to 0

End

End reception

Figure16.12 Example of Receive Operation in Slave Mode
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Transmit FIFO write pointer and read pointer
TCRDY, TFEMP, and TDREQ bits in SISTR
TXE bit in SICTR

Receive reset SIRDR

Receive FIFO write pointer and read pointer
RCRDY, RFFUL, and RDREQ bits in SISTR
RXE bit in SICTR

Module Stop Mode: The SIOF stops the transmit/receive operation in module stop moc
the registers in SIOF are retained.
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regqucest

spelliiel sizZe Or more.

TFEMP Transmit FIFO empty ~ The transmit FIFO is empty.

3  Reception RDREQ Receive FIFO transfer The receive FIFO stores dat:

request specified size or more.
RFFUL Receive FIFO full The receive FIFO is full.

5 Control TCRDY Transmit control data  The transmit control register

ready to be written.

6 RCRDY Receive control data The receive control data regi

ready stores valid data.

7 Error TFUDF Transmit FIFO Serial data transmit timing h:

underflow while the transmit FIFO is en

8 TFOVF Transmit FIFO overflow Write to the transmit FIFO is
performed while the transmit
full.

9 RFOVF Receive FIFO overflow Serial data is received while
receive FIFO is full.

10 RFUDF Receive FIFO The receive FIFO is read wh

underflow receive FIFO is empty.

11 FSERR FS error A synchronous signal is inpu
the specified bit number has
passed (in slave mode).

12 SAERR Assign error The same slot is specified in

serial data and control data.

Whether an interrupt is issued or not as the result of an interrupt source is determined by
SIIER settings. If an interrupt source is set to 1 and the corresponding bit in SIIER is set |
SIOF interrupt is issued.
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Transmit FIFO overflow (TFOVF)

The contents of the transmit FIFO are protected, and the write operation causing the
is ignored.

Receive FIFO overflow (RFOVF)

Data causing the overflow is discarded and lost.

Receive FIFO underflow (RFUDF)

An undefined value is output on the bus.

FS error (FSERR)

The internal counter is reset according to the FSYN signal in which an error occurs.
Assign error (SAERR)

— If the same slot is assigned to both serial data and control data, the slot is assigne
data.

— If the same slot is assigned to two control data items, data cannot be transferred «
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SIOFSYNC

SIOFTxD
L-channel data
SIOFRxD . Slot No.0
> < 1-bit delay

Specifications: TRMD[1:0]=00 or 10, REDG=0, FL[3:0]=0000 (frame length: 8 bits)
TDLE=1, TDLA[3:0]=0000, TDRE=0, TDRA[3:0]=0000,
RDLE=1, RDLA[3:0]=0000, RDRE=0, RDRA[3:0]=0000,
CDOE=0, CDOA[3:0]=0000, CD1E=0, CD1A[3:0]=0000

Figure16.13 Transmit and Receive Timing (8-Bit Monaural Data (1))

8-bit Monaural Data (2): Synchronous pulse method, falling edge sampling, slot No.0 u
transmit and receive data, and frame length = 16 bits

1 frame

N
SIOFSYNC _|_| 1

SIOFTxD —
! L-channel data
SIOFRxD o Slot No.O Slot No.1
—>|—|<—1—bit delay
Specifications: TRMD[1:0]=00 or 10, REDG=0, FL[3:0]=0100 (frame length: 16 bi
TDLE=1, TDLA[3:0]=0000, TDRE=0, TDRA[3:0]=0000,
RDLE=1, RDLA[3:0]=0000, RDRE=0,  RDRA[3:0]=0000,
CDOE=0, CDOA[3:0]=0000, CD1E=0,  CD1A[3:0]=0000

Figure16.14 Transmit and Receive Timing (8-Bit Monaural Data (2))
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Specifications: TRMD[1:0]=00 or 10, REDG=0, FL[3:0]=1101 (frame length: 64 bi

TDLE=1, TDLA[3:0]=0000,  TDRE=0, TDRA[3:0]=0000,
RDLE=1, RDLA[3:0]=0000,  RDRE=0, RDRA[3:0]=0000,
CDOE=0, CDOA[3:0]=0000,  CD1E=0, CD1A[3:0]=0000

Figure16.15 Transmit and Receive Timing (16-Bit Monaural Data (1))

16-bit Stereo Data (1): L/R method, rising edge sampling, slot No.0 used for left chanr
slot No.1 used for right channel data, and frame length = 32 bits

1 frame

»

-
SeccainninnnnnnnhnnEsnnhnpnninnnn
sioFsYNC | | |

SIOFTxD .
L-channel data | R-channel data ‘
SIOFRxD
I Slot No.0 Slot No.1
—>{+— No bit delay
Specifications: TRMD[1:0]=11, REDG=1, FL[3:0]=1100 (frame length: 32 bits)
TDLE=1, TDLA[3:0]=0000, TDRE=1, TDRA[3:0]=0001,
RDLE=1, RDLA[3:0]=0000, RDRE=1, RDRA[3:0]=0001,
CDOE=0, CDOA[3:0]=0000, CD1E=0, CD1A[3:0]=0000

Figure16.16 Transmit and Receive Timing (16-Bit Stereo Data (1))
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SIOFRxD I _— I L-channel data e I R-channel data I

' Slot No.0 Slot No.1 Slot No.2 Slot No.3
—>»j«— No bit delay
Specifications: TRMD[1:0]=01, REDG=1, FL[3:0]=1101 (frame length: 64 bits),
TDLE=A1, TDLA[3:0]=0000, TDRE=1, TDRA[3:0]=0010,
RDLE=1, RDLA[3:0]=0001, RDRE=1, RDRA[3:0]=0011,
CDOE=0, CDOA[3:0]=0000, CD1E=0, CD1A[3:0]=0000

Figure16.17 Transmit and Receive Timing (16-Bit Stereo Data (2))

16-bit Stereo Data (3): Synchronous pulse method, falling edge sampling, slot No.0 use
channel data, slot No.I used for right-channel data, slot No.2 used for control channel O ¢
No.3 used for control channel 1 data, and frame length = 128 bits

| 1 frame
|
SIOFSYNC ! r
SIOFTxD —
' L-channel | R-channel Control Contrql —_ —_ —_— —_—
SIOFRxD ! data data channel 0_| channel 1
. 1 SlotNo.0 SlotNo.1 SlotNo.2 SlotNo.3 SlotNo.4 SlotNo.5 SlotNo.6 Slot No.:
—>—f«—1 bit delay
Specifications: TRMD[1:0]=00 or 10,REDG=0, FL[3:0]=1110 (frame length: 128 bits),
TDLE=1, TDLA[3:0]=0000, TDRE=1, TDRA[3:0]=0001,
RDLE=1, RDLA[3:0]=0000, RDRE=1, RDRA[3:0]=0001,
CDOE=1, CDOA[3:0]=0010, CD1E=1, CD1A[3:0]=0011

Figure16.18 Transmit and Receive Timing (16-Bit Stereo Data (3))
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—>—f<— 1 bit delay

Specifications: TRMD[1:0]=00 or 10, REDG=1, FL[3:0]=1110 (frame length: 128 bits)
TDLE=1, TDLA[3:0]=0000, TDRE=1, TDRA[3:0]=0010,
RDLE=1, RDLA[3:0]=0000, RDRE=1, RDRA[3:0]=0010,
CDOE=1, CDOA[3:0]=0001, CD1E=1, CD1A[3:0]=0011

Figure16.19 Transmit and Receive Timing (16-Bit Stereo Data (4))

Synchronization-Pulse Output Mode at End of Each Slot (SYNCAT Bit = 1): Synct
pulse method, falling edge sampling, slot No.0 used for left-channel data, slot No.1 usec
channel data, slot No.2 used for control channel O data, slot No.3 used for control chann
and frame length = 128 bits

In this mode, valid data must be set to slot No. 0.

| 1 frame
|
SIOFSYNC [ [ [ [
SIOFTXD L~ channel R-channel Contr Contri I _
data chann channel 1
SIOFRxD Slot NoO SlotNo.1 Slot No2 SlotNo.3 SlotNo4 SotNo5 SlotNo6 S
Specifications: TRMD[1:0]=00 or 10,REDG=0, FL[3:0]=1110 (frame length: 128 bits),
TDLE=1, TDLA[3:0]=0000, TDRE=1, TDRA[3:0]=0001,
RDLE=1, RDLA[3:0]=0000, RDRE=1, RDRA[3:0]=0001,
CDOE=1, CDOA[3:0]=0010, CD1E=1, CD1A[3:0]=0011

Figure16.20 Transmit and Receive Timing (16-Bit Stereo Data)
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longer than the value setin the SIMDR. :
| | |

17 bits P 16 bits 1 16 bits 1 16b

»
L

A 4

SYNC I~ T

™D 32 bits (valid data) X 32 bits (valid data)

S

1 bit

(Example): With the SIOF Master Mode 2, Frame Length = 32 bits

(b) Defect prevention
*Please take following procedures (i) or (ii).

(1) In the case of setting a data, please write a dummy data for the first frame and t
data for other frames into the transmit FIFO, and set the destination stations to
the data in the first frame.

(i1) In the use of this product, please make your system composition that works co
even in the case that the length of the SYNC signal will be 1 bit longer.

2. Resume Data Transmission with the SIOF Master Mode

(a) Defect data transmission

With the SIOF master mode, in some case, the data is NOT transmitted correctly whe
transmission operation is resumed after stopping the previous transmission operation
‘0’ to the TXE bit.

Rev. 6.00 Jul. 15, 2009 Page 500 of 816
REJ09B0237-0600 RENESAS



(Set the MSSEL bit in SISCR to “1° (master clock = P¢).)
(i1) Set the master clock division ratio according with the count value of the prescala
baud rate generator as x1/1.
(Set the bits BRPS[4:0] in SISCR to ‘0000’ (as the master clock frequency x1/1)
(iii) Set the frequency division ratio for the output stage of the baud rate generator as
(Set the bits BRDV[2:0] in SISCR to ‘111’ (as the prescalar output frequency x1
(iv) Reset the transmission/reception operation.
(Set the TXRST bit (or RXST bit) in the SICTR to ‘1’ (reset).)
(v) Set the value of SISCR for transmission/reception again, before start of next
transmission/reception.
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Receive FIFO S/P MISO
SS0 53
Baud rate SCK
generator

Figure16.21 Example of Configuration in SPI Mode

SPI Operation: The states of operation in SPI mode are described in terms of transmissi:
reception in table 16.13. In SPI mode, the data length is fixed to 8 bits and the values of t
8 bits of SITDR and SIRDR are the valid data for transmission and reception, respectivel
master mode can perform the full-duplex communication with the SPI slave devices cont
That is, 8-bit data is continuously transmitted/received, and resetting of transmit/receive ¢
by the TXRST or RXRST bit with SCK = P¢ controls the respective frames.

31 24 23 0

SITDR/SIRDR Data

The shaded part is the data which is transmitted or received.
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Table 16.13 States of Transmit and Receive Operationsin SPI Mode

TXE

RXE TDMAE

RDMAE

SPI Transmit/Receive Operation

0

0

Don’t care

Don’t care

Transmission/reception is disabled

0

1

0

1

Half-Duplex Reception

The transmit FIFO does not operate and dumn
transmitted from the MOSI. Data received at th
stored in the receive FIFO and is transferred b
DMA.

Receive operation continues as long as RE bit
receive-FIFO overflow (RFOVF) status is set a
receive FIFO has become full and further recei
ignored.

Half-Duplex Transmission

The data in the transmit FIFO is transmitted frc
MOSI. The receive FIFO does not operate, anc
the MISO is ignored. When the transmit FIFO |
empty, the transmit operation is completed.

Half-Duplex Transmission

The data which has been transferred by using
to the transmit FIFO is transmitted from the MC
receive FIFO does not operate and data on the
ignored. When the transmit FIFO becomes em
transmit operation is completed.
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In half-duplex reception (transmission is disabled), the value output from the MOSI can t
controlled by the TXDIZ bit in SIMDR as follows.

TXDIZ = 0: Transmission is disabled, 1 is output on the MOSI.
TXDIZ = 1: Transmission is disabled, the MOSI is in the high-impedance state.

Serial Clock Timing: Timing on the data and clock lines in SPI mode is shown in figure
and 16.23. The user can select from four serial transfer formats, which differ according tc
phase and polarity of the serial clock.

SCK
(CPOL = 0)

(CPOL = 1)

Sampling

I N I A
msomosi  XXXXX MSB* Bit 6 J( Bit 5 J( Bit 4 J( Bit 3J( Bit 2)& Bit 1 )k LB )OO X

SSO

Ts Th | Td

Ts: The setup time for the SCK edge. The minimum value is 1/2 of the period of the SCK. The settir
made by the SSAST1 and SSASTO bits in SPICR.

Th: The hold time for the SCK edge. The minimum value is 0.

Td: The idle time. A number of SCK-clock cycles from 0 to 3 is set by the FLD1 and FLDO bits in SF

Figure16.22 SPI Data/Clock Timing 1 (CPHA =0)
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Th: The hold time for the SCK edge. The minimum value is 1/2 of the period of the SCK.
Td: The idle time. A number of SCK-clock cycles from 0 to 3 is set by the FLD1 and FLDO bits in SF

Figure 16.23 SPI Data/Clock Timing 2 (CPHA =1)
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| Synchronously to SSO, output the contents of

SITDR from MOSI and receive data from MISO.

RDREQ=1? m

Yes

| Read the SIRDR register. |

—

| Clear the TXE and RXE bits |

in SICTR to 0.

Set BPRS = 00000 and BRDV = 111
in the SISCR register.

Set the data for transmission.

Executes transmission and reception simulte
(Even when transmission is not necessary, c
transmission must be performed. The output
transmission can be masked by setting the

Read the received data.

Check SISTR.TFEMP (transmit FIFO empty) and
ensure completion of communication by using a wait
loop or other means. (Checking SISTR.TFEMP is
enough to confirm the completion of simultaneous
transmission and reception.)

Disable transmission and reception.

Transmission/reception end.

To be prepared for the transmission/reception that
is resumed later, set FSE = 0 to synchronize
the frame in this LSI.

Apply a pulse to bits TXRST and RxRST|
in the SICTR register (0->1->0 input).
1
Set the SISCR register to set
the baud rate again.

With FSE=0, TXE=0, and RXE=0 |

held, start setting other bits.

To be prep for the transmission/reception that
is resumed later, initialize inside the baud rate
generator.

If communication is not to be resumed

(branching to No), no further setting is needed.

To return to the same communication mode,

go back to setting of FSE at step 3 of this flowchart.

Go on to 'Start' of the corresponding flowchart.

Note: * For the case when interrupt generation on transmit FIFO underflow is enabled, set the TXE bit to 1 after setting data for transmission at st

Figure16.24 SPI Transmission/Reception Operation (Example of Full-Dupl
Transmission/Reception by the CPU with TDMAE = 0)
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Synchronously to SS0, output the |
contents of SITDR from MOSI.

Transfer complete

Set BPRS = 00000 and BRDV = 111
in the SISCR register.

SICTR register (0->1->0 input).

Set the SISCR register to set
the baud rate again.

ange
gmmunication mode

Yes

With FSE=0, TXE=0, and RXE=0
held, start setting other bits.

1o|

Apply a pulse to bit TXRST in the |

Executes transmission.

Check SISTR.TFEMP (transmit FIFO empty) and
ensure completion of communication by using a
wait loop or other means.

Disable transmission.

Transmission ends.

To be prepared for the transmission/reception that
is resumed later, set FSE = 0 to synchronize
the frame in this LSI.

To be prepared for the transmission/reception that
is resumed later, initialize inside the baud rate
generator.

If communication is not to be resumed

(branching to No), no further setting is needed.

To return to the same communication mode,

go back to setting of FSE at step 3 of this flowchart.

Go on to 'Start' of the corresponding flowchart.

Note: * For the case when interrupt generation on transmit FIFO underflow is enabled, set the TXE bit to 1 after setting data for transmission at

Figure16.25 SPI Transmission Operation (Example of Half-Duplex Transmissic

CPU with TDMAE = 0)

Rev. 6.00 Jul. 15, 2009 Pag

RENESAS

REJOS



6 | DMA transfer (Set the SITDR register.)

e 1 ..............

7 | Synchronously to SS0, output the

Set the data for transmission.

Executes transmission.

contents of SITDR from MOSI.

Set BPRS = 00000 and BRDV = 111 |
in the SISCR register.
!

Apply a pulse to bit TXRST in the
SICTR register (0->1->0 input).

11 |
Set the SISCR register to set
the baud rate again.

ange
Qmunication mode2

Yes

With FSE=0, TXE=0, and RXE=0 |
held, start setting other bits.

For example, in the DMA transfer end interrupt
service routine, check SISTR.TFEMP (transmit
FIFO empty) and ensure completion of
communication by using a wait loop.

When the DMA transfr end interrupt is use
bit in DMA.CHCRn before the execution re
interrupt service routine.

Disable transmission.

Transmission ends.

To be prepared for the transmission/reception that
is resumed later, set FSE = 0 to synchronize
the frame in this LSI.

To be prepared for the transmission/reception that
is resumed later, initialize inside the baud rate
generator.

If communication is not to be resumed

(branching to No), no further setting is needed.

To return to the same communication mode,

go back to setting of FSE at step 4 of this flowchart.

Go on to 'Start' of the corresponding flowchart.

Figure16.26 SPI Transmission Operation (Example of Half-Duplex Transmission

with TDMAE = 1)

Rev. 6.00 Jul. 15, 2009 Page 508 of 816

REJ09B0237-0600

RENESAS



DMA transfer

Read data from the SIRDR register.
6 | (Read from the SIRDR register.) | 9

7 | Synchronously to SSO, receive data Executes reception.

from MISO.

At the point when a DEI interrupt is generated, When the DMA transfr end interrupt is u

8 reception has already proceeded excessively. bit in DMA.CHCRn before the execution
Therefore, read the necessary amount of data from interrupt service routine.
I [ £ 2 FIFQ and skip the remainder. or cancel by RxRST. P -
9 | Clear the RXE bit in SICTR to 0. | Disable reception. Reception ends.

To be prepared for the transmission/reception that
10 | Clear the FSE bit in SICTR to 0. | is resumed later, set FSE = 0 to synchronize
the frame in this LSI.

Set BPRS = 00000 and BRDV = 111
in the SISCR register.

To be prepared for the transmission/reception that
is resumed later, initialize inside the baud rate
generator.

11

SICTR register (0->1->0 input).

| Apply a pulse to bit RxRST in the

Set the SISCR register to set
the baud rate again.

If communication is not to be resumed

(branching to No), no further setting is needed.

To return to the same communication mode,

go back to setting of FSE at step 4 of this flowchart.

Go on to 'Start' of the corresponding flowchart.

13 With FSE=0, TXE=0, and RXE=0
held, start setting other bits.

Figure16.27 SPI Reception Operation (Example of Half-Duplex Reception by D
RDMAE =1)
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Using HIFRAM, the HIF also supports HIF boot mode allowing this LSI to be booted.

171 Features
The HIF has the following features.

e An external device can read from or write to HIFRAM in 32-bit units via the HIF pi
in 8-bit or 16-bit units not allowed). The on-chip CPU can read from or write to HIF
bit, 16-bit, or 32-bit units, via the internal peripheral bus. The HIFRAM access mod.
specified as bank mode or non-bank mode.

e When an external device accesses HIFRAM via the HIF pins, automatic increment ¢
addresses and the endian can be specified with the HIF internal registers.

e By writing to specific bits in the HIF internal registers from an external device, or by
the end address of HIFRAM from the external device, interrupts (internal interrupts)
issued to the on-chip CPU. Conversely, by writing to specific bits in the HIF interna
from the on-chip CPU, interrupts (external interrupts) or DMAC transfer requests ca
from the on-chip CPU to the external device.

e There are seven interrupt source bits each for internal interrupts and external interruj
Accordingly, software control of 128 different interrupts is possible, enabling high-s
transfer using interrupts.

¢ In HIF boot mode, this LSI can be booted from HIFRAM by an external device stori
instruction code in HIFRAM.
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& —
HIFD15 to HIFDOO
o || o TT
2 [2]]8
Bl [E[|E
T Il =
o
E Select 5
[ [
T I
o
) S
£ a
T I
HIFCS
HIFRS
HIFWR
HIFRD Control circuit
HIFMD HIFI
HIFINT HIFBI
HIFDREQ
HIFRDY
HIFEBL
[Legend]
HIFIDX:  HIF index register HIFADR: HIF address register
HIFGSR: HIF general status register HIFDATA: HIF data register
HIFSCR: HIF status/control register HIFBCR: HIF boot control register
HIFMCR: HIF memory control register HIFDTR: HIFDREQ trigger registe
HIFIICR:  HIF internal interrupt control register HIFBICR: HIF bank interrupt contro
HIFEICR: HIF external interrupt control register HIFI: HIF interrupt (internal int¢

HIFIB:

HIF bank interrupt (intern

Figure17.1 Block Diagram of HIF
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0: Normal access (other than below)
1: Index register write or status regis

HIF write

HIFWR Input

Write strobe signal. Low level is input
external device writes data to the HIF

HIF read

I
T
ny)
O

Input

Read strobe signal. Low level is input
external device reads data from the F

HIF interrupt

HIFINT Output

Interrupt request to an external devic
HIF

HIF mode

HIFMD Input

Selects whether or not this LSl is stat
HIF boot mode. If a power-on reset is
when high level is input, this LSl is st
HIF boot mode.

HIFDMAC transfer
request

HIFDREQ Output

To an external device, DMAC transfe
with HIFRAM as the destination

HIF boot ready

HIFRDY Output

Indicates that the HIF reset is cancel
LSl and access from an external devi
HIF can be accepted.

After 10 clock cycles (max.) of the pe
clock following negate of the reset iny
this LSI, this pin is asserted.

HIF pin enable

HIFEBL Input

All HIF pins other than this pin are as
high-level input.
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0 0 1 0 Read from register specified by HIFIDX[
0 0 0 1 Write to register specified by HIFIDX[7:C
0 1 1 0 Read from status register (HIFGSR[7:0]
0 1 0 1 Write to index register (HIFIDX[7:0])

0 * 1 1 No operation (NOP)

0 * 0 0 Setting prohibited

[Legend]

*: Don't care

17.3.2 Connection Method

When connecting the HIF to an external device, a method like that shown in figure 17.2 s
used.

External device HIF
[ HIFCS
A02 HIFRS
WR HIFWR
RD HIFRD
D15 to DOO HIFD15 to HIFDOO

Figure17.2 HIF Connection Example
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e HIF address register (HIFADR)

e HIF data register (HIFDATA)

e HIF boot control register (HIFBCR)

o HIFDREQ trigger register (HIFDTR)

e HIF bank interrupt control register (HIFBICR)

1741 HIF Index Register (HIFIDX)

HIFIDX is a 32-bit register used to specify the register read from or written to by an ext
device when the HIFRS pin is held low. HIFIDX can be only read by the on-chip CPU.
can be only written to by an external device while the HIFRS pin is driven high.

Initial
Bit Bit Name Value R/W Description
31t08 — AllO R Reserved
These bits are always read as 0. The write valu
always be 0.
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000100: HIFEICR

000101: HIFADR

000110: HIFDATA

001111: HIFBCR

Other than above: Setting prohibited
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10: Bits 15 to O in register
11: Setting prohibited

e When HIFSCR.BO = 1
00: Bits 15 to 0 in register
01: Setting prohibited

10: Bits 31 to 16 in register
11: Setting prohibited

However, when HIFDATA is selected using bits
REGO, each time reading or writing of HIFDATA
these bits change according to the following rule

00 —» 10 - 00 — 10... repeated

Note: * This bit can be only written to by an external device while the HIFRS pin is he
cannot be written to by the on-chip CPU.
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31to16 — AllO R Reserved

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

15to 0 STATUS15to AllO R/W General Status

STATUSO This register can be read from and written t
external device connected to the HIF, and b
chip CPU. These bits are initialized only at ¢
on reset.

1743 HIF Status/Control Register (HIFSCR)

HIFSCR is a 32-bit register used to control the HIFRAM access mode and endian setting
HIFSCR can be read from and written to by the on-chip CPU. Access to HIFSCR by an ¢
device should be performed with HIFSCR specified by bits REGS to REGO in HIFIDX a
HIFRS pin low.

Initial
Bit Bit Name Value R/W Description
31to12 — All O R Reserved

These bits are always read as 0. The write va
should always be 0.
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high level is generated at the HIFDREQ
default for the HIFDREQ pin is low-level

10: For a DMAC transfer request to an exter
falling edge is generated at the HIFDRE!
default for the HIFDREQ pin is high-leve

11: For a DMAC transfer request to an exter
device, rising edge is generated at the -
pin. The default for the HIFDREQ pin is |
output.

BMD
BSEL

0

R/W
R/W

HIFRAM Bank Mode
HIFRAM Bank Select
Controls the HIFRAM access mode.

00: Both an external device and the on-chip
access bank 0. When access by both of
conflict, even though the access addres:s
access by the external device is process
access by the on-chip CPU. Bank 1 cant
accessed.

01: Both an external device and the on-chip
access bank 1. When access by both of
conflict, even though the access addres:
access by the external device is process
access by the on-chip CPU. Bank 0 can
accessed.

10: An external device can access only banl
the on-chip CPU can access only bank -

11: An external device can access only ban}
the on-chip CPU can access only bank (

Rev. 6.00 Jul. 15,2009 Pag
RENESAS REJOS



iV VI TTVIT T T VUYVUVL TTTIVVW. TTHHVY VIL VIV U

of the HIFMD pin sampled at a power-on rese

0: Started up in non-HIF boot mode (booted f
memory connected to area 0)

1: Started up in HIF boot mode (booted from
HIFRAM)

4,3 — AllO R

Reserved

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

2 WBSWP 0 RW

Byte Order for Access of HIFDATA

Specifies the byte order when an external de
accesses HIFDATA. See also section 17.9, A
Control.

0: Aligned according to the BO bit.

1: Swapped in word units from the big endian
and then swapped in byte units within eact
The setting of the BO bit is ignored.

1 EDN 0 R/W

Endian for HIFRAM Access

Specifies the byte order when HIFRAM is acc
the on-chip CPU.

0: Big endian (MSB first)
1: Little endian (LSB first)
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I. Litiue cridiall (Lob 11ist)

17.44 HIF Memory Control Register (HIFMCR)

HIFMCR is a 32-bit register used to control HIFRAM. HIFMCR can be only read by th
CPU. Access to HIFMCR by an external device should be performed with HIFMCR spe
bits REGS to REGO in HIFIDX and the HIFRS pin low.

Initial
Bit Bit Name Value R/W Description

31to8 — AllO R Reserved

These bits are always read as 0. The write valu
always be 0.

7 LOCK 0 R/W*  Lock

This bit is used to lock the access direction (rea
for consecutive access of HIFRAM by an extern
via HIFDATA. When this bit is set to 1, the value
RD and WT bits set at the same time are held u
is next cleared to 0. When the RD bit and this bi
simultaneously set to 1, consecutive read mode
entered. When the WT bit and this bit are simulf
set to 1, consecutive write mode is entered. Bot
and WT bits should not be set to 1 simultaneou:

6 — 0 R Reserved

This bit is always read as 0. The write value shc
always be 0.
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value of this bit is automatically cleared to 0.

4 — 0 R Reserved
This bit is always read as 0. The write value shot
always be 0.

3 RD 0 R/W#*  Read

When this bit is set to 1, the HIFRAM data corres
to HIFADR is fetched to HIFDATA.

If this bit and the LOCK bit are set to 1 simultane
HIFRAM consecutive read mode is entered, and
speed data transfer becomes possible. This mod
maintained until this bit is next cleared to 0, or un
LOCK bit is cleared to 0.

If the LOCK bit is not simultaneously set to 1 witt
reading of HIFRAM is performed only once. Ther
the value of this bit is automatically cleared to 0.

2,1 — AllO R Reserved
These bits are always read as 0. The write value
always be 0.

0 Al/AD 0 R/W=*  Address Auto-Increment/Decrement

This bit is valid only when the LOCK bit is 1. The
HIFADR is automatically incremented by 4 or
decremented by 4 according to the setting of this
time reading or writing of HIFRAM is performed.
0: Auto-increment mode (+4)

1: Auto-decrement mode (-4)

Note: * This bit can be only written to by an external device when the HIFRS pin is low
cannot be written to by the on-chip CPU. Changing the HIFRAM banks access
an external device by setting the BMD and BSEL bits in HIFSCR does not affe
setting of this bit.
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7 lIce 0 R/W Internal Interrupt Source

6 lIC5 0 R/W These bits specify the source for interrupts gene

5 lIC4 0 R/W the IR bit. These bits can be Yvritten to from.bot
external device and the on-chip CPU. By using

4 lic3 0 R/W fast execution of interrupt exception handling is

3 I1IC2 0 R/W These bits are completely under software contre

5 Ic1 0 RIW their values have no effect on the operation of tl

1 lIco 0 R/W

0 IIR 0 R/W Internal Interrupt Request

While this bit is 1, an interrupt request (HIFI) is i
the on-chip CPU.

17.4.6 HIF External Interrupt Control Register (HIFEICR)

HIFEICR is a 32-bit register used to issue interrupts to an external device connected to t
from this LSI. Access to HIFEICR by an external device should be performed with HIF
specified by bits REG5 to REGO in HIFIDX and the HIFRS pin low.

Initial
Bit Bit Name Value R/W Description
31to8 — All O R Reserved

These bits are always read as 0. The write valu
always be 0.
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While this bit is 1, the HIFINT pin is asserted to is
interrupt request to an external device from this L

174.7 HIF AddressRegister (HIFADR)

HIFADR is a 32-bit register which indicates the address in HIFRAM to be accessed by ai
device. When using the LOCK bit setting in HIFMCR to specify consecutive access of H
auto-increment (+4) or auto-decrement (-4) of the address, according to the AI/AD bit se
HIFMCR, is performed automatically, and HIFADR is updated. HIFADR can be only re:
on-chip CPU. Access to HIFADR by an external device should be performed with HIFA]
specified by bits REG5 to REGO in HIFIDX and the HIFRS pin low.

Initial
Bit Bit Name Value R/W Description
31to10 — All O R Reserved
These bits are always read as 0. The write valu
always be 0.

9to 2 A9to A2 AIlO R/W#*  HIFRAM Address Specification

These bits specify the address of HIFRAM to b
accessed by an external device, with 32-bit bot

1,0 — AllO R Reserved

These bits are always read as 0. The write valu
always be 0.

Note: * This bit can be only written to by an external device when the HIFRS pin is low
cannot be written to by the on-chip CPU.
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31to0 D31toDO AllO RW

32-bit Data

17.49 HIF Boot Control Register (HIFBCR)

HIFBCR is a 32-bit register for exclusive control of an external device and the on-chip (
regarding access of HIFRAM. HIFBCR can be only read by the on-chip CPU. Access t«
by an external device should be performed with HIFBCR specified by bits REGS5 to RE

HIFIDX and the HIFRS pin low.

Initial
Bit Bit Name Value R/W Description
31to8 — AllO R Reserved
These bits are always read as 0. The write val
always be 0.
7to1 — AllO R/W AC-Bit Writing Assistance

These bits should be used to write the bit patt:
needed to set the AC bit to 1. These bits are a
read as 0.
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cAcCUlOIl Of tie IMstrucCuoOrt 1o ralteU uridl s
cleared to 0.

When booted in non-HIF boot mode, the initial
this bit is 0.

When booted in HIF boot mode, the initial value
bit is 1. After an external device writes a boot p
HIFRAM via the HIF, clearing this bit to 0 boots
chip CPU from HIFRAM.

When 1 is written to this bit by an external devi
should be written to bits 7 to 0 to prevent errone
writing.

17410 HIFDREQ Trigger Register (HIFDTR)

HIFDTR is a 32-bit register. Writing to HIFDTR by the on-chip CPU asserts the HIFDRI
HIFDTR cannot be accessed by an external device.

Initial
Bit Bit Name Value R/W Description
31to1 — AllO R Reserved

These bits are always read as 0. The write va
should always be 0.
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o e nirun pin and sciung Of s DIt DYy
chip CPU, make sure this bit is cleared to O |
setting this bit to 1 by the on-chip CPU.
Notes: 1. This bit cannot be accessed by an external device. It can be accessed only b
chip CPU.
2. Writing O to this bit by the on-chip CPU is ignored.

17.411 HIF Bank Interrupt Control Register (HIFBICR)

HIFBICR is a 32-bit register that controls HIF bank interrupts. HIFBICR cannot be accc
external device.

Initial
Bit Bit Name Value R/W Description
31to2 — AllO R*' Reserved

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

1 BIE 0 R/W#*' Bank Interrupt Enable

Enables or disables a bank interrupt request
issued to the on-chip CPU.

0: HIFBI disabled
1: HIFBI enabled
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I autO-dccCiciticrit modac (AlIVALD DI Firivie
this bit is automatically set to 1 when an exter
device has completed access to the 32-bit da
start address of HIFRAM and the HIFCS pin |
negated.

Though this bit can be cleared to 0 by the on-
CPU, it cannot be set to 1.

Make sure setting of this bit by HIFRAM acce
an external device and clearing of this bit by t
chip CPU do not conflict using software.

Notes: 1. This bit cannot be accessed by an external device. It can only be accessed by
chip CPU.

2. Writing 1 to this bit by the on-chip CPU is ignored.
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addresses are common between the banks.

. Note that in HIF boot mode, bank 0 is selected, and the first 1 kbyte in each ¢
following address ranges are also mapped: H'00000000 to H'01FFFFFF (first
Mbytes of area 0 in the PO area), H'20000000 to H'21FFFFFF (first-half 32 M
area 0 in the PO area), H'40000000 to H'41FFFFFF (first-half 32 Mbytes of ar
PO area), H'60000000 to H'61FFFFFF (first-half 32 Mbytes of area 0 in the Pl
H'80000000 to H'81FFFFFF (first-half 32 Mbytes of area 0 in the P1 area), H
to H'A1FFFFFF (first-half 32 Mbytes of area 0 in the P2 area), and H'C00000
H'C1FFFFFF (first-half 32 Mbytes of area 0 in the P3 area).

If an external device modifies HIFRAM when HIFRAM is accessed from the F
P3 area with the cache enabled, coherency may not be ensured. When the ¢
enabled, accessing HIFRAM from the P2 area is recommended.

In HIF boot mode, among the first-half 32 Mbytes of each area 0, access to
which HIFRAM is not mapped is inhibited.

Even in HIF boot mode, the second-half 32 Mbytes of area 0, area 3, area 4,
area 5, area 6B, and area 6 are mapped to the external memory as normally.
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HIFRS : X

<

HIFRD ! ! ! ! !
HFWR | Lo E
HIFD15 to HIFDOO ! 5 D 5

Figure17.3 Basic Timing for HIF Interface
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HIFD15 to HIFDOO ! : : ! 5

Figure17.4 HIFIDX Writeand HIFGSR Read

17.7.2 Reading/Writing of HIF Registers other than HIFIDX and HIFGSR

As shown in figure 17.5, in reading and writing of HIF internal registers other than HIF]
HIFGSR, first HIFRS is held high and HIFIDX is written to in order to select the registe
accessed and the byte location. Then HIFRS is held low, and reading or writing of the r¢
selected by HIFIDX is performed.

Index write Register write Register read

Ean=SN=UEEs

mewR o N\ /0 0\
HIFD15 to HIFDOO ! : l : : :

| 'Register selection | | | | | 1 1 1

Figure17.5 HIF Register Settings
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R AN AN AN AN AW AW AW AW AW A

HIFADR setting  Data for first write operation ~ HIFMCR setting HIFDATA Consecutive data
[15:8] = AH setin HIFDATA Consecutive write selection
[7:0] = AL [31:24] = DO, [23:16] = D1, Auto-increment

[15:8] = D2, [7:0] = D3

Figure17.6 Consecutive Data Writingto HIFRAM

17.7.4  Consecutive Data Reading from HIFRAM to External Device

Figure 17.7 shows the timing chart for consecutive data reading from HIFRAM to an ext
device. As this timing chart indicates, by setting the start address, data can subsequently |
out consecutively.

Rev. 6.00 Jul. 15, 2009 Page 532 of 816
REJ09B0237-0600 RENESAS



L7:0f=AL Auto-Increment

Figure17.7 Consecutive Data Reading from HIFRAM

17.8 External DMAC Interface

Figures 17.8 to 17.11 show the HIFDREQ output timing. The start of the HIFDREQ ass
synchronizes with the DTRG bit in HIFDTR being set to 1. The HIFDREQ negate timir
assert level are determined by the DMD and DPOL bits in HIFSCR, respectively.

When the external DMAC is specified to detect low level of the HIFDREQ signal, set T
and DPOL = 0. After writing 1 to the DTRG bit, the HIFDREQ signal remains low until
is detected for both the HIFCS and HIFRS signals.

In this case, when the HIFDREQ signal is used, make sure that the setup time (HIFCS a
HIFRS settling) and the hold time (HIFRS hold to HIFCS negate) are satisfied. If t, ., a
stipulated in section 25.4.11, HIF Timing, are not satisfied, the HIFDREQ signal may b
unintentionally.
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When the external DMAC is specified to detect high level of the HIFDREQ signal, set D
and DPOL = 1. At the time the DPOL bit is set to 1, HIFDREQ becomes low. Then after
to the DTRG bit, HIFDREQ remains high until low level is detected for both the HIFCS
HIFRS signals.

In this case, when the HIFDREQ signal is used, make sure that the setup time (HIFCS as:
HIFRS settling) and the hold time (HIFRS hold to HIFCS negate) are satisfied. If t ., an
stipulated in section 25.4.11, HIF Timing, are not satisfied, the HIFDREQ signal may be
unintentionally.

DTRG bit J_I_
DPOL bit | Asserted in synchronization The DTRG bit is cleared

Negated in synchronization with the DTRG bit being set simultaneously with

with the DPOL bit being set by the on-chip CPU. HIFDREQ negate.

by the on-chip CPU.
HIFDREQ \ / \\

Negated when HIFCS = HIFRS = low level.
Latency is trcyc (peripheral clock cycle) x 3 cyc or less.

HIFRS l /

Figure17.9 HIFDREQ Timing (When DMD =0 and DPOL = 1)
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Figure17.10 HIFDREQ Timing (When DMD =1 and DPOL = 0)

When the external DMAC is specified to detect the rising edge of the HIFDREQ signal,
=1 and DPOL = 1. At the time the DPOL bit is set to 1, HIFDREQ becomes low. Then
writing 1 to the DTRG bit, a low pulse of 32 peripheral clock cycles is generated at the ]
pin.

DTRG bit

DPOLbit ______ | Assertedin synchronization The DTRG bit is cleared
Negated in synchronization with the DTRG bit being set simultaneously with
with the DPOL bit being set by the on-chip CPU. HIFDREQ negate.

by the on-chip CPU.
HIFDREQ \ /

After assert, negated when
treve (peripheral clock cycle) x 32 cyc have elapsed.

Figure17.11 HIFDREQ Timing (When DMD =1 and DPOL = 1)

When the external DMAC supports intermittent operating mode (block transfer mode),
data transfer can be implemented by using the HIFRAM consecutive access and bank fu
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bytes) to HIFDATA

5 Set HIFRAM
consecutive write with
address increment in
HIFMCR
6 Select HIFDATAand — HIF bank HIFRAM bank s
write dummy data (4 interrupt by HIF bank inte
bytes) to HIFDATA occurs handler (externe
accesses bank -
chip CPU acces
bank 0)
7 Activate DMAC Assert Set DTRG bit to
HIFDREQ
8 Consecutive
data write to
bank 1 in
HIFRAM
9 Write to end HIF bank HIFRAM bank s
address of bank interrupt by HIF bank inte
1in HIFRAM occurs handler (externe
completes and accesses bank (
operation halts chip CPU acces
bank 1)
10 Re-activate Assert Set DTRG bit to
DMAC HIFDREQ
11 Consecutive Read data from
data write to HIFRAM
bank 0 in
HIFRAM
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that HIFGSRH read with HIFRS = low), AIFRAIVI consecutive write Is Interrupted, and No.
need to be done again.

Table17.5 Consecutive Read Procedurefrom HIFRAM by External DMAC

External Device This LSI
No. CPU DMAC HIF CPU
1 HIF initial setting HIF initial settir

DMAC initial setting

Set HIFADR to
HIFRAM start
address

4 Set HIFRAM
consecutive read with
address increment in
HIFMCR

Select HIFDATA

Write data to b
HIFRAM

7 After writing da
address of ban
HIFRAM, perfc
HIFRAM bank
(external devic
accesses bank
chip CPU acce
bank 0)

8 Activate DMAC <« Assert <« Set DTRG bit t
HIFDREQ
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i 4

11 Re-activate « Assert <« Set DTRG bit to

DMAC HIFDREQ

12 Consecutive Write data to ba
data read from HIFRAM
bank 0 in
HIFRAM

13 Read fromend — HIF bank — HIFRAM bank s
address of bank interrupt by HIF bank inte
0 in HIFRAM occurs handler (externe
completes and accesses bank -
operation halts chip CPU acces

bank 0)

14 Re-activate « Assert < Set DTRG bit to

DMAC HIFDREQ

Hereafter No. 12 to 14 are repeated. When a register other than HIFDATA is accessed (e
that HIFGSR read with HIFRS = low), HIFRAM consecutive read is interrupted, and No. 3
need to be done again.
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1 B'00 H'3210

B'10 H'7654

1 0 B'00 H'1032
B'10 H'5476

1 B'00 H'5476

B'10 H'1032

Table17.7 HIF Registers (other than HIFDATA) Alignment for Access by an Ext

Device
Alighm
Data in HIFDATA WBSWP Bit BO Bit BYTE[1:0] Bits HIFDI[1-
H'76543210 Don't care 0 B'00 H'7654
B'10 H'3210
1 B'00 H'3210
B'10 H'7654

Rev. 6.00 Jul. 15,2009 Pag
RENESAS REJOS



HIFD15 to HIFDOO ﬁ

A % Py
B

HIFDREQ

HIFRDY

HIFEBL

Figure17.12 Image of High-lmpedance Control of HIF Pinsby HIFEBL Pi
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input by the signal General input p
level Low High input on this pin. Low High initial state **
HIFRDY Output  Output  General input port Output Output General input pc
output buffer: buffer: buffer: Off  buffer: On initial state**
control On On (Sequence
(Low (Low output)
output)  output)

HIFINT  Output Output  General inputport ~ Output Output General input pc
output buffer: buffer: buffer: buffer: On initial state**
control Off Off Off (Sequence

output)
HIFDREQ Output  Output  General input port Output Output General input pc
output buffer: buffer: buffer: buffer: On initial state**
control Off Off Off (Sequence

output)
HIFD 15 1/O /10 General input port I/O buffer:  1/0 buffer ~ General input pc
to HIFDO buffer: buffer: Off controlled initial state**
1/0 Off Off according to
control states of

HIFCS,

HIFWR,

and HIFRD
HIFCS Input Input General input port Input buffer: Input buffer: General input pc
input buffer:  buffer: Off On initial state**
control Off Off
HIFRS Input Input General input port Input buffer: Input buffer: General input po
input buffer: buffer: Off On initial state**
control Off Off

RENESAS
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HIFWR  Input Input  General input port Input Input General input port at the
input buffer:  buffer: buffer: buffer: state*”

control Off Off Off On

HIFRD  Input  Input Input Input

input buffer: buffer: buffer: buffer: General input port at th
control Off Off General input port Off On state*”

Notes: 1. The pin also functions as an HIFEBL pin by setting the PFC registers.
2. The pin also functions as an HIF pin by setting the PFC registers.

When the HIF pin function is selected for the HIFEBL pin and this pin by settin
registers, the input and/or output buffers are controlled according to the HIFEE

state.

When the HIF pin function is not selected for the HIFEBL pin and is selected fc
by setting the PFC registers, the input and/or output buffers are always turned

setting is prohibited.
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PA17 input/output (port

A17 output (BSC) —

PA18 input/output (port

A18 output (BSC) —

A19 output (BSC) —

PA20 input/output (port

A20 output (BSC) —

(port)
(port)
PA19 input/output (port)
(port)
(port)

PA21 input/output (port

A21 output (BSC)
(SIOF)

SCK_SIOO0 input/output

PA22 input/output (port)

A22 output (BSC)

SIOMCLKO input (SIOF) —

PA23 input/output (port)

A23 output (BSC)

RXD_SIO0 input (SIOF) —

PA24 input/output (port)

A24 output (BSC) TXD_SIOO0 output

(SIOF)

PA25 input/output (port)

A25 output (BSC) SIOFSYNCO
input/output (SIOF)

Table18.2 List of Multiplexed Pins (Port B)

Port

Function 1 Function 2
(Related (Related

Module) Module)

Function 3 Fun

(Related (Rel
Module) Moc

PB0O WAIT input —

input/output (BSC)
(port)

PBO1
input/output
(port)

101S16 input —
(BSC)

PB02
input/output
(port)

CKE output —
(BSC)
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PB06 WES3(BES3) DQMUU output  ICIOWR output

input/output output (BSC) (BSC)

(port) (BSC)

PBO7 CE2B output
input/output (BSC)

(port)

PB08 CS6B output CE1B output
input/output (BSC) (BSC)

(port)

PB09 CE2A output
input/output (BSC)

(port)

PB10 CS5B output CE1A output
input/output (BSC) (BSC)

(port)

PB11 CS4 output

input/output (BSC)

(port)

PB12 CS3 output

input/output (BSC)

(port)

PB13 BS output

input/output (BSC)

(port)
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(EtherC)

PCO06 input/output (port)

MII_TXD2 output
(EtherC)

CRS output

PCO07 input/output (port)

MII_TXD3 output
(EtherC)

DUPLEX ou

PCO8 input/output (port)

RX_DV input (EtherC)

PCO09 input/output (port)

RX_ER input (EtherC)

PC10 input/output (port)

RX_CLK input (EtherC)

PC11 input/output (port)

TX_ER output (EtherC)

PC12 input/output (port)

TX_EN output (EtherC)

PC13 input/output (port)

TX_CLK input (EtherC)

PC14 input/output (port)

COL input (EtherC)

CRS input (EtherC)

(
PC15 input/output (port)
PC16 input/output (port)

MDIO input/output
(EtherC)

PC17 input/output (port)

MDC output (EtherC)

PC18 input/output (port)

LNKSTA input (EtherC)

PC19 input/output (port)

EXOUT output (EtherC)

PC20 input/output (port)

WOL output (EtherC)
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PD6 input/output (port)

IRQ6 input (INTC)

RxD2 input (SCIF)

DACK1 outpu

PD7 input/output (port)

IRQ7 input (INTC)

SCK2 input/output (SCIF) —

Table18.5 List of Multiplexed Pins (Port E)

Function 1 Function 2 Function 3 Function £
Port (Related Module) (Related Module) (Related Module) (Related M
E PEOQO input/output (port) HIFEBL input (HIF) SCK_SIOO0 input/output  —

(SIOF)

PEO1 input/output (port)

HIFRDY output (HIF)

SIOMCLKO input (SIOF)

PEO2 input/output (port)

HIFDREQ output (HIF)

RXD_SIOO0 input (SIOF)

HIFMD input (HIF)

PEO4 input/output (port

HIFINT output (HIF)

TXD_SIOO0 output (SIOF)

HIFRD input (HIF)

(

(
PEO3 input/output (port)

(

(

(

)
PEO5 input/output (port)
PEO06 input/output (port)

HIFWR input (HIF)

SIOSYNCO input/output
(SIOF)

PEO7 input/output (port)

HIFRS input (HIF)

PEO08 input/output (port)

HIFCS input (HIF)

PEOQ9 input/output (port)

HIFDOO input/output (HIF) —

D16 input/oL
(BSC)

PE10 input/output (port)

HIFDO1 input/output (HIF) —

D17 input/oL
(BSC)

PE11 input/output (port)

HIFDO2 input/output (HIF) —

D18 input/oL
(BSC)

PE12 input/output (port)

HIFDOS input/output (HIF) —

D19 input/oL
(BSC)
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" (BSC)

PE18 input/output (port) HIFDO9 input/output (HIF) TxD1 output (SCIF) D25 input/c
(BSC)
PE19 input/output (port) HIFD10 input/output (HIF) RxD1 input (SCIF) D26 input/c
(BSC)
PE20 input/output (port) HIFD11 input/output (HIF) SCK1 input/output (SCIF) D27 input/c
(BSC)
PE21 input/output (port) HIFD12 input/output (HIF) RTSO output (SCIF) D28 input/c
(BSC)
PE22 input/output (port) HIFD13 input/output (HIF) CTSO0 input (SCIF) D29 input/c
(BSC)
PE23 input/output (port) HIFD14 input/output (HIF) RTS1 output (SCIF) D30 input/c
(BSC)
PE24 input/output (port) HIFD15 input/output (HIF) CTS1 input (SCIF) D31 input/c
(BSC)
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D11 A06 — A06 —

A12  AO7 — A07 —

C11 A0S — A08 —

B11  A09 — A09 —

D10 A10 — A10 —

A1l AT — A11 —

C10  A12 — A12 —

A10  A13 — A13 —

D9 Al4 — A14 —

B10 Al5 — A15 —

A5  PA16 PA16/A16 PA16 PA16/A16

B5 PA17 PA17/A17 PA17 PA17/A17

A4 PA18 PA18/A18 PA18 PA18/A18

D5  PA19 PA19/A19 PA19 PA19/A19

B4  PA20 PA20/A20 PA20 PA20/A20

C4  PA21 PA21/A21/SCK_SIO0 PA21 PA21/A21/SCK_
A3 PA22 PA22/A22/SIOMCLKO PA22 PA22/A22/SIOMC
D4  PA23 PA23/A23/RXD_SI00 PA23 PA23/A23/RXD_
B3  PA24 PA24/A24/TXD_SIO0 PA24 PA24/A24/TXD_S
A2 PA25 PA25/A25/SIOFSYNCO  PA25 PA25/A25/SIOFS
B8 PB00 PBOO/WAIT PB00 PBOO/WAIT

D6  PBO1 PB01/I01S16 PBO1 PB01/I01S16
Ci5 PBO2 PB02/CKE PB02 PB02/CKE
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A8 RD — RD —
D13 RDWR — RDWR —
B6 PBO7 PB07/CE2B PBO7 PB07/CE2B
C5  PBO8 PB08/(CS6B/CETB) PBO8 PB08/(CS6B/CE
A6 PB09 PB09/CE2A PB09 PB09/CE2A
Cé6  PB10 PB10/(CS5B/CETA) PB10 PB10/(CS5B/CE
cs PB11 PB11/CS4 PB11 PB11/CS4
A15  PB12 PB12/CS3 PB12 PB12/CS3
D8  CSO — CSo —
C9 PB13 PB13/BS PB13 PB13/BS
R6  PCO0 PCO0/MII_RXDO PC00 PCO0/MII_RXDC
M7  PCOf1 PCO1/MII_RXDH1 PCO1 PCO1/MII_RXD1
P6 PC02 PCO02/MII_RXD2 PC02 PCO02/MII_RXD:
N7  PCO3 PCO03/MII_RXD3 PC03 PCO3/MII_RXD:?
P8 PC04 PCO04/MII_TXDO0/ PCO04 PC04/MII_TXDC
SPEED100 SPEED100
M9  PCO5 PCO5/MII_TXD1/LINK PC05 PCO5/MII_TXD1
R9  PCO6 PC06/MII_TXD2/CRS PC06 PCO06/MII_TXD2
N9 PC07 PCO07/MII_TXD3/DUPLEX PCO07 PCO7/MII_TXD3
N6  PCO8 PCO08/RX_DV PCO8 PCO08/RX_DV
M6  PCO9 PC09/RX_ER PC09 PC09/RX_ER
R8  PC10 PC10/RX_CLK PC10 PC10/RX_CLK
N8  PC11 PC11/TX_ER PC11 PC11/TX_ER
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N11  PC19 PC19/EXOUT PC19 PC19/EXOUT

P10 PC20 PC20/WOL PC20 PC20/WOL

DI PDO PDO/IRQO/TENDO PDO PDO/IRQO/TEND!

E4  PD1 PD1/IRQ1/TEND1 PD1 PD1/IRQ1/TEND

D2  PD2 PD2/IRQ2/TxD1/DREQ0  PD2 PD2/IRQ2/TXD1/!

D3  PD3 PD3/IRQ3/RxD1/DACKO  PD3 PD3/IRQ3/RxD1L

C1i  PD4 PD4/IRQ4/SCK1 PD4 PD4/IRQ4/SCK1

C2  PD5 PD5/IRQ5/TxD2/DREQ1  PD5 PD5/IRQ5/TXD2/!

C3  PD6 PD6/IRQ6/RXD2/DACK1  PD6 PD6/IRQ6/RXD2/

B2  PD7 PD7/IRQ7/SCK2 PD7 PD7/IRQ7/SCK2

N1 PEOO PEOO/HIFEBL/SCK_SIO0  HIFEBL PEOO/HIFEBL/SC

M3  PEO1 PEO1/HIFRDY/SIOMCLKO HIFRDY PEO1/HIFRDY/SI

M2  PEO2 PE02/HIFDREQ/ HIFDREQ PE02/HIFDREQ/
RXD_SIO0 RXD_SIO0

L4  HIFMD PEO3/HIFMD HIFMD PEO3/HIFMD

M1 PEO4 PEO4/HIFINT/TXD_SIO0  HIFINT PEO4/HIFINT/TXI

L2 PEO5 PEO05/HIFRD HIFRD PEO05/HIFRD

L1 PEO6 PE06/HIFWR/SIOFSYNCO HIFWR PE06/HIFWR/SIC

L3  PEO7 PEO7/HIFRS HIFRS PEO7/HIFRS

E3  PEO8 PEOS/HIFCS HIFCS PEOS/HIFCS

K3  PEO09 PEO9/HIFDO0/D16 HIFD0O PEO9/HIFDO0/D1

K4  PE10 PE10/HIFDO1/D17 HIFDO1 PE10/HIFDO1/D1

J2  PET PE11/HIFD02/D18 HIFD02 PE11/HIFD02/D1

J3  PE12 PE12/HIFD03/D19 HIFDO3 PE12/HIFD03/D1

Rev. 6.00 Jul. 15, 2009 Page 550 of 816

REJ09B0237-0600 RRENESAS



PE20 PE20/HIFD11/SCK1/D27  HIFD11 PE20/HIFD11/S
G4 PE21 PE21/HIFD12/RTS0/D28  HIFD12 PE21/HIFD12/R
F1 PE22 PE22/HIFD13/CTS0/D29  HIFD13 PE22/HIFD13/C
F3 PE23 PE23/HIFD14/RTS1/D30 HIFD14 PE23/HIFD14/R
F4 PE24 PE24/HIFD15/CTS1/D31  HIFD15 PE24/HIFD15/C
K14 D00 — D00 —
J13 D01 — D01 —
J15 D02 — D02 —
H12 D03 — D03 —
J14 D04 — D04 —
H13 D05 — D05 —
G12 D06 — D06 —
G15 D07 — D07 —
E15 D08 — D08 —
E14 D09 — D09 —
F14 D10 — D10 —
F13 D11 — D11 —
F15 D12 — D12 —
F12 D13 — D13 —
G14 D14 — D14 —
G13 D15 — D15 —
M14  TRST input — TRST input —
N12  TDO output — TDO output —
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L13  ASEMD input — ASEMD input

L14  TESTMD input — TESTMD input
R12  MD3 input — MDS input

J12 MD2 input — MD2 input

L15 MD1 input — MD1 input

N13  MDO input — MDO input

M15  RES input — RES input

L12 NMI input — NMI input

M11  MDS5 input — MD5 input

R11  TESTOUT output — TESTOUT output
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Port B control register L2 (PBCRL2)

Port C IO register H (PCIORH)

Port C IO register L (PCIORL)

Port C control register H2 (PCCRH2)
Port C control register L1 (PCCRLI1)

Port C control register L2 (PCCRL2)

Port D 10 register L (PDIORL)

Port D control register L2 (PDCRL?2)
Port E 10 register H (PEIORH)

Port E 10 register L (PEIORL)

Port E control register H1 (PECRH1)
Port E control register H2 (PECRH?2)
Port E control register L1 (PECRL1)

Port E control register L2 (PECRL2)
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always be 0.

The initial value of PAIORH is H'0000.

18.1.2 Port A Control Register H1 and H2 (PACRH1 and PACRH2)

PACRHI1 and PACRH?2 are 16-bit readable/writable registers that select the pin functions

multiplexed port A pins.
e PACRHI
Initial
Bit Bit Name Value R/W Description
15t04 — All O R Reserved
These bits are always read as 0. The write value
always be 0.
3 PA25MD1 0 R/W  PA25 Mode
2 PA25MDO O R/W  Select the function of pin PA25/A25/SIOFSYNCQ

00: PA25 input/output (port)

01: A25 output (BSC)

10: SIOFSYNCO input/output (SIOF)
11: Setting prohibited
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Bit

Bit Name

Initial
Value

R/W

Description

15
14

PA23MD1
PA23MDO

0
0

R/W
R/W

PA23 Mode

Select the function of pin PA23/A23/RXD_SIO0
00: PA23 input/output (port)

01: A23 output (BSC)

10: RXD_SIOO0 input (SIOF)

11: Setting prohibited

13
12

PA22MD1
PA22MDO

R/W
R/W

PA22 Mode

Select the function of pin PA22/A22/SIOMCLKO
00: PA22 input/output (port)

01: A22 output (BSC)

10: SIOMCLKO input (SIOF)

11: Setting prohibited

11
10

PA21MD1
PA21MDO

R/W
R/W

PA21 Mode

Select the function of pin PA21/A21/SCK_SIOO0.
00: PA21 input/output (port)

01: A21 output (BSC)

10: SCK_SIOQ input/output (SIOF)

11: Setting prohibited

Reserved

This bit is always read as 0. The write value shc
always be 0.
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Selects the function of pin PA19/A19.
0: PA19 input/output (port)
1: A19 output (BSC)

Reserved

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

4 PA18MDO 0 R/W

PA18 Mode

Selects the function of pin PA18/A18.
0: PA18 input/output (port)

1: A18 output (BSC)

Reserved

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

2 PA17MDO O R/W

PA17 Mode

Selects the function of pin PA17/A17.
0: PA17 input/output (port)

1: A17 output (BSC)

Reserved

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

0 PA16MDO 0 R/W

PA16 Mode

Selects the function of pin PA16/A16.
0: PA16 input/output (port)

1: A16 output (BSC)
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always be 0.

The initial value of PAIBRL is H'0000.

18.1.4 Port B Control Register L1 and L2 (PBCRL1 and PBCRL2)

PBCRL1 and PBCRL2 are 16-bit readable/writable registers that select the pin function:
multiplexed port B pins.

e PBCRLI
Initial
Bit Bit Name Value R/W Description
15t0 11 — AllO R Reserved
These bits are always read as 0. The write valu
always be 0.
10 PB13MDO 0 R/W  PB13 Mode
Selects the function of pin PB13/BS.
0: PB13 input/output (port)
1: BS output (BSC)
9 — 0 R Reserved
This bit is always read as 0. The write value shc
always be 0.
8 PB12MDO O R/W  PB12 Mode

Selects the function of pin PB12/CS3.
0: PB12 input/output (port)
1: CS8 output (BSC)
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This bit is always read as 0. The write value shot
always be 0.

4 PB1OMDO 0 R/W

PB10 Mode

Selects the function of pin PB10/CS5B/CE1A.
0: PB10 input/output (port)

1: CS5B/CE1A output (BSC)

Reserved

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

2 PBOMDO 0 R/W

PB9 Mode

Selects the function of pin PB09/CE2A.
0: PB09 input/output (port)

1: CE2A output (BSC)

Reserved

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

0 PB8MDO 0 R/W

PB8 Mode

Selects the function of pin PB08/CS6B/CE1B.
0: PB08 input/output (port)

1: CS6B/CE1B output (BSC)
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13

Reserved

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

12

PB6MDO

R/W

PB6 Mode

Selects the function of pin
PB06/WE3(BE3)/DQMUU/ICIOWR.

0: PBO6 input/output (port)
1: WE3(BES3)/DQMUU/ICIOWR output (BSC)

11

Reserved

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

10

PB5MDO

RW

PB5 Mode

Selects the function of pin
PB05/WE2(BE2)/DQMUL/ICIORD.

0: PBO5 input/output (port)
1: WE2(BE2)/DQMUL/ICIORD output (BSC)

Reserved

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

PB4MDO

R/W

PB4 Mode

Selects the function of pin PB04/RAS.
0: PB04 input/output (port)

1: RAS output (BSC)
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This bit is always read as 0. The write value shot
always be 0.

4 PB2MDO 0 R/wW

PB2 Mode

Selects the function of pin PB02/CKE.
0: PB02 input/output (port)

1: CKE output (BSC)

Reserved

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

2 PB1MDO 0 R/wW

PB1 Mode

Selects the function of pin PB01/101S16.
0: PBO1 input/output (port)

1: 10IS16 input (BSC)

Reserved

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

0 PBOMDO 0 R/wW

PBO Mode

Selects the function of pin PBOO/WAIT.
0: PBOO0 input/output (port)

1: WAIT input (BSC)
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Bits 15 to 5 in PCIORH are reserved. These bits are always read as 0. The write value sl
always be 0.

The initial values of PCIORH and PCIORL are H'0000.

18.1.6 Port C Control Register H2, L1, and L2 (PCCRH2, PCCRL1, and PCCR

PCCRH2, PCCRLI, and PCCRL2 are 16-bit readable/writable registers that select the p
functions for the multiplexed port C pins.

e PCCRH2
Initial
Bit Bit Name Value R/W Description
15t0 9 — AllO R Reserved
These bits are always read as 0. The write val
always be 0.
8 PC20MDO O R/W  PC20 Mode
Selects the function of pin PC20/WOL.
0: PC20 input/output (port)
1: WOL output (EtherC)
7 — 0 R Reserved
This bit is always read as 0. The write value sl
always be 0.
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Selects the function of pin PC18/LNKSTA.
0: PC18 input/output (port)
1: LNKSTA input (EtherC)

Reserved

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

2 PC17MDO O RW

PC17 Mode

Selects the function of pin PC17/MDC.
0: PC17 input/output (port)

1: MDC output (EtherC)

Reserved

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

0 PC16MDO O RW

PC16 Mode

Selects the function of pin PC16/MDIO.
0: PC16 input/output (port)

1: MDIO input/output (EtherC)
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Reserved

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

12

PC14MDO

R/W

PC14 Mode

Selects the function of pin PC14/COL.
0: PC14 input/output (port)

1: COL input (EtherC)

11

Reserved

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

10

PC13MDO

R/W

PC13 Mode

Selects the function of pin PC13/TX_CLK.
0: PC13 input/output (port)

1: TX_CLK input (EtherC)

Reserved

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

PC12MDO

R/W

PC12 Mode

Selects the function of pin PC12/TX_EN.
0: PC12 input/output (port)

1: TX_EN output (EtherC)
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This bit is always read as 0. The write value shot
always be 0.

4 PCiOMDO O R/W

PC10 Mode

Selects the function of pin PC10/RX_CLK.
0: PC10 input/output (port)

1: RX_CLK input (EtherC)

Reserved

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

2 PCOMDO 0 R/W

PC9 Mode

Selects the function of pin PCO9/RX_ER.
0: PCO9 input/output (port)

1: RX_ER input (EtherC)

Reserved

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

0 PC8MDO 0 R/W

PC8 Mode

Selects the function of pin PC08/RX_DV.
0: PCO08 input/output (port)

1: RX_DV input (EtherC)
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13
12

PC6MD1
PC6MDO

R/W

PC6 Mode

Select the function of pin PC6/MII_TXD2/CRS.
00: PCO06 input/output (port)

01: MII_TXD2 output (EtherC)

10: Setting prohibited

11: CRS output (PHY)

11
10

PC5MD1
PC5MDO

R/W
R/W

PC5 Mode

Select the function of pin PC5/MII_TXD1/LINK.
00: PCO05 input/output (port)

01: MII_TXD1 output (EtherC)

10: Setting prohibited

11: LINK output (PHY)

PC4MD1
PC4MDO

R/W
R/W

PC4 Mode

Select the function of pin PC4/MII_TXDO0/SPEE]
00: PCO04 input/output (port)

01: MII_TXDO output (EtherC)

10: Setting prohibited

11: SPEED100 output (PHY)

Reserved

This bit is always read as 0. The write value shc
always be 0.
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Selects the function of pin PC02/MII_RXD2.
0: PCO2 input/output (port)
1: MII_RXD2 input (EtherC)

3 — 0 R Reserved
This bit is always read as 0. The write value shot
always be 0.

2 PC1MDO 0 R/W  PC1 Mode

Selects the function of pin PC01/MII_RXD1.
0: PCO1 input/output (port)
1: MII_RXD1 input (EtherC)

1 — 0 R Reserved
This bit is always read as 0. The write value shot
always be 0.

0 PCOMDO 0 R/W  PCO Mode

Selects the function of pin PC00/MII_RXDO.
0: PCOO input/output (port)
1: MII_RXDO input (EtherC)

18.1.7 Port D 10 Register L (PDIORL)

PDIORL is a 16-bit readable/writable register that selects the input/output directions of tl
pins. Bits PD7IOR to PDOIOR correspond to pins PD7 to PDO (the pin name abbreviatior
multiplexed functions are omitted). PDIORL is enabled when a port C pin functions as a
input/output (PD7 to PDO0), otherwise, disabled.
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port b pins.

e PDCRL2
Initial
Bit Bit Name Value R/W Description
15 PD7MD1 0 R/W PD7 Mode
14 PD7MDO 0 R/W  Select the function of pin PD7/IRQ7/SCK2.
00: PD7 input/output (port)
01: IRQ7 input (INTC)
10: SCK2 input/output (SCIF)
11: Setting prohibited
13 PD6MD1 R/W PD6 Mode
12 PD6MDO R/W  Select the function of pin PD6/IRQ6/RxD2/DACI
00: PD6 input/output (port)
01: IRQ6 input (INTC)
10: RxD2 input (SCIF)
11: DACK1 output (DMAC)
11 PD5MD1 R/W PD5 Mode
10 PD5MDO R/W  Select the function of pin PD5/IRQ5/TxD2/DRE!

00: PD5 input/output (port)
01: IRQ5 input (INTC)

10: TxD2 output (SCIF)
11: DREQ?1 input (DMAC)
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00: PD3 input/output (port)
01: IRQ3 input (INTC)
10: RxD1 input (SCIF)
11: DACKO output (DMAC)

5 PD2MD1 0 R/W  PD2 Mode
PD2MDO O R/W  Select the function of pin PD2/IRQ2/TxD1/DREQ
00: PD2 input/output (port)
01: IRQ2 input (INTC)
10: TxD1 output (SCIF)
11: DREQO input (DMAC)

PD1MD1 O R/W  PD1 Mode

PD1IMDO O R/W  Select the function of pin PD1/IRQ1/TEND1.
00: PD1 input/output (port)
01: IRQ1 input (INTC)
10: Setting prohibited
11: TEND1 output (DMAC)

PDOMD1 0 R/W  PDO Mode

0 PDOMDO 0 R/W  Select the function of pin PDO/IRQO/TENDO.

00: PDO input/output (port)
01: IRQO input (INTC)
10: Setting prohibited
11: TENDO output (DMAC)
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Bits 15 to 9 in PAIORH are reserved. These bits are always read as 0. The write value s
always be 0.

The initial values of PEIORH and PEIORL are H'0000.
18.1.10 Port E Control Register H1,H2, L1, and L2 (PECRH1, PECRH2, PECRI
PECRL?2)

PECRHI1, PECRH2, PECRLI, and PECRL2 are 16-bit readable/writable registers that s
pin functions for the multiplexed port E pins.

e PECRHI
Bit Bit Name Initial Value R/W Description
15to2 — AllO R Reserved
These bits are always read as 0. The write
should always be 0.
1 PE24MD1 O R/W PE24 Mode
0 PE24MDO O R/W  Select the function of pin PE24/HIFD15/C
(When in 00: PE24 input/output (port)
non-HIF 01: HIFD15 input/output (HIF)
boot mode) ]
0 10: CTS1 input (SCIF)
] 11: D31 input/output (BSC)
(When in HIF
boot mode)
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\vviiii

boot mode)

13 PE22MD1 0 R/W PE22 Mode
12 PE22MDO 0 R/W  Select the function of pin PE22/HIFD13/C’
(When in non- 00: PE22 input/output (port)
HIF boot 01: HIFD13 input/output (HIF)
mode)
0 10: CTSO input (SCIF)
1 11: D29 input/output (BSC)
(When in HIF
boot mode)
11 PE21MD1 0 R/W PE21 Mode
10 PE21MDO O R/W  Select the function of pin PE21/HIFD12/R
(When in non- 00: PE21 input/output (port)
HIF boot 01: HIFD12 input/output (HIF)
mode)
0 10: RTSO0 output (SCIF)
] 11: D28 input/output (BSC)
(When in HIF
boot mode)
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FET19MDI1

) R/W

FET9 Moae

PE19MDO O R/W  Select the function of pin PE19/HIFD10/R>
(When in 00: PE19 input/output (port)
non-HIF boot 01: HIFD10 input/output (HIF)
mode)
0 10: RxD1 output (SCIF)
1 11: D26 input/output (BSC)
(When in HIF
boot mode)
PE18MD1 0 R/W PE18 Mode
PE18MDO 0 R/W  Select the function of pin PE18/HIFD09/Tx
(When in 00: PE18 input/output (port)
non-HIF boot 01: HIFDOY input/output (HIF)
mode)
0 10: TxD1 output (SCIF)
] 11: D25 input/output (BSC)
(When in HIF
boot mode)
PE17MD1 0 R/W PE17 Mode
PE17MDO O R/W  Select the function of pin PE17/HIFD08/S(

(When in
non-HIF boot
mode)

0
1

(When in HIF
boot mode)

00: PE17 input/output (port)
01: HIFDO8 input/output (HIF)
10: SCKO input/output (SCIF)
11: D24 input/output (BSC)
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PECRLI

Bit Bit Name Initial Value R/W Description
15 PE15MD1 O R/W PE15 Mode
14 PE15MDO O R/W  Select the function of pin PE15/HIFD0O6/Tx
(When in 00: PE15 input/output (port)
non-HIF boot 01: HIFDO6 input/output (HIF)
mode)
0 10: TxDO output (SCIF)
] 11: D22 input/output (BSC)
(When in HIF
boot mode)
13 PE14MD1 O R/W PE14 Mode
12 PE14MDO O R/W  Select the function of pin PE14/HIFD05/D:
(When in non- 00: PE14 input/output (port)
HIF boot 01: HIFDO5 input/output (HIF)
mode)
0 10: Setting prohibited
] 11: D21 input/output (BSC)
(When in HIF
boot mode)
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FE12ZMD1

)

R/W

FE1z Moae

PE12MDO O R/W  Select the function of pin PE12/HIFD03/Dr
(When in 00: PE12 input/output (port)
non-HIF boot 01: HIFDO3 input/output (HIF)
mode)
0 10: Setting prohibited
1 11: D19 input/output (BSC)
(When in HIF
boot mode)
PE11MD1 O R/W PE11 Mode
PE11MDO O R/W  Select the function of pin PE11/HIFD02/Dr
(When in 00: PE11 input/output (port)
non-HIF boot 01: HIFDO2 input/output (HIF)
mode)
0 10: Setting prohibited
1 11: D18 input/output (BSC)
(When in HIF
boot mode)
PE1OMD1 0 R/W PE10 Mode
PE1OMDO O R/W  Select the function of pin PE10/HIFD01/D-

(When in
non-HIF boot
mode)

0
1

(When in HIF
boot mode)

00: PE10 input/output (port)
01: HIFDO1 input/output (HIF)
10: Setting prohibited

11: D17 input/output (BSC)

RENESAS
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1 — 0) R Rneserved

This bit is always read as 0. The write valt

always be 0.
0 PE8SMDO 0 R/W PE8 Mode
(When in non- Selects the function of pin PEO8/HIFCS.
HIF boot 0: PE08 input/output (port)
mode)
] 1: HIFCS input (HIF)
(When in HIF
boot mode)
e PECRL2
Bit Bit Name Initial Value R/W Description
15 — 0 R Reserved
This bit is always read as 0. The write valt
always be 0.
14 PE7MDO 0 R/W PE7 Mode
(Whenin Selects the function of pin PEO7/HIFRS.
non-HIF boot 0: PEQ7 input/output (port)
mode)
] 1: HIFRS input (HIF)
(When in HIF
boot mode)
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11

Reserved

This bit is always read as 0. The write va
always be 0.

10 PE5MDO 0 R/W PE5 Mode
(When in Selects the function of pin PEO5/HIFRD.
non-HIF boot 0: PEO5 input/output (port)
mode)
] 1: HIFRD input (HIF)
(When in HIF
boot mode)
9 PE4MD1 0 R/W PE4 Mode
8 PE4MDO 0 R/W  Select the function of pin PEO4/HIFINT/T
(When in 00: PE04 input/output (port)
non-HIF boot 01: HIFINT input (HIF)
mode)
0 10: TXD_SIOO0 output (SIOF)
] 11: Setting prohibited
(When in HIF
boot mode)
7 — 0 R Reserved

This bit is always read as 0. The write va
always be 0.

RENESAS
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0
1

10: RXD_SIOO0 input (SIOF)
11: Setting prohibited

(When in HIF
boot mode)

3 PE1MDO 0 R/W  PE1 Mode

2 PE1MDO 0 R/W  Select the function of pin
(When in PEO1/HIFRDY/SIOMCLKO.
non-HIF boot 00: PEO1 input/output (port)
mode) 01: HIFRDY output (HIF)
0 10: SIOMCLKO input (SIOF)
1 11: Setting prohibited
(When in HIF
boot mode)

1 PEOMD1 0 R/W  PEO Mode

0 PEOMDO 0 R/W  Select the function of pin PEOO/HIFEBL/SC(
(When in 00: PEOO input/output (port)
non-HIF boot 01: HIFEBL input (HIF)
mode)
0 10: SCK_SIOO0 input/output (SIOF)
1 11: Setting prohibited
(When in HIF
boot mode)
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(Related Module) (Related Module) (Related Module) (Related Mod

PD2 input/output (port) IRQ2 input (INTC) TxD1 output (SCIF) DREQO input {
PD4 input/output (port) IRQ4 input (INTC) SCK1 input/output (SCIF) DACKO output
PD5 input/output (port) IRQS5 input (INTC) TxD2 input/output (SCIF) DREQT1 input (

18.2.2 Detailsof Restriction

For the logical specs of the output functions of the pins listed in the above table (i.e. log
the value of the data register), when the data register of the pins is set to 'l', the output o
will be FIXED to 'l' (= High). For the initial value of that data register is '0', it DOES N
any problems in the use of NOT writing any data at all after power-on-reset. In addition
output is fixed to '1' (= High) in the use of writing '1' to the data register, it must be safe
sets that have already worked without any problems UNLESS change the value of PFC,
input functions do work safety even in the function 1.

Rev. 6.00 Jul. 15,2009 Pag
RENESAS REJOS



Rev. 6.00 Jul. 15, 2009 Page 578 of 816
REJ09B0237-0600 RENESAS



-«§—Pp| PA16 (input/output)/A16 (output)
<@—Pp| PA17 (input/output)/A17 (output)
-—p| PA18 (input/output)/A18 (output)
-—Pp| PA19 (input/output)/A19 (output)
-@—P| PA20 (input/output)/A20 (output)
@—P| PA21 (input/output)/A21 (output)/SCK_SIOO0 (input/output)

Port A

-§—P| PA22 (input/output)/A22 (output)/SIOMCLKO (input)

@—P| PA23 (input/output)/A23 (output)/RXD_SIOO0 (input)

<-§—P| PA24 (input/output)/A24 (output)/TXD_SIOO (output)

<§—P| PA25 (input/output)/A25 (output)/SIOFSYNCO (input/output)

Figure19.1 Port A

19.1.1 Register Description

Port A is a 10-bit I/O port that has a following register. For details on the address of this
and the states of this register in each processing state, see section 24, List of Registers.

e Port A data register H (PADRH)

19.1.2 Port A Data Register H (PADRH)

PADRH is a 16-bit readable/writable register which stores data for port A. Bits PA25D]
PA16DR correspond to pins PA25 to PA16. (Description of multiplexed functions is on
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Ihese Dbits are always read as 0. I'he write value
always be 0.

R/W See table 19.1.

9 PA25DR O

8 PA24DR O R/W
7 PA23DR O R/W
6 PA22DR 0 R/W
5 PA21DR O R/W
4 PA20DR O R/W
3 PA19SDR O R/W
2 PA18DR O R/W
1 PA17DR O R/W
0 PA16DR O R/W

Table19.1 Port A Data Register H (PADRH) Read/Write Operation

e Bits 9 to 0 in PADRH

Pin Function PAIORH Read Write

General input 0 Pin state Data can be written to PADRH but no e
the pin state.

General output 1 PADRH value Written value is output from the pin.

Other functions ~ * PADRH value Data can be written to PADRH but no e

the pin state.
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<¢—P| PBOS5 (input/output)/ WE2(BE2)/DQMUL/ICIORD (output)

-¢—P| PBO06 (input/output)/WE3(BE3)/DQMUU/ICIOWR (output)

Port B |<¢—| PB07 (input/output)/CE2B (output)

<4—P| PBO8 (input/output)/CS6B (output)/CE1B (output)

<¢—»| PBO09 (input/output)/CE2A (output)

-<4—P| PB10 (input/output)/CS5B (output)/CETA (output)

<¢—P| PB11 (input/output)/CS4 (output)
-<§—P| PB12 (input/output)/CS3 (output)
<¢—p| PB13 (input/output)/BS (output)

Figure19.2 Port B

19.21 Register Description

Port B is a 14-bit I/O port that has a following register. For details on the address of this
and the states of this register in each processing state, see section 24, List of Registers.

e Port B data register L (PBDRL)

19.2.2 Port B Data Register L (PBDRL)

PBDRL is a 16-bit readable/writable register which stores data for port B. Bits PB13DR
PBODR correspond to pins PB13 to PB0O. (Description of multiplexed functions is omi

When the pin function is general output port, if the value is written to PBDRL, the value
from the pin; if PBDRL is read, the value written to the register is directly read regardle
pin state.
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11 PB11DR O R/W
10 PB10ODR O R/W
9 PB9DR 0 R/W
8 PB8DR 0 R/W
7 PB7DR 0 R/W
6 PB6DR 0 R/W
5 PB5DR 0 R/W
4 PB4DR 0 R/W
3 PB3DR 0 R/W
2 PB2DR 0 R/W
1 PB1DR 0 R/W
0 PBODR 0 R/W

Table19.2 Port B Data Register L (PBDRL) Read/Write Operation

e Bits 13 to 0 in PBDRL

Pin Function PBIORL Read Write

General input 0 Pin state Data can be written to PBDRL but no e
the pin state.

General output 1 PBDRL value Written value is output from the pin.

Other functions  * PBDRL value Data can be written to PBDRL but no e

the pin state.
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Port C

PCO05 (input/output)/MII_TXD1 (output)/LINK (output)

PCO06 (input/output)/MII_TXD2 (output)/CRS (output)

PCO7 (input/output)/MII_TXD3 (output)/DUPLEX (output)

PCO08 (input/output)/RX_DV (input)

PCO09 (input/output)/RX_ER (input)

PC10 (input/output)/RX_CLK (input)

PC11 (input/output)/TX_ER (output)

PC12 (input/output)/TX_EN (output)

PC13 (input/output)/TX_CLK (input)

PC14 (input/output)/COL (input)

PC15 (input/output)/CRS (input)

PC16 (input/output)/MDIO (input/output)

PC17 (input/output)/MDC (output)

PC18 (input/output)/LNKSTA (input)

PC19 (input/output)/EXOUT (output)

PC20 (input/output)/WOL (output)

Figure19.3 Port C

Rev. 6.00 Jul. 15, 2009 Pag

RENESAS

REJOS



A L LJIN L dllu 1 VAN dly 1TUTvlL 1vauauiliv/vviiaviv lcleLClD uliat stvivo vuata 1vl PUIL . LJ1L

PC20DR to PCODR correspond to pins PC20 to PCO00. (Description of multiplexed funct
omitted.)

When the pin function is general output port, if the value is written to PCDRH or PCDRI
value is output from the pin; if PCDRH or PCDRL is read, the value written to the registc
directly read regardless of the pin state.

When the pin function is general input port, not the value of register but pin state is direc
PCDRH or PCDRL is read. Data can be written to PCDRH or PCDRL but no effect on tt
state. Table 19.3 shows the reading/writing function of the port C data registers H and L.

e PCDRH
Initial
Bit Bit Name Value R/W Description
15t05 — All O R Reserved
These bits are always read as 0. The write value
always be 0.
4 PC20DR O R/W See table 19.3.
3 PC19DR 0 R/W
2 PC18DR O R/W
1 PC17DR 0 R/W
0 PC16DR 0 R/W
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9 PC9DR 0 R/W
8 PC8DR 0 R/W
7 PC7DR 0 R/W
6 PC6DR 0 R/W
5 PC5DR 0 R/W
4 PC4DR 0 R/W
3 PC3DR 0 R/W
2 PC2DR 0 R/W
1 PC1DR 0 R/W
0 PCODR 0 R/W

Table19.3 Port C Data RegistersH and L (PCDRH and PCDRL) Read/Write Oy

e Bits 4 to 0 in PCDRH and Bits 15 to 0 in PCDRL

Pin Function PBIORL Read Write
General input 0 Pin state Data can be written to PCDRH or PCL
effect on the pin state.
General output 1 PCDRH or Written value is output from the pin.
PCDRL value
Other functions ~ * PCDRH or Data can be written to PCDRH or PCL
PCDRL value effect on the pin state.
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-@—P»| PD5 (input/output)/IRQ5 (input)/TxD2 (output)/DREQ1 (input)

-@—P»| PD6 (input/output)/IRQ6 (input)/RxD2 (input)/DACKO(output)

-@—P»| PD7 (input/output)/IRQ7 (input)/SCK2 (input/output)

Figure19.4 Port D

1941 Register Description

Port D is an 8-bit I/O port that has a following register. For details on the address of this 1
and the states of this register in each processing state, see section 24, List of Registers.

e Port D data register L (PDDRL)

19.4.2 Port D Data Register L (PDDRL)

PDDRL is a 16-bit readable/writable register which stores data for port D. Bits PD7DR t«
correspond to pins PD7 to PDO. (Description of multiplexed functions is omitted.)

When the pin function is general output port, if the value is written to PDDRL, the value
from the pin; if PDDRL is read, the value written to the register is directly read regardles
pin state.

When the pin function is general input port, not the value of register but pin state is direc
PDDRL is read. Data can be written to PDDRL but no effect on the pin state. Table 19.4
the reading/writing function of the port D data register L.
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2 PD2DR 0 R/W
1 PD1DR 0 R/W
0 PDODR 0 R/W

Table19.4 Port D Data Register L (PDDRL) Read/Write Operation

e Bits 7 to 0 in PDDRL

Pin Function PBIORL Read

Write

Data can be written to PDDRL but no
the pin state.

Written value is output from the pin.

General input 0 Pin state
General output 1 PDDRL value
Other functions ~ * PDDRL value

Data can be written to PDDRL but no
the pin state.
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<€4—P| PEOS5 (input/output)/HIFRD (input)

<€4—P| PEO06 (input/output)/HIFWR (input)/SIOFSYNC (input/output)

<4+—»| PEO7 (input/output)/HIFRS (input)

<€—P| PE08 (input/output)/HIFCS (input)

<€—P| PE09 (input/output)/HIFDOO (input/output)/D16 (input/output)

<€—»| PE10 (input/output)/HIFDO1 (input/output)/D17 (input/output)

<4—P| PE11 (input/output)/HIFDO02 (input/output)/D18 (input/output)

Port E |<@—P PE12 (input/output)/HIFDO3 (input/output)/D19 (input/output)

<4+—»| pE13 (input/output)/HIFDO04 (input/output)/D20 (input/output)

<+—»| pE14 (input/output)/HIFDO5 (input/output)/D21 (input/output)

<4+—»| pE15 (input/output)/HIFD06 (input/output)/TxDO0 (output)/D22 (input/output)

<¢——P| PE16 (input/output)/HIFDO7 (input/output)/RxDO (input)/D23 (input/output)

<——P»| PE17 (input/output)/HIFDO8 (input/output)/SCKO (input/output)/D24 (input/output)

<@¢——P| PE18 (input/output)/HIFDO9 (input/output)/TxD1 (output)/D25 (input/output)

<§—P| PE19 (input/output)/HIFD10 (input/output)/RxD1 (input)/D26 (input/output)

<@—P| PE20 (input/output)/HIFD11 (input/output)/SCK1 (input/output)/D27 (input/output)

<¢—»| PE21 (input/output)/HIFD12 (input/output)/RTSO (output)/D28 (input/output)

<€—P| PE22 (input/output)/HIFD13 (input/output)/CTSO0 (input)/D29 (input/output)

<@—P| PE23 (input/output)/HIFD14 (input/output)/RTS1 (output)/D30 (input/output)

<€¢—P| PE24 (input/output)/HIFD15 (input/output)/CTS1 (input)/D31 (input/output)

Figure19.5 Port E
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to PEODR correspond to pins PE24 to PE0O. (Description of multiplexed functions is or

When the pin function is general output port, if the value is written to PEDRH or PEDR
value is output from the pin; if PEDRH or PEDRL is read, the value written to the regis
directly read regardless of the pin state.

When the pin function is general input port, not the value of register but pin state is dire
PEDRH or PEDRL is read. Data can be written to PEDRH or PEDRL but no effect on t
state. Table 19.5 shows the reading/writing function of the port E data registers H and L

e PEDRH
Initial

Bit Bit Name Value R/W Description

15t09 — All O R Reserved
These bits are always read as 0. The write value
always be 0.

8 PE24DR 0 R/W See table 19.5.

7 PE23DR 0 R/W

6 PE22DR 0 R/W

5 PE21DR 0 R/W

4 PE20DR O R/W

3 PE19DR 0 R/W

2 PE18DR O R/W

1 PE17DR 0 R/W

0 PE16DR 0O R/W
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9 PE9DR 0 R/W
8 PESDR 0 R/W
7 PE7DR 0 R/W
6 PEGDR 0 R/W
5 PE5DR 0 R/W
4 PE4DR 0 R/W
3 PE3DR 0 R/W
2 PE2DR 0 RW
1 PE1DR 0 R/W
0 PEODR 0 R/W

Table19.5 Port E Data RegistersH, L (PEDRH, PEDRL) Read/Write Operation

e Bits 8 to 0 in PEDRH and Bits 15 to 0 in PEDRL

Pin Function PBIORL Read Write
General input 0 Pin state Data can be written to PEDRH or PEDF
effect on the pin state.
General output 1 PEDRH or Written value is output from the pin.
PEDRL value
Other functions ~ * PEDRH or Data can be written to PEDRH or PEDF
PEDRL value effect on the pin state.
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LAOLIVIL, LLOLIVIL, LA LAL, AL AL, LA, LAIVL, NALI, INALVL, LDANRNLOL, dllU 101 DU
weak keeper is a circuit, always operating while the power is on, that fixes the input
to low or high when the pins are not driven from outside. Notes on processing the in
are as follows:

— When using pins having the weak keeper circuit as input pins and driving these T
certain level from outside, adjust the resistance of pull-up/pull-down resistors to
weak keeper circuit keep the intended levels. (2 kQ and 8 kQ are recommended
respectively.) The larger the resistance is, the longer the transition time is. In add
large resistance may fail to let the weak keeper circuit to keep the intended levels
Therefore, when the resistors adjusted comparatively large are used, ensure that -
transition does not delay in the system.

— While using the pins having the weak keeper circuit as input pins, if their levels
matter, there is no need to deal with pins from outside.

— MDS5, MD3, MD2, MD1, MDO, ASEMD, and TESTMD.

Drive these to intended levels from outside. Since the weak keeper circuit is not :
those pins, comparatively large resistance in pull-up/pull-down resistors can be u

— EXTAL, and XTAL

See section 8.6, Notes on Board Design in section 8, Clock Pulse Generator (CP(

. Since the HIFMD pin is not initially set to function as a general port pin, it must be |
or down externally to fix its state.

. When using a multiplexed pin with a function not selected with its initial value (for
using the PB12/CS3 pin, the initial function of which is PB12, as the CS3 pin), the p
pulled up or down externally at least after a reset until its pin function is selected by
to fix its state.
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The UBC has the tfollowing features:

The following break comparison conditions can be set.
Number of break channels: two channels (channels A and B)

User break can be requested as either the independent or sequential condition on cha
and B (sequential break: when channel A and channel B match with break condition
different bus cycles in that order, a break condition is satisfied).

— Address (Compares addresses 32 bits):
Comparison bits are maskable in 1-bit units; user can mask addresses at lower 12
page), lower 10 bits (1-k page), or any size of page, etc.
One of the two address buses (L-bus address (LAB) and I-bus address (IAB)) cai
selected.

— Data (only on channel B, 32-bit maskable)

One of the two data buses (logic data bus (LDB) and internal data bus (IDB)) car
selected.

— Bus cycle: Instruction fetch or data access
— Read/write
— Operand size: Byte, word, or longword

User break interrupt is generated upon satisfying break conditions. A user-designed
condition interrupt exception processing routine can be run.

In an instruction fetch cycle, it can be selected that a break is set before or after an ir
is executed.

Maximum repeat times for the break condition (only for channel B): 2" — 1 times.
Four pairs of branch source/destination buffers.
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Channel A
e e
=| comparator BERB
> BARB
»-| Address
comparator _BAMRB
Data BBRB
| comparator _BDMRB
- Channel B :' BETR |‘ »
. BRSR
™1 PC trace
- BRDR
Y »|  Control BRCR
\

LDB/IDB |—> User break request

CPU state signal
|:| UBC location

[Legend]

BBRA: Break bus cycle register A BDRB: Break data register B

BARA: Break address register A BDMRB: Break data mask register B
BAMRA: Break address mask register A BETR: Execution times break register
BBRB: Break bus cycle register B BRSR: Branch source register

BARB: Break address register B BRDR: Branch destination register
BAMRB: Break address mask register B BRCR: Break control register

Figure20.1 Block Diagram of UBC

—
-l
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e Break data register B (BDRB)

e Break data mask register B (BDMRB)
e Break control register (BRCR)

e Execution times break register (BETR)
e Branch source register (BRSR)

e Branch destination register (BRDR)

20.21 Break AddressRegister A (BARA)

BARA is a 32-bit readable/writable register. BARA specifies the address used for a bre:
condition in channel A.

Initial
Bit Bit Name Value R/W  Description
31100 BAA31to AllO R/W  Break Address A

BAAO Store the address on the LAB or IAB specifyin

conditions of channel A.
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the break condition

1: Break address bit BAAn of channel A is mas
is not included in the break condition

Note:n=311t00

20.2.3 Break BusCycle Register A (BBRA)

Break bus cycle register A (BBRA) is a 16-bit readable/writable register, which specifies
cycle or I bus cycle, (2) instruction fetch or data access, (3) read or write, and (4) operanc
the break conditions of channel A.

Initial
Bit Bit Name Value R/W  Description
15t08 — All O R Reserved
These bits are always read as 0. The write value s
always be 0.
CDA1 0 R/W L Bus Cycle/l Bus Cycle Select A
CDAO 0 R/W  Select the L bus cycle or | bus cycle as the bus cyc

channel A break condition.

00: Condition comparison is not performed
01: The break condition is the L bus cycle
10: The break condition is the | bus cycle
11: The break condition is the L bus cycle
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RVVA1 ) R/W
RWAO R/W

o

Reaa/vvrite select A

Select the read cycle or write cycle as the bus cy«
channel A break condition.

00: Condition comparison is not performed

01: The break condition is the read cycle

10: The break condition is the write cycle

11: The break condition is the read cycle or write

1 SZA1
0 SZAO

o

R/W
R/W

o

Operand Size Select A

Select the operand size of the bus cycle for the cl
break condition.

00: The break condition does not include operan:
01: The break condition is byte access

10: The break condition is word access

11: The break condition is longword access

20.2.4 Break Address Register B (BARB)

BARB is a 32-bit readable/writable register. BARB specifies the address used for a brea

condition in channel B.

Initial
Bit Bit Name Value R/W Description
31to0 BAB31to AllO R/W Break Address B

BAB 0

Store an address of LAB or IAB which specifies ¢
condition in channel B.
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preak condition

1: Break address BABnN of channel B is masked
included in the break condition

Note:n=311t00

20.26 Break Data Register B (BDRB)

BDRB is a 32-bit readable/writable register. BDBR selects data used for a break conditio
channel B.

Initial
Bit Bit Name Value R/W  Description
31to0 BDB31to AllO R/W Break Data Bit B

BDB O Store data which specifies a break condition in

channel B.

BDRB specifies the break data on LDB or IDB.

Notes: 1. Specify an operated size when including the value of the data bus in the break
condition.

2. When the byte size is selected as a break condition, the same byte must be s¢
15to 8 and 7 to 0 in BDRB as the break data.
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break condition

1: Break data BDBn of channel B is masked ¢
included in the break condition

Note:n=311t00
Notes: 1. Specify an operated size when including the value of the data bus in the brea
condition.

2. When the byte size is selected as a break condition, the same data must be «
15to 8 and 7 to 0 in BDRB as the break mask data.

20.28 Break BusCycle Register B (BBRB)

Break bus cycle register B (BBRB) is a 16-bit readable/writable register, which specifie
cycle or I bus cycle, (2) instruction fetch or data access, (3) read or write, and (4) operat
the break conditions of channel B.

Initial
Bit Bit Name Value R/W Description
15t08 — All O R Reserved
These bits are always read as 0. The write val
always be 0.
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4 IDBO

R/W

Select the instruction fetch cycle or data access cy
bus cycle of the channel B break condition.

00: Condition comparison is not performed
01: The break condition is the instruction fetch cycl
10: The break condition is the data access cycle

11: The break condition is the instruction fetch cyc
access cycle

RWB1
RWBO0

R/W
R/W

Read/Write Select B

Select the read cycle or write cycle as the bus cycle
channel B break condition.

00: Condition comparison is not performed

01: The break condition is the read cycle

10: The break condition is the write cycle

11: The break condition is the read cycle or write c

SZB1
0 SZB0

R/W
R/W

Operand Size Select B

Select the operand size of the bus cycle for the che
break condition.

00: The break condition does not include operand
01: The break condition is byte access

10: The break condition is word access

11: The break condition is longword access
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e Enable PC trace.

The break control register (BRCR) is a 32-bit readable/writable register that has break c
match flags and bits for setting a variety of break conditions.

Initial
Bit Bit Name Value R/W Description
31016 — AllO R Reserved
These bits are always read as 0. The write valu
always be 0.
15 SCMFCA 0 R/W L Bus Cycle Condition Match Flag A

When the L bus cycle condition in the break cor
for channel A is satisfied, this flag is set to 1 (nc
to 0). In order to clear this flag, write 0 into this |

0: The L bus cycle condition for channel A does
1: The L bus cycle condition for channel A matc
14 SCMFCB 0 R/W L Bus Cycle Condition Match Flag B

When the L bus cycle condition in the break cor
for channel B is satisfied, this flag is set to 1 (nc
to 0). In order to clear this flag, write 0 into this |

0: The L bus cycle condition for channel B does
1: The L bus cycle condition for channel B matc
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to 0). In order to clear this flag, write 0 into this bi
0: The | bus cycle condition for channel B does n
1: The | bus cycle condition for channel B matchs

11 PCTE 0 R/W

PC Trace Enable
0: Disables PC trace
1: Enables PC trace

10 PCBA 0 R/W

PC Break Select A

Selects the break timing of the instruction fetch c
channel A as before or after instruction executior

0: PC break of channel A is set before instructio
execution

1: PC break of channel A is set after instruction

9,8 — AllO R

Reserved

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

7 DBEB 0 R/W

Data Break Enable B

Selects whether or not the data bus condition is i
in the break condition of channel B.

0: No data bus condition is included in the condi
channel B

1: The data bus condition is included in the conc
channel B
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SEQ

R/W

Sequence Condition Select

Selects two conditions of channels A and B as
independent or sequential conditions.

0: Channels A and B are compared under inde,
conditions

1: Channels A and B are compared under seqL
conditions (channel A, then channel B)

2,1

AllO

R

Reserved

These bits are always read as 0. The write valu
always be 0.

ETBE

0

R/W

Number of Execution Times Break Enable

Enables the execution-times break condition on
channel B. If this bit is 1 (break enable), a user
issued when the number of break conditions mz
the number of execution times that is specified |

0: The execution-times break condition is disab
channel B

1: The execution-times break condition is enab
channel B
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These bits are always read as 0. The write value
always be 0.

11to0 BET11to AIlO R/W  Number of Execution Times
BETO

20.2.11 Branch Source Register (BRSR)

BRSR is a 32-bit read-only register. BRSR stores bits 27 to 0 in the address of the branch
instruction. BRSR has the flag bit that is set to 1 when a branch occurs. This flag bit is cl
when BRSR is read, the setting to enable PC trace is made, or BRSR is initialized by a pc
reset. Other bits are not initialized by a power-on reset. The four BRSR registers have a g
structure and a stored register is shifted at every branch.

Initial
Bit Bit Name Value R/W  Description
31 SVF 0 R BRSR Valid Flag

Indicates whether or not the branch source a
stored. When a branch is made, this flag is se
This flag is cleared to 0 by one of the followin
conditions: when this flag is read from this reg
when PC trace is enabled, and when a powel
is generated.

0: The value of BRSR register is invalid
1: The value of BRSR register is valid
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BRDR is a 32-bit read-only register. BRDR stores bits 27 to 0 in the address of the bran
destination instruction. BRDR has the flag bit that is set to 1 when a branch occurs. This
cleared to O when BRDR is read, the setting to enable PC trace is made, or BRDR is inif
a power-on reset. Other bits are not initialized by a power-on reset. The four BRDR reg;
a queue structure and a stored register is shifted at every branch.

Bit

Initial
Bit Name Value

R/W

Description

31

DVF 0

R

BRDR Valid Flag

Indicates whether or not the branch source a
stored. When a branch is made, this flag is s
This flag is cleared to 0 by one of the followin
conditions: when this flag is read from this re
when PC trace is enabled, and when a powe
is generated.

0: The value of BRDR register is invalid
1: The value of BRDR register is valid

30 to 28

— AllO

R

Reserved

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

27100

BDA27 to  Undefined
BDAO

R

Branch Destination Address

Store bits 27 to 0 of the branch destination ac
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bus cycle or I-bus cycle, bits to select instruction fetch or data access, and bits to selex
write. No user break will be generated if one of these combinations is set to B'00. The
respective conditions are set in the bits of the break control register (BRCR). Make st
all registers related to breaks before setting BBRA/BBRB.

2. When the break conditions are satisfied, the UBC sends a user break request to the CI
sets the L bus condition match flag (SCMFCA or SCMFCB) and the I bus condition 1
flag (SCMFDA or SCMFDB) for the appropriate channel.

3. The appropriate condition match flags (SCMFCA, SCMFDA, SCMFCB, and SCMFI
be used to check if the set conditions match or not. The matching of the conditions se
Reset the flags by writing 0 before they are used again.

4. There is a chance that the data access break and its following instruction fetch break ¢
around the same time, there will be only one break request to the CPU, but these two
channel match flags could be both set.
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or during an interrupt transition, but not to be executed). When this kind of break is .
delay slot of a delayed branch instruction, the break is generated immediately before
execution of the instruction that first accepts the break. Meanwhile, a break before tl
execution of the instruction in a delay slot and a break after the execution of the SLE
instruction are also prohibited.

When a break after execution is selected, the instruction that matches the break cond
executed and then the break is generated prior to the execution of the next instructio
a break before execution, this cannot be used with overrun fetch instructions. When

of break is set for a delayed branch instruction, a break is not generated until the firs
instruction at which breaks are accepted.

When an instruction fetch cycle is set for channel B, the break data register B (BDR
ignored. There is thus no need to set break data for the break of the instruction fetch

20.3.3 Break on Data Access Cycle

The bus cycles in which L bus data access breaks occur are from instructions.

The relationship between the data access cycle address and the comparison conditio
operand size is listed in table 20.1.

Table20.1 Data Access Cycle Addresses and Operand Size Comparison Conditio

Access Size Address Compared

Longword Compares break address register bits 31 to 2 to address bus bits
Word Compares break address register bits 31 to 1 to address bus bits
Byte Compares break address register bits 31 to 0 to address bus bits
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byte data for this case, set the same data 1n two bytes at bits 15 to & and bits 7 to O of |
data register B (BDRB) and break data mask register B (BDMRB). When word or by
bits 31 to 16 of BDRB and BDMRB are ignored.

20.34  Seguential Break

e By setting the SEQ bit in BRCR to 1, the sequential break is issued when a channel B
condition matches after a channel A break condition matches. A user break is not gen
even if a channel B break condition matches before a channel A break condition matc
When channels A and B break conditions match at the same time, the sequential breal
issued. To clear the channel A condition match when a channel A condition match ha
occurred but a channel B condition match has not yet occurred in a sequential break
specification, clear the SEQ bit in BRCR to 0.

¢ In sequential break specification, the L- or I-bus can be selected and the execution tin
condition can be also specified. For example, when the execution times break conditi
specified, the break is generated when a channel B condition matches with BETR = F
after a channel A condition has matched.

20.3.5 Valueof Saved Program Counter (PC)

When a break occurs, PC is saved onto the stack. The PC value saved is as follows depen
the type of break.

e When a break before execution is selected:

The value of the program counter (PC) saved is the address of the instruction that ma
break condition. The fetched instruction is not executed, and a break occurs before it.
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when break processing started. When a data value 1s added to the break conditions, t
will occur before the execution of an instruction that is within two instructions of the
instruction that matched the break condition. Therefore, where the break will occur ¢
specified exactly.

20.36 PCTrace

e Setting PCTE in BRCR to 1 enables PC traces. When branch (branch instruction, an
interrupt) is generated, the branch source address and branch destination address are
BRSR and BRDR, respectively.

e The branch source address has different values due to the kind of branch.

— Branch instruction
The branch instruction address.

— Interrupt and exception
The address of the instruction in which the interrupt or exception was accepted. "
address is equal to the return address saved onto the stack.
The start address of the interrupt or exception handling routine is stored in BRDI
The TRAPA instruction belongs to interrupt and exception above.

e BRSR and BRDR have four pairs of queue structures. The top of queues is read first
address stored in the PC trace register is read. BRSR and BRDR share the read point
BRSR and BRDR in order, the queue only shifts after BRDR is read. After switchin,
PCTE bit (in BRCR) off and on, the values in the queues are invalid.
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Address: H'00000404, Address mask: H'00000000

Bus cycle: L bus/instruction fetch (after instruction execution)/read (operand size
included in the condition)

— Channel B
Address: H'00008010, Address mask: H'00000006
Data: H'00000000, Data mask: H'00000000

Bus cycle: L bus/instruction fetch (before instruction execution)/read (operand siz:
included in the condition)

A user break occurs after an instruction of address H'00000404 is executed or beft
instructions of addresses H'00008010 to H'00008016 are executed.

e Register specifications

BARA =H'00037226, BAMRA = H'00000000, BBRA = H'0056, BARB = H'000372
BAMRB = H'00000000, BBRB = H'0056, BDRB = H'00000000, BDMRB = H'0000(
BRCR = H'00000008

Specified conditions: Channel A/channel B sequential mode
— Channel A

Address: H'00037226, Address mask: H'00000000

Bus cycle: L bus/instruction fetch (before instruction execution)/read/word
— Channel B

Address: H'0003722E, Address mask: H'00000000

Data: H'00000000, Data mask: H'00000000

Bus cycle: L bus/instruction fetch (before instruction execution)/read/word

After address H'00037226 is executed, a user break occurs before an instruction of ad
H'0003722E is executed.
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Address: H'00031415, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000

Bus cycle: L bus/instruction fetch (before instruction execution)/read (operand si
included in the condition)

On channel A, no user break occurs since instruction fetch is not a write cycle. On cl
no user break occurs since instruction fetch is performed for an even address.

Register specifications

BARA = H'00037226, BAMRA = H'00000000, BBRA = H'005A, BARB = H'0003
BAMRB = H'00000000, BBRB = H'0056, BDRB = H'00000000, BDMRB = H'000(
BRCR =H'00000008

Specified conditions: Channel A/channel B sequential mode
— Channel A

Address: H'00037226, Address mask: H'00000000

Bus cycle: L bus/instruction fetch (before instruction execution)/write/word
— Channel B

Address: H'0003722E, Address mask: H'00000000

Data: H'00000000, Data mask: H'00000000

Bus cycle: L bus/instruction fetch (before instruction execution)/read/word

Since instruction fetch is not a write cycle on channel A, a sequential condition does
match. Therefore, no user break occurs.
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Address: H'00001000, Address mask: H'00000000

Data: H'00000000, Data mask: H'00000000

Bus cycle: L bus/instruction fetch (before instruction execution)/read/longword
The number of execution-times break enable (5 times)

On channel A, a user break occurs before an instruction of address H'00000500 is exe
On channel B, a user break occurs after the instruction of address H'00001000 are exe
four times and before the fifth time.

e Register specifications
BARA = H'00008404, BAMRA = H'00000FFF, BBRA = H'0054, BARB = H'00008(

BAMRB = H'00000006, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'0000(
BRCR = H'00000400

Specified conditions: Channel A/channel B independent mode
— Channel A
Address: H'00008404, Address mask: H'00000FFF

Bus cycle: L bus/instruction fetch (after instruction execution)/read (operand size
included in the condition)

— Channel B
Address: H'00008010, Address mask: H'00000006
Data: H'00000000, Data mask: H'00000000
Bus cycle: L bus/instruction fetch (before instruction execution)/read (operand siz
included in the condition)
A user break occurs after an instruction of addresses H'00008000 to H'OO00O8FFE is e
or before an instruction of addresses H'00008010 to H'00008016 is executed.
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— Channel b
Address: HOO0OABCDE, Address mask: H'O0O0000FF
Data: H'0000A512, Data mask: H'00000000
Bus cycle: L bus/data access/write/word

On channel A, a user break occurs with longword read from address H'00123454, w
from address H'00123456, or byte read from address H'00123456. On channel B, a t
occurs when word H'A512 is written in addresses H'0O0O0OABCO00 to HO00ABCEFE.

Break Condition Specified for | Bus Data Access Cycle:

Register specifications:

BARA =H'00314156, BAMRA = H'00000000, BBRA = H'0094, BARB = H'00055
BAMRB = H'00000000, BBRB = H'00A9, BDRB = H'00007878, BDMRB = H'000
BRCR = H'00000080

Specified conditions: Channel A/channel B independent mode
— Channel A

Address: H'00314156, Address mask: H'00000000, ASID = H'80

Bus cycle: I bus/instruction fetch/read (operand size is not included in the condit
— Channel B

Address: H'00055555, Address mask: H'00000000, ASID = H'70

Data: H'00000078, Data mask: H'0000000F

Bus cycle: I bus/data access/write/byte
On channel A, a user break occurs when instruction fetch is performed for address H
in the memory space.

On channel B, a user break occurs when the I bus writes byte data H'7* in address
H'00055555.
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set.

4. When user breaks and other exceptions occur by the same instruction, they are handle
according to the priority listed in table 5.1 of section 5, Exception Handling. When ar
exception with a higher priority is generated, no user break occurs.

— A break before the execution of an instruction is accepted with a priority over oth
exceptions.

— When a break after the execution of an instruction or a data access break occurs
simultaneously with a re-execution-type exception with a higher priority (includin
before the execution of an instruction), the re-execution-type exception is accepte
condition match flag is not set (however, there is an exception as explained in 5. o
20.3.8, Notes). When the exception source of the re-execution type is cleared by e
handling and the same instruction is executed again and completed, the break is g
again and the flag is set.

— When a break after the execution of an instruction or a data access break occurs
simultaneously with a completion-type exception with a higher priority (TRAPA).
occurs but the condition match flag is set.

5. Note on exception of 4. of section 20.3.8, Notes

When a break after the execution of an instruction or a data access break occurs durin

execution of the instruction in which a CPU address error is generated by data access.

address error has a priority over the break and occurs before the break. The condition
flag is also set at this time.
6. Note when a break occurs in the delay slot

When a break before the execution of an instruction is set to the delay slot instruction

RTE instruction, the break does not occur before executing the branch destination of |

instruction.

7. User breaks are disabled during USB module standby mode. Do not read from or writ

UBC registers during USB module standby mode; the values are not guaranteed.
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Standard 1149.1 and IEEE Standard Test Access Port and Boundary-Scan Architecture)

specifications.

The H-UDI in this LSI supports a boundary scan function, and is also used for emulator

connection.

When using an emulator, H-UDI functions should not be used. Refer to the emulator mz
the method of connecting the emulator.

Figure 21.1 shows a block diagram of the H-UDI.

I SDIR I

I SDID I

Decoder —

Local
bus

DI X »
| SDBPR I N
2
o 2
[} o2}
o o
a £
@ =
%]
DO [X] || MUX ||
Tck X
TMS IZ TAP controller
TRST X
[Legend]
SDBPR: Bypass register
SDBSR: Boundary scan register
SDIR: Instruction register

SDID:

ID register

Figure21.1 Block Diagram of H-UDI
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T™MS

Input

Mode Select Input Pin

The state of the TAP control circuit is determined by ch
this signal in synchronization with TCK. The protocol cc
to the JTAG standard (IEEE Std.1149.1).

TRST

Input

Reset Input Pin

Input is accepted asynchronously with respect to TCK,
when low, the H-UDI is reset. TRST must be low for the
period when the power is turned on regardless of using
UDI function. This is different from the JTAG standard.

For details on resets, see section 21.4.2, Reset Config

TDI

Input

Serial Data Input Pin

Data transfer to the H-UDI is executed by changing this
synchronization with TCK.

TDO

Output

Serial Data Output Pin

Data read from the H-UDI is executed by reading this p
synchronization with TCK. The data output timing depe
the command type set in SDIR. For details, see sectior
Instruction Register (SDIR).

ASEMD

Input

ASE Mode Select Pin

When a low level is input to the ASEMD pin, ASE modk
entered; if a high level is input, normal mode is entered
mode, the emulator functions can be used. The input le
the ASEMD pin should be held except during the RES |
assertion period.
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2131 BypassRegister (SDBPR)

SDBPR is a 1-bit register that cannot be accessed by the CPU. When SDIR is set to the
mode, SDBPR is connected between H-UDI pins (TDI and TDO). The initial value is u

21.3.2 Instruction Register (SDIR)

SDIR is a 16-bit read-only register. This register is in JTAG IDCODE in its initial state.
initialized by TRST assertion or in the TAP test-logic-reset state, and can be written to t
UDI irrespective of the CPU mode. Operation is not guaranteed if a reserved command

this register.

Initial

Bit Bit Name Value R/W  Description
15t0 13 TI7to TI5 All 1 R Test Instruction 7 to 0
12 T4 0 R The H-UDI instruction is transferred to SDIF
M08 Ti3toTlo  AI1__R _ sefalinputfrom TDI.

For commands, see table 21.2.
7to2 — All 1 R Reserved

These bits are always read as 1.
1 — 0 R Reserved

This bit is always read as 0.
0 — 1 R Reserved

This bit is always read as 1.
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1 0 1 _ _ — — — H-UDI interrupt

1 1 1 0 — — — — JTAG IDCODE (Initia
1 1 1 1 — — — — JTAG BYPASS
Other than above Reserved

21.3.3 Boundary Scan Register (SDBSR)

SDBSR is a 333-bit shift register, located on the PAD, for controlling the input/output pi
LSI. The initial value is undefined. This register cannot be accessed by the CPU.

Using the EXTEST, SAMPLE/PRELOAD, CLAMP, and HIGHZ commands, a boundar
test conforming to the JTAG standard can be carried out. Table 21.3 shows the correspon
between this LSI's pins and boundary scan register bits.
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326  PDO00/IRQO/-TENDO IN 296 PDO06/IRQ6/RxD2/DACK1
325 PEO8/HIFCS IN 295  PDO05/IRQ5/TxD2/DREQ1
324 PE24/HIFD15/CTS1/D31 IN 294  PDO04/IRQ4/SCK1/-
323 PE23/HIFD14/RTS1/D30 IN 293  PDO03/IRQ3/RxD1/DACKO
322  PE22/HIFD13/CTS0/D29 IN 292 PD02/IRQ2/TxD1/DREQO
321 PE21/HIFD12/RTS0/D28 IN 291  PDO1/IRQ1/-/TEND1
320 PE20/HIFD11/SCK1/D27 IN 290 PDO00/IRQO/-TENDO
319 PE19/HIFD10/RxD1/D26 IN 289 PEO8/HIFCS
318 PE18/HIFD09/TxD1/D25 IN 288 PE24/HIFD15/CTS1/D31
317 PE17/HIFD08/SCK0/D24 IN 287 PE23/HIFD14/RTS1/D30
316 PE16/HIFD07/RxD0/D23 IN 286 PE22/HIFD13/CTS0/D29
315 PE15/HIFD06/TxD0/D22 IN 285 PE21/HIFD12/RTS0/D28
314 PE14/HIFD05/-/D21 IN 284 PE20/HIFD11/SCK1/D27
313  PE13/HIFD04/-/D20 IN 283 PE19/HIFD10/RxD1/D26
312  PE12/HIFD03/-/D19 IN 282 PE18/HIFD09/TxD1/D25
311 PE11/HIFD02/-/D18 IN 281 PE17/HIFD08/SCK0/D24
310 PE10/HIFDO1/-/D17 IN 280 PE16/HIFD07/RxD0/D23
309 PEO9Y/HIFD00/-/D16 IN 279 PE15/HIFD06/TxD0/D22
308 PEO7/HIFRS IN 278  PE14/HIFD05/-/D21
307 PEO6/HIFWR/SIOFSYNCO/- IN 277  PE13/HIFD04/-/D20
306 PEO5/HIFRD IN 276 PE12/HIFD03/-/D19
305 PEO4/HIFINT/TXD_SIO0/-  IN 275 PE11/HIFD02/-/D18
304 PEO3/HIFMD IN 274  PE10/HIFDO1/-/D17
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2065  PEOO/RIFEBL/SCK_SI00/- OuUl 233  PEO4/HIFINT/TXD_S100/-

264 PC17/MDC/-/- ouT 232 PEO3/HIFMD

263 PC16/MDIO/-/- ouT 231 PEO2/HIFDREQ/RXD_SIOO0/-
262 PC15/CRS/-/- ouT 230 PEO1/HIFRDY/SIOMCLKO/-
261 PC18/LNKSTA ouT 229 PEOO/HIFEBL/SCK_SIOO0/-

260 PDO06/IRQ6/RxD2/DACK1 Control 228 PC17/MDC/-/-

259 PDO05/IRQ5/TxD2/DREQ1 Control 227 PC16/MDIO/-/-

258 PDO04/IRQ4/SCK1/- Control 226 PC15/CRS/

257 PDO03/IRQ3/RxD1/DACKO Control 225 PC18/LNKSTA

256 PDO02/IRQ2/TxD1/DREQO Control 224  PCO9/RX_ER/-/-

255  PDO1/IRQ1/-/TEND1 Control 223  PCO8/RX_DV/-/-

254 PDO00/IRQO/-/TENDO Control 222 PCOO/MIIRXDO/-/-
253 PEOS8/HIFCS Control 221 PCO1/MIIRXD1/-/-
252  PE24/HIFD15/CTS1/D31 Control 220 PCO2/MIIRXD2/-/-

251 PE23/HIFD14/RTS1/D30 Control 219  PCO3/MIIRXD3/-/-

250 PE22/HIFD13/CTS0/D29 Control 218 PC10/RX_CLK/-/-

249 PE21/HIFD12/RTS0/D28 Control 217  PC11/TX_ER/-/-

248 PE20/HIFD11/SCK1/D27 Control 216  PC13/TX_CLK/-/-

247 PE19/HIFD10/RxD1/D26 Control 215  PC04/MIITXDO/-/SPEED100

246 PE18/HIFD09/TxD1/D25 Control 214 PCO5/MIITXD1/-/LINK

245 PE17/HIFD08/SCKO0/D24 Control 213 PCO06/MIITXD2/-/CRS

244  PE16/HIFD07/RxD0/D23 Control 212  PCO7/MIITXD3/-/DUPLEX

243  PE15/HIFD06/TxD0/D22 Control 211 PC12/TX_EN/-/-

242  PE14/HIFDO5/-/D21 Control 210 PC14/COL/-/-
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201  PCO1/MHNRXD1/-/- Oul 169 TESTOUT
200 PCO2/MIIRXD2/-/- ouT 168 MDO

199  PCO3/MIIRXD3/-/- ouT 167 NMI

198 PC10/RX_CLK/-/- ouT 166 MD1

197  PC11/TX_ER/-/- ouT 165 MD2

196 PC13/TX_CLK/-/- ouT 164 DOO

195  PCO04/MIITXDO/-/SPEED100 OUT 163  DOf1

194  PCO5/MIITXD1/-/LINK ouT 162 D02

193  PCO6/MIITXD2/-/CRS ouT 161 D03

192 PCO7/MIITXD3/-/DUPLEX ouT 160 D04

191 PC12/TX_EN/-/- ouT 159 D05

190 PC14/COL/-/- ouT 158 D06

189 PC20/WOL ouT 157 D07

188 PC19/EXOUT ouT 156 D15

187 TESTOUT ouTt 155 D14

186 PCO09/RX_ER/-/- Control 154 D13

185 PCO08/RX_DV/-/- Control 153 D12

184  PCOO/MIIRXDO/-/- Control 152 D11

183  PCO1/MIIRXD1/-/- Control 151 D10

182  PCO02/MIIRXD2/-/- Control 150 D09

181  PCO3/MIIRXD3/-/- Control 149 D08

180 PC10/RX_CLK/-/- Control 148  PBO02/CKE
179  PC11/TX_ER/-/- Control 147 PBO03/CAS
178  PC13/TX_CLK/-/- Control 146  PB04/RAS

RENESAS

Rev. 6.00 Jul. 15, 2009 Pag
REJOS



137 D15 Oul 107 WEOQO, DQMLL

136 D14 ouT 106 WET, DQMLU, WE

135 D13 ouT 105 RDWR

134 D12 ouT 104 PBO02/CKE

133 D11 ouTt 103 PBO03/CAS

132 D10 ouT 102 PB04/RAS

131 D09 ouT 101  PB12/CS3

130 D08 ouT 100 PB13/BS

129 WEQ, DQMLL ouT 99  PB11/CS4

128 WET, DQMLU, WE ouT 98  PBOO/WAIT

127 RDWR ouT 97  PBO05/WE2(BE2)/DQMUL/
ICIORD

126 PB02/CKE ouT 96  PB06/WES3(BE3)/DQMUU/
[CIOWR

125 PBO3/CAS ouT 95  PBO01/0IS16

124 PB04/RAS ouT 94  PBO09/CE2A

123 D00 Control 93  PB10/CS5B, CE1A

122 DOt Control 92  PBO07/CE2B

121 D02 Control 91 PB08/CS6B, CE1B

120 D03 Control 90 PA16/A16

119 D04 Control 89  PA17/A17

118 D05 Control 88  PA18/A18

117 D06 Control 87  PA19/A19

116 D07 Control 86 PA20/A20

Rev. 6.00 Jul. 15, 2009 Page 622 of 816

REJ09B0237-0600

RENESAS



LA

::::::

77 A0t ouT 48  PA18/A18
76 A02 ouT 47  PA19/A19
75  A03 ouT 46 PA20/A20
74 AO4 ouT 45  PA21/A21/SCK_SIO0/-
73 A05 ouT 44 PA22/A22/SIOMCLKO/-
72 A06 ouT 43  PA23/A23/RXD_SIO0/-
71 A07 ouT 42  PA24/A24/TXD_SIOO0/-
70  A08 ouT 41 PA25/A25/SIOFSYNCO/-
69  A09 ouT 40  PDO07/IRQ7/SCK2/-
68  A10 ouT 39 PB12/CS3
67  Alf ouT 38  A00
66  Al12 ouT 37  A0f
65 A13 ouT 36  A02
64 Al4 ouT 35  A03
63 A15 ouT 34  AO4
62 PB13/BS ouT 33  AO5
61 CSO ouT 32  A06
60 PB11/CS4 ouT 31 A07
59 RD ouT 30 A08
58  PBOO/WAIT ouT 29  A09
57  PB05/WE2(BE2)/DQMUL/ ouT 28  A10
ICIORD
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19

control

PA22/A22/SI0OMCLKO/-

18 PBOO/WAIT Control PA23/A23/RXD_SIO0/-

17  PBO5/WE2(BE2)/ Control PA24/A24/TXD_SIO0/-
DQMUL/ICIORD

16  PB06/WES3(BE3)/ Control PA25/A25/SIOFSYNCO/-
DQMUU/ICIOWR

15 PB01/I0IS16 Control PD07/IRQ7/SCK2/-

14 PB09/CE2A Control to TDO

13  PB10/CS5B, CE1A Control

Note: * Control means a low active signal.

The corresponding pin is driven with an OUT value when the Control is driven
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DIDO description ID register that is stipulated by JTAG. H'0800(
(initial value) for this LSI. Upper four bits may
changed according to the LSI version.

SDIDH corresponds to bits 31 to 16.
SDIDL corresponds to bits 15 to 0.
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Figure21.2 TAP Controller State Transitions

Note: The transition condition is the TMS value at the rising edge of the TCK signal. T
value is sampled at the rising edge of the TCK signal and is shifted at the falling
the TCK signal. For details on change timing of the TDO value, see section 21.4.
Output Timing. The TDO pin is high impedance, except in the shift-DR and shift
states. A transition to the Test-Logic-Reset state is made asynchronously with TC
driving the TRST signal 0.
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Hign Normal reset

High Low H-UDI reset only

High Normal operation

Notes: 1. Selects to normal mode or ASE mode.

ASEMDO = high: normal mode
ASEMDO = low: ASE mode

2. In ASE mode, the reset hold state is entered by driving the RES and TRST p
the given time. In this state, the CPU does not start up, even if the RES pin i
high. After that, when the TRST pin is driven high, H-UDI operation is enable
CPU does not start up. The reset hold state is canceled by the following: ano
assert (power-on reset) or TRST reassert.

2143 TDO Output Timing

The timing of data output from the TDO differs according to the command type set in S
timing changes at the TCK falling edge when JTAG commands (EXTEST, CLAMP, HI
SAMPLE/PRELOAD, IDCODE, and BYPASS) are set. This is a timing of the JTAG st
When the H-UDI commands (H-UDI reset negate, H-UDI reset assert, and H-UDI inter:
set, the TDO signal is output at the TCK rising edge earlier than the JTAG standard by ¢
cycle.
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2144 H-UDI Reset

An H-UDI reset is generated by setting the H-UDI reset assert command in SDIR. An H-
is of the same kind as a power-on reset. An H-UDI reset is released by inputting the H-U
negate command. The required time between the H-UDI reset assert command and H-UT
negate command is the same as time for keeping the RESETP pin low to apply a power-c

SDIR X H-UDI reset assert >< >< H-UDI reset negate ><E

LSl internal reset / \:

CPU state . h ><Branch tok

Figure21.4 H-UDI Reset

2145 H-UDI Interrupt

The H-UDI interrupt function generates an interrupt by setting an H-UDI command in ST
H-UDI interrupt is an interrupt of general exceptions, resulting in a branch to an address |
the VBR value plus offset, and with return by the RTE instruction. This interrupt request
fixed priority level of 15.

H-UDI interrupts are accepted in sleep mode, but not in standby mode.
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BYPASS: The BYPASS instruction is a mandatory instruction that operates the bypass
This instruction shortens the shift path to speed up serial data transfer involving other cl
printed circuit board. While this instruction is executing, the test circuit has no effect on
system circuits. The upper four bits of the instruction code are 1111.

SAMPLE/PRELOAD: The SAMPLE/PRELOAD instruction inputs data from this LS]
circuitry to the boundary scan register, outputs data from the scan path, and loads data o
scan path. While this instruction is executed, signals input to this LSI pins are transmitte
to the internal circuitry, and internal circuit outputs are directly output externally from tl
pins. This LSI's system circuits are not affected by execution of this instruction. The upj
bits of the instruction code are 0100.

In a SAMPLE operation, a snapshot of a value to be transferred from an input pin to the
circuitry, or a value to be transferred from the internal circuitry to an output pin, is latch
boundary scan register and read from the scan path. Snapshot latching is performed in
synchronization with the rising edge of the TCK signal in the Capture-DR state. Snapsh
does not affect normal operation of this LSI.

In a PRELOAD operation, an initial value is set in the parallel output latch of the bound
register from the scan path prior to the EXTEST instruction. Without a PRELOAD oper
when the EXTEST instruction was executed an undefined value would be output from t
pin until completion of the initial scan sequence (transfer to the output latch) (with the E
instruction, the parallel output latch value is constantly output to the output pin).

EXTEST: This instruction is provided to test external circuitry when this LSI is mounte
printed circuit board. When this instruction is executed, output pins are used to output te
(previously set by the SAMPLE/PRELOAD instruction) from the boundary scan registe
printed circuit board, and input pins are used to latch test results into the boundary scan
from the printed circuit board. If testing is carried out by using the EXTEST instruction
the Nth test data is scanned-in when test data (N-1) is scanned out.
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21.5.2 Pointsfor Attention

Boundary scan mode does not cover clock-related system signals (EXTAL, XTAL, C
CK_PHY), E10A-related signals (RES and ASEMD), and H-UDI-related signals (TC
TDO, TMS, and TRST).

When the EXTEST, CLAMP, and HIGHZ commands are set, fix the RES pin low.
When a boundary scan test for other than BYPASS and IDCODE is carried out, fix th
ASEMD pin high.

21.6  Usage Notes

An H-UDI command, once set, will not be modified as long as another command is n
issued from the H-UDI. If the same command is given continuously, the command m
after a command (BYPASS, etc.) that does not affect LSI operations is once set.

Because LSI operations are suspended in standby mode, H-UDI commands are not ac
To hold the state of the TAP before and after standby mode, the TCK signal must be |
during standby mode transition.

The H-UDI is used for emulator connection. Therefore, H-UDI functions cannot be u:
using an emulator.
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Link-configuration automatically determined by Auto-negotiation / parallel detectio:
configuration also available

Low power consumption

Half- and Full-duplex capable for both 10 and 100 Mbps links
Automatic Polarity Correction in 10Base-T

Extended cable length option in 10Base-T

MII interface to the CPU core of this LSI.

Serial Management Interface (SMI)

Link, Activity, Duplex and Speed LED outputs
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ETC
(Ether C)

TX-ER
MII_TXD3
MII_TXD2
MII_TXD1
MII_TXDO
TX-EN
TX-CLK
MDC

MDIO

MDI_DIR
MII_RXD3
MII_RXD2
MII_RXD1
MII_RXDO

RX-CLK
CRS
CcoL

RX-DV
RX-ER

PHY

CO_TX_ER

CO_MII_TXD3

CO_MII_TXD2

CO_MII_TXD1

CO_MII_TXDO

CO_TX_EN

CO_TX_CLK

CO_MDC

—» CO_MDI
~4+—CO_MDO

CO_MDIO_DIR
CO_MII_RXD3

CO_MII_RXD2

CO_MII_RXD1

CO_MII_RXDO

CO_RX_CLK

CO_CRS
CO_COL

CO_RX_DV

AAAAAAAAALAA A
Y YYYYVYYY

CO_RX_ER

Tx

Rx

»

CAT5

A

> Magnetics

LED (_CRS)

LED (_LINK)

LED (_SPEED100)

LED (_FULL-DUPLEX)

Figure22.1 TheBlock Diagram around PHY Module
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Analog power supply 3 Vcc3A Input  Analog power supply for PHY

for PHY

Analog ground 1 for PHY Vss1A Input  Analog ground for PHY

Analog ground 2 for PHY Vss2A Input  Analog ground for PHY

PHY clock CK_PHY Input For providing the external clock for
course you can provide a clock fron
clock pulse generator (CPG), but yc
pull up or down this pin in that case

Differential transmit TxP Output The differential transmit output (+) f

output (+) to Ethernet network

Differential transmit XM Output The differential transmit output (-) fr

output (-) to Ethernet network

Differential receive input RxP Input  The differential receive input (+) fro

(+) Ethernet network to PHY

Differential receive input RxM Input  The differential receive input (-) fror

(-) network to PHY

SPEED100 signal SPEED100 Output SPEED100 Output Low shows that
operating speed is 100 Mbit/s or du
negotiation

LINK signal LINK Output LINK Output (Low indicates that linl

CRS signal CRS Output CRS Output (Low indicates that the
(carrier sense), keeps low after inac
CRS about 128 ms.)

DUPLEX signal DUPLEX Output DUPLEX Output (Low indicates FU

DUPLEX)
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¢ lUUBase-1A transmit and receive

e 10Base-T transmit and receive

e MII interface to the on-chip EtherC of this LSI
L]

[ ]

Management Control to read status registers and write control register.

Auto-negotiation to automatically determine the best speed and duplex possible

1
1
—— 10MTx logic »| 10M Transmitter |
1
1 >
1 : 7.
' 100M Tx Logic 100M Transmitter i To magnetics
! 1
! 1
Mil :-____T[a_nfrfiz ____________________________ :
logic i !
| DSP system: !
—— 100M Rx Logic [« clock data - AD | 1
! recovery .
! J i
I Equalizer !
1
1
| |_> !
| 100M PLL !
: 1
1
—— 10M Rx Logic |<—|Squelch and Filters [ ! From me
1
1
| T !
| _ 10M PLL |- i
! Receive |
—— Auto-negotiation Central Bias
SMI Management = Analog blocks
control

Figure22.2 Architectural Overview
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supported registers (7 to 15) will be read as hexadecimal "FFFF".

At the system level there are 2 signals, MDIO and MDC where MDIO is bi-directional «
and MDC is the clock. In the core there is no notion of bi-directional signals so the MD]
is implemented as 3 signals: CO_MDIO_DIR, CO_MDO and CO_MDI. The relationsh
these signals is made clear in figure 22.3.

CO_MDIO_DIR

MDIO

i
EtherC side | PHY module side

Inside of this LSI

Note: Drivers are in open-drain state

Figure22.3 How to Derive MDIO Signal from Core Signals

The CO_MDC signal is an a-periodic clock provided by the station management contro
(SMC), part of the EtherC. The CO_MDI signal receives serial data (commands) from t
controller SMC. The CO_MDO sends serial data (status) to the SMC.

The minimum time between edges of the CO_MDC is 160 ns. There is no maximum tin
edges. The minimum cycle time (time between two consecutive rising or two consecuti
edges) is 400 ns. These modest timing requirements allow this interface to be easily driy
CPU.
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rredimvie ] ] AT AUGdiess 1 Registiel AAUNess ala
, Frame | Code |

i Around :

Figure22.4 MDIO Timing and Frame Structure (READ Cycle)

Output on the rising edge
Latch on the rising edge
' b

CO_MDC |
CO_MDI ' ' y ' )
CO_MDIO_DIR RS : A
co oo ————— z -
Preamble E ?:t;rr:g E C?)z’e E PHY Address E Register Address EA:—SL:r;d E Data

Figure22.5 MDIO Timing and Frame Structure (WRITE Cycle)
Shown below is an example of coding for MDC cycles implemented by software loops.

Note: CO_MDIO_DIR in figures 22.4 and 22.5 above has a reverse polarity in relation
MMD bit in the PIR register.
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mi_ide();

return( data );

/* SM register wite */
voi d ether_reg_wite( unsigned short reg_addr, unsigned short data )
{

phy_preanbl e();

phy_reg_set( reg_addr, PHY_WRITE );

phy_ta_10();

phy_reg_wite( data );

mi_idle();

/* Subroutines */
voi d phy_preanbl e( void )
{

| ong i

i = 32;
while( i >0)
{
mi_wite_1();
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data | = (PHY_READ << 12); /* OP code(RD) */
}
el se
{

data |= (PHY_WRITE << 12); /* OP code(W) */
}

data | = (PHY_ADDR << 7); /* PHY Address */

data | = (reg_addr << 2); /* Reg Address */

i = 14;

while( i >0)

{
if( (data & 0x8000) == 0 )
{
mi_wite_0();
}
el se
{
mi_wite_1();
}
data <<= 1;
i--
}
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voi d

/1 Preceding TA cycle set PIR 0x00000000

while( i >0)

{

}

for (j=1;j<=QuatA;j++) REG PIR

for (j=1;j<=QuatA;j++) REG PIR

reg_data <<= 1;

0x00000000;

0x00000001;

reg_data | = (REG_PIR & 0x00000008) >> 3; /* MD read*/

for (j=1;j<=QuatA;j++) REG PIR

for (j=1;j<=QuatA;j++) REG PIR

*data = reg_data;

l ong

16;

0x00000001;

0x00000000;

phy_reg_write( unsigned short data )

while( i >0)

{

if( (data & 0x8000) == 0 )

{

mi_wite 0();

RENESAS
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void phy_ta_zO( void )

mi_ide();

mi_idle();

void phy_ta_10( void )

mi_wite_1();

mi_wite_0();

/* Qutput 1 */
voi d mi_wite_1( void)
{

int j;

unsi gned short pre_data;
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D

unsi gned short pre_data;

pre_data = REG_PI R&0x00000006; /* MDO, MVD */
for (j=1;j<=QuatA;j++) REG PIR = 0x00000000 | pre_data;
for (j=1;j<=QuatA;j++) REG PIR = 0x00000001 | pre_data;
for (j=1;j<=QuatA;j++) REG PIR = 0x00000003;

for (j=1;j<=QuatA;j++) REG PIR = 0x00000002;

}
/* ldle cycle */
voi d mi_ide( void)
{
int j;

unsi gned short pre_data;

pre_data = REG Pl R&0x00000006; /* MDO, MVD */
for (j=1;j<=QuatA;j++) REG PIR = 0x00000000 | pre_data;
for (j=1;j<=QuatA;j++) REG PIR = 0x00000001 | pre_data;
for (j=1;j<=QuatA;j++) REG PIR = 0x00000001;

for (j=1;j<=QuatA;j++) REG PIR = 0x00000000;

RENESAS
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Auto-Negotiation Link Partner Ability Register Extended

Auto-Negotiation Expansion Register Extended

e SMI Register Format
The mode key is as follows:
RW = read/write, SC = self clearing, WO = write only, RO = read only
LH = latch high, clear on read of register
LL = latch low, clear on read of register
NASR = Not Affected by Software Reset

(n,m) = register n, bit m
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Negotiation 0.13and 0.8), 0 = dvisable éuto-neg\otiate process C(

Enable [2

P

0.11 Power Down 1 = General power down mode, 0 = normal RW 0

operation

0.10 Isolate Reserved. (0= normal operation)The write value RW S

should always be 0. C(

[2

P

0.9 Restart Auto- 1 = restart auto-negotiate process, 0 = normal RW/SC 0
Negotiate operation. Bit is self-clearing.

0.8 Duplex Mode 1 = full duplex, 0 = half duplex . Ignored if Auto  RW S

Negotiation is enabled (0.12 = 1). C(

[2

P

0.7 Collision Test 1 = enable COL test, 0 = disable COL test RW 0

0.6:0 Reserved The write value should always be 0. RO 0
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Duplex with full duplex ability

1.11 10Base-T Half 1 = 10Mbps with half duplex, 0 = no 10Mbps RO
Duplex with half duplex ability
1.10:6 Reserved The write value should always be 0. RO
15 Auto- 1 = auto-negotiate process completed, RO
Negotiate 0 = auto-negotiate process not completed
Complete
14 Remote Fault 1 = remote fault condition detected, 0 = no RO/LH
remote fault
1.3 Auto- 1 = able to perform auto-negotiation function, RO
Negotiate 0 = unable to perform auto-negotiation function
Ability
1.2 Link Status 1 =link is up, 0 = link is down RO/LL
1.1 Jabber Detect 1 = jabber condition detected, 0 = no jabber RO/LH
condition detected
1.0 Extended 1 = supports extended capabilities registers, RO
Capabilities 0 = does not support extended capabilities
registers

e Register 2 (PHY Identifier 1)

Address Name Description Mode Default
2.15:0 PHY ID Number Assigned to the 3rd through 18th bits of RW co_reg:
the Organizationally Unique Identifier [15:0]
(OUI), respectively. PHYIF!
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R =

ST T T

I = Bl

Address Name Description Mode Def
415 Next Page  This bit indicates next page is available or RO 0
not, but this core does not support next
page ability and it is fixed to 0.The write
value should always be 0.
414 Reserved The write value should always be 0. RO
413 Remote Fault 1 = remote fault detected, 0 = no remote RW
fault
412 Reserved The write value should always be 0. R/W 0
4.11:10 Pause 00 No PAUSE, 01 Asymmetric PAUSE R/W 00
Operation toward link partner, 10 Symmetric
PAUSE, 11 Both Symmetric PAUSE and
Asymmetric PAUSE toward local device
4.9 100Base-T4 Reserved. The write value should always RO 0
be 0.
4.8 100Base-TX 1 = TX with full duplex, 0 = no TX full RW Set
Full Duplex  duplex ability co_
[2:0
PH'
4.7 100Base-TX 1 =TXable, 0 = no TX ability RW 1
4.6 10Base-T 1 = 10Mbps with full duplex, 0 = no RwW Set
Full Duplex  10Mbps with full duplex ability co_
[2:0
PH'
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5.15 Next Page 1 = next page capable RO
0 = no next page ability. This part does not
support next page ability.

5.14 Acknowledge 1 = link code word received from partner RO
0 = link code word not yet received

5.13 Remote Fault 1 = remote fault detected RO
0 = no remote fault

5.12:11 Reserved The write value should always be 0. RO

5.10 Pause 1 = Pause Operation is supported by RO

Operation remote MAC
0 = Pause Operation is not supported by
remote MAC
5.9 100Base-T4 1 =T4 able, 0 = no T4 ability RO
5.8 100Base-TX 1 = TX with full duplex RO
Full Duplex 0 = no TX full duplex ability
5.7 100Base-TX 1 =TX able, 0 = no TX ability RO
5.6 10Base-T Full 1 = 10Mbps with full duplex RO
Duplex 0 = no 10Mbps with full duplex ability

5.5 10Base-T 1 = 10Mbps able RO
0 = no 10Mbps ability

5.4:0 Selector Field [00001] = IEEE 802.3 RO
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Next Page 1 = local device has next page ability
Able 0 = local device does not have next page ability

6.1 Page 1 = new page received RO/LH
Received 0 = new page not yet received

6.0 Link Partner 1 = link partner has auto-negotiation ability, RO
Auto- 0 = link partner does not have auto-negotiation
Negotiation  ability
Able
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Figure22.6 100Base-TX Data Path
(1) 100M Transmit Data acrossthe Ml |

The MAC controller drives the transmit data onto the CO_MII_TXD bus and asserts the :
signal (CO_TX_EN) to indicate valid data. The data is latched by the PHY's MII block o
rising edge of CO_TX_CLK. The data is in the form of 4-bit wide 25MHz data.

(2) 4B/5B Encoding

The transmit data passes from the MII block to the 4B/5B encoder. This block encodes th
from 4-bit nibbles to 5-bit symbols (known as "code-groups") according to table 22.2. Ea
data-nibble is mapped to 16 of the 32 possible code-groups. The remaining 16 code-grou,
either used for control information or are not valid.

The first 16 code-groups are referred to by the hexadecimal values of their corresponding
nibbles, 0 through F. The remaining code-groups are given letter designations with slashe
either side. For example, an IDLE code-group is /I/, a transmit error code-group is /H/, et
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it ~ ~ v ivi LALEAR 4

01110 6 6 0110 DATA 6

01111 7 7 0111 DATA7

10010 8 8 1000 DATA 8

10011 9 9 1001 DATA9

10110 A A 1010 DATA A

10111 B B 1011 DATAB

11010 C C 1100 DATAC

11011 D D 1101 DATAD

11100 E E 1110 DATAE

11101 F F 1111 DATAF

11111 | IDLE Sent after /T/R/ until C

11000 J First nibble of SSD, translated to "0101" Sent for rising CO_TX
following IDLE, else CO_RX_ER

10001 K Second nibble of SSD, translated to "0101" Sent for rising CO_TX
following J, else CO_RX_ER

01101 T First nibble of ESD, causes de-assertion of Sent for falling CO_T>
CRS if followed by /R/, else assertion of
CO_RX_ER

00111 R Second nibble of ESD, causes deassertion of Sent for falling CO_TX
CRS if following /T/, else assertion of
CO_RX_ER

00100 H Transmit Error Symbol Sent for rising CO_TX

00110 Vv INVALID, CO_RX_ER if during CO_RX_DV  INVALID

11001 Vv INVALID, CO_RX_ER if during CO_RX_DV  INVALID

00000 \' INVALID, CO_RX_ER if during CO_RX_DV  INVALID

RENESAS

Rev. 6.00 Jul. 15, 2009 Pag
REJOS



(3) Scrambling

Repeated data patterns (especially the IDLE code-group) can have power spectral densiti
large narrow-band peaks. Scrambling the data helps eliminate these peaks and spread the
power more uniformly over the entire channel bandwidth. This uniform spectral density i
required by FCC regulations to prevent excessive EMI from being radiated by the physic
routing.

The seed for the scrambler is generated from the PHY address. The scrambler also perfor
Parallel In Serial Out conversion (PISO) of the data.

(4 NRZI and MLT3 Encoding

The scrambler block passes the 5-bit wide parallel data to the NRZI converter where it be
serial 125MHz NRZI data stream. The NRZI is encoded to MLT-3. MLT3 is a tri-level c
where a change in the logic level represents a code bit "1" and the logic output remaining
same level represents a code bit "0".

(5) 100M Transmit Driver

The MLT3 data is then passed to the analog transmitter, which launches the differential N
signal, on outputs TXP and TXM, to the twisted pair media via a 1:1 ratio isolation transf
The 10Base-T and 100Base-TX signals pass through the same transformer so that commye
"magnetics" can be used for both. The transmitter drives into the 100 ohm impedance of 1
5 cable. Cable termination and impedance matching require external components.
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equalize and BLW correction
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converter N
NRZI converter MLT-3
\
A/D '
< Magnetics <
converter MLT-3 MLT-3
6 bit Data

RJ45

MLT-3

CAT-5

Shaded blocks are
part of the PHY core

Figure22.7 Receive Data Path

The receive data path is shown in figure 22.7. Detailed descriptions are given below.

(1) 100M Receive lnput

The MLT-3 from the cable is fed into the Core PHY (on inputs RXP and RXM) via a 1:
transformer. The ADC samples the incoming differential signal at a rate of 125M sampl
second. Using a 64-level quantizer it generates 6 digital bits to represent each sample. T
adjusts the gain of the ADC according to the observed signal levels such that the full dy

range of the ADC can be used.
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The 100M PLL generates multiple phases of the 125MHz clock. A multiplexer, controlle
timing unit of the DSP, selects the optimum phase for sampling the data. This is used as t
received recovered clock. This clock is used to extract the serial data from the received si

(3) NRZI and MLT-3 Decoding

The DSP generates the MLT-3 recovered levels that are fed to the MLT-3 converter. The
is then converted to an NRZI data stream.

(4) Descrambling

The descrambler performs an inverse function to the scrambler in the transmitter and alsc
performs the Serial In Parallel Out (SIPO) conversion of the data.

During reception of IDLE (/I/) symbols. the descrambler synchronizes its descrambler ke
incoming stream. Once synchronization is achieved, the descrambler locks on this key an
to descramble incoming data.

Special logic in the descrambler ensures synchronization with the remote PHY by search
IDLE symbols within a window of 4000 bytes. This window ensures that a maximum pac
of 1514 bytes, allowed by the IEEE 802.3 standard, can be received with no interference.

If no IDLE-symbols are detected within this time-period, receive operation is aborted anc
descrambler re-starts the synchronization process.
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Successive valid code-groups are translated to data nibbles. Reception of either the End
Delimiter (ESD) consisting of the /T/R/ symbols, or at least two /I/ symbols causes the 1
assert carrier sense and CO_RX_DV.

These symbols are not translated into data.
(7) Receive Data Valid Signal

The Receive Data Valid signal (CO_RX_DYV) indicates that recovered and decoded nibt
being presented on the CO_MII_RXD[3:0] outputs synchronous to CO_RX_CLK. CO_
becomes active after the /J/K/ delimiter has been recognized and CO_MII_RXD is align
nibble boundaries. It remains active until either the /T/R/ delimiter is recognized or link
indicates failure, etc.

CO_RX_DV is asserted when the first nibble of translated /J/K/ is ready for transfer ove
Media Independent Interface (MII).

CO_RX_CLK X XK X5 X5 X5 XD Xdata Xdata X data Xdata X T X R
o o e e
comxov [ |

CO_RXD X X5 X5 X5 X5 X5 XD XdataXdataXdataXdata:

Figure22.8 Relationship between Received Data and Some M| Signals
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a rate of 25MHz. The controller samples the data on the rising edge of CO_RX_CLK.
CO_RX_CLK is the 25MHz output clock for the MII bus. It is recovered from the receiv
clock the CO_MII_RXD bus. If there is no received signal, it is derived from the system
clock (CO_CLKIN).

When tracking the received data, CO_RX_CLK has a maximum jitter of 0.8ns (provided
jitter of the input clock, CO_CLKIN, is below 100ps).

227 10Base-T Transmit

Data to be transmitted comes from the MAC layer controller. The 10Base-T transmitter r
4-bit nibbles from the MII at a rate of 2.5MHz and converts them to a 10Mbps serial data
The data stream is then Manchester-encoded and sent to the analog transmitter which dri
signal onto the twisted pair via the external magnetics.

The 10M transmitter uses the following blocks:

e MII (digital)

o TX 10M (digital)

e 10M Transmitter (analog)
e 10M PLL (analog)
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The 4-bit wide data is sent to the TX10M block. The nibbles are converted to a 10Mbps
NRZI data stream. The 10M PLL locks onto the external clock or internal oscillator and
a 20MHz clock. This is used to Manchester encode the NRZ data stream. When no data
transmitted (CO_TX_EN is low, the TX10M block outputs Normal Link Pulses (NLPs)
maintain communications with the remote link partner.

i 0

Manchester encoded output

Data

Figure22.9 Manchester Encoded Output

(3) 10M Transmit Drivers

The Manchester encoded data is sent to the analog transmitter where it is shaped and fil
before being driven out as a differential signal across the TXP and TXM outputs.

RENESAS

Rev. 6.00 Jul. 15, 2009 Pag
REJOS



o RX 10M (digital)
o MII (digital)

(1) 10M Receive Input and Squelch

The Manchester signal from the cable is fed into the core PHY (on inputs RXP and RXM
ratio magnetics. It is first filtered to reduce any out-of-band noise. It then passes through
SQUELCH circuit. The SQUELCH is a set of amplitude and timing comparators that nor
reject differential voltage levels below 300mV and detect and recognize differential volta
above 585mV.

(2) Manchester Decoding

The output of the SQUELCH goes to the RX10M block where it is validated as Manches
encoded data. The polarity of the signal is also checked. If the polarity is reversed (local ]
connected to RXM of the remote partner and vice versa), then this is identified and corre
10M PLL is locked onto the received Manchester signal and from this, generates the rece
20MHz clock. Using this clock, the Manchester encoded data is extracted and converted
10MHz NRZI data stream. It is then converted from serial to 4-bit wide parallel data.

The RX10M block also detects valid 10Base-T IDLE signals, Normal Link Pulses (NLPs
maintain the link.

(3) 10M Receive Data acrossthe Ml

The 4 bit data nibbles are sent to the MII block. These data nibbles are valid on the rising
the 2.5 MHz CO_RX_CLK.
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‘1he Ml (Media Independent Intertace) block 18 responsible tor the communication with
controller (EtherC). Special sets of hand-shake signals are used to indicate that valid
received/transmitted data is present on the 4 bit receive/transmit bus.

(1) TheMIlI includes 16 interface signals:

e transmit data: CO_MII_TXDI[3:0]
e transmit strobe: CO_TX_EN

e transmit: CO_TX_CLK

e transmit error: CO_TX_ER

e receive data: CO_MII_RXD[3:0]
e receive strobe: CO_RX_DV

e receive clock: CO_RX_CLK

e receive error: CO_RX_ER

e collision indication: CO_COL

e carrier sense: CO_CRS

On the transmit path, the PHY drives the transmit clock, CO_TX_CLK, to the controlle
The controller (EtherC) synchronizes the transmit data to the rising edge of CO_TX_CL
controller (EtherC) drives CO_TX_EN high to indicate valid transmit data. The controll
(EtherC) drives CO_TX_ER high when a transmit error is detected.

On the receive path, the PHY drives both the receive data, CO_RXD, and the CO_RX_(
signal. The controller (EtherC) clocks in the receive data on the rising edge of CO_RX_
when the PHY drives CO_RX_DV high. The PHY drives CO_RX_ER high when a recc
is detected.
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The auto-negotiation protocol is a purely physical layer activity and proceeds independer
MAC controller (EtherC).

The advertised capabilities of the PHY are stored in register 4 of the SMI registers. The d
advertised by the core PHY is determined by user-defined on-chip signal options. (i.e. the
configuration of PHY-IF)

The following blocks are activated during an Auto-negotiation session:

Auto-negotiation (digital)

100M ADC (analog)

100M PLL (analog)

100M equalizer/BLW/clock recovery (DSP)
10M SQUELCH (analog)

10M PLL (analog)

10M Transmitter (analog)

When enabled, auto-negotiation is started by the occurrence of one of the following even

Module reset (co_resetb of PHY-IF)
PHY power on reset

Software reset

Power-down reset

Link status down

Setting register 0, bit 9 high (auto-negotiation restart)
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There are 4 possible matches of the technology abilities. In the order of priority these ar

e 100M Full Duplex (Highest priority)
e 100M Half Duplex

e 10M Full Duplex

e 10M Half Duplex

If the full capabilities of the core PHY are advertised (100M, Full Duplex), and if the lir
is capable of 10M and 100M, then auto-negotiation selects 100M as the highest perform
mode. If the link partner is capable of Half and Full duplex modes, then auto-negotiatior
Full Duplex as the highest performance operation.

Once a capability match has been determined, the link code words are repeated with the
acknowledge bit set. Any difference in the main content of the link code words at this ti
cause auto-negotiation to re-start. Auto-negotiation will also re-start if not all of the req
bursts are received.

The capabilities advertised during auto-negotiation by the core PHY are initially determ
co_st_mode[2:0] bits (PHYIFCR in the PHY-IF) latched after Module reset or PHY pov
reset completes. This bit can also be used to disable auto-negotiation on power-up.

Writing register 4 bits [8:5] allows software control of the capabilities advertised by the
Writing register 4 does not automatically re-start auto-negotiation. Register 0, bit 9 mus
before the new abilities will be advertised. Auto-negotiation can also be disabled via sof
clearing register 0, bit 12.

The PHY module does not support the Next Page capability.
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FLPs. If the Link Partner is not auto-negotiation capable, then register 5 is updated after
completion of parallel detection to reflect the speed capability of the Link Partner.

(4) Re-starting Auto-negotiation

Auto-negotiation can be re-started at any time by setting register 0, bit 9. Auto-negotiatio
also re-start if the link is broken at any time. A broken link is caused by signal loss. This
occur because of a cable break, or because of an interruption in the signal transmitted by
Partner. Auto-negotiation resumes in an attempt to determine the new link configuration.

If the management entity re-starts Auto-negotiation by writing to bit 9 of the control regi
PHY module will respond by stopping all transmission/receiving operations. Once the
break_link_timer is done, in the Auto-negotiation state-machine (approximately 1200ms)
negotiation will re-start. The Link Partner will have also dropped the link due to lack of a
signal, so it too will resume auto-negotiation detection is disabled.

(5) Auto-negotiation Disabling

Auto-negotiation is disabled by setting the bit 12 in the register O to 0. The device forcibl
the information in the bit 13 (SPEED) and bit 8 (Duplex) in the register 0 to the operatior
Information in the bit 13 (SPEED) and bit 8 (Duplex) in the register 0 is ignored while au
negotiation is enabled.
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22.10 Miscellaneous Functions
(1) Carrier Sense

The carrier sense is output on CRS (to EtherC). CRS is a signal defined by the MII spec
the IEEE 802.3u standard. The PHY asserts CRS based only on receive activity whenev
PHY is either in repeater mode or full-duplex mode. Otherwise the PHY asserts CRS ba
either transmit or receive activity.

The carrier sense logic uses the encoded, unscrambled data to determine carrier activity
activates carrier sense with the detection of 2 non-contiguous zeros within any 10 bit sp:
sense terminates if a span of 10 consecutive ones is detected before a /J/K/ Start-of Stre:
Delimiter pair. If an SSD pair is detected, carrier sense is asserted until either /T/R/ End
Delimiter pair or a pair of IDLE symbols is detected. Carrier is negated after the /T/ syn
first IDLE. If /T/ is not followed by /R/, then carrier is maintained. Carrier is treated sim
IDLE followed by some non-IDLE symbol.

(2) Collision Detect

A collision is the occurrence of simultaneous transmit and receive operations. The CO_¢
output is asserted to indicate that a collision has been detected. CO_COL remains active
duration of the collision. CO_COL is changed asynchronously to both CO_RX_CLK ar
TX_CLK. The CO_COL output becomes inactive during full duplex mode.

CO_COL may be tested by setting register 0, bit 7 high. This enables the collision test. (
will be asserted within 512 bit times of CO_TX_EN rising and will be de-asserted withi
times of CO_TX_EN falling.

In 10M mode, CO_COL pulses for approximately 10 bit times (1us), 2us after each tran
packet (de-assertion of CO_TX_EN). This is the Signal Quality Error (SQE) signal and
that the transmission was successful.
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The DSP indicates a valid MLT-3 waveform present on the RXP and RXM signals as def
the ANSI X3.263 TP-PMD standard, to the Link Monitor state-machine, using internal si
called DATA_VALID. When DATA_VALID is asserted the control logic moves into a I
Ready state, and waits for an enable from the Auto Negotiation block. When received, th
Up state is entered, and the Transmit and Receive logic blocks become active. Should Au
Negotiation be disabled, the link integrity logic moves immediately to the Link-Up state,
DATA_VALID is asserted.

Note that to allow the line to stabilize, the link integrity logic will wait a minimum of 33(
from the time DATA_VALID is asserted until the Link-Ready state is entered. Should th
DATA_VALID input be negated at any time, this logic will immediately negate the Link
and enter the Link-Down state.

When the 10/100 digital block is in 10Base-T mode, the link status is from the 10Base-T
logic.

(5) Power-Down modes
There is a power-down modes for the core:

e Power-Down
This power-down is controlled by register 0, bit 11. In this mode the entire PHY, exct
management interface, is powered-down and stays in that condition as long as bit 0.1
HIGH. When bit 0.11 is cleared, the PHY powers up and is automatically reset.
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chip.

e Software (SW) reset: (Do not use with this product.)
Activated by writing register 0, bit 15 high. This signal is self- clearing. After the re;
write, internal logic extends the reset by 256us to allow PLL-stabilization before rel
logic from reset.
The IEEE 802.3u standard, clause 22 (22.2.4.1.1) states that the reset process should
completed within 0.5s from the setting of this bit.

e Power-Down reset:
Automatically activated when the PHY comes out of power-down mode. The intern:
down reset is extended by 256us after exiting the power-down mode to allow the PL
stabilize before the logic is released from reset.

These 4 reset sources are Module reset(Low active) and none Module reset(PHY power
software reset, power down reset(High active) combined together in the digital block to
internal "general reset”, SYSRST, which is an asynchronous reset and is active HIGH. ']
SYSRST directly drives the PCS, DSP and MII blocks. It is also input to the Central Bi:
order to generate a short reset for the PLLs.

The SMI mechanism and registers are reset only by the Module reset, PHY power-on re
Software reset. During Power-Down, the SMI registers are not reset. Note that some SV
bits are not cleared by Software reset - these are marked "NASR" in the register tables.

For the first 16us after coming out of reset, the MII will run at 2.5 MHz. After that it wi
25 MHz if auto-negotiation is enabled.
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selection.
e The Speed LED:

Its output is driven low when the operating speed is 100Mbit/s or during Auto-negotiz
This LED will go inactive when the operating speed is 10Mbit/s.

e The Full-Duplex LED

Its output is driven low when the link is operating in Full-Duplex mode.
(8) Loopback Operation
The 10/100 digital has an independent loop-back mode: Internal loopback.

e Internal loopback
The internal loopback mode is enabled by setting bit register 0 bit 14 to logic one. In |
mode, the scrambled transmit data (output of the scrambler) is looped into the receive
(input of the descrambler). The CO_COL signal will be inactive in this mode, unless
test (bit 0.7) is active.
In this mode, during transmission (CO_TX_EN is HIGH), nothing is transmitted to th
and the transmitters are powered down.
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e Al Input. Analog levels.
e AO: Output. Analog levels.
e Al/O: Input or Output. Analog levels.
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CO_TX_EN

Transmit Enable: Indicates that valid data is presented on
CO_MII_TXDI[3:0] signals, for transmission.

CO_RX_ER (0]0] Receive Error: Asserted to indicate that an error was detec

(RXD4) somewhere in the frame presently being transferred from t
In Symbol Interface (5B Decoding) mode, this signal is the
Receive Data 4: the MSB of the received 5-bit symbol cod

CO_COL (0] MII Collision Detect: Asserted to indicate detection of collis
condition.

CO_MII_RXDO O Receive Data 0: Bit 0 of the 4 data bits that are sent by the
the receive path.

CO_MII_RXD1 O Receive Data 1: Bit 1 of the 4 data bits that are sent by the
the receive path.

CO_MII_RXD2 O Receive Data 2: Bit 2 of the 4 data bits that sent by the PH
receive path.

CO_MII_RXD3 O Receive Data 3: Bit 3 of the 4 data bits that sent by the PH
receive path.

CO_TX_ER | MIl Transmit Error: When driven high, the 4B/5B encode p

(TXD4) substitutes the Transmit Error code-group (/H/) for the enc
data word. This input is ignored in 10BaseT operation. In
Interface (5B Decoding) mode, this signal becomes the Ml
Transmit Data 4: the MSB of the 5-bit symbol code-group.

CO_CRS (0] Carrier Sense: Indicate detection of carrier.

CO_RX_DV (0] Receive Data Valid: Indicates that recovered and decoded
nibbles are being presented on CO_MII_RXD[3:0].

CO_TX_CLK O Transmit Clock: 25MHz in 100Base-TX mode. 2.5MHz in 1
mode.

CO_RX_CLK O Receive Clock: 25MHz in 100Base-TX mode. 2.5MHz in 1!

mode.
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Signal Name Type Description

CO_CLKIN | Clock Input - PHY clock. Can be 25MHz either from mck of
module or from CK_PHY pin.

22.12 SignalsRelevant to PHY-IF
This PHY core has a part set up by the PHY-IF module.

(1) PHY address

The PHY address initialized by PHYIFADDR of PHY-IF, is same as the one that the or
external PHY LSI has. It gives each PHY a unique address. This address is latched into
register during Module reset and PHY power on reset. Originally, it enables a function t
each PHY via the unique address in a multi-PHY application.

About this PHY module, you can not connect multiple PHY's to the MII interface withir
But PHY address is also used to seed the scrambler, so that please accord the configurat
PHYIFADDRR and the PHY address on the management interface.

(2) Operation mode

The co_st_mode of the PHYIFCR of PHY-IF controls the configuration of 10/100 digit:
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100 100Base-TX Half Duplex is advertised. Auto- 1100 01
negotiation enabled.CRS is active during Transmit &

Receive.
101 Reserved.(Do not set this mode) 1100 01
110 Power Down mode. In this mode the PHY wake-up N/A N/

in Power-Down mode.

111 All capable. Auto-negotiation enabled. X10X 11

22.13 Usage Notes
(1) Input clock to PHY module

The initial clock to PHY module is internal clock, mck (= ick/4), but it does work only w
25MHz, which is acceptable to PHY module.

It corresponds to power down mode. For example, even in the application which doesn't 1
on-chip PHY module, you have to set up the clock to the on-chip PHY so that it could be
power consumption mode with power down mode.

(2) Treatment of PinsWhen PHY Power Supply is Not Used

Even when the on-chip PHY is not used, supply power to the analog power supply pins f
PHY (VcclA, Vec2A, and Vec3A) and connect the analog ground pins for the PHY (Vss
Vss2A) to the ground. Pull up the CK-PHY pin to VecQ through a resistor or pull down t
CK-PHY pin to VssQ through a register. Connect pins TxP, TxM, RxP, and RxM to the
analog ground. Connect the EXERS1 pin to the PHY analog power supply without going
a resistor. Do not connect anything to the TSTBUSA pin.
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(4) Waveform Adjustment

The Ethernet PHY module of this LSI has test registers for adjustment of differential ou
waveforms. Using these test registers in their initial values produces no problem, but the
specifications are shown below to facilitate printed circuit board design by the customer

(@ Adjustment of Tx100 Waveform Output

The on-chip PHY module of this LSI has the following adjustment registers as SIM reg;
which allow waveform adjustment in the Tx100 operation. These registers have been de
that they are not accidentally written. To change their values, follow the example procec
in "How to Use" that is described later.

e Register 20: Register for changing modes
e Register 23: Register for waveform adjustment

(The register numbers are decimal)

e Meanings of the value written to register 23

Initial
Bit Bit Name Value R/W Description
15 — 1 RO Reserved
The write value should always be 1.
14109 — 0 RO Reserved

The write value should always be 0.
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010: Amp 2 stp+
011: Amp 1 stp+
100: Regular

101: Amp 1 stp-
110: Amp 2 stp-
111: Amp 3 stp-

3 DASL 1 R/W These bits adjust the transition time.
2 DBSL 0 R/W 00: One step up

01: One step down

10: Regular

11: Two steps down
1,0 — 0 RO Reserved

The write value should always be 0.
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20
20
23

20
20

H'0000
H'0400
H'xxxx

H'4416
H'0000

Register write mode setting (continued)
Finish register write mode setting.

Write the setting value. (The initial value of this
H'81C8. Change the setting as necessary.)

Validate the setting value (always write this vall

Terminate the register write mode (return to nor
mode).

Note: The setting of this register is initialized during the auto-negotiation process or whe
PHY module is reset (including a system reset of the LSI). Accordingly, when wa
adjustment is to be performed by this register, the above steps must be carried o

time the register is initialized.
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while the values written in bit13 and bitl2 are used as the setting values for DnTCMP (n
bits. However, based our testing, the adjustment of the amplitude by DnTAMP (n =1, 0)
effects only in several millivolts.

o Adjustment register for Tx10 waveform output

Initial

Bit Bit Name Value R/W Description
15 D1TAMP 0 R/W These bits adjust the amplitude.
14 DOTAMP 1 R/W 11: Amp 2 stp+

10: Amp 1 stp+

01: Regular

00: Amp 1 stp-
13 D1TCMP O R/W These bits adjust the slope (transition time) (
12 DOTCMP 0 R/W steps up, the gentler the slope is).

11: Three steps up

10: Two steps up

01: One step up

00: Regular
11to0 — 0 RO Reserved

The write value should always be 0.
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20 H'0400 Finish register write mode setting.

23 H'Xxxx Write the setting value (in the “Regular” case, it
value of this register is H'4000).

20 H'4418 Validate the setting value (in Tx10 case).

20 H'0000 Terminate the register write mode (return to nor
mode).

Note: * To make the LSI enter the mode for setting the waveform adjustment, the Tx
must be selected, instead of the Tx10 mode.

The setting of the waveform adjustment is initialized during the auto-negotiation
when the PHY module is reset (including a system reset of the LSI).

(c) Detailed Descriptions

The detailed descriptions of the functions of the adjustment registers for Tx100 wavefor
are given below.

1. External Specification for Waveform Generation
Compliance tests include the items of the Rise Time (+/-ve) and Fall Time (+/-ve) in
"Tx100". The specified values are from 3 ns to 5 ns, respectively.
Therefore, the on-chip PHY module of this LSI is designed to transfer from 0 V to 1
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2[ns] ~ 750 [mv]
3[ns] ~ 1[v]

e Time ranges

In this case, four-divided time ranges are generated on internal clocks, at first. Rise tii
controlled as the divided numbers are controlled.

Total transition time is controlled as each timing in each time range is shifted on the I
in the adjustment registers.

Each slope in each time range is set on the DnCMP bits.

e Voltage levels

The voltage levels are also divided in four. The levels are modified at once as the ma:
amplitude, the standard, is controlled on the DnA bits.
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Sublevel 4

(specified value: 3 to 5 ns)

Tr adjustment on DnSL (n = A, B) bits

(=Vout)

Sublevel 3 -+

Sublevel 2 —-—

Sublevel 1 -~

»
.
®

DnCMP bits

DnSL bits

T
]
1
I
I
1
_____________ fmm———
I
1
1
I
J

Vout adjustm
(n=2to 0) bi
(specified val

Transition
starts

R S ——

Division 1 Division 2

S g Sy

Division 3 Division 4 Time
(=Tr)

Driving speed control on
DnCMP (n = 1, 0) bits,
independent from Tr

Controls are set with the consept of the grid
points of time divisions.
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Division 3 3ns Sublevel 3 750 mV
Division 4 4 ns Sublevel 4 1V

7 ~—_

Time ranges evenly.divided (Tr/4) are Each sublevel is adjusted on the V«
adjusted on DnSL bits, and consequently value, controlled on DnA bits (even

the total Tr value is also adjusted. divided by Vout/4)
—"Transition time is controlled on DnSL" '

—"Amplitude is controlled on DnA"

e Adjustment effects
The amplitude and the transition time (the slope) are controlled independently, as sho
above.
The slope is controlled on the DnSL bits and DnCMP bits together. However, since it

difficult to express the generated analog waveforms quantitatively, the waveforms mt
ensured on the actual boards.

(d) Other Control Methods

The methods, shown below for your reference, may have some bad effects or disadvantag
Therefore, if the methods will be used, it is necessary to confirm the advantage and disad
sufficiently.
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— Advantage:
The amplitudes in Tx10 depend on VcenA (meaning PVCC in the example of co
above; n =1 to 3). Increasing VcenA increases the amplitudes, while decreasing
decreases the amplitudes.
The amplitudes in Tx100 also depend on VcenA, though, less than in Tx100. The
amplitudes in Tx10 can be adjusted with modifying VcenA, with no influence or
results in Tx100.

— Disadvantage:
However, since VccQ and VeenA are connected with diode inside this LSI, the p
potential difference in them may damage the LSI’s reliability. Therefore, the met
the disadvantage that VccQ must be adjusted simultaneously.
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¢ Laycelr 5. FOwcr laycr
e Layer 4: Bottom layer (solder side), which is a signal layer

(2) Impedance Control
Ideally, impedance control should satisfy the following.

e Single ended traces: 51 ohm £10%
e Differential pairs: 99 ohm £10%

e No restrictions on the impedance of short power/grand traces
(3) Vias

Vias are a source of impedance mismatches and distorted waveforms on transmission lin
can cause problems of signal integrity (noise) and EMI issues. For differential signals anc
signal traces, avoid using vias on the signal lines whenever possible. If vias are used on s
signal traces, ensure that they do not create problems by simulation or other means.

(4) Noteson Routing

Stubs (branching) cause signal reflections, so they should be 12.7 mm (0.5 inch) or short:
critical nets.

Stagger is a bad source of crosstalk, so all the signal traces around the PHY should be 25
inch) or shorter.
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An example of connection with a pulse transformer (RJ45) is shown in figure 22.10. Th
such as C1 and R2 in the following explanation are the part numbers indicated in figure

(1) Exampleof Connection with a Pulse Transformer (RJ45)

PVCC
el E ¥
sl 5 £
3 & g
< <
§ §R3 CN1
o [3V) o 1
- 5| TD+ (TX+)
SH_TxP » Ri > TCT(NO)
SH_TXM > S + T0- (7%
° 11
SH_RxP <( 1 lsanFriey 6 | AP+ (RX+)
SH_RxM <K - = RCT(NO)
R4* >—| RD- (RX)
: 12 ]z TN
L& =2
— J—
g5 5
- ° GND (FG) [
RS* c3 ca
Pulse transformer
af g2 = = equivalent to TLA-6T718
6.8nF/16V PVSS PVSS

c2
Note: PVCC: Analog power supply
PVSS: Analog ground
* R4, R5: Please set the terminating resistance as 50 ohm, summing up with both side of the mag
(even if the magnetic is in the RJ45 connector).

Figure22.10 Example of Connection with a Pulse Transfor mer (RJ45)
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(3) Ground Planes
Layer 2 is divided into logic ground plane and frame ground plane.

The logic ground is the combination of digital ground and analog ground. The frame gro
connected to the system ground and the shielding of the RJ45 socket so that it is grounde
Beware that this ground plane cuts impact the routing on adjacent signal layers.

Signal traces of L1 and L4 should not run across the cuts in the ground plane to avoid im
mismatches and EMI problems. Minimize the frame ground area so as to make the logic .
large and solid as possible. Connect the logic ground and frame ground by a ferrite bead «
signal trace to provide a DC path. For safety, exclude the area near the leads of the RJ45
ground area.

(49) Common Power Plane

Layer 3 consists of multiple power planes of Vcc and Vcc for PLL1 and PLL2, which suj
V, and VceQ and VeenA (n =1 to 3), which supply 3.3 V. VcenA is made up of an area
power for the RJ45 (connector-type pulse transformer) and an area of analog power for tl

(5) SampleRouting

In the above example, the ground layer is simply divided into two planes while the powe:
divided into more planes. Therefore, the top layer (component side) is superior to the bot
(solder side) in terms of signal integrity. If possible, all the critical signals of the PHY, di
signal pairs for example, should be wired in the top layer without any vias.

Another important thing to be noted about differential signal pairs is that the pair of trace
pair must be strictly equal in length to minimize duty cycle distortion and common mode
radiation.
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Selectable operation clock of the PHY module, the internal clock or the exclusive ex
clock for PHY.

But the clock of the on-chip PHY module has 25 MHz, fixed frequency.
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Module reset {}
(co_resetb)

PHY-IF status register

Internal PHY Ports
Reset Reset
Selection < >
(clksel) TXP/M,
RXP/M etc.
CPG | internal
lock 7
cloe PHY clock
External clock input
PFC
Port (EtherC inputs) EtherC
function
PFC selected
LED signals
EtherC .
function selected MIl signals ¢
\
[ s -
[\ >
Y A
. Ml signals \' B
Input pins
Ether C
[Legend]
PHYIFCR: PHY-IF control register
PHYIFSMIR2:  PHY-IF SMI register 2
PHYIFSMIR3: PHY-IF SMI register 3
PHYIFADDRR: PHY-IF address register
PHYIFSR:

Figure23.1 Block Diagram of PHY-IF
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2321 PHY-IF Control Register (PHYIFCR)

PHYIFCR is a 16-bit readable/writeable register, which sets the operation mode of the c
PHY module. The changed bit values except co_resetb are taken by the module reset of
chip PHY with co_resetb.

PHY IFCR is initialized by power-on-reset. It is also initialized as H'C00O in the standby

Initial
Bit Bit name value R/W Description
15 — 1 R Reserved.
This bit is always read as 1. The write valu
always be 1.
14 co_resetb 1 R/W Module reset

Resets the on-chip PHY with software.

0: reset state

1: reset state is released (an initial value)
13 clksel 0 R/W Clock selection

Selects which to provide to on-chip PHY, tt
clock or the external clock.

0: Uses the internal clock(mck) (an initial v:
1: Uses the external clock (CK_PHY)
12t03 — 0 R/W Reserved.

These bits are always read as 0. The write
should always be 0.
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011: 100Base-TX Full Duplex. Auto-negotia
disabled.

CRS is active during Receive.

100: 100Base-TX Half Duplex is advertised.
negotiation enabled.

CRS is active during Transmit & Receive.
101: Reserved. (Do not set this mode.)

110: Power Down mode. In this mode the P
wake-up in Power-Down mode (an initi

111: All capable. Auto-negotiation enabled.

232.2 PHY-IF SMI Register 2 (PHYIFSMIR2)

PHYIFSMIR?2 is a 16-bit readable/writeable register, which sets the initial value of SMI 1
in the case of the module reset the on-chip PHY module.

The changes of this register are taken by the on-chip PHY module reset with co_resetb.
PHYIFSMIR? is initialized by power-on-reset. It is also initialized as H'0000 in the stand

Initial
Bit Bit name value R/W Description

15t0 0 co_reg2 oui_in[15-0] Al 0 R/W The initial value of SMI register 2 (=
identifier 1)[15-0]
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identifier 2)[15-0]

2324 PHY-IF AddressRegister (PHYIFADDRR)

PHYIFADDRR is a 16-bit readable/writeable register, which sets the PHY address of th
PHY module.

The changes of this register are taken by the on-chip PHY module reset with co_resetb.

PHYIFADDRR is initialized by power-on-reset. It is also initialized as H'0000 in the stz
mode.

Initial
Bit Bit name value R/W Description
15to05 — All O R Reserved.

These bits are always read as 0. The w
should always be 0.

4100 co_st_phyadd[4-0] All0 R/W The initial value of PHY address
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14t00 — 0 R Reserved.

These bits are always read as 0. The wri
should always be 0.
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Please set up with below procedures.

1. Release of module stop
First of all, release the module stop (MSTP20 of STBCR4), if PHY-IF is in module
2. Power Up Reset

Check the release of power up reset mode, shown in the co_pwruprst-bit of PHYIFS
value "0".

3. Activation of the on-chip PHY module

To activate the on-chip PHY module, set the pin function registers of Port C as some
EtherC function, that is, I/O ports and LED outputs of the on-chip PHY.

e PCCRH2 = H'0000
e PCCRLI =H'0000
e PCCRL2 = H'FF00

In this case, the LNKSTA input pin of the EtherC is deselected. As the link output o
chip PHY and link input of the EtherC are connected in this LSI, the link signal char
interrupt can be generated in the same way as the external PHY LSI is used.

4. Set up of the clock

In the case of utilizing the internal clock from CPG, you have to set up the MCLKC!
the reset period of the on-chip PHY. Set the input clock of the PHY module as 25 M
adjusting the FRQCR and MCLKCR.

Do this set up before module reset of the on-chip PHY.
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propagation of reset signal within the PHY.
7. Set up the on-chip PHY module with the MII management frame.

The procedures after this step are set up by the MII management frame like an extern:
LSI on the market.

Please refer the section of PHY module about the each settings of it.

23.3.2 TheProceduresof Set Up the External PHY LSl

In the case of utilizing the external PHY LSI, select the EtherC function of the pin functic
controllers and then set up the internal registers of the PHY LSI with the MII managemer

1. Activation of the external PHY LSI
Select the EtherC functions with pin function controller.
e PCCRH2=H'0155
e PCCRLI =H'5555
e PCCRL2 =H'5555
2. Set up the external PHY LSI with the MII management frame.
Following procedures are set up by the MII management frame.

About the each settings of the PHY LSI that you utilize, please refer the documents o
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When registers consist of 16 or 32 bits, the addresses of the MSBs are given.
Registers are classified according to functional modules.

The numbers of Access Cycles are given.

Register bits

Bit configurations of the registers are listed in the same order as the register address:
Reserved bits are indicated by — in the bit name column.

Space in the bit name field indicates that the entire register is allocated to either the «
data.

For the registers of 16 or 32 bits, the MSB is listed first.
Register states in each operating mode
Register states are listed in the same order as the register addresses.

The register states shown here are for the basic operating modes. If there is a specifi
an on-chip peripheral module, refer to the section on that on-chip peripheral module
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DMA source address register_0 SAR_O 32 H'F8010020 DMAC 16/<
DMA destination address register_ 0 DAR_O 32 H'F8010024 DMAC 16/:
DMA transfer count register_0 DMATCR_0 32 H'F8010028 DMAC 16/:
DMA channel control register_0 CHCR_O 32 H'F801002C DMAC 8/1¢
DMA source address register_1 SAR_1 32 H'F8010030 DMAC 16/
DMA destination address register_1  DAR_1 32 H'F8010034 DMAC 16/<
DMA transfer count register_1 DMATCR_1 32 H'F8010038 DMAC 16/:
DMA channel control register_1 CHCR_1 32 H'F801003C DMAC 8/1¢
DMA source address register_2 SAR_2 32 H'F8010040 DMAC 16/<
DMA destination address register_2  DAR_2 32 H'F8010044 DMAC 16/
DMA transfer count register_2 DMATCR_2 32 H'F8010048 DMAC 16/
DMA channel control register_2 CHCR_2 32 H'F801004C DMAC 8/1¢€
DMA source address register_3 SAR_3 32 H'F8010050 DMAC 16/<
DMA destination address register_ 3 DAR_3 32 H'F8010054 DMAC 16/:
DMA transfer count register_3 DMATCR_3 32 H'F8010058 DMAC 16/:
DMA channel control register_3 CHCR_3 32 H'F801005C DMAC 8/1¢
DMA operation register DMAOR 16 H'F8010060 DMAC 16

Port A data register H PADRH 16 H'F8050000 /0 8/1¢
Port A IO register H PAIORH 16 H'F8050004 1/O 8/1¢
Port A control register H1 PACRH1 16 H'F8050008 /0 8/1¢
Port A control register H2 PACRH2 16 H'F805000A 1/0 8/1¢
Port B data register L PBDRL 16 H'F8050012 I/0 8/1¢
Port B 10 register L PBIORL 16 H'F8050016 I/O 8/1¢
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Port C control register L2 PCCRL2 16 H'F805002E /0 8/
Port D data register L PDDRL 16 H'F8050032 I/0 8/
Port D 10 register L PDIORL 16 H'F8050036 1/0 8/
Port D control register L2 PDCRL2 16 H'F805003E I/0 8/
Port E data register H PEDRH 16 H'F8050040 I/0 8/
Port E data register L PEDRL 16 H'F8050042 I/0 8/
Port E 10 register H PEIORH 16 H'F8050044 I/O 8/
Port E 10 register L PEIORL 16 H'F8050046 I/0 8/
Port E control register H1 PECRH1 16 H'F8050048 I/0 8/
Port E control register H2 PECRH2 16 H'F805004A /0 8/
Port E control register L1 PECRLA1 16 H'F805004C /0 8/
Port E control register L2 PECRL2 16 H'F805004E 1/0 8/
Interrupt priority register C IPRC 16 H'F8080000 INTC 16
Interrupt priority register D IPRD 16 H'F8080002 INTC 16
Interrupt priority register E IPRE 16 H'F8080004 INTC 16
Interrupt priority register F IPRF 16 H'F8080006 INTC 16
Interrupt priority register G IPRG 16 H'F8080008 INTC 16
DMA extended resource selector 0 DMARSO 16 H'F8090000 DMAC 16
DMA extended resource selector 1 DMARS1 16 H'F8090004 DMAC 16

Standby control register 3 STBCRS3 8 H'F80A0000 Power- 8

down
mode
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IRQ status register IRQSR 16 H'F8140004 INTC 8/1¢
Interrupt priority register A IPRA 16 H'F8140006 INTC 8/1¢
Interrupt priority register B IPRB 16 H'F8140008 INTC 8/1¢
Frequency control register FRQCR 16 H'F815FF80 CPG 16
Standby control register STBCR 8 H'F815FF82 Power- 8
down
mode
Watch dog timer counter WTCNT 8 H'F815FF84 WDT 8/1¢
Watch dog timer control/status WTCSR 8 H'F815FF86 WDT 8/1¢
register
Standby control register 2 STBCR2 8 H'F815FF88 Power- 8
down
mode
Serial mode register_0 SCSMR_0 16 H'F8400000 SCIF_0 16
Bit rate register_0 SCBRR_0 8 H'F8400004 SCIF.0 8
Serial control register_0 SCSCR_0 16 H'F8400008 SCIF_0 16
Transmit FIFO data register_0 SCFTDR_0 8 H'F840000C SCIF_0 8
Serial status register_0 SCFSR_0 16 H'F8400010 SCIF_0 16
Receive FIFO data register_0 SCFRDR_0 8 H'F8400014 SCIF.0 8
FIFO control register_0 SCFCR_0 16 H'F8400018 SCIF_0 16
FIFO data count register_0 SCFDR_0 16 H'F840001C SCIF_0 16
Serial port register_0 SCSPTR_0 16 H'F8400020 SCIF_0 16
Line status register_0 SCLSR_0 16 H'F8400024 SCIF_0 16
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Serial Port register_1 SCSPTR_1 16 H'F8410020 SCIF_1 16
Line status register_1 SCLSR_1 16 H'F8410024 SCIF_1 16
Serial mode register_2 SCSMR_2 16 H'F8420000 SCIF_2 16
Bit rate register_2 SCBRR_2 8 H'F8420004 SCIF.2 8
Serial control register_2 SCSCR_2 16 H'F8420008 SCIF_2 16
Transmit FIFO data register_2 SCFTDR_2 8 H'F842000C SCIF_2 8
Serial status register_2 SCFSR_2 16 H'F8420010 SCIF_2 16
Receive FIFO data register_2 SCFRDR_2 8 H'F8420014 SCIF.2 8
FIFO control register_2 SCFCR_2 16 H'F8420018 SCIF_2 16
FIFO data count register_2 SCFDR_2 16 H'F842001C SCIF_2 16
Serial port register_2 SCSPTR_2 16 H'F8420020 SCIF_2 16
Line status register_2 SCLSR_2 16 H'F8420024 SCIF_2 16
Mode register SIMDR 16 H'F8480000 SIOF 16
Clock select register SISCR 16 H'F8480002 SIOF 16
Transmit data assign register SITDAR 16 H'F8480004 SIOF 16
Receive data assign register SIRDAR 16 H'F8480006 SIOF 16
Control data assign register SICDAR 16 H'F8480008 SIOF 16
Control register SICTR 16 H'F848000C SIOF 16
FIFO control register SIFCTR 16 H'F8480010 SIOF 16
Status register SISTR 16 H'F8480014 SIOF 16
Interrupt enable register SIIER 16 H'F8480016 SIOF 16
Transmit data register SITDR 32 H'F8480020 SIOF 32
Receive data register SIRDR 32 H'F8480024 SIOF 32
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Compare match timer start register CMSTR 16 H'F84A0070 CMT 8/1¢
Compare match timer control/status ~ CMCSR_0 16 H'F84A0072 CMT 8/1¢
register_0

Compare match counter_0 CMCNT_O 16 H'F84A0074 CMT 8/1¢
Compare match timer constant CMCOR_0 16 H'F84A0076 CMT 8/1¢
register_0

Compare match timer control/status CMCSR_1 16 H'F84A0078 CMT 8/1¢
register_1

Compare match counter_1 CMCNT_1 16 H'F84A007A CMT 8/1¢
Compare match timer constant CMCOR_1 16 H'F84A007C CMT 8/1¢
register_1

HIF index register HIFIDX 32 H'F84D0000 HIF 32
HIF general status register HIFGSR 32 H'F84D0004 HIF 32
HIF status/control register HIFSCR 32 H'F84D0008 HIF 32
HIF memory control register HIFMCR 32 H'F84D000C HIF 32
HIF internal Interrupt control register  HIFIICR 32 H'F84D0010 HIF 32
HIF external Interrupt control register HIFEICR 32 H'F84D0014 HIF 32
HIF address register HIFADR 32 H'F84D0018 HIF 32
HIF data register HIFDATA 32 H'F84D001C HIF 32
HIFDREAQ trigger register HIFDTR 32 H'F84D0020 HIF 32
HIF bank Interrupt control register HIFBICR 32 H'F84D0024 HIF 32
HIF boot control register HIFBCR 32 H'F84D0040 HIF 32
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Wait control register for area 4 CS4WCR 32 H'F8FD0030 BSC 32
Wait control register for area 5B CS5BWCR 32 H'F8FD0038 BSC 32
Wait control register for area 6B CS6BWCR 32 H'F8FD0040 BSC 32
SDRAM control register SDCR 32 H'F8FD0044 BSC 32
Refresh timer control/status register ~ RTCSR 32 H'F8FD0048 BSC 32
Refresh timer counter RTCNT 32 H'F8FD004C BSC 32
Refresh time constant register RTCOR 32 H'F8FD0050 BSC 32
E-DMAC mode register EDMR 32 H'FB0O00000 E-DMAC 32
E-DMAC transmit request register EDTRR 32 H'FB000004 E-DMAC 32
E-DMAC receive request register EDRRR 32 H'FB0O00008 E-DMAC 32
Transmit descriptor list start address TDLAR 32 H'FB0O0000C E-DMAC 32
register
Receive descriptor list start address  RDLAR 32 H'FB000010 E-DMAC 32
register
EtherC/E-DMAC status register EESR 32 H'FB000014 E-DMAC 32
EtherC/E-DMAC status interrupt EESIPR 32 H'FB000018 E-DMAC 32
permission register
Transmit/receive status copy enable TRSCER 32 H'FB00001C E-DMAC 32
register
Receive missed-frame counter RMFCR 32 H'FB000020 E-DMAC 32
register
Transmit FIFO threshold register TFTR 32 H'FB000024 E-DMAC 32
FIFO depth register FDR 32 H'FB000028 E-DMAC 32
Receiving method control register RMCR 32 H'FB00002C E-DMAC 32
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EtherC mode register ECMR 32 H'FB000160 EtherC 32
EtherC status register ECSR 32 H'FB000164 EtherC 32
EtherC interrupt permission register =~ ECSIPR 32 H'FB000168 EtherC 32
PHY interface register PIR 32 H'FB00016C EtherC 32
MAC address high register MAHR 32 H'FB000170 EtherC 32
MAC address low register MALR 32 H'FB000174 EtherC 32
Receive frame length register RFLR 32 H'FB000178 EtherC 32
PHY status register PSR 32 H'FB00017C EtherC 32
Transmit retry over counter register ~ TROCR 32 H'FB000180 EtherC 32
Delayed collision detect counter CDCR 32 H'FB000184 EtherC 32
register

Lost carrier counter register LCCR 32 H'FB000188 EtherC 32
Carrier not detect counter register CNDCR 32 H'FB00018C EtherC 32
CRC error frame receive counter CEFCR 32 H'FB000194 EtherC 32
register

Frame receive error counter register FRECR 32 H'FB000198 EtherC 32
Too-short frame receive counter TSFRCR 32 H'FB00019C EtherC 32
register

Too-long frame receive counter TLFRCR 32 H'FBO001AO0 EtherC 32
register

Residual-bit frame counter register RFCR 32 H'FB0001A4 EtherC 32
Multicast address frame receive MAFCR 32 H'FBO001A8 EtherC 32
counter register

IPG setting register IPGR 32 H'FB0001B4 EtherC 32
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Break address register B BARB 32 H'FFFFFFAO UBC 32
Break address mask register B BAMRB 32 H'FFFFFFA4 UBC 32
Break bus cycle register B BBRB 16 H'FFFFFFA8 UBC 16
Branch source register BRSR 32 H'FFFFFFAC UBC 32
Break address register A BARA 32 H'FFFFFFBO uBC 32
Break address mask register A BAMRA 32 H'FFFFFFB4 UBC 32
Break bus cycle register A BBRA 16 H'FFFFFFB8 UBC 16
Branch destination register BRDR 32 H'FFFFFFBC UBC 32
Cache control register 1 CCR1 32 H'FFFFFFEC Cache 32

Note: * The numbers of access cycles are eight bits when reading and 16 bits when w
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DAR_O

DMATCR_0
CHCR_0 — — — — — — — —
DO TL — — AM AL
DM1 DMO SM1 SMO RS3 RS2 RS1 RSO
DL DS B TS TSO IE TE DE
SAR_1
DAR_1
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SAR_2

DAR_2
DMATCR_2
CHCR_2 — — — — — — — —
DO TL — AM AL
DM1 DMoO SM1 SMo RS3 RS2 RS1 RSO
DL DS B TS1 TSO IE TE DE
SAR_3
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CHCR_3

DO TL — — — — AM AL

DM1 DMO SM1 SMO RS3 RS2 RS1 RSO

DL DS B TS1 TSO IE TE DE
DMAOR — — CMS1 CMSO0 — — PR1 PRO

— — — — — AE NMIF DME
PADRH - — — — — — PA25DR  PA24DR

PA23DR  PA22DR  PA21DR PA20DR PA19DR PA18DR PA17DR  PA16DR
PAIORH — — — — — — PA25I0R PA24IOF

PA23I0R PA22I0OR PA21I0R PA20IOR PA19I0R PA18IOR PA17I0R PA16I0F
PACRH1 — — — — — — — —

— — — — PA25MD1 PA25MD0O0 PA24MD1 PA24MD
PACRH2 PA23MD1 PA23MDO PA22MD1 PA22MDO PA21MD1 PA21MDO — PA20MD!

— PA19MDO — PA18MD0O — PA17MD0 — PA16MD!
PBDRL — — PB13DR PB12DR PB11DR PB10DR PB9DR PB8DR

PB7DR PB6DR PB5DR PB4DR PB3DR PB2DR PB1DR PBODR
PBIORL — — PB13IOR PB12I0OR PB11IOR PB10IOR PB9IOR PBS8IOR

PB7IOR PB6IOR PB5IOR PB4IOR PB3IOR PB2IOR PB1IOR PBOIOR
PBCRL1 — — — — — PB13MD0O — PB12MD!

— PB11MDO — PB1OMDO — PBOMDO — PB8MDO
PBCRL2 — PB7MDO — PB6MDO0 — PB5SMDO — PB4MDO

— PB3MDO — PB2MDO — PB1MDO — PBOMDO
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PCCRH2 — — — — — — — PC20\
— PC19MD0 — PC18MD0 — PC17MDO0 — PC16N
PCCRL1 — PC15MDO — PC14MDO — PC13MDO — PC12\
— PC11IMDO — PC1OMDO — PCOMDO — PC8MI
PCCRL2 PC7TMD1 PC7MDO PC6MDi PC6MDO PC5MD1 PCSMDO  PCAMD1  PC4MI
— PC3MDO  — PC2MDO  — PCIMDO — PCOMI

PDDRL — — — — — — — —
PD7DR  PD6DR  PD5DR  PD4DR  PD3DR  PD2DR  PDIDR  PDODI

PDIORL — — — — — — — —
PD7IOR PD6IOR PDSIOR  PD4IOR  PD3IOR  PD2IOR  PD1IOR  PDOIO
PDCRL2 PD7MD1 PD7MDO PD6MD1 PD6MDO PDSMD1 PDSMDO  PD4MDi  PD4M
PD3MD1 PD3MDO PD2MDi PD2MDO PDIMDi PDIMDO PDOMD1  PDOMI
PEDRH — — — — — — — PE24L
PE23DR PE22DR PE21DR PE20DR PE19DR PE18DR PE17DR  PE16C
PEDRL PE15DR PE14DR PE13DR PE12DR PE11DR PE10DR PE9DR  PESDF
PE7TDR  PE6DR  PESDR  PE4DR  PESDR  PE2DR  PE1DR  PEODF
PEIORH — — — — — — — PE24I(
PE23IOR PE22IOR PE21I0R PE20I0R PE19IOR PE18IOR PE17I0R  PE16l
PEIORL PE15I0R PE14lOR PE13IOR PE12I0R PE11lOR PE10IOR PE9IOR  PESIO
PE7IOR PEGIOR PESIOR  PE4IOR  PE3IOR  PE2I0OR  PE1IOR  PEOIO

PECRH1 — — — — — — — —
— — — — — — PE24MD1  PE24\
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IPRD IPRD15 IPRD14 IPRD13 IPRD12 IPRD11 IPRD10 IPRD9 IPRD8
IPRD7 IPRD6 IPRD5 IPRD4 — — — —
IPRE IPRE15 IPRE14 IPRE13 IPRE12 IPRE11 IPRE10 IPRE9 IPRE8
IPRF IPRF15 IPRF14 IPRF13 IPRF12 IPRF11 IPRF10 IPRF9 IPRF8
IPRF7 IPRF6 IPRF5 IPRF4 IPRF3 IPRF2 IPRF1 IPRFO
IPRG IPRG15 IPRG14 IPRG13 IPRG12 — — — —
DMARSO C1MID5 C1MID4 C1MID3 C1MID2 C1MID1 C1MIDO C1RID1 C1RIDO
COMID5 COoMID4 COMID3 COMID2 COMID1 COMIDO CORID1 CORIDO
DMARS1 C3MID5 C3MID4 C3MID3 C3MID2 C3MID1 C3MIDO C3RID1 C3RIDO
C2MID5 C2MID4 C2MID3 C2MID2 C2MID1 C2MIDO C2RID1 C2RIDO
STBCR3 — — — MSTP15  — MSTP13 MSTP12 MSTP11
STBCR4 — — MSTP23  — MSTP21 MSTP20 MSTP19
MCLKCR FLSCSH1 FLSCS0 — — — FLDIVS2 FLDIVS1 FLDIVSO
SDIR TI7 Ti6 TI5 T4 TI3 TI2 ™ TIO
SDID DID31 DID30 DID29 DID28 DID27 DID26 DID25 DID24
DID23 DID22 DID21 DID20 DID19 DID18 DID17 DID16
DID15 DID14 DID13 DID12 DID11 DID10 DID9 DID8
DID7 DID6 DID5 DID4 DID3 DID2 DID1 DIDO
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IPRB IPRB15 IPRB14 IPRB13 IPRB12 IPRB11 IPRB10 IPRB9 IPRB8
IPRB7  IPRB6  IPRB5  IPRB4  IPRB3  IPRB2  IPRB1 IPRBO
FRQCR — — — CKOEN — sTC2 STCH STCO
— — — — — PFC2 PFC1 PFCO
STBCR STBY — — — MDCHG — — —
WTCNT Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
WTCSR TME WT/IT — WOVF IOVF CKS2 CKS1 CKSO0
STBCR2 MSTP10  MSTP9 MSTP8 — — MSTP5 MSTP4 —
SCSMRO — — — — — — —
C/A CHR PE O/E STOP — CKSH1 CKS0
SCBRR_0 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SCSCR_0 — — — — — — — —
TIE RIE TE RE REIE — CKEA1 CKEO
SCFTDR_0 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SCFSR_0 PERS3 PER2 PER1 PERO FER3 FER2 FER1 FERO
ER TEND TDFE BRK FER PER RDF DR
SCFRDR_0 Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SCFCR_0 — — — — — RSTRG2 RSTRG1 RSTRG
RTRG1 RTRGO TTRG1 TTRGO MCE TFRST RFRST LOOP
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SCBRR_1 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SCSCR_1 — — — — — — — —
TIE RIE TE RE REIE — CKE1 CKEO
SCFTDR_1 Bit7 Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SCFSR_1 PER3 PER2 PER1 PERO FER3 FER2 FER1 FERO
ER TEND TDFE BRK FER PER RDF DR
SCFRDR_1 Bit7 Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SCFCR_1 — — — — — RSTRG2 RSTRG1 RSTRGO
RTRGH1 RTRGO TTRG1 TTRGO MCE TFRST RFRST LOOP
SCFDR_1 — — — T4 T3 T2 T TO
— — — R4 R3 R2 R1 RO
SCSPTR_1 — — — — — — — —
RTSIO RTSDT CTSIO CTSDT SCKIO SCKDT SPBIO SPBDT
SCLSR_1  — — — — — — — —
_ _ _ i — — — ORER
SCSMR_2 — — — — — _ _ _
C/A CHR PE O/E STOP — CKS1 CKSO0
SCBRR_2 Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SCSCR_2 — — — — — — — —
TIE RIE TE RE REIE — CKE1 CKEO
SCFTDR_2 Bit7 Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SCFSR_2 PER3 PER2 PER1 PERO FER3 FER2 FER1 FERO
ER TEND TDFE BRK FER PER RDF DR
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SCLSR_2

— — — — — — — ORER
SIMDR TRMD1 TRMDO SYNCAT REDG FL3 FL2 FL1 FLO
TXDIZ RCIM — SYNCDL — — — —
SISCR MSSEL MSIMM — BRPS4 BRPS3 BRPS2 BRPS1 BRPS0
— — — — — BRDV2 BRDV1 BRDVO
SITDAR TDLE — — — TDLA3 TDLA2 TDLA1 TDLAO
TDRE TLREP — — TDRA3 TDRA2 TDRA1 TDRAO
SIRDAR RDLE — — — RDLA3 RDLA2 RDLA1 RDLAO
RDRE — — — RDRA3 RDRA2 RDRA1 RDRAO
SICDAR CDOE — — — CDOA3 CDO0A2 CDOA1 CDOAO
CD1E — — — CD1A3 CD1A2 CD1A1 CD1A0
SICTR SCKE FSE — — — — TXE RXE
— — — — — — TXRST RXRST
SIFCTR TFWM2 TFWM1 TFWMO TFUA4 TFUA3 TFUA2 TFUA1 TFUAO
RFWM2 RFWM1 RFWMO RFUA4 RFUA3 RFUA2 RFUA1 RFUAO
SISTR — TCRDY TFEMP TDREQ RCRDY RFFUL RDREC
— — SAERR FSERR TFOVF TFUDF RFUDF RFOVF
SIEER TDMAE TCRDYE TFEMPE TDREQE RDMAE RCRDYE RFFULE RDREC
— — SAERRE FSERRE TFOVFE TFUDFE RFUDFE  RFOVF
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SITCR SITCO015  SITCO14  SITCO13  SITCO012  SITCO11  SITC010  SITCO9 SITCO08

SITCo7 SITC06 SITC05 SITC04 SITC03 SITC02 SITCO1 SITC00

SITC115  SITC114  SITC113  SITC112  SITC111  SITC110  SITC19 SITC18

SITC17 SITC16 SITC15 SITC14 SITC13 SITC12 SITC11 SITC10

SIRCR SIRC015 SIRC014 SIRC013 SIRCO012 SIRCO11  SIRC010  SIRCO09 SIRCO08

SIRCO07 SIRCO06 SIRCO05 SIRC04 SIRCO03 SIRC02 SIRCO1 SIRCO00

SIRC115  SIRC114 SIRC113 SIRC112 SIRC111  SIRC110 SIRC19 SIRC18

SIRC17 SIRC16 SIRC15 SIRC14 SIRC13 SIRC12 SIRC11 SIRC10

SPICR SPIM — CPHA CPOL — — — SSOE
— — SSAST1 SSASTO — — FLD1 FLDO
PHYIFCR — co_resetb cksel — — — — —
— — — — — co_st_ co_st_ co_st_

mode[2] mode[1] mode[0]

PHYIFSMIR2 co_reg2_o co_reg2_o co_reg2_o co_reg2_o CO_reg2_o CO_reg2_o co_reg2_o co_reg2_o
ui_in[15]  wui_in[14]  ui_in[13] ui_in[12]  ui_in[11]  ui_in[10]  ui_in[9] ui_in[8]

co_reg2_0 co_reg2_o0 co_reg2_o co_reg2_0 CO_reg2_0 CO_reg2_o CO_reg2_0 co_reg2_o
ui_in[7] ui_in[6] ui_in[5] ui_in[4] ui_in[3] ui_in[2] ui_in[1] ui_in [0]

PHYIFSMIR3 co_reg3_o co_reg3 o co_reg3_o co_reg3_o co_reg3 o co_reg3_o co_reg3_o co_reg3 o
ui_in[15]  ui_in[14]  ui_in[13]  wui_in[12]  wui_in[11]  wui_in[10]  ui_in[9] ui_in[8]

co_reg3_o co_reg3_o co_reg3_o co_reg3_o co_reg3_o co_reg3_o co_reg3_o co_reg3_o
ui_in[7] ui_in[6] ui_in[5] ui_in[4] ui_in[3] ui_in[2] ui_in[1] ui_in[0]

PHYIFADDRR — — — — — — — —

— — — co_st_phy co_st_phy co_st phy co_st phy co_st_phy
add[4] add[3] add[2] add[1] add[0]
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Bit 7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
CMCOR_0 Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
CMCSR_1 — — — — — — — —

CMF CMIE — — — — CKs1 CKS0
CMCNT_1 Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit9 Bit 8

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
CMCOR_1 Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

Bit 7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
HIFIDX — — — — — — — —

REG5 REG4 REG3 REG2 REG1 REGO BYTE1 BYTEO
HIFGSR — — — — — — — —

STATUS15 STATUS14 STATUS13 STATUS12 STATUS11 STATUS10 STATUS9 STATUS:

STATUS7 STATUS6 STATUS5 STATUS4 STATUS3 STATUS2 STATUS1 STATUSI
HIFSCR — — — — — — — —

— — — — DMD DPOL BMD BSEL

— — MD1 — — WBSWP  EDN BO
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b s d
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bl d

bbbl

W 1

i o dl

HIFEICR

EIC6 EIC5 EIC4 EIC3 EIC2 EIC1 EICO EIR
HIFADR — — — — — — — —
— — — — — — A9 A8
A7 A6 A5 A4 A3 A2 — —
HIFDATA D31 D30 D29 D28 D27 D26 D25 D24
D23 D22 D21 D20 D19 D18 D17 D16
D15 D14 D13 D12 D11 D10 D9 D8
D7 D6 D5 D4 D3 D2 D1 DO
HIFDTR — — — — — — — —
— — — — — — — DTRG
HIFBICR — — — — — — — —
— — — — — — BIE BIF
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CSOBCR — — IWWH1 IWWO0 — IWRWD1 IWRWDO —

IWRWS1 IWRWS0O — IWRRD1 IWRRDO — IWRRS1  IWRRSO
TYPE3 TYPE2 TYPE1 TYPEO — BSZz1 BSZ0 —
CS3BCR — — IWWH1 IWWO0 — IWRWD1 IWRWDO —
IWRWS1 IWRWSO — IWRRD1 IWRRDO — IWRRS1  IWRRSO
TYPE3 TYPE2 TYPE1 TYPEO — BSZ1 BSZ0 —
CS4BCR — — IWWH1 IWWO0 — IWRWD1 IWRWDO —
IWRWS1 IWRWS0O — IWRRD1 IWRRDO — IWRRS1  IWRRS0
TYPE3 TYPE2 TYPE1 TYPEO — BSZ1 BSZ0 —
CS5BBCR — — IWWH1 IWWO0 — IWRWD1 IWRWDO —
IWRWS1 IWRWS0O — IWRRD1 IWRRDO — IWRRS1  IWRRSO
TYPE3 TYPE2 TYPE1 TYPEO — BSZz1 BSZ0 —
CS6BBCR — — IWWH1 IWWO0 — IWRWD1 IWRWDO —
IWRWS1 IWRWS0O — IWRRD1 IWRRDO — IWRRS1  IWRRSO
TYPE3 TYPE2 TYPE1 TYPEO — BSZ1 BSZ0 —
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wER I

CS3WCR —

(when SDRAM - - - 7 - - _

is in use)
— WTRP1 WTRPO — WTRCD1 WTRCDO — A3CL1
A3CLO — — TRWL1 TRWLO — WTRC1 WTRCO

CS4WCR — — — — — — — —
— — — BAS — Ww2 WWi1 WWO0
— — — Swi SWo WR3 WR2 WR1
WRO WM — — — — HW1 HWO

CSSBWCR  — _ _ _ _ _ _ _
_ _ _ — — WWw2 WWi1 WWO0
— — — SWi1 SWO0 WR3 WR2 WR1
WRO0 WM — — — — HWH1 HWO

CSSBWCR ~ — — — — - - — -
— TED3  TED2  TEDI TEDO PCW3  PCW2  PCW1
PCWO WM — — TEH3  TEH2  TEH1  TEHO

CSeBWCR ~ — — — — - — — -
— — — BAS — — — —
— — — Swi SWo WR3 WR2 WR1
WRO0 WM — — — — HW1 HWO
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RTCSR — — — — — — — —
CMF — CKs2 CKS1 CKS0 RRC2 RRC1 RRCO
RTCNT — — — — — — — —
Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
RTCOR — — — — — — — —
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
EDMR — — — — — — — —
— DE DL1 DLO — — — SWR
EDTRR — — — — — — — —
— — — — — — — TR
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RDLAR RDLA31 RDLA30 RDLA29 RDLA28 RDLA27 RDLA26 RDLA25 RDLA24
RDLA23 RDLA22 RDLA21 RDLA20 RDLA19 RDLA18 RDLA17 RDLA16
RDLA15 RDLA14 RDLA13 RDLA12 RDLA11 RDLA10 RDLA9 RDLA8
RDLA7 RDLA6 RDLA5 RDLA4 RDLA3 RDLA2 RDLA1 RDLAO
EESR — TWB — — — TABT RABT RFCOF
ADE ECI TC TDE TFUF FR RDE RFOF
— — — — CND DLC CD TRO
RMAF — — RRF RTLF RTSF PRE CERF
EESIPR — TWBIP — — — TABTIP RABTIP RFCOFIP
ADEIP ECIIP TCIP TDEIP TFUFIP FRIP RDEIP RFOFIP
— — — — CNDIP DLCIP CDIP TROIP
RMAFIP  — — RRFIP RTLFIP RTSFIP PREIP CERFIP
TRSCER — — — — — — — —
— — — — CNDCE DLCCE CDCE TROCE
RMAFCE — — RRFCE RTLFCE RTSFCE PRECE CERFCE
RMFCR — — — — — — — —
MFC15 MFC14 MFC13 MFC12 MFC11 MFC10 MFC9 MFC8
MFC7 MFC6 MFC5 MFC4 MFC3 MFC2 MFC1 MFCO
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RMCR — — — — — — — —

— — — — — — — RNC
EDOCR — — — — — — — —

— — — — FEC AEC EDH —
FCFTR — — — — — — — —

— — — — — RFF2 RFF1 RFFO

— — — — — RFD2 RFD1 RFDO
TRIMD — — — — — — — —

— — — — — — — TIS
RBWAR RBWA31 RBWA30 RBWA29 RBWA28 RBWA27 RBWA26 RBWA25 RBWA24

RBWA23 RBWA22 RBWA21 RBWA20 RBWA19 RBWA18 RBWA17 RBWA16

RBWA15 RBWA14 RBWA13 RBWA12 RBWA11 RBWA10 RBWA9 RBWAS8

RBWA7 RBWA6 RBWA5 RBWA4 RBWA3 RBWA2 RBWA1 RBWAO
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TDFAR TDFA31  TDFA30 TDFA29 TDFA28 TDFA27 TDFA26 TDFA25 TDFA24

TDFA23 TDFA22 TDFA21 TDFA20 TDFA19 TDFA18 TDFA17  TDFA16

TDFA15 TDFA14 TDFA13 TDFA12 TDFA11  TDFA10 TDFA9 TDFA8

TDFA7 TDFA6 TDFA5 TDFA4 TDFA3 TDFA2 TDFA1 TDFAO

ECMR — — — — — — — —

— — — — ZPF PFR RXF TXF

— — — PRCEF  — — MPDE  —

— PE TE — ILB ELB DM PRM
ECSR — — — — — — — —

— — — PSRTO — LCHNG  MPD ICD
ECSIPR — — — — — — — —

— — — PSRTOIP — LCHNGIP MPDIP  ICDIP
PIR — — — — — — — —

— — — — MDI MDO MMD MDC
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RFLR — — — — — — — —

— — — — RFL11  RFL10  RFL9 RFL8
RFL7 RFL6 RFL5 RFL4 RFL3 RFL2 RFL1 RFLO
PSR — — — — — — — —
— — — — — — — LMON
TROCR TROC31 TROC30 TROC29 TROC28 TROC27 TROC26 TROC25 TROC24
TROC23 TROC22 TROC21 TROC20 TROC19 TROC18 TROC17 TROC16
TROC15 TROC14 TROC13 TROC12 TROCi1 TROC10 TROC9  TROC8
TROC7 TROC6 TROC5 TROC4 TROC3 TROC2 TROC1  TROCO
CDCR COSDC31 COSDC30 COSDC29 COSDC28 COSDC27 COSDC26 COSDC25 COSDC2
COSDC23 COSDC22 COSDC21 COSDC20 COSDC19 COSDC18 COSDC17 COSDCH
COSDC15 COSDC14 COSDC13 COSDC12 COSDC11 COSDC10 COSDCY COSDCS8
COSDC7 COSDC6 COSDC5 COSDC4 COSDC3 COSDC2 COSDC1  COSDCO
LCCR LCC31  LCC30  LCC29  LCC28  LCC27  LCC26  LCC25  LCC24

LCc23 LCC22 LCC21 LCC20 LCC19 LCC18 LCC17 LCC16

LCC15 LCC14 LCC13 LCC12 LCC11 LCC10 LCC9 LCC8

LCC7 LCC6 LCC5 LCC4 LCC3 LCC2 LCCH LCCo
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FRECR FREC31 FREC30 FREC29 FREC28 FREC27 FREC26 FREC25 FREC24
FREC23 FREC22 FREC21 FREC20 FREC19 FREC18 FREC17 FREC16
FREC15 FREC14 FREC13 FREC12 FREC11 FREC10 FREC9 FRECS8
FREC7 FREC6 FREC5 FREC4 FREC3 FREC2 FRECH1 FRECO
TSFRCR TSFC31 TSFC30 TSFC29 TSFC28 TSFC27 TSFC26 TSFC25 TSFC24
TSFC23 TSFC22 TSFC21 TSFC20 TSFC19 TSFC18 TSFC17 TSFC16
TSFC15 TSFC14 TSFC13 TSFC12 TSFC11 TSFC10 TSFC9 TSFC8
TSFC7 TSFC6 TSFC5 TSFC4 TSFC3 TSFC2 TSFC1 TSFCO
TLFRCR TLFC31 TLFC30 TLFC29 TLFC28 TLFC27 TLFC26 TLFC25 TLFC24
TLFC23 TLFC22 TLFC21 TLFC20 TLFC19 TLFC18 TLFC17 TLFC16
TLFC15 TLFC14 TLFC13 TLFC12 TLFC11 TLFC10 TLFC9 TLFC8
TLFC7 TLFC6 TLFC5 TLFC4 TLFC3 TLFC2 TLFCA1 TLFCO
RFCR RFC31 RFC30 RFC29 RFC28 RFC27 RFC26 RFC25 RFC24
RFC23 RFC22 RFC21 RFC20 RFC19 RFC18 RFC17 RFC16
RFC15 RFC14 RFC13 RFC12 RFC11 RFC10 RFC9 RFC8
RFC7 RFC6 RFC5 RFC4 RFC3 RFC2 RFC1 RFCO
MAFCR MAFC31 MAFC30 MAFC29 MAFC28 MAFC27 MAFC26 MAFC25 MAFC24
MAFC23 MAFC22 MAFC21 MAFC20 MAFC19 MAFC18 MAFC17 MAFC16
MAFC15 MAFC14 MAFC13 MAFC12 MAFC11 MAFC10 MAFC9 MAFC8
MAFC7 MAFC6 MAFC5 MAFC4 MAFC3 MAFC2 MAFC1 MAFCO
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MPR — — — — — — — —

MP15  MP14  MP13  MP12  MPi MP10  MP9 MP8
MP7 MP6 MP5 MP4 MP3 MP2 MP1 MPO
TPAUSER — — — — — —
TPAUSE TPAUSE TPAUSE TPAUSE TPAUSE TPAUSE TPAUSE TPAUSE
15 14 13 12 1 10 9 8
TPAUSE7 TPAUSE6 TPAUSE5 TPAUSE4 TPAUSE3 TPAUSE2 TPAUSE! TPAUSE
BDRB BDB31 ~ BDB30 BDB29  BDB28  BDB27  BDB26  BDB25  BDB24
BDB23  BDB22  BDB21  BDB20 BDB19 BDBI8  BDB17  BDB16
BDB15 BDB14 BDB13  BDB12  BDB11  BDB10 BDB9  BDBS
BDB7  BDB6 ~ BDB5  BDB4  BDB3  BDB2  BDBi BDBO
BDMRB BDMB31 BDMB30 BDMB29 BDMB28 BDMB27 BDMB26 BDMB25 BDMB24
BDMB23 BDMB22 BDMB21 BDMB20 BDMB19 BDMB18 BDMB17 BDMB16
BDMB15 BDMB14 BDMB13 BDMBi2 BDMBi1 BDMB10 BDMBY9  BDMBS
BDMB7 BDMB6 BDMB5S BDMB4 BDMB3 BDMB2 BDMB1  BDMBO
BRCR — — — — — — — —

SCMFCA SCMFCB SCMFDA SCMFDB PCTE PCBA — —

DBEB PCBB — — SEQ — — ETBE
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BAMRB BAMB31 BAMB30 BAMB29 BAMB28 BAMB27 BAMB26 BAMB25 BAMB24
BAMB23 BAMB22 BAMB21 BAMB20 BAMB19 BAMB18 BAMB17 BAMB16
BAMB15 BAMB14 BAMB13 BAMB12 BAMB11 BAMB10 BAMB9 BAMBS8
BAMB7 BAMB6 BAMB5 BAMB4 BAMB3 BAMB2 BAMB1 BAMBO

BBRB — — — — — — — —
CDB1 CDBO IDB1 IDBO RWB1 RWBO0 SZB1 SZB0

BRSR SVF — — — BSA27 BSA26 BSA25 BSA24
BSA23 BSA22 BSA21 BSA20 BSA19 BSA18 BSA17 BSA16
BSA15 BSA14 BSA13 BSA12 BSA11 BSA10 BSA9 BSA8
BSA7 BSA6 BSA5 BSA4 BSA3 BSA2 BSA1 BSAO

BARA BAA31 BAA30 BAA29 BAA28 BAA27 BAA26 BAA25 BAA24
BAA23 BAA22 BAA21 BAA20 BAA19 BAA18 BAA17 BAA16
BAA15 BAA14 BAA13 BAA12 BAA11 BAA10 BAA9 BAAS8
BAA7 BAA6 BAA5 BAA4 BAA3 BAA2 BAA1 BAAO

BAMRA BAMAS1 BAMA30 BAMA29 BAMA28 BAMA27 BAMA26 BAMA25 BAMA24
BAMA23 BAMA22 BAMA21 BAMA20 BAMA19 BAMA18 BAMA17 BAMA16
BAMA15 BAMA14 BAMA13 BAMA12 BAMA11 BAMA10 BAMA9 BAMAS
BAMA7 BAMAG BAMA5 BAMA4 BAMA3 BAMA2 BAMA1 BAMAO
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DMATCR_1 H'F8010038 Initialized Retained Retained Re
CHCR_1 H'F801003C Initialized Retained Retained Re
SAR_2 H'F8010040 Initialized Retained Retained Re
DAR_2 H'F8010044 Initialized Retained Retained Re
DMATCR_2 H'F8010048 Initialized Retained Retained Re
CHCR_2 H'F801004C Initialized Retained Retained Re
SAR_3 H'F8010050 Initialized Retained Retained Re
DAR_3 H'F8010054 Initialized Retained Retained Re
DMATCR_3 H'F8010058 Initialized Retained Retained Re
CHCR_3 H'F801005C Initialized Retained Retained Re
DMAOR H'F8010060 Initialized Retained Retained Re

110 PADRH H'F8050000 Initialized Retained — 8 Re
PAIORH H'F8050004 Initialized Retained —d Re
PACRH1 H'F8050008 Initialized Retained —u8 Re
PACRH2 H'F805000A Initialized Retained —d Re
PBDRL H'F8050012 Initialized Retained 3 Re
PBIORL H'F8050016 Initialized Retained — 8 Re
PBCRL1 H'F805001C Initialized Retained —d Re
PBCRL2 H'F805001E Initialized Retained — 8 Re
PCDRH H'F8050020 Initialized Retained —° Re
PCDRL H'F8050022 Initialized Retained —u8 Re
PCIORH H'F8050024 Initialized Retained —d Re
PCIORL H'F8050026 Initialized Retained —® Re
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PEIORH H'F8050044 Initialized Retained e R

PEIORL H'F8050046 Initialized Retained —u8 R

PECRH1 H'F8050048 Initialized Retained —d R

PECRH2 H'F805004A Initialized Retained — 8 R

PECRL1 H'F805004C Initialized Retained — 8 R

PECRL2 H'F805004E Initialized Retained —® R

INTC IPRC H'F8080000 Initialized Retained — 8 R
IPRD H'F8080002 Initialized Retained —d R

IPRE H'F8080004 Initialized Retained —u8 R

IPRF H'F8080006 Initialized Retained —° R

IPRG H'F8080008 Initialized Retained —® R

DMAC DMARSO H'F8090000 Initialized Retained Retained R
DMARSH1 H'F8090004 Initialized Retained Retained R

Power-down STBCR3 H'F80A0000 Initialized Retained —u8 R
mode STBCR4 H'F80A0004 Initialized Retained e R
CPG MCLKCR H'F80A000C Initialized Retained —u8 R
H-UDI SDIR H'F8100200 Initialized Retained Retained R
SDID H'F8100214 Initialized Retained Retained R

INTC ICRO H'F8140000 Initialized*"' Retained — 8 R
IRQCR H'F8140002 Initialized Retained e R

IRQSR H'F8140004 Initialized*"' Retained —u8 R

IPRA H'F8140006 Initialized Retained —d R

IPRB H'F8140008 Initialized Retained —® R
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SCBRR_0 H'F8400004 Initialized Retained Retained Re
SCSCR_0 H'F8400008 Initialized Retained Retained Re
SCFTDR_O H'F840000C Undefined Retained Retained Re
SCFSR_0 H'F8400010 Initialized Retained Retained Re
SCFRDR_0 H'F8400014 Undefined Retained Retained Re
SCFCR_0 H'F8400018 Initialized Retained Retained Re
SCFDR_0 H'F840001C Initialized Retained Retained Re
SCSPTR_O H'F8400020 Initialized*'  Retained Retained Re
SCLSR_0 H'F8400024 Initialized Retained Retained Re
SCIF_1 SCSMR_1 H'F8410000 Initialized Retained Retained Re
SCBRR_1 H'F8410004 Initialized Retained Retained Re
SCSCR_1 H'F8410008 Initialized Retained Retained Re
SCFTDR_1 H'F841000C Undefined Retained Retained Re
SCFSR_1 H'F8410010 Initialized Retained Retained Re
SCFRDR_1 H'F8410014 Undefined Retained Retained Re
SCFCR_1 H'F8410018 Initialized Retained Retained Re
SCFDR_1 H'F841001C Initialized Retained Retained Re
SCSPTR_1 H'F8410020 Initialized*'  Retained Retained Re
SCLSR_1 H'F8410024 Initialized Retained Retained Re
SCIF_2 SCSMR_2 H'F8420000 Initialized Retained Retained Re
SCBRR_2 H'F8420004 Initialized Retained Retained Re
SCSCR_2 H'F8420008 Initialized Retained Retained Re
SCFTDR_2 H'F842000C Undefined Retained Retained Re
SCFSR_2 H'F8420010 Initialized Retained Retained Re
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SIRDAR H'F8480006 Initialized Retained Retained R
SICDAR H'F8480008 Initialized Retained Retained R
SICTR H'F848000C Initialized Retained Retained R
SIFCTR H'F8480010 Initialized Retained Retained R
SISTR H'F8480014 Initialized Retained Retained R
SIIER H'F8480016 Initialized Retained Retained R
SITDR H'F8480020 Initialized Retained Retained R
SIRDR H'F8480024 Initialized Retained Retained R
SITCR H'F8480028 Initialized Retained Retained R
SIRCR H'F848002C Initialized Retained Retained R
SPICR H'F8480030 Initialized Retained Retained R
PHY-IF PHYIFCR H'F8490000 Initialized Initialized Retained R
PHYIFSMIR2  H'F8490004 Initialized Initialized Retained R
PHYIFSMIR3  H'F8490008 Initialized Initialized Retained R
PHYIFADDRR H'F849000C Initialized Initialized Retained R
PHYIFSR H'F8490010 Initialized**  Initialized Retained R
CMT CMSTR H'F84A0070 Initialized Initialized Retained R
CMCSR_0 H'F84A0072 Initialized Initialized Retained R
CMCNT_0 H'F84A0074 Initialized Initialized Retained R
CMCOR_0 H'F84A0076 Initialized Initialized Retained R
CMCSR_1 H'F84A0078 Initialized Initialized Retained R
CMCNT_1 H'F84A007A Initialized Initialized Retained R
CMCOR_1 H'F84A007C Initialized Initialized Retained R
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HIFDTR H'F84D0020 Initialized Retained Retained Ref
HIFBICR H'F84D0024 Initialized Retained Retained Re
HIFBCR H'F84D0040 Initialized*"' Retained Retained Ref
BSC CMNCR H'F8FD0000 Initialized*"' Retained 8 Re
CSOBCR H'F8FD0004 Initialized Retained — 8 Re
CS3BCR H'F8FD000C Initialized Retained —® Ref
CS4BCR H'F8FD0010 Initialized Retained — 8 Re
CS5BBCR H'F8FD0018 Initialized Retained —° Rel
CS6BBCR H'F8FD0020 Initialized Retained 8 Re
CSOWCR H'F8FD0024 Initialized Retained —® Re
CS3WCR H'F8FD002C Initialized Retained —® Re
CS3WCR H'F8FD002C Initialized Retained — 8 Re
(SDRAM in
use)
CS4WCR H'F8FD0030 Initialized Retained 8 Re
CS5BWCR H'F8FD0038 Initialized Retained —® Ref
CS5BWCR H'F8FD0038 Initialized Retained —® Re
(PCMCIA in
use)
CS6BWCR H'F8FD0040 Initialized Retained —#° Rel
CS6BWCR H'F8FD0040 Initialized Retained 8 Re
(PCMCIA in
use)
SDCR H'F8FD0044 Initialized Retained —® Ref
RTCSR H'F8FD0048 Initialized Retained — 8 Re
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EESIPR H'FB000018 Initialized Retained Retained R
TRSCER H'FB00001C Initialized Retained Retained R
RMFCR H'FB000020 Initialized Retained Retained R
TFTR H'FB000024 Initialized Retained Retained R
FDR H'FB000028 Initialized Retained Retained R
RMCR H'FB00002C Initialized Retained Retained R
EDOCR H'FBO00030 Initialized Retained Retained R
FCFTR H'FB000034 Initialized Retained Retained R
TRIMD H'FB00003C Initialized Retained Retained R
RBWAR H'FB000040 Initialized Retained Retained R
RDFAR H'FB000044 Initialized Retained Retained R
TBRAR H'FB00004C Initialized Retained Retained R
TDFAR H'FB000050 Initialized Retained Retained R
EtherC ECMR H'FB000160 Initialized Retained Retained R
ECSR H'FB000164 Initialized Retained Retained R
ECSIPR H'FB000168 Initialized Retained Retained R
PIR H'FB00016C Initialized*' Retained Retained R
MAHR H'FB000170 Initialized Retained Retained R
MALR H'FB000174 Initialized Retained Retained R
RFLR H'FB000178 Initialized Retained Retained R
PSR H'FB00017C Initialized*'  Retained Retained R
TROCR H'FB000180 Initialized Retained Retained R
CDCR H'FB000184 Initialized Retained Retained R
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IPGR H'FB0001B4 Initialized Retained Retained Re
APR H'FB0001B8 Initialized Retained Retained Re
MPR H'FB0O001BC Initialized Retained Retained Ref
TPAUSER H'FB0001C4 Initialized Retained Retained Re
uBC BDRB H'FFFFFF90 Initialized Retained Retained Re
BDMRB H'FFFFFF94 Initialized Retained Retained Re
BRCR H'FFFFFF98 Initialized Retained Retained Re
BETR H'FFFFFFOC Initialized Retained Retained Re
BARB H'FFFFFFAO Initialized Retained Retained Re
BAMRB H'FFFFFFA4 Initialized Retained Retained Re
BBRB H'FFFFFFA8 Initialized Retained Retained Re
BRSR H'FFFFFFAC Initialized Retained Retained Re
BARA H'FFFFFFBO Initialized Retained Retained Re
BAMRA H'FFFFFFB4 Initialized Retained Retained Re
BBRA H'FFFFFFB8 Initialized Retained Retained Re
BRDR H'FFFFFFBC Initialized*' Retained Retained Re
Cache CCR1 H'FFFFFFEC Initialized Retained Retained Re

Notes: 1. Some bits are not initialized.
2. Not initialized by a power-on reset caused by the WDT.
3. This module does not enter the module standby mode.
4. Initialization by applying the PHY power supply, not by a reset through power-

pin.
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Power supply voltage (internal) Veor -0.3to +2.1
V. (PLL1),
V. (PLL2)
Input voltage V., -0.3toV , Q+0.3
Analog power supply (PHY) V1A -0.31t0 +3.8
V. 2A
V 3A
Operating temperature T See the operating
temperatures given in
appendix B, Product Code
Lineup.
Storage temperature T —-55to +125

stg

Caution: Permanent damage to the LS| may result if absolute maximum ratings are exce
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Waveforms at power-on are shown in the following figure.

VeeQ: 3.3-V system power

VecenA: 3.3-V system power:2
VeeQ (min.) power
VeenA (min.) power#2

Vcce: 1.8-V system power

{ —>~ Vce (min.)
PWU
---------------------- - Vcce/2
GND
< Pl
tUNC
Pin states undefined Normal operation period
RES  Input low level in advance /
4
Other pins *' ><\
>l
Pin states undefined Power-on reset state
Notes: 1. Except power/GND and clock related pins
2.n=1t3
Table25.2 Recommended Timing at Power-On
Item Symbol  Maximum Value
Time difference between turning on VceQ, VeecnA (n=1  t,,, 1
to 3), and Vcc
Time over which the internal state is undefined t 100

UNC

Note: * The values shown in table 25.2 are recommended values, so they represent g
rather than strict requirements.
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cause erroneous system operation. In some systems, Vcc may exceed 3.3-V systc
(Vce > 3.3-V system power) temporarily, on the falling edge. Even in this case, t
inverted potential difference must be 0.3 V or less.

— Pin states are undefined while only the 1.8-V system power is turned off. The sy:
design must ensure that these undefined states do not cause erroneous system op

VceQ: 3.3-V system power

VcenA: 3.3-V system power*

Vcc : 1.8-V system power

A A
| _max 0.3V

GND

Normal operation period Operation stopped

Note: * n=11t03

Table25.3 Recommended Timing in Power-Off

Item Symbol Maximum Value

Time difference between turning off VeeQ, VeenA (n=1 t,,; 10
to 3), and Vcc

Note: * The table shown above is recommended values, so they represent guidelines
than strict requirements.
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I = 1:
I — 60 100 A
CCQ m B¢ = G
Standby mode 1, (V) 700%  — pA T =2
V =
can cc
(nN=1103)) *: Ref
value
Sleep mode soep — 70 150 mA V="
V..Q -
Béo=1
Input leakage All pins N — — 1.0 pA V, =0
current VQ -
Tri-state leakage  1/O pins, all [ e, | — — 1.0 pA V =0
current output pins V..Q-
(off state)
Input capacitance RxP/M C — — 30 pF
Other than above — — 10
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Vcc3A sho
san
V_

cc

Input high  RES, NMI, IRQ7 V,, V,,Qx09 — VvV, Q+03 V
voltage to IRQO, MD5,

MD3 to MDO,

ASEMD,

TESTMD,

HIFMD, TRST

EXTAL, CK_PHY vV.,Q-03 — VvV, Q+03
Other input pins 2.0 — V. .Q+03

Inputlow  RES, NMI, IRQ7 V, -0.3 — V., Qx0.1
voltage to IRQO, MD5,

MD3 to MDO,

ASEMD,

TESTMD,

HIFMD, TRST

EXTAL, CK_PHY -0.3 — V. Qx02
Other input pins -0.3 — Ve, Qx0.2

Output high All output pins Vo, 2.4 — — \Y; o
voltage

<
TR

o
I

<

2.0 — —

o
I

<

O

Output low  All output pins \Y, — — 0.55 \Y, s

oL
voltage oL

Notes: 1. The Vcc and Vss pins must be connected to the V. and V.

2. Current consumption values are for V,, min. =V, Q- 0.5 Vand V, max. =0.¢
output pins unloaded.
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254 AC Characteristics

Signals input to this LSI are basically handled as signals synchronized with the clock. Un
otherwise noted, setup and hold times for individual signals must be followed.

Table25.6 Maximum Operating Frequency

Conditions: V,.Q=3.0Vt03.6V,V_ =171V to1.89 V;for Ta, see the operating
temperatures given in appendix B, Product Code Lineup.

Test
Item Symbol  Min. Typ. Max. Unit Conc
Operating  CPU, cache (I¢p) f 20 — 125 MHz
frequency gy ternal bus (Bo) 20 — 62.5
On-chip 5 — 31.25
peripheral
module (P¢)
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EXTAL clock input low pulse to 10 — ns
width
EXTAL clock input high pulse  t_,, 10 — ns
width
EXTAL clock rising time te, — 4 ns
EXTAL clock falling time - — 4 ns
CKIO clock output frequency for 20 62.5 MHz Figure 25.
CKIO clock output cycle time e 16 50 ns
CKIO clock low pulse width tocoL 3.5 — ns
CKIO clock high pulse width tocon 3.5 — ns
CKIO clock rising time toor — 4.5 ns
CKIO clock falling time tor — 4.5 ns
CK_PHY clock input frequency  f,.,, 25-100 25+100 MHz
ppm*'  ppm*’
CK_PHY clock input low pulse  t..,. 12 — ns
width
CK_PHY clock input high pulse t., .., 12 — ns
width
CK_PHY clock input rising time  t_,.,.. — ns
CK_PHY clock input falling time t_,.. — ns
Oscillation settling time (power- t_., 10 — ms Figure 25.
on)
RES setup time toess 25 — ns Figures 2!
RES assert time tocsw 20 — to™ 25.4
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EXTAL* (input) 1/2 Vg

Note: * When the clock is input to the EXTAL pin

Figure25.1 External Clock Input Timing

;l

| > tcyc

tckoL

CKIO (output)

x VoH VoH

12V 1/2'V
cc Vo VoL cc
ol letfoKor tckor
_ tcKPHYCye

tokPHYH _ tokpHyL
-« | |- >

CK_PHY
VoH VoH

VoL

VoL

\d

Figure25.2 CKIO Clock Output Timing and CK_PHY Clock Input Timin
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Standby mode Oscillation settled

T >
CKIO,
internal clock / ; ; f J\JF\M

tRESW
RES \

Note: Oscillation settling time when the internal oscillator is in use

toscz

\A |

(C (C
)] )]

Figure25.4 Oscillation Settling Timing after Standby M ode (By Reset)

Standby mode Oscillation settled
—>

s AAV/AVAVAN

toscs

C
22

NMI X
\N (

27

A

TS

Note: Oscillation settling time when the internal oscillator is in use

Figure25.5 Oscillation Settling Timing after Standby Mode (By NM1 or IF
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Figure25.6 PLL Synchronize Settling Timing By Reset or NM
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RES hold time | 15 — ns
NMI setup time*' tows 12 — ns Figure 2
NMI hold time tom 10 — ns
IRQ7 to IRQO setup time*’ trs 12 — ns
IRQ7 to IRQO hold time tran 10 — ns
Bus tri-state delay time 1 toore: — 20 ns Figure 2
Bus tri-state delay time 2 toore — 20 ns
Bus buffer on time 1 toons — 20 ns
Bus buffer on time 2 t — 20 ns

BON2

Notes: 1. The RES, NMI, and IRQ7 to IRQO signals are asynchronous signals. When tt
time is satisfied, a signal change is detected at the rising edge of the clock si
the setup time is not satisfied, a signal change may be delayed to the next ris

2. In standby mode, t

resw = losca (

10 ms). When changing the clock multiplication

(100 ps).
3. t,, indicates the period of the external bus clock (Bo).
CKIO { \
7 /
tress tress
tResw |y
- ——
RES

Figure25.7 Reset Input Timing

RENESAS
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Figure25.8 Interrupt Input Timing

Normal mode

Standby mode

Normal mode

AVLaVavaval

CKIO 7
tgoFF2 tgonz
__ o — >
D, RD/WR, RAS, CAS, =T )
Sn, WEn, BS, CKE (€
tBOFF1 tgoN1
| [—|
A25 to A0, ))
D15 to DO ((

Figure25.9 Pin Drive Timingin Standby Mode
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“AH

BS delay time teo — 14 ns Figures 25.10 1
and 25.33 to 2
CS delay time 1 too, 1 14 ns Figures 25.10
Read write delay time taor 1 14 ns Figures 25.10 1
Read strobe time toeo 1/2xt,, 1/2xt,, +13 ns Figures 25.10 1
25.33, and 25..
Read data setup time 1 t_, 12 xt, + — ns Figures 25.10 1
10 and 25.33 to 2
Read data setup time 2 t_, 10 — ns Figures 25.16
Figures 25.24 1
Read data hold time 1 teon 0 — ns Figures 25.10 1
and 25.33 to 2
Read data hold time 2 teome 2 — ns Figures 25.16 1
and 25.24 to 2
Write enable delay time 1 t,_, 1/2xt,, 1/2xt, . +10 ns Figures 25.10 1
25.33, and 25..

Write enable delay time 2 t,, — 13 ns Figure 25.15
Write data delay time 1 t,., — 18 ns Figures 25.10 1
and 25.33 to 2
Write data delay time 2t ., 14 ns Figures 25.20 1
and 25.27 to 2
Write data hold time 1 [ 2 — ns Figures 25.10
and 25.33 to 2!
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wAo UCiay Uilic Lcaspi 1 = o FIyuico 0. 10 WL

DQM delay time toquos 1 14 ns Figures 25.16 tc
CKE delay time t oot — 14 ns Figure 25.31
ICIORD delay time teneo 12 %t 1/2xt, . +15 ns Figures 25.35 a
ICIOWR delay time towso 112 Xt 1/2xt, . +15 ns  Figures 25.35 a
101S16 setup time torss 12 xt + — ns Figure 25.36

11
101516 hold time toren 112xt, + — ns  Figure 25.36

10

Note: * The AC timing specification of WAIT is as follows.
Input setup time + hold time of WAIT
=11 [ns] + 10 [ns] = 21 [ns]
As the frequency, 47.62 [MHz]

Therefore, when the bus clock is 47.62 MHz or more, at least either setup time
time cannot be satisfied during 1-bus clock. The following notes should be con

¢ When the hardware-wait function is used synchronously
The bus clock frequency must be low enough to satisfy the AC specification at
¢ When the hardware-wait function is used asynchronously

To ensure the setup time until the start of the input assertion of WAIT, insert a
number of the software wait after the T1 state. Then, even if the AC specificati
cannot be satisfied, the accesses can be executed correctly.
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™ dl
tRwb1 trwo1
RD/WR
trsp trsp tan
RD /
/| trot
Read { ‘
RDS1
D31 to DO B
tweo1 tweot tan
- T\ /
WEn ; twpH3 |
i |
Write { twop1 twopi
D31toDO —
tesp tesp
BS ——
toaco toaco
DACKn*

Note : * DACKn is the waveform when active low is selected.

Figure25.10 Basic Bus Timing: No Wait Cycle
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RD/WR

Read {

D31 to DO

Write {

D31 to DO

DACKn*

WAIT

trsp

trsp

tros1

trot1

tweo1

twop1

twept

tesp

toaco

tasp

ton

twrhi

twrst

Note : * DACKn is the waveform when active low is selected.

Figure25.11 Basic Bus Timing: One Software Wait Cycle
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I
RD/WR * *
trsp trsp tan
_ __X
RD N\ /| troi
Read { tRos1
D31 to DO B
twep1 twep1 tan
WEn S\ ] twpHs ;i
Write { twop1 twopi
D31 to DO —
tasp tesp
BS —
toaco toaco
- l+—>]
DACKn* _\ 7£
twrhi twrhi
twrst twrst
WAIT X £ 7

Note : * DACKn is the waveform when active low is selected.

Figure25.12 Basic Bus Timing: One External Wait Cycle
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Read

D15 to DO

Write

D15 to DO

Note : * DACKn is the waveform when active low is selected.

IRt N R PR la 1 U ™ PR B
N / tRQH1 S / tRpH1
trRDs1 trRDs1 ::]
tweb1 twept | |taH tweb1 tweot | |taH
St 7‘ 3( 7‘
twbH3 twDH3|
b b
twop1 twor1 twop1 twor1
tasp L ., tBsp tesp| ., tBsp
tbaco tbacp | ., toaco toaco
twTH1 twrhi
twrsi twrsi
/N /X
/ /

Figure25.13 Basic Bus Timing: One Software Wait Cycle,
External Wait Enabled (WM Bit = 0), No Idle Cycle
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trwo1

trsp

Read < RD /

trsp

tRos1

tRoH1

| D31 to DO

RD/WR

trRwo1

I

Write

D31 to DO

twop1

toaco

T
Ll

&
@
o

1l

twrhi

twrhi

N

/

/

{

L

Note : * DACKn and TENDn are the waveforms when active low is selected.

twrs

twrst

Figure25.14 Byte Control SRAM Timing: SW =1 Cycle, HW =1 Cycle, C
Asynchronous External Wait Cycle, CShWCR.BAS =0 (UB-/LB-Controlled Wri
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- rowR _/

Read < RD /

trsp

| D31 to DO

trsp

tRos1

tRoH1

ROWR _/

trwp1

Write

twops

D31 to DO

tesp

trwp1

tesp |

N

toaco
DACKn* — |

TENDn \
twrh1 twrhi
WAIT AN A
twrsi twrst

Note : * DACKn and TENDn are the waveforms when active low is selected.

Figure25.15 Byte Control SRAM Timing: SW =1 Cycle, HW =1 Cycle, O1
Asynchronous External Wait Cycle, CShWCR.BAS =1 (WE-Controlled Write (
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t

CSD1
>

e

5
H
El

RD/WR :*1

L

t

t

RASD

‘CASD

CAS

toauo

DQMxx 1

CASD

DQMD

D15 to DO

t

RDS2

trore

A

-1

CKE
touco

DACKn*2 1

DACD

Notes: * 1. Address pins connected to A10 in SDRAM

2. DACKn is the waveform when active low is selected.

Inls

Figure25.16 Synchronous DRAM Single Read Bus Cycle (Auto-Prechar¢
CASLatency =2, WTRCD =0 Cycle, WTRP =0 Cycle)
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RWD. RWD

RASD

CASD CASD

i

CAS
tDQMD tDQV\IID
DQMxx ﬂ ;l[ ;
T
tRDSZ tRDH2
D15 to DO )
tBSD ‘BSD
BS u __

(High)

CKE

toaco toaco

DACKn*2 JR

Notes: * 1. Address pins connected to A10 in SDRAM
2. DACKn is the waveform when active low is selected.

Figure25.17 Synchronous DRAM Single Read Bus Cycle (Auto-Prechar ge
CASLatency =2, WTRCD =1 Cycle, WTRP =1 Cycle)
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RWD.

RD/WR

ASUE S P E

RASD RASD

kY
>
o

—pt

toaso

CASD

d

CAS \
'DOMD tDQMD
DQMxx ;lz ;
T
tFlDSZ tTDHZ t.RDSZ tRDHZ
tBSD tESD
= ) \
(High)
CKE
‘DACD 1'DACD
DACKn*2

Notes: * 1. Address pins connected to A10 in SDRAM
2. DACKn is the waveform when active low is selected.

Figure25.18 Synchronous DRAM Burst Read Bus Cycle (Single Read x -
(Auto-Precharge, CASLatency =2, WTRCD =0 Cycle, WTRP =1 Cycle
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CSD1 CSD1

(@]
3
2

RD/WR }

RASD

toaso toaso

|
A A

foavo toawo

DQMxx

RDS2 RDH2 RDS2 RDH2

D15 to DO

:
:

tesp tesp

(High)

CKE

toaco toaco

DACKn*2

Notes: * 1. Address pins connected to A10 in SDRAM
2. DACKn is the waveform when active low is selected.

Figure25.19 Synchronous DRAM Burst Read Bus Cycle (Single Read x 4
(Auto-Precharge, CAS Latency =2, WTRCD =1 Cycle, WTRP = 0 Cycle)
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3
|
B
|

RWD tawo RWD

RASD RASD

g|
[
Ir _

CASD 'CASD

w——H

DQMD

o = | [T
D15 to DO tﬂ_—

J
1

CKE

toacn toaco

DACKn?*2 1

il

Notes: * 1. Address pins connected to A10 in SDRAM
2. DACKn is the waveform when active low is selected.

Figure25.20 SynchronousDRAM Single Write Bus Cycle
(Auto-Precharge, TRWL =1 Cycle)
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RWD

RD/WR }

RASD

i

RWD

‘CASD

toawo

DQMxx

il

D15 to DO

twope

BSD

(High)

]

CKE

toaco

DAKCn*2 ]ﬂ

DACD

Notes: * 1. Address pins connected to A10 in SDRAM
2. DACKn is the waveform when active low is selected.

I

Figure25.21 Synchronous DRAM Single Write Bus Cycle
(Auto-Precharge, WTRCD = 2 Cycles, TRWL =1 Cycle)
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CSn qﬂ ;I!
' |
tF(WD tFlWD tFlWD
RD/WR _)1( ;lz I
e T
tRASD tFlASD
RAS ;IV ;L \

‘CASD

«——H =

'DAMD

e = pams

twope tore ooz twore

D15 to DO ’_.Il( A_%( X ‘—)’k A_%——

I
bl

(High)

CKE

DACD DACD

DACKn*2

T

Notes: * 1. Address pins connected to A10 in SDRAM
2. DACKn is the waveform when active low is selected.

Figure25.22 Synchronous DRAM Burst Write Bus Cycle (Single Write x
(Auto-Precharge, WTRCD =0 Cycle, TRWL =1 Cycle)
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;
5
N

RWD. RWD RWD

RASD RASD

LI
1T

RAS

‘CASD ‘CASD

. A =

toawo toauo

e = =

twope twore twope twore

D15 to DO ’_.ll( —%( X —ik _%_

BSD BSD

J1

(High)

CKE

tonco toaco

DACKn*2

hE

Notes: * 1. Address pins connected to A10 in SDRAM
2. DACKn is the waveform when active low is selected.

Figure25.23 Synchronous DRAM Burst Write Bus Cycle (Single Write x £
(Auto-Precharge, WTRCD =1 Cycle, TRWL =1 Cycle)
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RD/WR

CAS

DQMxx

D15 to DO

BS

CKE

DACKn*2

Notes: * 1. Address pins connected to A10 in SDRAM

CcSD1

CSD1

S P

RASD

RASD

toaso

'DQMD

g

CASD

DQMD

RDS2 RDH2

R

RDS2 RDH2

(High)

DACD

foacn

2. DACKn is the waveform when active low is selected.

Figure25.24 Synchronous DRAM Burst Read Bus Cycle (Single Read x -
(Bank Active Mode: ACT + READ Commands, CAS Latency =2, WTRCD =0
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CSD1 CSD1

0
9
23

5
=
S

o

2

o
JLN

RASD

uy)
7
I
I

CASD CASD

2
I
2

t

DQMD 'DAMD

A A A A

DQMxx

I
T2t

t

tapse torz RDS2 taorz

o150 00 Y
= T b -

(High)
CKE toaco toaco

DACKn*2

Notes: * 1. Address pins connected to A10 in SDRAM
2. DACKn is the waveform when active low is selected.

Figure25.25 Synchronous DRAM Burst Read Bus Cycle (Single Read x 4
(Bank Active Mode: READ Command, Same Row Address, CAS Latency =
WTRCD =0 Cycle)

Rev. 6.00 Jul. 15,2009 Page 758 of 816
REJ09B0237-0600 RRENESAS



t

CSD1

RWD

RASD

RASD

RASD

toaso

DQMD

DQMxx

toaso

DAMI

D15 to DO

RDS2

RDH2

BSD

BS

(High)

trbsz

troe

CKE
touco

DACKn*2 l

DACE

Notes: * 1. Address pins connected to A10 in SDRAM
2. DACKn is the waveform when active low is selected.

Figure25.26 Synchronous DRAM Burst Read Bus Cycle (Single Read x -
(Bank Active Mode: PRE + ACT + READ Commands, Different Row Addre

CASLatency =2, WTRCD =0 Cycle)
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CSn _\IK 7|¢
! |
4_:|RWD tF(WD tF(WD
RD/WR _)i( ;IZ
— T
tF{ASD tF{ASD
RAS Jﬁ ;L \
(CASD tCASD
CAS ;IZ
T
‘DQMD (DQMD
DQMxx ;l‘
T
tWDD2 tWDHZ tWDDZ tWDHZ
D15 to DO l\ X %
lESD tESD
(High)
CKE ‘DACD tDACD
DACKn#*2 ;‘L
T

Notes: * 1. Address pins connected to A10 in SDRAM
2. DACKn is the waveform when active low is selected.

Figure25.27 Synchronous DRAM Burst Write Bus Cycle (Single Write x £
(Bank Active Mode: ACT + WRITE Commands, WTRCD =0 Cycle,
TRWL =0Cycle)
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3
|
S

B
=
Bl
'
=
B
'
=
S

1.
A

RAS

g
»
3
S

'CASD

CAS

=

DQMD

o
s}
H
S

|
N

DQMxx

twope twore twope

D15 to DO Hll( ‘_%( X

tsp

-+

CKE

=
S
%

)

o
&
]

)’Tl

(High)

toaco toaco

DACKn?*2 JR

Notes: * 1. Address pins connected to A10 in SDRAM
2. DACKn is the waveform when active low is selected.

Figure25.28 Synchronous DRAM Burst Write Bus Cycle (Single Write x
(Bank Active Mode: WRITE Command, Same Row Address, WTRCD=0C
TRWL =0Cycle)
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o 1%
lRWD tRWD tF!WD
RDWR |
oo toxso oo tonso
s ——
‘CASD
CAS
tDOMD
DOMkx |
]
twopz tworz twopz
D15 to DO Hll( X
'BSD
]
CKE o
tDACD
DACKn*2

Notes: * 1. Address pins connected to A10 in SDRAM
2. DACKn is the waveform when active low is selected.

Figure25.29 Synchronous DRAM Burst Write Bus Cycle (Single Write x £
(Bank Active Mode: PRE + ACT + WRITE Commands, Different Row Addre
WTRCD =0 Cycle, TRWL =0 Cycle)
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RWD

tF(WD
RD/WR _:SL
T

t t

A A A A

RASD RASD RASD RASD
[
RAS
tCASD tCASD
CAS
DQMxx
(Weak keeper retained)
D15 to DO

(High)

CKE

DACKn*2 \_

Notes: * 1. Address pins connected to A10 in SDRAM
2. DACKn is the waveform when active low is selected.

Figure25.30 Synchronous DRAM Auto-Refreshing Timing
(WTRP =1 Cycle, WTRC = 3 Cycles)
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RWD

RDWR _qtﬂ ~;l£ /f

RASD RASD RASD RASD

ol WP o PP oy

toaso toaso

ors S
s f

(Weak keeper retained)
D15 to DO

& J

toxen toxen

CKE Tlﬁ //
DACKn *2 f/

Notes: * 1. Address pins connected to A10 in SDRAM
2. DACKn is the waveform when active low is selected.

Figure25.31 Synchronous DRAM Self-Refreshing Timing (WTRP =1 Cycl
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RD/WR

CAS

DQMxx

D15 to DO

CKE

DACKn*2

Notes: * 1. Address pins connected to A10 in SDRAM
2. DACKn is the waveform when active low is selected.

t

tosor

RWD.

RASD

CSD1

RWD

tosor

L

tosp

CcSD1

CSD1

T

CSD1 csD1

T,LL
L‘TI

tawo tawo

RASD

taaso

toasn

RASD

f

traso

f

RASD

T,LL
L,TI

RASD RASD

CASD

f

toaso

f

'CASD

74

CASD CASD

f

g

f

// (Weak keeper retained) /]

f

f

J

Figure25.32 Synchronous DRAM Mode Register Write Timing (WTRP = 1 ¢
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RD/WR

Read

D15 to DO

Write

D15 to DO

BS

’
tesp tesp

Figure25.33 PCMCIA Memory Card Interface Bus Timing
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RD \ +
tRoH
Read trps1
D15 to DO
twep twep
WE X f
Write twob1
D15 to DO
tasp tasp
__
BS — twrn twrn
twrs | |, twrs

Figure25.34 PCMCIA Memory Card Interface Bus Timing (TED = 2.5 Cycles, T
Cycles, One Software Wait Cycle, One External Wait Cycle)
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YICRSD YICRSD
ICIORD &' teom
Read tRost
D15 to DO
ticwsp ticwsp
B a— ]
ICIOWR 7! twoms
Write twop twoh1
D15 to DO
tesp tasp

_

Figure25.35 PCMCIA 1/O Card Interface Bus Timing
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ICIORD X 7 tRor
Read tﬂnjs ;
D15 to DO :J—
ticwsp ticwsp
ICIOWR ' I twor
Write N twops
D15 to DO—
tasp tasp
55 [} 7 b b
twrs twrs
WAT VLMLV LV AL VL NV VW AAAWWWYY - A5 ALV
tiotes tioteH
o156 \\ X L i

Figure25.36 PCMCIA I/O Card Interface Bus Timing (TED = 2.5 Cycles, TEI
Cycles, One Software Wait Cycle, One External Wait Cycle)
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CKIO N_/

toras | toran
DREQn ~

Figure25.37 DREQ Input Timing

CKIO
tpbacp tpacp

o X N

)7

Figure25.38 TENDn, DACKn Output Timing
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“SCKR

“peye

Input clock falling time tsene — 08 [
Input clock pulse width teokw 04 0.6 toye
Transmit data delay time to —  3xt, *+50 ns Figure 25.40
Receive data setup time tos 3 — tooye
(clocked synchronous)

Receive data hold time tow 3 — toeye
(clocked synchronous)

RTS delay time toren — 100 ns
CTS setup time torss 100 — ns
(clocked synchronous)

CTS hold time t 100 — ns

(clocked synchronous)

CTSH

Note:

* 1, indicates the period of the peripheral module clock (P¢).

tsckw

tsckr

tsckr

—
SCK
tScyc

Figure25.39 SCK Input Clock Timing
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cts X Xt X X

Figure25.40 SCI Input/Output Timingin Clocked Synchronous Mode

2549 SIOF Module Signal Timing

Table 25.12 SCIF Timing

Conditions: V., Q=3.0Vt03.6V,V_ =171V to1.89 V;for Ta, see the operating
temperatures given in appendix B, Product Code Lineup.

Iltem Symbol Min. Max. Unit Reference

SIOMCLK clock input cycle time L 32 — ns Figure 25.4

SIOMCLK input high pulse width t 0.4 xt,, —

SIOMCLK input low pulse width twe 04xt,. —

SCK_SIO clock cycle time b 2xt *  — Figures 25.
25.46

SCK_SIO output high pulse width ~ t,, 0.4 xty,, — Figures 25.

SCK_SIO output low pulse width  t_,, . 04xty,, — 25.45

SIOFSYNC output delay time teo — 20

SCK_SIO input high pulse width b 0.4 xty, — Figure 25.4

SCK_SIO input low pulse width tow 0.4 xty,, —

SIOFSYNC input set-up time tee 20 —

SIOFSYNC input hold time ton 20 —
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SIOMCLK

tawn by
|

Figure25.41 SIOMCLK Input Timing

SCK_SIO (output) _]'_\_] \ 7[_'\

ItFSD tFSD

SIOFSYNC (output) 7‘ \

tSTDD tSTDD

| —
TXD_SIO ) \
>‘< X )

tSF{D tSF{DH

YEED) 1 ED) CED)

Figure25.42 SIOF Transmit/Receive Timing
(Master Mode 1/Falling Edge Sampling)
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tSF{D tSRDH

RXD_SIO

YEED) 4 ED) CED) &

Figure25.43 SIOF Transmit/Receive Timing
(Master Mode 1/Rising Edge Sampling)

t

Slcyc

t
ST

tswio | tswio
SCK_SIO (output) 7( \ 7Z _\ / \ i |
tesp tesp
(
) \
SIOFSYNC (output) \
tsroo tsroo tsrop
TXD_SIO >< )
(
)
tsros | tsron

NG

R EEDY &

X

)X

Figure25.44 SIOF Transmit/Receive Timing
(Master Mode 2/Falling Edge Sampling)
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TXD_SIO 4’<

A

X A K

tSF%D

tSF{DH

)

XX

(

XXX

Figure25.45 SIOF Transmit/Receive Timing

(Master Mode 2/Rising Edge Sampling)

SCK_SIO (input) / \ b

tFSS

tesn

SIOFSYNC (input) JZ

TXD_SIO

RXD_SIO

tSTDD

t

y G —

tSRDS tSF{DH

XL XK XK DX

Figure25.46 SIOF Transmit/Receive Timing
(Slave Mode 1/ Slave Mode 2)
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CKIO
tporTs | tPORTH

Ports Ato E
(read)

Ports Ato E
(write)

A X

tporTD
|

Figure25.47 1/O Port Timing
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Rt i S A “HIFAS R M

Address setup time (HIFSCR.DMD =1) .. 0 — ns
Address hold time (HIFSCR.DMD =0) ... 16 — ns
Address hold time (HIFSCR.DMD = 1) t,.,., 0 — ns
Read low width (read) A 25 — [
Write low width (write) | A 2.5 — toeye
Read/write high width torwrwn 2.0 — toeye
Read data delay time | A, — 2xt, . +16 ns
Read data hold time teeron 0 — ns
Write data setup time trrwos tee + 10 — ns
Write data hold time trwon 10 — ns
HIFINT output delay time tero — 20 ns  Figure 25
HIFRDY output delay time travo — 10 te.  Figure 25
HIFDREQ output delay time toroao — 20 ns Figure 25
HIF pin enable delay time Yreso — 20 ns Figure 25
HIF pin disable delay time | A — 20 ns
Notes: 1. t_ indicates the period of the peripheral module clock (P¢).
2. 1. is given from the start of the time over which both the HIFCS and HIFRD
HIFWR) signals are low levels.
3. t,.., is given from the end of the time over which both the HIFCS and HIFRD
HIFWR) signals are low levels.
4. t,... IS given as the time over which both the HIFCS and HIFRD signals are
5. t,ww IS given as the time over which both the HIFCS and HIFWR signals are

When reading the register specified by bits REG5 to REGO after writing to the
register (HIFIDX), - yauy (Min.) =2 x 1t +5ns.
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HIFRD
HIFWR tHIFWRWH
<+t
tHIFF{DD tHIFF{DH tHIFWDS tHIFWDH
HIFD15 to
HIFDOO Read data

Figure25.48 HIF Access Timing

CKIO T\ ,/_\_
thiFmo
(«
HIFINT >¢ ()()
I tHiFbap
( |
HIFDREQ ()() >§t

Figure 25.49 HIFINT and HIFDREQ Timing
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Figure25.50 HIFRDY and HIF Pin Enable/Disable Timing
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et P AL A4 AL wiaa. Uit neiclielive T
TX-CLK cycle time troye 40 — ns —

TX-EN output delay time tene 1 20 ns Figure 25.51
MII_TXD[3:0] output delay time trog 1 20 ns

CRS setup time tonse 10 — ns

CRS hold time toren 10 — ns

COL setup time teole 10 — ns Figure 25.52
COL hold time toom 10 — ns

RX-CLK cycle time toeye 40 — ns —

RX-DV setup time teove 10 — ns Figure 25.53
RX-DV hold time toown 10 — ns

MII_RXD[3:0] setup time troe 10 — ns

MII_RXD[3:0] hold time tron 10 — ns

RX-ER setup time toene 10 — ns Figure 25.54
RX-ER hold time teern 10 — ns

MDIO setup time toi0s 10 — ns Figure 25.55
MDIO hold time toon 10 — ns

MDIO output data hold time toiodn 5 18 ns Figure 25.56
WOL output delay time to 1 20 ns Figure 25.57
EXOUT output delay time teroura 1 20 ns Figure 25.58
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X JAM X

MI_TXD[3:0] X Preamble

N/ L — N ~——

L

/

g

L

;j-— tcoLs tcoLn
T~

TX-ER

CRS , B

CcoL <
/

Figure25.52 MII Transmission Timing (Collision Occurred)
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weese LMLMULALML MU LU LU

RX-EN / \B_/

i

e

RX-ER

tRERN

MII_RXDI[3:0] x Pream'ble * SFD DATA XXXX

tRERSs —— =
Y

|

Figure25.54 MII Reception Timing (Error Occurred)

woe [ | | L[ [ ]

tmpioh

tmpios

MDIO )[: (

Figure25.55 MDIO Input Timing

woc ||| ] ||

tmpiodh
MDIO X ]_

Figure25.56 MDIO Output Timing
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Figure25.58 EXOUT Output Timing

25.4.13 H-UDI Related Pin Timing

Table 25.16 H-UDI Related Pin Timing

Conditions: V., .Q=3.0Vt03.6V,V_ =171V to1.89 V;for Ta, see the operating
temperatures given in appendix B, Product Code Lineup.

Item Symbol Min. Max. Unit Reference
TCK cycle time tokere 50 — ns Figure 25.5
TCK high pulse width b 19 — ns

TCK low pulse width o 19 — ns

TCK rising/falling time [ — 4 ns

TRST setup time [ S 10 — [ Figure 25.6
TRST hold time | S 50 — b

TDI setup time tos 10 — ns Figure 25.6
TDI hold time tom 10 — ns

TMS setup time s 10 — ns

TMS hold time [ S 10 — ns

TDO delay time tooo — 19 ns

Note: * t,_ indicates the period of the external bus clock (B¢).
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20
m
(2]

TRST

| tTFzs1's7‘Z trrsTH |
T

Figure25.60 TCK Input Timingin Reset Hold State

trekeye )
TCK ; ; ;
trois trom
TDI
trmss trmsh
T™MS

troop
TDO 1

Figure25.61 H-UDI Data Transmission Timing
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LS output pin DUT output

CL VRer

lon

Notes: 1. C, is the total value that includes the capacitance of measurement
instruments, etc., and is set for all pins as 30 pF.
2. lg_ and g, are shown in table 25.5.

Figure 25.62 Output Load Cir cuit

Rev. 6.00 Jul. 15, 2009 Pag

RENESAS

REJOS



ncin LYy iUl i, ypM- IVIAA. UL wuUl

Transformer 100BASE-TX output V.., +0.95 — +1.05 V. —
secondary-side high level
d'flfere”t'a' output  “400BASE-TX output V.,  -50 —  +50 mV —
voltage middle level
100BASE-TX output  V,,, -1.05 — -095 V. —
low level
10BASE-TX output V., 2.2 — 2.8 v  —
high level
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Clock EXTAL | | | | |
XTAL o' o' o' o' o'
CKIO o' o' Z0#® o' o'
CK_PHY | I I I |

System  RES | I I | |

control

Operating MDS5, | | |

mode MD3 to MDO

control

Interrupt ~ NMI | | | |
IRQ7 to IRQ0 — — I I |

Address A25t0 A16  — — ZHL* o] (o]

bus Al5t0A0 O o ZHL* o o

Data bus D31to D16 — — z 10 10
D15 to DO z z z 10 10

Bus WAIT — — z I I

control 51516 — — z | |
CKE — — Z0#* o} o
CAS, RAS — — Z0#* o o
WEO/DQMLL ZH# o) o}
WE1/DQMLU/ H ZH** O o}
WE
WE2/DQMUL/ — — ZH* o} o}
ICIORD

RENESAS
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Loob/LETA

— ZH*

H ZH#

— ZH*

Oo|O|O

oO|O|O

Ethernet ERXD3 to —
controller ERXDO

ETXD3 to —
ETXDO

RX_DV —

RX_ER —

RX_CLK —

TX_ER —

TX_EN —

o| O

o| O

TX_CLK —

CcoL —

CRS —

MDIO —

MDC —

LNKSTA —

EXOUT —

WOL —
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RxD2 to RxDO — z | I
SCK2, SCKA _ z 0 o
SCKO — z | |
RTS1, RTSO — z o o
CTS1, CTSO — z | |

SIOF  SIOMCLKO — z | |
SCK_SI00 _ z 0 o
SIOFSYNCO — z 0 o
TXD_SI00 — z o 0
RXD_SIO0 — z | |

Host HIFEBL z z | |

interface "y FRpY 0 0 o= o
HIFDREQ z z o= o=
HIFMD | | = I+
HIFINT z z o= o=
AIFRD z z = I
HIFWR z z = I+
HIFRS z z = =
AIFCS z z = 1+
HIFDA5 to z z 10+° 10+°
HIFDO
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1/0 port PA25 to PA16 Z z 4 P 110
PB13toPBO Z z 4 P 110
PC20to PCO Z z 4 P /0
PD7 to PDO z z Z P 110
PE24 to PE4, Z — z P 110
PE2 to PEO
PE3 — — z P 110

Test mode TESTMD | I I | |
TESTOUT (0] (0] O (0] (0]

PHY TxP (0] (0] O O (0]
M (0] (0] O O (0]
RxP | | | | |
RxM | | | | |
SPEED100 — — (0] 0] o)
LINK — — (0] 0] o)
CRS — — O (0] (0]
DUPLEX — — O (0] (0]
EXRES1 | | | | |
TSTBUSA z Zz Zz Z z

[Legend]

— This pin function is not selected as an initial state.

I: Input

O: Output

10: Input/output

H: High level output

L: Low level output
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DS76190W125BG R4S76190W125BG = —20to 85°C  Non-Pb-free solder
DS76190D125BG  R4S76190D125BG —40to 85°C  Non-Pb-free solder
DS76191B125BGV R4S76191B125BGV  -20to 70°C  Pb-free solder
DS76191N125BGV R4S76191N125BGV -20to 85°C  Pb-free solder
DS76191W125BGV R4S76191W125BGV -20to 85°C  Pb-free solder
DS76191D125BGV R4S76191D125BGV  —-401t0 85°C  Pb-free solder
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>WO0OO0OMMO®IcXxrE Z27TD

1
[elelololelelolololelelele)el0)
0000000 PO0000O0O0
0000000 BOO00O0O0OOs

0000000 OOOSOOO

0000 000
0000 | 0000
0000 0000
0000 — - +—- f
0000 | 0000
0000 \ 0000
0000 0000
0000000HOO000000
0000000POO0O0000
000000000000 000
000QO00POO00000
1 2 3 4/5 6 7 8 9 10 11 12 13 14 15

=2 axB[ss d

[ze]

Reference
Symbol

Dimensic

Min

Rl 1< < o [e]z|>|= < [rl=

FigureC.1 Package Dimensions (BP-176)
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preveliuull alid COnsIVn protcosiin
— CRC processing
— 512 bytes each for transmit/receiv
— Full-duplex transmit/receive suppo

— Short frame/long frame detectable

Table 1.2 Pin Functions 16

Amended

Classifi-
cation Abbr.

Physical TSTBUSA Input/output pin for testin
layer trans- Echip PHY. This pin shoulc
ceiver (PHY)

[T

6.6.1 Interrupt Sequence 102

Deleted

4. The CPU ... Instead of executing the decoded
instruction, the CPU starts interrupt exception

{seefigure-6-51.

6.7 Interrupt Response Time 104

Deleted

Table 7.12 Relationship 160,
between Register Settings 161
(A3BSZ[1:0], ABROWI[1:0],

and A3COL[1:0]) and Address
Multiplex Output (1)

Deleted and amended

Setting E Setting

A23 A3 A3 A3 A3

BSZ  ROW coL | BSZ ROW
[1:0]  [10] [1:0] ! o[1:0] [1:0]
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Multiplex Output (3) Bos ROW COL

[1:0] [1:0] [1:0]
Table 7.15 Relationship 164, Deleted
between Register Settings 165 Setting | Setting
(A3BSZ[1:0], ABROWI1:0], '
and A3COL[1:0]) and Address :iz ng égL ! :iz ggw é
Multiplex Output (4) 1:0] (1:0] 0] : [1:0] [1:0] ¥
Table 7.16 Relationship 165, Deleted
between Register Settings 166 Setting Setting
(A3BSZ[1:0], ABROWI1:0],
and A3COL[1:0]) and Address :iz ng 2(31 : :iz ng é
Multiplex Output (5) [1:0] (1:0] 1:0] 0] [1:0] y
Table 7.17 Relationship 167, Deleted
between Register Settings 168 Setting Setting
(A3BSZ[1:0], ABROWI1:0],
and A3COL[1:0]) and Address f;‘iz ggw QZL ’;iz ng é
Multiplex Output (6) [1:0] (1:0] [1:0] [1:0] [1:0] y
11.4 Operation 253  Amended

The overview of the Ethernet controller (EtherC) al
below. The EtherC transmits and receives PAUSE
conforming to the Ethernet/IEEE802.3x frames.
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° FIOW COhtI’Ol DefeCt 2 Hnuic NTo /70191, UIC UTITUL Tldao UCCTIIT CUIT

12.2.6 EtherC/E-DMAC 275 Amended

Status Register (EESR) Bit iDescription

21 :Frame Transmit Complete

'Indicates that all the data specified by the
rdescriptor has been transmitted to the Eth
iThe transfer status is written back to the r
‘descriptor. For 1-frame/1-buffer processin
11-frame transmission is completed and tht
itransmission descriptor valid bit (TACT) in
rdescriptor is not set, transmission is comg
rand this bit is set to 1. Likewise, for multip
‘buffer processing, when the last data in th
iis transmitted and the transmission descri
'valid bit (TACT) in the next descriptor is n
'transmission is completed and this bit is s
| After frame transmission, the E-DMAC wr
'transmission status back to the descriptor

10: Transfer not complete, or no transfer di

11: Transfer complete

13.3.4 DMA Channel Control 335  Added
Registers 0 to 3 (CHCR_O to
CHCR_3)

[Notice]
[Workaround]
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iThis bit is available only in SCFCR_0 and SCFC
1SCFCR_2, this bit is reserved. The initial value
1the write value should always be 0.

EO: Modem signal disabled*

51: Modem signal enabled

ENote: * The CTS pin state has no effect on trar
operations regardless of the input value

RTS pin state has no effect on receive
operations, either.

16.3.1 Mode Register 450 Amended

(SIMDR) Initial
Bit Bit Name Value R/W Description

5 — 0 R Reserved

This bit is always rea
The write value shoul
always be 0.
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15t00

15100 SIRDR Undefined R
15t0 0
16.3.7 Status Register 464  Deleted
(SISTR) Bit !Description

0 EReceive FIFO Overflow
EO: No receive FIFO overflow
11: Receive FIFO overflow

'A receive FIFO overflow means that writing ha
rwhen the receive FIFQ is full.

EWhen a receive FIFO overflow occurs, the SIO
iindicates overflow, and receive data is lost.

e When 1 is written to this bit, the contents a

cleared. Writing O to this bit is invalid.

e If the issue of interrupts by this bit is enable

SIOF interrupt is issued.

Table 16.7 Audio Mode 482 Deleted

Specification for Receive Data Note: Left and right same audio mode is not suy
receive data.

To execute 8bi# monaural transmission o
reception, use the left channel.
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Figure 16.9 (2) Transmission 489

Added
Operation in Master Mode
(Example of Half-Duplex
Transmission by the CPU with
TDMAE=0)
16.4.9 Transmit and Receive 500, Added
Timing 501
[Notes on Usage]
18.2 Notes on Usage 577  Added
19.6 Usage Notes 591 Amended

2. The weak keeper circuit is included in all pins ¢
MD5, MD3, MD2, MD1, MDO, ASEMD, TESTM
EXTAL, XTAL, TxP, TxM, RxP, RxM, EXRES1
TSTBUSA. The weak keeper is a circuit, alway
operating while the power is on, that fixes the i
I/0 pins to low or high when the pins are not dr
from outside. Notes on processing the input pi
follows:

When using pins having the weak keeper ¢
input pins and driving these pins to a certai
from outside, adjust the resistance of pull-u
down resistors to let the weak keeper circu
the intended levels. (2 kQ and 8 kQ are
recommended respectively.) The larger the
resistance is, the longer the transition time
addition, a large resistance may fail to let tt
keeper circuit to keep the intended levels.
Therefore, when the resistors adjusted
comparatively large are used, ensure that ¢
transition does not delay in the system.
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rrir CUIC alid vutlalll Ito olatuos. 1o Hiciialc ouUl
registers 0 through 6 as required by Clause 22 of
IEEE802.3 standard. Non-supported registers (7
be read as hexadecimal "FFFF".

Figure 22.3 How to Derive 635 Amended

MDIO Signal from Core

Signals CO_MDIO_DIR
22.4.1 Serial Management 635 Amended

Interface (SMI)

The CO_MDC signal is an a-periodic clock provic
station management controller (SMC), part of the
The CO_MDI signal receives serial data (comma
the controller SMC. The CO_MDO sends serial d
(status) to the SMC.

Figure 22.5 MDIO Timing and 636
Frame Structure (WRITE
Cycle)

Amended

Output on the rising edge
Latch on the rising edge
' '

I
 Turn '
/er Address " Around ! Data '
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(&) vescCrampping

opecCldl 10gIC 1N e desClamoier ensures syncrirof
with the remote PHY by searching for IDLE symbo
a window of 4000 bytes 484s3. This window ensu
maximum packet size of 1514 bytes, allowed by th
802.3 standard, can be received with no interferen

22.11 Internal I/O Signals 667
e Management signals

Amended
Signal Name Type Description

CO_MDI | Management Data Input: Se
management data input.

CO_MDO o Management Data Output: ¢
management data output.

CO_MDC Management Clock: Serial
management clock.

CO_MDIO_DIR O Management Data Direction
used to control output enabl
for MDIO.

22.13 Usage Notes 669  Deleted

(4) Waveform Adjustment forFx366-Cutput
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< YU UNe step up

101: One step down

(b) Adjustment Register for 672 to Added
Tx10 Waveform Output 677

(c) Detailed Descriptions

(d) Other Control Methods
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1

6.8nF/16V
c2

Note: PVCC: Analog power supply
PVSS: Analog ground
* R4, R5: Please set the terminating resistance as &
summing up with both side of the magneti
(even if the magnetic is in the RJ45 conne

23.3.1 The Procedures of 689  Amended

Setting Up the On-Chip PHY 3. Activation of the on-chip PHY module
To activate the on-chip PHY module, set the pi
function registers of Port C as something but E
function, that is, 1/0 ports and LED outputs of t
chip PHY.
¢ PCCRH2 = H'0000
e PCCRL1 =H'0000
e PCCRL2 = HFFO00

23.3.2 The Procedures of Set 690 Amended

Up the External PHY LSI In the case of utilizing the external PHY LSI, selec
EtherC function of the pin function controllers and
up the internal registers of the PHY LSI with the M
management frame.

1. Activation of the external PHY LSI.
Select the EtherC functions with pin function c«

e PCCRH2 = H'0155
e PCCRL1 =H'5555
e PCCRL2 = H'5555
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e Power-off order

— In the reverse order of power-on, first turn
1.8-V system power, then turn off the 3.3-
power within 10 ms. This time should be &
possible. The system design must ensure
states of pins or undefined period of an in
state do not cause erroneous system ope
some systems, Vcc may exceed 3.3-V sys
power (Vcc > 3.3-V system power) tempo
the falling edge. Even in this case, the inv
potential difference must be 0.3 V or less.
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Table 25.7 Clock Timing

735, Amended
736

Item Symbol  Min Max
CK_PHY clock input Forny 25-100 25+100
frequency ppm#  ppm#'
SK—PRHY-eleskinpat ¥, 39996 46-604
eyetetime

CK_PHY clock input | A 12 —
low pulse width

RES assert time - 20 —

Notes: 1. Error margin means frequency tolerance
(reference value). Recommending unde
of peak to peak jitter.

2.t indicates the period of the external b
(B9).
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=11 [ns] + 10 [ns] = 21 [ns]
As the frequency, 47.62 [MHZz]

Therefore, when the bus clock is 47.62 |
more, at least either setup time or hold t
cannot be satisfied during 1-bus clock.
following notes should be confirmed.

e When the hardware-wait function is us
synchronously

The bus clock frequency must be low er
satisfy the AC specification above.

e When the hardware-wait function is us
asynchronously

To ensure the setup time until the start
input assertion of WAIT, insert appropric
number of the software wait after the T1
Then, even if the AC specification above
be satisfied, the accesses can be execu
correctly.
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il owalc

A b Bt A i

description, each weak keeper circuit |
operating. For details on the weak kee
circuit, see section 19.6, Usage Notes

B. Product Code Lineup 792

Added
Operating Solder
Product Code Catalogue Code Temperature Compo
DS76190B125BG  R4S76190B125BG 2010 70°C  Non-Pb
DS76190N125BG =~ R4S76190N125BG =~ —20t0 85°C  Non-Pb
DS76190W125BG ~ R4S76190W125BG  -201t0 85°C  Non-Pb
DS76190D125BG =~ R4S76190D125BG =~ —40 to 85°C Non-Pb
DS76191B125BGV R4S76191B125BGV -20to 70°C  Pb-free
DS76191N125BGV R4S76191N125BGV -201t0 85°C  Pb-free
DS76191W125BGV R4S76191W125BGV -20to 85°C  Pb-free
DS76191D125BGV R4S76191D125BGV -401to0 85°C  Pb-free
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1UDBASE-1 TELEIVE ... 050

10Base-T transmit........ccoceeeveeeeieenennienn 654
10M receive data acrossthe MlI............. 656
10M receive input and squelch............... 656
10M transmit data acrossthe M| ........... 655
10M transmit drivers.......c.cocvevveeeeeneencns 655
4AB/5B encoding ........cocvvreeeriinieneninienens 648
5B/4B decoding .........covvveeririeninininenes 653
A

Accesswait Control ..........ccoeeeverenenenens 154
Accessing M1 registers.......coevevenenens 258
AdAreSS array .......coceeereeerieeeeieerese e 60
Address error exception handling............. 73
AJdress error SOUrCES ........ooeevereereereereeens 73
Address multiplexing........ccoceeeevereneneens 159
Addressing modes.........cccceeveeverereneneenn, 32
AlIGNMENt ... 653
Arithmetic operation instructions............. 45
Asynchronous mode.........ccceeveveveeiennns 414
Auto-negotiation........cccceeeeeeeveererenennens 658
Auto-negotiation disabling ...........ccce... 660
AULO-refreshing........cocvevevrienenneseenn 181
Auto-request mode .........ccccvereeerenienenn 343

Burstread........cocooreiiiiiiie
BUrst Write.......ocoeevereeieicee
Bus state controller (BSC) ...........
Byte-selection SRAM interface...

Cases when exceptions are accept
Changing clock operating mode...
Changing divison ratio................
Changing frequency .........c.ccce....
Changing multiplication ratio ......
Clock operating modes................
Clock pulse generator (CPG).......
Coherency of cache and

external memory .......ccoceeeveveeenens
Collision detect .........cccevvrvreenennns
Compare match timer (CMT) ......
Connectionto PHY-LSI...............
Control registers........cvevevereeennes
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E
Endian/access size and data alignment ... 143
Equalizer, baseline wander correction

and clock and datarecovery ................... 652
EtherC reCaiVer ......oovvvveevieeeeereenens 255
EtherC transmitter ........ccccevevevervrennns 253
Ethernet controller (EtherC) ................... 233
Ethernet controller direct memory

access controller (E-DMAQC) ... 267
Exception handling........ccccoevevenineccnenenn 67
Exception handling operations................. 68
Exception handling vector table................ 69
Extension of chip select (CSn)

assertion Period.........ooveevereeeneenesenienens 156
External request mode...........ccocecevenienene 343
F

Features of instructions...........ccccceevvvveenee. 29
Fixed mode......cccooovvvivvenenieneeeeeeenens 345
FIOW CONtrOl.......ccveeeeeeeieeeeeesesese e 262
G

General illegal instructions...........cccceeeeae 77
General registers (RN)......ccveeeveveeveninnnns 25
General SIgnalS ... 667

Initial values of registers................
Input clock to PHY module............

Instruction formats..
Instruction set..........
Intermittent mode....

Interrupt controller (INTC).............
Interrupt exception handling...........
Interrupt exception handling

vector table..............
Interrupt priority .....

Interrupt responsetime...................

Interrupt sequence...
Interrupt sources .....
IRQ interrupts.........
|solate mode............

J

Jabber detection......

L

LED description......
Link integrity test....

Logic operation instructions...........

L oopback operation
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Miscellaneous functions...........c.cccceuenee. 661 Receive descriptor 0 (RDO)..........
Module standby mode...........ccocevevrienene 232 Receive descriptor 1 (RD1)..........
Multi-buffer frame Receive descriptor 2 (RD2)..........
transmit/receive processing ................... 304 Receiver errors........ccoveenererenne.
multiplexed pin........ccoininieiene 543 Receiving serial data
(asynchronous mode) ...................
Receiving serial data
N (synchronous mode).............ce......
NMIEINtErTUPL....coveeereeereee e 97 Refreshing........ccovvveevencinenee
Normal space interface........ccccccecvverennen. 149 Register dataformat .....................
NRZI and MLT-3 decoding...........ccucuc.. 652 Registers
NRZ| and MLT3 encoding.........c..c..c..... 650 APR....coii, 251, 69
BAMRA ... 596, 69
BAMRB.......cccovevrenne. 598, 69
®) BARA ..o 595, 69
On-chip peripheral module interrupts....... 99 BARB....oooeeeeeee. 597, 69
On-chip peripheral module BBRA.....cccoe e 596, 69
request Mode........cccovevevevereeeeeereeeens 344 BBRB...ovvriri 599, 69
Operation by IPG Setting ...........coo.ooee.... 262 BDMRB ... 599, 69
Operation Mode........cccvvvevveeerieerieneneens 667 BDRB.....ovvrriiis 598, 69
BETR...ccooviieeeieen. 604, 69
BRCR......ccovverrienen. 601, 69
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